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Table 1. Patient Characteristics and Demographics

Entire Cohort Propensity Score Maiched Cohort

Ali Patient Ent Control Entecavir Centrol
Characteristics (n == 1,815) (n = 472) (n = 1,143) P (n = 3186) (n = 3186} P
Age ()T 42 (13.5) 47 (12.4) 39 (13.1) <0.001 46 (12.1) 46 (13.5) 0.907
Gender (male:female) 1,035:580 315:157 720: 423 0.171 210:106 210:106 1.000
Alcohol consumption (>200kg) 355 (22) 97 (20.5) 288 (25.1) 0.013 62 (20) 105 (33) <0.001
Cigarette smoking 443 (27) 157 (33.2) 286 (25.0) 0.005 110 (35) 110 (35) 1.000
Preexisting cirrhosis 311 (19) 116 (25) 185 (17) 0.001 79 (25) 85 (29) 0.324
HBV genotype - - - <0.001 - - 0.843

A 53 (3.3) 12 (2.5) 41 (3.6) - 8 (2.5) 9 (2.8) -

B 254 (15.7) 66 (14.0) 188 (16.4) - 49 (15.5) 50 (15.8) -

c 1,135 (70.3) 344 (72.9) 791 (69.2) - 225 (71.2) 226 (71.5) -

D 1 (0.06) 0 1 (0.09) — 0 0 -

F 1 (0.06) 0 1 (0.09) - 0 0 -

H 2 (0.1) 2 (0.4) 0 - 0 0 -
Unclassified / missing 169 (10.4) 48 (10.2) 121 (10.5) - 34 (10.7) 31 (9.8) -
Baseline HBeAg positive 617 (38) 219 (46) 398 (35) <0.001 135 (43) 133 (42) 0.936
Baseline HBV DNA (log copies/mL) 6.0 (4.3-7.7) 6.7 (5.3-8.0) 5.8 (4.0-7.5) <0.001 6.3 (5.2-7.9) 6.6 (4.5-7.8) 0.795
Baseline AST level (IU/L) 35 (22-63) 53 (35-95) 28 (20-50) <0.001 45 (32-70) 49 (27-98) 0.956
Baseline AST level (x ULN) 1.1 (0.7-1.9) 1.6 (1.1-2.9) 0.8 (0.6-1.5) <0.001 1.4 (1.0-2.1) 1.5 (0.8-3.0) 0.989
Baseline ALT level (1U/L) 42 (22-88) 70 (42-163) 33 (20-68) <0.001 61 (39-109) 60 (28-144) 0.110
Baseline ALT level (x ULN) 1.1(0.7-2.4) 1.9 (1.2-4.3) 0.9 (0.6-1.8) <0.001 1.7 (1.0-3.3) 1.6 (0.8-3.7) 0.086
Baseline GGTP level (IU/L) 28 (16-59) 39 (24-72) 24 (14-52) <0.001 34 (23-64) 34 (18-68) 0.088
Baseline total bilirubin level (mg/dL) 0.7 (0.5-0.9) 0.7 (0.5-1.0) 0.6 (0.5-0.9) <0.001 0.7 (0.5-1.0) 0.7 (0.5-0.9) 0.210
Baseline serum albumin level (g/L) 4.2 (3.9-4.5) 3.9 (3.6-4.1) 4.4 (4.1-4.6) <0.001 3.9 (3.7-4.2) 4.0 (3.8-4.3) 0.084
tPlatelet count (10%/mm°) (SD) 19.1 (6.3) 16.9 (5.6) 20.0 (6.4) <0.001 17.5 (5.2) 17.2 (6.0) 0.349
Follow-up duration (yrs) 5.4 (3.1-13.2) 3.2 (2.1-4.3) 9.5 (4.4-16.1) <0.001 3.3 (2.3-4.3) 7.6 (3.4-13.7) <0.001
Person-years of follow-up 13,986 1561 12381 - 1064 2978 -

No. of HCC cases 156 12 144 - 6 72 -
Incidence rates per 1000 person-years 11.15 7.69 11.63 - 5.63 24.1 —
Progression of cirrhosis within 5 year 21 (1.3) 0 21 (1.8) 0.001 0 10 (3.2) 0.001
HBV DNA <400 copies/mL at 1 yearr — 421 (89) NA - 288 (90) NA -
Emergence of drug-resistant - 4 (0.8) NA - 2 (0.6) NA . -

mutants during ETV treatment

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; AST, aspartate aminotransferase; GGTP, gamma glutamyltransferase (ULN=33 1U/L); ALT, alanine amino-
transferase (ULN=42 IU/L for men and 27 1U/L for women); HCC, hepatocellular carcinoma; ETV, entecavir.

*P <0.05.
**P <0.001, comparison of entecavir-treated group and control group.
tData displayed as mean = standard deviation.

matched control group were 4.0%. at year 2, 7.2% at
year 3, 10.0% at year 4, and 13.7% at year 5. Log-
rank test revealed a statistically significant difference
between the incidence of HCC in the ETV group and
the control group over time (2 < 0.001) (Fig. 2). We
then used Cox proportional regression analysis to esti-
mate the effects of ETV treatment on HCC risk. Fac-
tors that were associated with HCC at year 5 in the
propensity score matched cohort were age, gender,
alcohol consumption (>200 kg), the presence of cir-
rhosis, HBeAg positivity, baseline viral load, ALT, y-
GTP total bilirubin, serum albumin, and platelet
counts (Table 2). For ETV treatment effect, we esti-
mated the hazard ratio of HCC development, adjust-
ing for multiple baseline variables (age, gender, alcohol
consumption, smoking, preexisting cirrhosis, HBeAg,
HBV DNA, ALT, albumin, y-GTD, total bilirubin, and
platelet count) in the propensity matched cohort. Pro-

FAl other values are expressed as median (25th to 75th percentile) or number (percentage of total, %).

gression of cirrhosis within 5 years was used as a time-
dependent covariate in the proportional hazard regres-
sion but it did not show a statistically significant haz-
ard to HCC development.

Subanalyses Showing HCC Suppression Effect
Between ETV and LAM. PS matching of the LAM-
treated patients without rescue therapy (n = 492) with
ETV-treated patients resulted in a matched cohort of
182 patients (Supporting Table 3). The rate of non-
rescued LAM-treated group having undetectable HBV
DNA at 1 year after treatment was lower when com-
pared with the ETV-treated group. The LAM-treated
group also had a higher drug-resistant mutation rate.
Comparisons of HCC incidence among the ETV-
treated group, nonrescued LAM-treated group, and
control showed that the HCC suppression effect was
greater in ETV-treated (P < 0.001) than nonrescued
LAM-treated (P = 0.019) when compared with the
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Fig. 2. Comparison of HCC cumulative incidence rates between the
entecavir-treated group and the nontreated control group after propen-
sity score matching. The log-rank test revealed a statistically significant
difference between the ETV and the control group in the incidence of
HCC at 5 years time (log-rank test: P < 0.001).

control group (Fig. 3). The difference of effect between
ETV and LAM was also significant (P = 0.043). The
treatment effect was seen in cirrhosis patients but not in
noncirrhosis patients. The result showed ETV’s superi-
ority to LAM in suppressing HCC.

Effect of ETV on the Reduction of HCC Develop-
ment by Preexisting Cirrhosis and Risk Scores. To
further examine the ETV treatment effect, we com-
pared the ETV and the control groups by preexisting
cirthosis and published risk scores. Viral response rates
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(HBV DNA < 400 copies/mL) of 1-year post-ETV
treatment was 87% in the noncirrhosis patients and
91% in the cirrhosis patients (LC). ALT normalization
was 94% and 90% in the chronic hepatitis and cirrho-
sis patients, respectively. The treatment effect was not
inferior by cirrhosis status. Among those who devel-
oped HCC, 97 out of 144 patients in the control
group and 9 out of 12 patients in the ETV group had
cirthosis. Interactions between preexisting cirrhosis and
ETV treatment were not observed (P = 0.177).

Cumulative HCC incidence rates by risk scores are
compared between the two cohorts in Fig. 4A-G. Figure
4A,B shows the risk scores developed by Yang et al.'®
Figure 4C,D shows the risk scores developed by Yuen
et al.'! Figure 4E-G shows the risk scores developed by
Wong et al.'” All three risk score scales showed that
ETV significantly reduced HCC incidence in patients
with a higher risk (risk score >12, P = 0.006; risk score
>82, P = 0.002; medium risk, 7 = 0.062; high risk, P
< 0.001). Interactions between risk scores and ETV
treatment were not observed (Yang et al.: P = 0.713,
Yuen et al.: P = 0.267, Wong et al.: P = 0.265).

Discussion

Our study suggests that long-term ETV therapy
would significantly suppress the development of HCC
in HBV-infected patients when compared with HBV-
infected patients in the control group. The treatment
effect was more prominent among patients at high risk

of HCC than those at low risk.

