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Background & Aims: Some patients with chronic hepatitis B
virus (HBV) infection progress to hepatocellular carcinoma
(HCC). However, the long-term effect of nucleos(t)ide analogue
(NA) therapy on progression to HCC is unclear.

Methods: Therefore, we compared chronic hepatitis B patients
who received NA therapy to those who did not, using a propen-
sity analysis.

Results: Of 785 consecutive HBV carriers between 1998 and
2008, 117 patients who received NA therapy and 117 patients
who did not, were selected by eligibility criteria and propensity
score matching. Factors associated