Table 2. Factors Associated with HCC Development as Determined by Cox Proportional Hazard Regression Analysis at 5-Year
(Propensity Score Matiched Cohort)

Variable Univariate HR (95% CI)

1.05 (1.02-1.07)
2.81 (1.25-6.32)

Age (per year)
Gender (M)

Alcohol consumption (>>200kg)
Cigarette smoking

Preexisting cirrhosis

HBV genotype (C)

HBeAg (positive)

HBY DNA (>5.0 log copies/ml)
ALT (>45 1U/L)

GGTP (>50 iU/L)

Total bilirubin (>1.5 mg/dL)
Serum albumin (<3.8 g/L)
Platelet count (<1.5x10%/mm?)
*Progression of cirrhosis within 5 years
ETV treatment

2.71 (1.49-4.92)
1.53 (0.84-2.80)
12.0 (5.57-25.9)
2.73 (0.98-7.65)
2.64 (1.41-4.94)
4.66 (1.44-15.1)
2.29 (1.10-4.77)
3.79 (2.02-7.09)
5.51 (2.87-10.6)
4.44 (2.42-8.14)
14.8 (5.84-37.7)
1.80 (0.25-13.2)
0.23 (0.09-0.55)

Multivariate
P Adjusted HR (95% Cl) P
<0.001 1.06 (1.03-1.09) <0.001
0.012
0.001 2.21 (1.18-4.16) 0.013
0.164
<0.001 4.28 (1.88-9.73) 0.001
0.056
0.002 2.26 (1.18-4.34) 0.014
0.010
0.027
<0.001
<0.001
<0.001
<0.001 5.64 (2.13-15.0) 0.001
0.562
0.001 0.37 (0.15-0.91) 0.030

Asterisks (*) indicate time-dependent covariates.

TAdjusted for age, gender, alcohol, cigarette, cirrhosis, genotype, HBeAg, HBV DNA, ALT, albumin, GGTR, total bilirubin, and platelet counts
Abbreviations: ETV, entecavir; HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; GGTP,

gamma glutamyltransferase.
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Fig. 3. Comparison of HCC cumulative incidence rates between the
entecavir (ETV)-treated group, lamivudine (LAM)-treated, and the non-
treated control group after PS matching stratified by cirrhosis. The log-
rank test revealed a statistically significant difference in the incidence
of HCC at 5 years time in cirrhosis patients: ETV versus control group
(P < 0.001); LAM versus control (P = 0.019); ETV versus LAM (P =
0.043). The differences were not seen in the noncirrhosis patients:
ETV versus control (P = 0.440); LAM versus control (P = 0.879); ETV
versus LAM (P = 0.126).

HBV has been previously shown to influence HCC
development. Tkeda et al.> reported that the cumulative
HCC incidence rates among Japanese HBV patients
were 2.1% at 5 years, 4.9% at 10 years, and 18.8% at
15 years among NA-naive patients. Other studies, both
from Japan and other countries, have reported a 5-year
cumulative HCC incidence rate of 3.3% among chronic
HBYV, and 21.2% to 59% among cirrhosis patients.”"*?
The incidence of HCC varies significantly by country
and ethnic group,4 which seems to be attributable to
diverse exposure to HCC risk factors.

Carcinogenicity related to HBV infection is some-
what complex and multifactorial when compared with
carcinogenicity related to HCV infection. Known
HCC risk factors among HBV-infected patients
include older age, male gender, cirrhotic status, diabe-
tes mellitus, family history, alcohol consumption, AST,

HEPATOLOGY, July 2013

HBsAg, HBeAg, and genotype C.2>*>?*> Chen et al.’
found a dose-response relationship between pretreat-
ment serum HBV DNA levels and the development of
HCC. Baseline ALT is another risk factor for HCC, as
elevated ALT levels indicate an active immune
response against HBV, resulting in repetitive hepato-
cyte injury.” Our study corroborates these findings on
these factors influence on HCC development.

The potential ability of ETV to reduce the risk of
HCC is an additional example of a long-term NA treat-
ment effect. Some studies have shown that ETV has
low incidence of HCC but these studies did not have a
control arm.” A meta-analysis and a systematic review
showed that NAs can reduce liver complications,
including HCC.2**’ Other studies have begun to show
that control of sustained viral loads through drugs such
as NAs is important in preventing long-term complica-
tions. Chen et al.”® showed that greater decreases in se-
rum HBV DNA levels (<104 copies/mL) during fol-
low-up were associated with a lower risk of HCC.

Our comparison among the PS-matched ETV-
treated group, nonrescued LAM-treated patients, and
the control showed that ETV is superior to LAM in
HCC suppression. Kurokawa et al.”” showed that treat-
ment with lamivudine for an average of 5 years reduced
the incidence of HCC in HBV-infected cirrhosis
patients, who showed sustained viral response at a me-
dian HBV DNA of <4.0 log copies/mL. Unfortunately,
only 48% of the patients in this study achieved sus-
tained viral response, while 51% developed lamivudine-
resistant tyrosine-methionine-aspartate-aspartate muta-
tion (YMDD mutation) during follow-up.”” Patients
with drug resistance were reported to have a 2.6 times
greater chance of developing long-term complications.?®
A systematic review of 21 studies showed that HCC
occurred more (2.3% versus 7.5%, P < 0.001) in non-
responding patients or in patients with viral break-
through compared with those who experienced remis-
sion.”® On-treatment drug resistance could subject
patients to a variable viral status. Suppression of HCC
by NAs requires NAs that do not lead to drug resist-
ance. Compared with other NAs, ETV shows minimal
drug resistance. Our results showed that ~90% of the
ETV-treated patients had sustained viral suppression at
year 1, and that drug resistance was minimal (0.8%)
during the median follow-up period of 3.2 years.

We found that the effect of ETV treatment in
reducing the risk of HCC was more prominent among
high-risk patients. This phenomenon was observed by
examining the combination of parameters associated
with the recently developed risk scores (Fig. 4). The

published risk scores were developed mainly to create
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Fig. 4. Cumulative incidence of HCC by risk score scales: comparison between entecavir-treated and nontreated control patients: Risk score
cutoff points were based on those presented in articles by the following: A,B (Yang et al.1%): low-risk score cutoff point < 12; high-risk score cut-
off point > 12. C,D (Yuen et al.*'): low-risk score cutoff point < 82; high-risk score cutoff point > 82. E-G (Wong et al.*): low-risk score cutoff
point < 4; medium-risk cutoff point 4-19; high-risk score cutoff point > 20. A statistically significant difference in HCC incidence was seen
between the ETV group and the control group in the higher-risk groups when observed the incidence of HCC over time (log-rank test P = 0.006

for risk score > 12; P = 0.002 for risk score > 82; P = 0.062 for patients with medium risk; P < 0.001 for patients at high risk for HCC).
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easy-to-use nomograms based on clinical characteristics
to predict the risk of HCC in patients with HBV.
These scales have been validated, and can accurately
estimate the risk of HCC up to 10 years. The cutoff
scores used in these studies were based on their sensi-
tivity to detect HCC derived and validated with non-
treated HBV cohorts. The importance of our study
using these risk scales in our cohorts was to see the
change in risk with the initiation of therapy. We found
that the ETV treatment effect to reduce the risk of
HCC was more prominent among cirthosis and high-
risk patients despite the lack of interactions between
ETV treatment and preexisting cirrhosis or risk factors.
The lower treatment effect among lower-risk patients
was somewhat not surprising. HCC development
among low-risk patients is generally rare, and there-
fore, the treatment effect may not have occurred in
large enough numbers during the treatment period
allotted in our study to be able to detect a difference.
In addition, HCC development differs greaty by
cirthotic status and risk factors in the control group.
The treatment effect of ETV to reduce HCC is prob-
ably more likely reflected among cirrhosis or high-risk
patients. A study with a longer observation period and
higher patient numbers might be necessary to examine
this ETV treatment effect among low-risk patients.
The development of a scoring system to predict treat-
ment effect of HBV patients with different risk levels
will be useful in determining the most appropriate
timing of treatment initiation in clinical settings.
Study Limitations. There were several limitations
to our study. First, because our patients were recruited
from one hospital, they might not have been represen-
tative of the general Japanese HBV population. Sec-
ond, our control group included historically observed
patients who entered the cohort long before the ETV
group, resulting in treatment differences during the
time gap. However, we used PS matching and a simi-
lar follow-up period between the two cohorts to mini-
mize this bias. Third, our study was an observational
study with patients having large demographic differen-
ces. Although we used a PS to match ETV-treated and
control groups, our sample size did not take into
account other unobserved confounding factors such as
HCC family history, stage of cirrhosis, and comorbid-
ities when determining associating factors for carcino-
genesis in HBV. Finally, the observation period of the
ETV group was relatively short, and patients in the
ETV-treated cohort at 5 years consisted of only less
than ~25% of the initial recruited patients. Because of
this limitation, we censored patients who were fol-
lowed for more than 5 years. The observed treatment

HEPATOLOGY, July 2013

effect would require confirmation over a longer period
and a more complete follow-up.

Conducting a long-term study to examine the effect
of antiviral therapy with HCC as the endpoint would be
time-consuming and challenging. Such a study would
require a large sample size and would, therefore, be
costly. In addition, the increases in choices of therapy
over time would make it difficult to conduct a long-term
study using a single therapy. Owing to ethical issues, it
would be difficult to recruit or follow a naive, untreated
cohort over an extended period of time. Because of these
challenges, most studies have examined the relationship
between antiviral treatment and the risks of HCC
involved older drugs, lacked a control group, or were of
relatively short duration. Consequently, the association
between antiviral treatment and carcinogenesis is inferen-
tial and requires additional confirmatory studies.

In conclusion, in our study we observed the effect
of HCC risk among HBV-infected patients treated by
ETV by comparing them with a group of NA-naive
patients. We followed these Japanese patients for a rel-
atively long period of time and compared them with a
large pool of untreated control patients. In this long-
term study among Japanese patients, ETV significantly
reduced the incidence of HCC among chronic HBV-
infected patients, and was more prominent among

patients at higher risk for HCC.
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Abstract

Background Rate of hepatitis B surface antigen (HBsAg)
seroclearance was determined in 2,112 Japanese patients
with chronic hepatitis B who were followed up for at least
15 years.

Methods Patients had a median age of 37 years and
included 1,431 (67.8 %) men. Median values were
AST/ALT, 43/62 IU/L; platelet counts, 182 x 10°/mm>;
HBsAg, 3,400 IU/mL; and hepatitis B virus (HBV) DNA,
6.2 log copies/mL. Factors influencing HBsAg seroclea-
rance were evaluated by the Cox proportional model and
annual rate of HBsAg seroclearance by the Kaplan—-Meier
life table method.

Results The overall annual rate of HBsAg seroclearance
was 1.75 % in 2,112 patients; it was 1.65 % in 1,130
untreated and 2.05 % in 982 treated patients (p = 0.289).
In untreated patients, seroclearance was influenced by age,
no HBV infections in third-degree or closer relatives, and
HBsAg levels in univariate analysis. Seroclearance was
influenced by a median age >50 years [relative risk (RR)
1.61 (p = 0.018)] and HBsAg <2,000 IU/mL [RR 1.77
(p = 0.014)] in multivariate analysis. In treated patients,
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age, male gender, no HBV infections in third-degree or
closer relatives, interferon therapy, chronic hepatitis, high
AST and y-GTP levels, low platelet counts, hepatitis B e
antigen (HBeAg)-negative status, low HBsAg levels and
the wild-type precore sequence significantly influenced
HBsAg seroclearance. In multivariate analysis, no family
history [RR 2.22 (p = 0.006)], interferon treatment [RR
3.15 (p < 0.001)], and HBeAg-negative status [RR 3.75
(p < 0.001)] significantly influenced HBsAg seroclearance.
Conclusions In this retrospective cohort study, the annual
rate of HBsAg seroclearance was 1.65 % in untreated
patients and 2.05 % in treated patients.

Keywords Seroclearance - Hepatitis B surface antigen -
Hepatitis B virus - Chronic hepatitis B

Abbreviations

ALT Alanine aminotransferase
AST Aspartate aminotransferase
ETV Entecavir

HBeAg Hepatitis B e antigen
HBcrAg Hepatitis B core-related antigen
HBV Hepatitis B virus

HBV DNA Hepatitis B virus DNA
HBsAg Hepatitis B surface antigen
IFN Interferon

LAM Lamivudine

Introduction

Worldwide, an estimated 400 million people are infected
with hepatitis B virus (HBV) persistently. HBV infection is
a common disease that can induce a chronic carrier state
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and is associated with the risk of developing progressive
disease and hepatocellular carcinoma (HCC) [1-5]. In
regions highly endemic for HBV, such as Asia and Africa,
the persistent carrier state is established by perinatal
transmission or early in infancy. Carriers serve as the res-
ervoir of HBV in the community and can spread the
infection to susceptible individuals. The incidence of HCC
is decreased extremely by eradicating HBV from the cir-
culation that is responsible for liver damage [6-9]. In
Japan, interferon (IFN) was introduced for the treatment of
persistent HBV infections, and long-term IFN increased
seroclearance of hepatitis B surface antigen (HBsAg) [10].
Since 2000, the effect of long-term nucleot(s)ide ana-
logues, such as lamivudine [11, 12] and entecavir [13], on
HBsAg seroclearance has been monitored in Japan.

In the current study, we followed untreated or treated
patients for at least 15 years. We evaluated the seroclea-
rance of HBsAg, achieved in both groups of patients, by
using highly sensitive assays. Our aim was to determine
factors that can lead to HBsAg seroclearance and to elu-
cidate the factors associated with its success.

Patients and methods
Patients

During at least 15 years from 1968, 2,112 consecutive
patients, chronically mono-infected with HBV (confirmed
by HBsAg-positivity for at least 6 months) were followed
at the Department of Hepatology, Toranomon Hospital, in
Metropolitan Tokyo. Patients met the following inclusion
and exclusion criteria: (1) negativity for hepatitis C anti-
body and/or hepatitis C virus RNA by polymerase chain
reaction (PCR) in the serum; (2) no history of HCC; and (3)
no history of autoimmune hepatitis, alcohol liver disease,
hemochromatosis, or chronic liver disease other than
chronic hepatitis B. Thus, the 2,112 patients were enrolled
in this cohort study. A written informed consent was
obtained from each patient. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of Hel-
sinki and was approved a priori by the institution’s human
research committee.

Treatment

Nine hundred and eighty-two patients received antiviral
treatments. Of them, 156 patients received prednisolone
(PSL) 40 mg daily for 1 week, 30 mg daily for 1 week,
20 mg daily for 1 week, and then 10 mg daily for 1 week
until it was abruptly withdrawn (total 700 mg). A total of
428 patients received 100 mg lamivudine (LAM) daily as
an initial therapy. In total, 333 patients received 3-12 MU

of IFN-o or IFN-f. The durations and regimens of treat-
ment were as follows: daily for 2 or 4 weeks and then 2 or
3 times per week for 26-104 weeks. The median duration
of treatment was 26 weeks (range 4-981). There were 190
(57 %) patients who received multiple treatments of IFN.

LLAM treatment was continued as a rule; median dura-
tion of LAM treatment was 75 months (55-102). LAM-
resistant rtM2041/V mutants developed in 151 (35 %) of
the 428 patients, and they were provided with adefovir
dipivoxil (10 mg) added on LAM, as a rescue therapy. The
remaining patients continued to receive LAM mono-
therapy. In addition, 65 patients received 0.5 mg entecavir
(ETV) daily as an initial therapy. ETV treatment was
continued as a rule, and median duration of ETV treatment
was 45 months (1.0-104).

Markers of HBV infection

Serum HBsAg titers were determined annually using
ARCHITECT HBsAg QT assay kits (Abbott Laboratories,
Tokyo, Japan), which have a lower limit of detection of
0.05 IU/mL and an upper limit of detection of 250 IU/mL.
To expand the upper limit from 250 to 125,000 IU/mL,
serum samples going off the scale were diluted stepwise to
1:20 and 1:500 with ARCHITECT diluents following
instructions from the manufacturer.

Hepatitis B e antigen (HBeAg) was determined by
enzyme-linked immunosorbent assay with a commercial
kit (HBeAg EIA; Institute of Immunology, Tokyo, Japan).
HBV DNA was quantified using the Amplicor monitor
assay (Roche Diagnostics, Tokyo, Japan) with a dynamic
range of 2.6-7.6 log copies/mL, or COBAS TagMan HBV
v.2.0 (Roche Diagnostics, Tokyo, Japan) with a dynamic
range of 2.1-9.0 log copies/mL. Hepatitis B core-related
antigen (HBcrAg) was determined by chemiluminescence
enzyme immunoassay (CLEIA) with the HBcrAg assay kit
(Fujirebio Inc., Tokyo, Japan). A commercial kit (HBV
Genotype EIA; Institute of Immunology, Tokyo, Japan)
was used to serologically determine HBV genotypes by the
combination of epitopes expressed on the pre-S2 region
product, which is specific for each of the 7 major genotypes
(A-QG).

Statistical analysis

Baseline data were obtained on the day of the first visit in
untreated patients. In patients who received antivirals,
baseline data were obtained at the start of the first day of
treatment. Categorical data were compared between groups
by chi-squared or Fisher’s exact tests. Continuous variables
with a nonparametric distribution were analyzed by Mann—
Whitney U tests, whereas those with a parametric distri-
bution were analyzed by the Student’s ¢ test. Cox
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regression analyses were used to assess variables that were
significantly associated with HBsAg seroclearance. All
baseline factors that were found to be significantly asso-
ciated with HBsAg seroclearance by univariate analysis
were entered into a multivariate analysis. Independent
baseline factors associated with the seroclearance of
HBsAg were evaluated using a stepwise Cox regression
analysis. We then performed a time-dependent Cox
regression to analyze independent factors associated with
HBsAg seroclearance while on-treatment factors and
independent baseline factors had been adjusted.

Cumulative HBsAg seroclearance rates were analyzed
using the Kaplan—Meier method; differences in the result-
ing curves were evaluated using log-rank tests. Signifi-
cance was defined as p < 0.05 for all two-tailed tests. Data
analysis was performed with the SPSS software package
version 11.0.1 J (SPSS Inc., Chicago, IL, USA).

Resuits
Baseline characteristics in the 2,112 patients

The baseline characteristics of studied patients are shown
in Table 1. They had a median age of 37 years (range
1-81), included 1,431 (67.8 %) men, and 2,031 (96.2 %) of
them had chronic hepatitis. Their baseline values were
AST/ALT, 43 (3-2,192)/62 (2-3,020 IU/L); y-GTP, 27
(4-1,494) IU/L; platelet counts, 182 (40-483) x 10> /mm?;
and HBV markers were HBsAg, 3,400 (0.06-27,700) IU/
mL; and HBV DNA, 6.2 (<2.1 to >9.1) log copies/mL.
HBeAg was not detectable in 5.4 % of studied patients, and
the distribution of genotypes A/B/C/others was
4.5:15.6:79.6:0.3 %.

The HBsAg seroclearance rate analyzed by the Kaplan—
Meier method was 9 % in 5 years, 17 % in 10 years, 27 %
in 15 years, 35 % in 20 years, 44 % in 25 years, and 54 %
in 30 years. The annual rate of HBsAg seroclearance was
1.75 % during 20 years (Fig. 1).

In the 2,112 patients, factors influencing HBsAg seroc-
learance in univariate analysis by the Cox regression
analyses were cirthosis [relative risk (RR) 2.40
(p = 0.014)]; HBeAg negative [RR 3.01 (p = 0.001)]; and
HBsAg <2,000 IU/mL [RR 2.13 (p = 0.004)]. In multi-
variate analyses, only 2 factors contributed to HBsAg se-
roclearance: HBeAg negative [RR 1.81 (p < 0.001)]; and
HBsAg <2,000 IU/mL [RR 2.60 (p < 0.001)] (Table 2).

Untreated patients and treated patients
Differences in the baseline characteristics between 1,130

untreated and 982 treated patients are shown in Table 3:
age [31 years vs. 36 (p < 0.001)]; male gender [62.4 vs.
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Table 1 Baseline characteristics 2,112 patients infected with HBV
followed for longer than 15 years

Features at the baseline Patients (n = 2,112)

Demographic data
Age (years) 37 (1-81)
Men 1,431 (67.8 %)
Liver disease

Chronic hepatitis 2,031 (96.2 %)

Cirrhosis 81 (3.8 %)
Laboratory data

AST (IU/L) 43 (3-2,192)
ALT (IU/L) 62 (2-3,020)
v-GTP (IU/L) 27 (4-1,494)
Total bilirubin (mg/dL) 0.7 (0.1-21.2)
Albumin (g/dL) 4.3 (1.1-5.8)
Platelets (x10%/mm?®) 182 (40-483)
o-Fetoprotein (pg/L) 4 (1-2,060)

HBV markers
HBeAg-negative status
HBsAg (IU/mL)

HBcrAg (log U/mL)
Genotypes (A/B/C/others)
HBV DNA (log copies/mL)

1,169 (55.4 %)

3,400 (0.06-277,000)

5.4 (<3.0 to >6.8)

4.5 %I15.6 %/79.6 %/0.3 %
6.2 (<2.1 t0 >9.1)

Median values with the range in parentheses or numbers with the
percentage in parentheses are given

HBYV hepatitis B virus, AST aspartate aminotransferase, ALT alanine
aminotransferase, y-GTP y-guanosine triphosphate, HBeAg hepatitis
B e antigen, HBsAg hepatitis B surface antigen, HBcrAg hepatitis B
core-related antigen

60 -

Seroclearance of HBsAg (%)
8 8 & 8
i L i 1

-
o
L

T T T T T T T

0 5 10 15 20 25 30

Duration of Follow-up (years)
Patients at Risk (n) 2112 1181 620 323 166 58 6
HBsAg Lost (n) 0 160 258 304 333 345 349

Fig. 1 Seroclearance of HBsAg in the 2,112 patients studied.
Numbers of patients at risk and those of patients who lost HBsAg
are indicated below each time point

719 % (p <0.001)]; AST [median 27 vs. 56 IU/L
(p < 0.001)]; ALT [median 28 vs. 96 IU/L (p < 0.001)];
v-GTP [median 20 vs. 45 IU/L (p < 0.001)]; total bilirubin
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Table 2 Factors influencing the
seroclearance of HBsAg in
2,112 patients evaluated by
time-dependent uni- and
multivariate analyses

Wild-type precore sequence,
G1896; wild-type core promoter
sequence, A1762/G1764

AST aspartate aminotransferase,
ALT alanine aminotransferase,
y-GTP y-guanosine
triphosphate, HBeAg hepatitis B
¢ antigen, HBsAg hepatitis B
surface antigen, HBcrAg

Factors Univariate analysis p value Multivariate analysis p value
HBsAg clearance HBsAg clearance
Relative risk (95 % CI) Relative risk (95 % CI)
Age >50 years 1.06 (0.64-1.76) 0.824
Male gender 1.15 (0.69-1.90) 0.594
No HBYV infection in family 1.55 (0.93-2.57) 0.092
Treatment 1.26 (0.72-2.19) 0.413
Cirrhosis 2.40 (1.20-4.83) 0.014
AST =50 IU/L 1.30 (0.66-2.57) 0.454
ALT =50 IU/L 1.81 (0.89-3.70) 0.104
y-GTP =20 TU/L 1.26 (0.72-2.23) 0.418
Total bilirubin >1 mg/dL 1.39 (0.69-2.79) 0.358
Albumin >4 g/dL 1.03 (0.58-1.81) 0.927
Platelets >150 x 10*/mm’ 1.22 (0.68-2.18) 0.501
o-Fetoprotein <10 pg/L 1.06 (0.59-1.89) 0.845
Genotype A or B, C 1.55 (0.86-2.76) 0.142
HBeAg-negative status 3.01 (0.79-2.07) 0.001 1.81 (1.30-2.77) <0.001
HBV DNA =5 log copies/mL 1.17 (0.64-2.15) 0.612
HBsAg <2,000 IU/mL 2.13 (1.27-3.56) 0.004  2.60 (1.94-3.50) <0.001
HBcrAg >4 log U/mL 1.11 (0.61-2.03) 0.731
Wild-type precore sequence 0.98 (0.59-1.53) 0.964
Wild-type core promoter sequence 2.74 (0.80-9.30) 0.104

hepatitis B core-related antigen

[median 0.5 vs. 0.7 mg/dL (p < 0.001)]; albumin [median
4.4 vs. 43 g/dL (p < 0.001)]; platelets [median 202 vs.
181 x 10°/mm’ (p < 0.001)]; a-fetoprotein [median 4 vs.
4 pg/l. (p <0.001)]; HBeAg-negative status [75.8 vs.
31.8 % (p < 0.001)]; HBsAg levels [median 2,240 vs.
5,270 IU/mL (p < 0.001)]; HBcrAg [median 3.6 vs.
>6.8 log U/mL. (p < 0.001)]; distribution of genotypes
A/B/C/others (5.7/20.0/72.6/1.7 vs. 3.4/11.1/84.9/0.5 %,
p < 0.001); and HBV DNA [median 4.7 vs. 8.0 log copies/
mL (p < 0.00D)].

The rate of HBsAg seroclearance in treated patients was
8 % in 5 years, 20 % in 10 years, 28 % in 15 years, 41 %
in 20 years, 49 % in 25 years, and 49 % in 30 years, with
an annual HBsAg seroclearance rate of 2.05 % (Fig. 2).
The rate in untreated patients was 9 % in 5 years, 18 % in
10 years, 26 % in 15 years, 33 % in 20 years, 42 % in
25 years, and 56 % in 30 years, with an annual HBsAg
seroclearance rate of 1.65 %. No differences in the annual
HBsAg seroclearance rate were noted between treated and
untreated patients (p = 0.289).

HBsAg seroclearance in untreated patients

In the 1,130 untreated patients, HBsAg persisted in 930
(82.3 %), whereas HBsAg seroclearance occured in 200
(17.7 %). In the baseline characteristics, significant differences
were found for age (p < 0.001), male gender (p = 0.003),
chronic hepatitis (p = 0.020), y-GTP (p < 0.001), albumin

(p = 0.004), HBV genotypes (p < 0.001), HBeAg-negative
status (p < 0.001), HBV DNA (p < 0.001), HBsAg level
(p < 0.001), HBcrAg (p <0.001), precore wild-type
(p <0.001), and core promoter wild-type (p = 0.001)
(Table 4).

Factors contributing to HBsAg seroclearance
in untreated patients

In the 1,130 untreated patients, factors influencing HBsAg
seroclearance in univariate analysis by the Cox regression
analyses were age >50 [RR 1.63 (p = 0.002)]; no family
history in third-degree or closer relatives [RR 1.38
(p = 0.037)]; and HBsAg <2,0001U/mL [RR 1.87
(p < 0.006)].

In multivariate analyses, only 2 factors contributed to
HBsAg seroclearance: age >50 [RR 1.61 (p = 0.018)] and
HBsAg <2,000 IU/mL [RR 1.77 (p = 0.014)] (Table 5).

HBsAg seroclearance in treated patients

In the 982 treated patients, HBsAg persisted in 833
(84.8 %). HBsAg seroclearance occurred in 149 (15.2 %).
In the baseline characteristics, significant difference were
found for male gender (p = 0.004), no family history in
third-degree or closer relatives (p = 0.010), chronic hep-
atitis (p = 0.001), AST (p = 0.010), y-GTP (p = 0.023),
platelet counts (p < 0.001), HBeAg-negative status
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Table 3 Baseline

o Features at the baseline Untreated (n = 1,130) Treated (n = 982) Differences
characteristics in untreated and
. p value
treated patients
Age (years) 31 (1-81) 36 (6-75) <0.001
Men 705 (62.4 %) 726 (71.9 %) <0.001
Chronic hepatitis 1,094 (96.8 %) 937 (96.4 %) 0.079
Cirrhosis 36 (3.2 %) 45 (3.6 %)
AST (U/L) 27 (3-1,776) 56 (6-2,192) <0.001
ALT (IU/L) 28 (2-3,020) 96 (8-2,740) <0.001
v-GTP (IU/L) 20 (4-1,494) 45 (4-1,278) <0.001
) . . Total bilirubin (mg/dL) 0.5 (0.1-20.1) 0.7 (0.2-21.2) <0.001
Median values with the range in .
parentheses or numbers with the Albumin (g/dL) 4.4 (2.2-5.8) 43 (1.1-54) <0.001
percentage in parentheses are Platelets (><103/mm3 ) 202 (40-443) 181 (40-483) <0.001
given a-Fetoprotein (pig/L) 4 (1-2,060) 4 (1-1,610) <0.001
AST aspartate aminotransferase, — HBeAg-negative status 857 (75.8 %) 312 (31.8 %) <0.001
iLGTT;Ifl’ilg“faigls;‘;‘;tra“Sferase’ HBsAg (IU/mL) 2,240 (0.06-141,000) 5,270 (0.09-277,000) <0.001
triphosphate, HBeAg hepatitis B HBcrAg (log U/mL) 3.6 (<3.0 to >6.8) > 6.8 (<3.0 to >6.8) <0.001
¢ antigen, HBsAg hepatitis B Genotypes [A/B/C/others (%)] 5.7/20.0/72.6/1.7 3.4/11.1/84.9/0.5 <0.001
surface antigen, HBcrAg HBV DNA (log copies/mL) 4.7 (<2.1 to >9.1) 8.0 (<2.1 to >9.1) <0.001

hepatitis B core-related antigen

60 -
p=0.289 56

50 o 49

40 -

30

Treated Untreated

20

Seroclearance of HBsAg (%)

T T T

0 5 10 15 20 25 30

Duration of Follow-up (years)
Treated
Patients at Risk (n) 982 529 221 104 39 8 3
HBsAg Lost n o 66 114 133 145 148 149
Untreated
Patients at Risk (n) 1130 652 399 219 127 50 3
HBsAg Lost (n) 0 91 142 170 187 197 200

Fig. 2 Comparison of HBsAg seroclearance rates between 982
treated and 1,130 untreated patients. Numbers of patients at risk
and those of patients who lost HBsAg are indicated below each time
point

(p < 0.001), HBV DNA (p = 0.002), HBsAg (p < 0.001),
HBcrAg (p = 0.003), and precore wild-type (p = 0.013)
(Table 6).

Factors contributing to HBsAg seroclearance in treated
patients

In the 982 treated patients, factors influencing HBsAg

seroclearance in univariate analysis by the Cox regression
analyses were age >50 [RR 191 (p = 0.001)]; male

@ Springer

gender [RR 2.14 (p = 0.001)], no family history in third-
degree or closer relatives [RR 1.58 (p = 0.005)]; previous
treatment with interferon [RR 2.13 (p < 0.001)]; chronic
hepatitis [RR 3.12 (p < 0.001)]; AST >50 IU/L [RR 1.47
(» = 0.031)]; yv-GTP =20 IU/L [RR 1.87 (p = 0.00D)];
platelets <150 x 10*mm® [RR 2.10 (p <0.00D)];
HBeAg-negative status [RR 2.53 (p < 0.00)]; HBV DNA
<5 log copies/mL. [RR 2.07 (p = 0.001)]; HBsAg
<2,000 TU/mL [RR 2.29 (p < 0.001)]; HBcrAg <4 log U/
mL [RR 2.28 (p = 0.003)]; and the wild-type precore
sequence [RR 2.04 (p = 0.011)].

In multivariate analysis, only 3 factors contributed to
HBsAg seroclearance: no family history in third-degree or
closer relatives [RR 2.22 (p = 0.006)]; previous treatments
with interferon [RR 3.15 (p < 0.001)]; and HBeAg-nega-
tive status [RR 3.75 (p < 0.001)] (Table 7).

Discussion

In Japan, perinatal materno-fetal transmission was the main
route of HBV infection, but this transmission has been
prevented since 1986 by the national campaign to prevent it
by immunoprophylaxis with combined passive-active
immunization of babies born to HBeAg-positive carrier
mothers. However, HCC develops in about 10 % of the
patients who have established chronic HBV infection by
materno-fetal infection or through child-to-child transmis-
sion. Hence, HBsAg seroclearance is crucially required for
preventing the development of cirrhosis followed by HCC.

In the present study, we analyzed 2,112 patients with
persistent HBV infection to establish the factors
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Table 4 Differences between
the baseline characteristics of
917 untreated patients in whom
HBsAg persisted and 213 those
who lost HBsAg

Wild-type precore sequence,
G1896; wild-type core promoter
sequence, A1762/G1764

AST aspartate aminotransferase,
ALT alanine aminotransferase,
y-GTP vy-guanosine
triphosphate, HBeAg hepatitis B
e antigen, HBsAg hepatitis B
surface antigen, HBcrAg
hepatitis B core-related antigen

Table 5 Factors influencing the
seroclearance of HBsAg in
untreated patients evaluated by
time-dependent uni- and
multivariate analyses

Wild-type precore sequence,
G1896; wild-type core promoter
sequence, A1762/G1764

AST aspartate aminotransferase,
ALT alanine aminotransferase,
y-GTP y-guanosine
triphosphate, HBeAg hepatitis B
e antigen, HBsAg hepatitis B
surface antigen, HBcrAg
hepatitis B core-related antigen

Features at the baseline HBsAg persisted (n = 917) HBsAg lost (n = 213)  Differences
p value
Age (years) 37 (1-81) 44 (0-80) <0.001
Men 553 (60.3 %) 152 (71.4 %) 0.003
HBYV in family members 349 (38.1 %) 76 (35.7 %) 0.509
Chronic hepatitis 893 (974 %) 201 (94.4 %) 0.020
AST (JU/L) 27 (3-1,144) 25 (6-1,776) 0.283
ALT (IU/L) 28 (6-1,960) 27 (6-3,020) 0.389
v-GTP (QU/L) 22 (1-1,494) 29 (4-1,092) <0.001
Total bilirubin (mg/dL) 0.6 (0.2-20.1) 0.7 (0.1-4.0) 0.257
Albumin (g/dL) 43 (2.0-5.3) 44 (1.6-5.7) 0.004
Platelets (x 10°/mm?) 203 (40-443) 203 (33-417) 0473
a-Fetoprotein (ug/L) 3 (1-2,060) 1 (1-478) 0.373
Genotypes [A/B/C/others (%)) 5.7/19.0/73.3/1.9 5.5/24.7169.2/0.7 <0.001
HBeAg-negative status 663 (72.3 %) 194 (91.1 %) <0.001
HBYV DNA (log copies/ml.) 49 (<2.1t0 >9.1) 3.8 (<2.1 to >9.1) <0.001
HBsAg (TU/mL) 3,100 (1.94-141,000) 149 (0.06-88,800) <0.001
HBcrAg (log U/mL) 3.9 (<3.0 to >6.8) 2.9 (<3.0 to >6.8) <0.001
Wild-type precore sequence 441 (48.1 %) 160 (75.0 %) <0.001
Wild-type core promoter sequence 320 (34.9 %) 47 (22.0 %) 0.001

Factors Univariate analysis p value Multivariate analysis p value
HBsAg clearance HBsAg clearance
Relative risk (95 % CI) Relative risk (95 % CI)

Age =50 years 1.63 (1.19-2.23) 0.002 1.61 (1.09-2.37) 0.018
Male gender 1.08 (0.79-1.48) 0.618

No HBYV infection in family 1.38 (1.02-1.86) 0.037

Cirrhosis 1.19 (0.73-1.93) 0.484

AST =50 TU/L 1.01 (0.70-1.45) 0.979

ALT >50 TU/L 0.93 (0.68-1.27) 0.633

v-GTP =20 IU/L 1.17 (0.85-1.61) 0.330

Total bilirubin >1 mg/dL 1.41 (0.80-2.49) 0.239

Albumin >4 g/dL 0.78 (0.51-1.18) 0.239

Platelets >150 x 10°/mm’ 0.99 (0.67-1.46) 0.946

o-Fetoprotein <10 pg/L 0.84 (0.48-1.47) 0.543

Genotype A or B 1.17 (0.81-1.69) 0.410

HBeAg-negative status 0.78 (0.79-2.07) 0.314

HBYV DNA =5 log copies/mL 0.84 (0.58-1.24) 0.383

HBsAg <2,000 TU/mL 1.87 (1.19-2.91) 0.006 1.77 (1.12-2.77) 0.014
HBcrAg >4 log U/mL 0.85 (0.50-1.45) 0.555

Wild-type precore sequence 0.99 (0.60-1.52) 0.967

Wild-type core promoter sequence 0.78 (0.35-1.73) 0.538

contributing to HBsAg seroclearance. The overall rate of
HBsAg seroclearance was 1.75 % annually. The annual
seroclearance rates of HBsAg are reported to be 1.7 % in
Korea [14] and 1.6 % in Taiwan [15-17], as well as 2.5 %
in Goto Islands of Japan, where HBV infections are very
prevalent [18]. In 1,271 natives in Alaska, the rate of

HBsAg seroclearance was 0.7 % annually [19]. These
differences could be ascribed, in part, to HBV genotypes
distinct among Asian countries and Alaska. Since treatment
with IFN and/or nucleot(s)ide analogues has suppressive
effects on the development of HCC [6, 20], they may
influence HBsAg seroclearance.
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Table 6 Differences in baseline characteristics between the 833 treated patients in whom HBsAg persisted and 149 those who lost HBsAg

Features at the baseline HBsAg persisted (n = 833) HBsAg lost (n = 149) Differences
p value
Age (years) 41 (13-88) 43 (17-71H) 0.285
Men 601 (72.2 %) 124 (83.2 %) 0.004
HBYV in family members 496 (59.6 %) 72 (48.3 %) 0.010
Chronic hepatitis 802 (96.3 %) 134 (89.9 %) 0.001
AST (IU/L) 54 (6-2,192) 78 (7-888) 0.010
ALT (IU/L) 93 (8-2,740) 118 (8-1,700) 0.117
v-GTP (IU/L) 44 (4-1,278) 46 (4-1,278) 0.023
Total bilirubin (mg/dL) 0.7 (0.2-21.2) 0.7 (0.3-8.4) 0.273
Albumin (g/dL) 4.3 (1.1-54) 4.5 (1.4-5.3) 0.281
Platelets (x10%/mm") 182 (40-483) 171 (50-391) <0.001
o-Fetoprotein (ng/L) 4 (1-1,610) 4 (1-765) 0.682
Genotypes [A/B/C/others (%)] 3.2/10.7/85.1/1.0 5.1/12.4/81.6/0.9 0.565
HBeAg-negative status 230 (27.6 %) 79 (53.0 %) <0.001
HBV DNA (log copies/mL) 7.8 (<2.1 t0 >9.1) 8.3 (<2.1 to >9.1) 0.002
HBsAg (IU/mL) 7,880 (0.04-277,000) 1,380 (0.04-188,000) <0.001
HBcrAg (log U/mL) 6.9 (<3.0 to >6.8) 5.9 (<3.0 to >6.8) 0.003
Wild-type precore sequence 554 (66.6 %) 61 (41.2 %) 0.013
Wild-type core promoter sequence 274 (32.9 %) 67 (45.0 %) 0.836

Wild-type precore sequence, G1896; wild-type core promoter sequence, A1762/G1764

AST aspartate aminotransferase, ALT alanine aminotransferase, y-GTP y-guanosine triphosphate, HBeAg hepatitis B e antigen, F/BsAg hepatitis B
surface antigen, HBcrAg hepatitis B core-related antigen

Table 7 Factors influencing the
seroclearance of HBsAg in
treated patients evaluated by
time-dependent uni- and
multivariate analyses

Wild-type precore sequence,
G1896; wild-type core promoter
sequence, A176.2/G1764

AST aspartate aminotransferase,
ALT alanine aminotransferase,
y-GTP y-guanosine
triphosphate, HBeAg hepatitis B
e antigen, HBsAg hepatitis B
surface antigen, HBcrAg
hepatitis B core-related antigen

@ Springer

Factors Univariate analysis p value Multivariate analysis p value
HBsAg clearance HBsAg clearance
Relative risk (95 % CI) Relative risk (95 % CI)
Age >50 years 1.91 (1.32-2.77) 0.001
Male gender 2.14 (1.37-3.33) 0.001
No HBV infection in family 1.58 (1.15-2.19) 0.005 2.22 (2.32-3.94) 0.006
Treatments (interferon vs. others)  2.13 (1.53-2.98) <0.001 3.15 (1.69-5.87) <0.001
Chronic hepatitis 3.12 (2.05-4.74) <0.001
AST =50 TU/L 1.47 (1.04-2.09) 0.031
ALT >50 IU/L 1.29 (0.82-1.92) 0.201
y-GTP >20 IU/L 1.87 (1.30-2.70) 0.001
Total bilirubin >1 mg/dL 1.35 (0.87-2.08) 0.179
Albumin >4 g/dL 1.11 (0.66-1.86) 0.688
Platelets <150 x 10*/mm’® 2.10 (1.49-2.96) <0.001
a-Fetoprotein <10 pg/L 1.33 (0.92-1.92) 0.136
Genotype A or B vs. others 1.16 (0.74-1.82) 0.529
HBeAg-negative status 2.53 (1.83-3.50) <0.001 3.75 (2.09-6.74) <0.001
HBV DNA <5 log copies/mL 2.07 (1.37-3.13) 0.001
HBsAg <2,000 IU/mL 2.29 (1.52-3.47) <0.001
HBcrAg <4 log U/mL 228 (1.31-3.97) 0.003
Wild-type precore sequence 2.04 (1.18-3.55) 0.011
Wild-type core promoter sequence 1.18 (0.63-2.21) 0.608
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Therefore, we went on to extend our analysis to
untreated patients and those treated with IFN or nucleotide
analogues separately. Criteria for upper or lower levels of
each parameter were set, taking into consideration the
median value or a cutoff value with the lowest p value of
the entire 2,112-patient cohort (Table 1), and unified for
untreated and treated patients (Tables 5, 7).

Firstly, in the univariate analysis, age, no family history
of HBV infection in third-degree or closer relatives, and
decreased HBsAg levels lowered the annual rate of HBsAg
seroclearance significantly. In multivariate analysis, age
>50 years (RR 1.61, p = 0.018) and HBsAg <2,000
IU/mL (RR 1.77, p = 0.014) decreased the annual rate of
HBsAg seroclearance significantly. Kato et al. [18] repor-
ted high HBsAg seroclearance rates in patients over 40 or
over 50 years; in our patients, also, age >50 years
increased RR to 1.61 (p = 0.018). As for HBsAg and HBV
DNA, low HBsAg and HBV DNA levels increased the
HBsAg seroclearance rate to 37.7 %, and therefore, low
HBsAg levels are an important factor. In actuality, HBsAg
levels <2,000 IU/mL increased the rate of HBsAg seroc-
learance with RR 1.77 (p = 0.014).

In treated patients, by contrast, age, the male gender, no
HBYV infections in third-degree or closer relatives, treat-
ment with IFN, chronic hepatitis, high AST levels, high
v-GTP levels, low platelet counts, HBeAg-negative status,
low HBsAg levels, low HBcrAg levels and the wild-type
precore sequence were significant factors in univariate
analysis. In multivariate analysis, no HBV infections in
third-degree or closer relatives (RR 2.22, p = 0.006),
interferon treatments (RR 3.15, p < 0.001), and HBeAg-
negative status (RR 3.75, p < 0.001) were significant
factors.

Thus, there were differences in factors predictive of the
HBsAg loss between untreated and treated patients.
Remarkably, age and HBsAg titer were independent fac-
tors in untreated patients, whereas family history and
negative HBeAg were independent factors in treated
patients. Since this work studied patients who were fol-
lowed for a long time (>15 years), age and HBsAg titer
were factors for clearance of HBsAg in untreated patients.
Treated patients, in contrast, would have included more
patients with HBeAg, with a good response to antiviral
treatment, as well as those without family history who
would have been infected with HBV with a sorter dura-
tion than those with family history. In other words, most
untreated patients were those with favorable clinical
course, in whom HBsAg titer gradually decreased and
eventually lost it with time. In fact, there would be many
such patients, the majority of whom do not visit hospitals
and are unaware of HBV infection, who may have
unapparent liver disease. Treated patients, on the other
hand, would have had higher risks for cirrhosis and HCC,

owing to elevated ALT/AST levels; this risk is especially
high for patients with a family history of HBV [21].
Therefore, patients with family history would not be able
to easily lose HBsAg.

In treated patients, IFN led to HBsAg loss more effec-
tively than other treatments [RR 2.13, p < 0.001
(Table 7)]. The immunomodulatory activity of IFN, which
is not shared by nucleot(s)ide analogues, would have
accelerated the immune response to HBV required for the
seroclearance of HBsAg. Of the 333 patients who received
IFN, 190 (57 %) were treated with IFN multiply. In them,
seroclearance of HBsAg was achieved in 49 of the 190
(26 %) patients with multiple IFN treatments in compari-
son with 41 of the 143 (29 %) with single IFN treatment.
Owing to indications for IFN, patients who received IFN
tended to be younger, without previous treatments and
higher HBV DNA as well as ALT levels. They might have
increased the rate of HBsAg loss that was higher with TFN
than other treatments.

Since this is a retrospective cohort study of patients
visiting our hospital for more than 15 years, and there has
been so much innovation in the treatment of chronic hep-
atitis B during that period, treated and untreated patients
have different backgrounds at the baseline. Hence, treated
patients had higher ALT and HBV DNA levels with sev-
erer liver disease than untreated patients (Table 3). This
might have been responsible, at least in part, for the failure
in finding differences in the rate of HBsAg loss between
untreated and treated patients (Fig. 2). Future studies will
be aimed at analyzing contributing factors in treated and
matched controls. This will allow us to analyze factors
contributing to HBsAg seroclearance in the treatment of
patients with chronic hepatitis B.
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Abstract

Background Renal dysfunction and Fanconi’s syndrome
associated with hypophosphatemia caused by long-term
administration of low-dose adefovir dipivoxil (ADV) has
been reported in recent years. The aim of this retrospective
study was to determine the incidence and factors associated
with renal dysfunction and hypophosphatemia in patients
with hepatitis B infection on long-term treatment with
ADYV and lamivudine (LAM).

Methods The study subjects were 292 patients treated
with 10 mg/day ADV and 100 mg/day LAM for more than
6 months. We evaluated estimated glomerular filtration
rate (eGFR), serum creatinine and serum phosphate level at
the start of ADV and every 6 months.

Result During a median treatment duration of 64 months,
28 (9.6 %) patients developed renal impairment (defined as
eGFR < 50 ml/min/1.73 m?), and 73 (27.1 %) developed
hypophosphatemia, including 14 with persistent hypo-
phosphatemia. The cumulative incidences of renal
impairment at 1, 3, and 5 years were 1.4, 7.5, 10.5 %,
respectively, and those of hypophosphatemia were 6.8,
20.6, 26.7 %, respectively. Multivariate analysis identified
old age, liver cirrhosis and hypertension as determinants of
renal impairment, and male sex, HCC, low baseline serum
phosphate as determinants of hypophosphatemia. Three of
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the 14 patients with persistent hypophosphatemia devel-
oped Fanconi’s syndrome; their serum creatinine level
remained normal, but eGFR was lower than at baseline.

Conclusion Long-term treatment of hepatitis B with low-
dose (10 mg/day) ADV and LAM can potentially cause
renal impairment and hypophosphatemia. We advocate
regular monitoring of serum phosphate and evaluation of
eGFR, in addition to serum creatinine, in such patients.

Keywords Adefovir dipivoxil - Hepatitis B virus -
Renal dysfunction - Hypophosphatemia -
Fanconi’s syndrome - Osteomalacia

Abbreviations

ALT Alanine aminotransferase
AST Aspartate aminotransferase
BMI Body mass index

CHB Chronic hepatitis B

CHBI Chronic hepatitis B infection

CI Confidence interval

eGFR  Estimated glomerular filtration rate
HBeAg Hepatitis B e antigen

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

IFN Interferon

1P Inorganic phosphate

LC Liver cirrhosis

Introduction

Hepatitis B virus (HBV) infects more than 350 million
people worldwide. Hepatitis B is a leading cause of chronic
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)
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[1]. The goal of therapy is to reduce HBV replication to
limit progressive liver disease and improve the natural
history of chronic HBV infection (CHBI) [2]. Oral nucle-
otide analogs are used for antiviral therapy of patients with
CHBI. Lamivudine (LAM) is the first nucleotide analogue
indicated for CHBI [3]. However, long-term 1AM therapy
is associated with emergence of drug-resistant HBV
mutation, and relapse of hepatitis [4-7]. Subsequent studies
indicated that adefovir dipivoxil (ADV) alone or in com-
bination with LAM provides effective antiviral therapy in
patients with LAM-resistant HBV [§, 9]. However, ADV
monotherapy of LAM-resistant HBV resulted in the
appearance of virological breakthrough due to acquisition
of ADV-resistant mutation [10]. Therefore, the Japanese
guidelines recommend the use of the combination of ADV
and LAM for patients with LAM-resistant HBV [11].

Renal impairment is one of the most serious side effects
of ADV. Nephrotoxicity associated with ADV is dose-
dependent. In CHBI phase III trials, significant renal tox-
icity was not observed during a median follow-up period of
64 weeks in patient treated with ADV at 10 mg/day [12].
However, renal dysfunction associated with long-term use
of low-dose ADV has been documented in a few reports
published in recent years [13—15]. Moreover, a few case
reports also described hypophosphatemia associated with
Fanconi’s syndrome in association with the use of ADV at
10 mg/day {14, 16, 17].

On the other hand, there are only a few studies on the
incidence of renal dysfunction and hypophosphatemia
during long-term combination therapy of ADV and LAM.
In the present study, we investigated the incidence of renal
impairment and hypophosphatemia associated with long-
term use of ADV-LAM combination in patients with CHBI
and defined the characteristics of those patients who
developed the above side effects.

Patients and methods
Patients

The study group comprised 292 Japanese patients who
were treated with the combination therapy of ADV and
LAM between November 2002 and December 2011 at
Toranomon Hospital, Tokyo, Japan. Patients were included
in this study if they met the following criteria: (1) patients
with LAM-refractory CHBI who commenced ADV add-on
LAM at Toranomon Hospital; (2) the starting dose of ADV
was 10 mg/day; (3) normal renal function at the com-
mencement of ADV (serum creatinine < 1.2 mg/dl and
estimated glomerular filtration rate (¢GFR) of >50 ml/min/
1.73 m?); (4) patients who received the combination ther-
apy for more than 6 months. Furthermore, we excluded

patients who had history of treatment with other nucleotide
analogs and co-infection with hepatitis C virus or human
immunodeficiency virus (HIV).

Study protocol

Patients visited our hospital every 1-3 months after the
initiation of ADV treatment, and blood samples were
obtained at every visit. We evaluated virological and bio-
chemical markers at the start of ADV and every 6 months
thereafter. The eGFR was calculated by the Japanese GFR
equation [194 x Crio* % ageO'287 (x 0.739 for females)].
Renal impairment represented a decrease in eGFR
to < 50 ml/min/1.73 m> while hypophosphatemia was
defined by serum phosphate level of < 2.5 mg/dl. The
dosing interval of ADV was modified by the attending
physician when serum creatinine level increased
to > 1.2 mg/dl. Liver cirrhosis was defined by presence of
stage 4 fibrosis on histopathological examination and/or
clinical evidence of portal hypertension.

The study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and approved by
the ethics committee of Toranomon Hospital.

Statistical analysis

Descriptive statistics were reported as proportion (%) for
categorical variables, and median values (range) for con-
tinuous variables. The Mann—Whitney U test was used to
compare two continuous variables, and Fisher’s exact test
or Chi square test was used to compare two categorical
variables. The cumulative incidences of renal impairment
and hypophosphatemia were calculated using the Kaplan—
Meier method and group data were evaluated using the log-
rank test. The Cox proportional hazard regression model
was used to estimate univariate and multivariate risk fac-
tors for renal dysfunction and hypophosphatemia. Wilco-
xon rank sum test was used to compare changes in the
median values of eGFR and serum phosphate. Statistical
significance was defined with two-tailed P value of < 0.05.
Statistical analyses were performed using The Statistical
Package for Social Sciences (version11; SPSS, Chicago,
IL).

Results

Baseline characteristics

Table 1 lists the baseline clinical and laboratory charac-
teristics at the start of ADV. The total duration of the

combination therapy of ADV and LAM was 64.3 months
(range: 6-118). The median age of the patient was 47 years
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Table 1 Baseline characteristics

n 292
47 (25-75)

228 (78.1 %)

63 (39.9-92.5)
22.2 (15.8-36.9)
64.3 (6.0-118)

Age (years)

Male sex

Body weight (kg)

Body mass index (kg/mz)
Treatment duration (months)

Current cirrhosis 67 (22.9 %)

Current and/or history of HCC 48 (16.4 %)

History of diabetes mellitus 17 (5.8 %)

History of hypertension 42 (14.4 %)

Genotype (A/B/C/others or 13/15/240/24 (4.5/5.1/82.2/
unknown) 8.2 %)

HBeAg (positive/negative/ 114/176/2 (39.0/60.3/0.7 %)
unknown)

Serom HBV-DNA (logIU/ml) 6.9 (< 2.1 to <9.0)

Total bilirubin (mg/dl) 0.7 (0.2-6.0)
Alanine aminotransferase (IU/ml) 86 (9-3156)
Albumin (g/dl) 3.9 2.44.7)
Platelet(x 10%mm?) 16.1 (3.145.2)
Creatinine (mg/dl) 0.8 (0.4-1.1)
eGFR (ml/min/1.73 m? 85.2 (51.2-179.9)
Inorganic phosphate (mg/dl) 3.2 (1.6-4.6)

Values are expressed as median (range), or number of patient (%)

eGFR estimated glomerular filtration rate, HCC hepatocellular
carcinoma

(25-75), and patients were mostly men (78.1 %). Sixty-
seven (22.9 %) patients had cirrhosis before starting ADV,
and 48 patients (16.4 %) had a history of HCC or had HCC
at study entry. Forty-two (14.4 %) patients had diabetes
mellitus, and 17 (5.4 %) had arterial hypertension. The
median body weight was 63 kg (39.9-92.5), and median
BMI was 22.2 kg/m2 (15.8-36.9). Baseline eGFR was
85.2 ml/min/1.73 m* (51.2-179.9), and phosphate was
3.2 mg/dl (1.6-4.6).

ADV-induced nephrotoxicity
Frequency of renal impairment

Twenty-eight (9.6 %) patients developed renal impairment
during the combination therapy. The eGFR decreased
20-30 % from baseline in 67 (22.9 %) patients, 30-50 % in
54 (18.5 %) patients, and >50 % in 5 (1.7 %) patients.
Figure 1 displays the cumulative incidence of renal impair-
ment. Figure 1a shows the time to eGFR of < 50 ml/min/
1.73 m® (i.e., renal impairment). The 1-, 3-, and 5-year
cumulative incidence of renal impairment was 1.4, 7.5, and
10.5 %, respectively. Figure 1b shows the time to reduction
in eGFR of >30 % from baseline. The 1-, 3-, 5-year
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Fig. 1 Cumulative incidence of renal impairment and hypophospha-
temia. a Cumulative incidence of reduction of eGFR to less than
50 mi/min/1.73 m> at 1-, 3-, and 5-years of treatment with ADV and
LAM. b Cumulative incidence of reduction of eGFR by >30 %
relative to baseline at 1-, 3-, and 5-years of treatment with ADV and
LAM. ¢ Cumulative incidence of hypophosphatemia among 269
patients with baseline IP of >2.5 mg/dl

cumulative incidence of reduction in eGFR >30 % was 5.9,
16.2,22.7 %, respectively. We also evaluated renal function
using serum creatinine. Serum creatinine increased to more
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than 1.2 mg/dl in 34 (11.6 %) patients during the study
period. The 1-, 3-, and 5-year cumulative incidence of serum
creatinine of >1.2 mg/dl was 1.4, 6.51, and 11.4 %,
respectively. The proportion of patients who developed renal
impairment started to increase about 2 years after the com-
mencement of ADV.

Time-course of renal impairment

Figure 2a shows serial changes in the median value of
eGFR after the addition of ADV to LAM. We excluded
from this analysis those patients in whom the dose of ADV
was reduced at the point of modification. The eGFR of 264
patients without renal impairment remained stable
throughout the study. On the other hand, the eGFR of 28
patients with renal impairment decreased rapidly within
about 2 years after the addition of ADV.
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Fig. 2 Clinical course after the addition of ADV to LAM for
treatment of chronic hepatitis B infection. a Changes in median eGFR
level after the addition of ADV to LAM. Solid line patients with
normal renal function, broken line patients who developed renal
impairment (excluding patients who required reduction of the dose of
ADYV at the point). b Changes in the median level of serum phosphate
after the addition of ADV to LAM. Solid line patients with normal
phosphate level, broken line: patients who developed hypophospha-
temia (excluding patients required reduction of the dose of ADV at
the point)

Predictive factors for renal impairment

The results of univariate and multivariate analyses,
including the hazard ratio for eGFR to < 50 ml/min/
1.73 m?, are shown in Table 2. Univariate analysis showed
that old age (> 50 years, P < 0.0001), current cirrhosis
(P < 0.0001), current and/or history of HCC (P = 0.001),
history of hypertension (P < 0.0001), mild renal dysfunc-
tion at baseline (eGFR < 80 ml/min/1.73 mz, P = 0.001),
and thrombocytopenia (platelet count < 15 x 10*mm?,
P = 0.003) were associated with the development of
nephrotoxicity. Multivariate analysis indicated that old age
(P = 0.006), cirrhosis (P = 0.011), and history of hyper-
tension (P = 0.005) were significant predictors of renal
impairment.

Univariate and multivariate analyses were also per-
formed for a fall in eGFR of >30 % relative to baseline.
The results of univariate analysis showed that old age
(P < 0.0001), female sex (P = 0.007), small body weight
(<60 kg, P =0.002), history of diabetes mellitus
(P <0.0001), mild renal dysfunction at baseline
(P = 0.018), hypo-albuminemia (P = 0.010), and throm-
bocytopenia (P = 0.007) were associated with decrease in
eGFR of >30 % relative to baseline. On the other hand,
multivariate analysis identified old age (P < 0.001), small
body weight (P = 0.015), history of diabetes mellitus
(P = 0.020), and mild renal dysfunction at baseline
(P < 0.0001) as significant predictors of fall in eGFR of
>30 % relative to baseline.

In either case, old age was a significant contributing
factor of ADV-induced renal impairment. History of dia-
betes mellitus and arterial hypertension were also signifi-
cant predictors.

Effect of modification of ADV dosing interval on renal
impairment

Seventeen (5.8 %) patients required modification of the
ADV dosing interval because of renal impairment. The
ADYV dosing interval was changed from 10 mg every day
to 10 mg every other day when creatinine increased to
>1.2 mg/dl. The clinical characteristics of the 17 patients
could be summarized as follows: all were men with a
median age of 54 years (35-63), 8 (47.1 %) patients had
cirrhosis, 4 (23.5 %) patients had a history of HCC, base-
line eGFR was 69.3 ml/min/1.73 m? (58.2-89.3), phos-
phate was 3.3 mg/dl (2.1-3.9), and the median time to
modification of ADV dose was 48.5 months (20.7-70.0).
Figure 3a shows changes in eGFR and Fig. 3b shows
changes in serum phosphate after modification of the ADV
dosing interval. The dose modification significantly
improved eGFR and serum phosphate as measured at
6 months and 1 year after the modification. Analysis of the
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Table 2 Determinants of renal
impairment (¢GFR less than
50 ml/min/1.73 m*)

Univariate analysis Multivariate analysis

CI confidence interval,
IP inorganic phosphate,

HR (95 % CI) P value HR (95 % CI) P value
Age >50 years 7.661 (2.898-20.252) <0.0001 4.280 (1.505-12.169) 0.006
Male sex 1.227 (0.464-3.236) 0.680
Body weight < 60 (kg) 1.470 (0.687-3.145) 0.320
Current cirrhosis 5.344 (2.479-11.518) <0.0001 2.861 (1.279-6.401) 0.011
Current and/or history of HCC 3.855 (1.788-8.311) 0.001
History of diabetes mellitus 2.841 (0.982-8.149) 0.054
History of hypertension 5.116 (2.393-10.938) <0.0001  3.087 (1.403-6.791) 0.005
Baseline eGFR < 80 (eGFR =50) 4.219 (1.786-10.00) 0.001
Baseline IP < 3.2 mg/dl 1.634 (0.766-3.497) 0.204
Platelet count < 15 x 10*/mm® 3.448 (1.511-7.874) 0.003

HCC hepatocellular carcinoma,

HR hazard ratio
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Fig. 3 Changes in eGFR and serum phosphate after modification of
the ADV dosing interval. a Changes in eGFR. b Changes in serum
phosphate level

long-term courses of eGFR and phosphate in these 17
patients after modification of ADV showed that the median
eGFR after 1-, 2-, and 3- years of modification was 53.2,
56.7, 53.9 ml/min/1.73 m? respectively. eGFR remai-
ned > 50 ml/min/1.73 m? after modification, but never
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recovered to baseline level. None of the patients required
discontinuation of ADV due to renal impairment.

ADV-induced hypophosphatemia
Frequency of hypophosphatemia

Seventy-three (27.1 %) of 269 patients who had normal
phosphate at baseline developed hypophosphatemia during
the course of the study. Fourteen (19.1 %) of the 73
patients who developed hypophosphatemia continued to
show hypophosphatemia until the end of the study. On the
other hand, the remaining 59 patients developed transient
hypophosphatemia only. The cumulative incidence of
hypophosphatemia is shown in Fig. ic. The 1-, 3-, and
5-year cumulative incidence of hypophosphatemia was 6.8,
20.6, and 26.7 %, respectively. On the other hand, 23
patients had hypophosphatemia at baseline. Seven (30.4 %)
of these 23 patients had chronic hypophosphatemia. The
phosphate level of 4 (17.4 %) patients reverted spontane-
ously to normal, while serum phosphate level of the other
12 (52.2 %) patients fluctuated during the study.

Time-course of hypophosphatemia

Figure 2b shows changes in the median serum level of
phosphate after the addition of ADV to LAM. We
excluded from this analysis those patients in whom the
dose of ADV was reduced at the point of modification.
The median phosphate level decreased gradually after the
addition of ADV in patients who subsequently developed
hypophosphatemia.

Predictive factors for hypophosphatemia

Table 3 shows the results of univariate and multivariate
analyses, including hazard ratio, of the factors associated
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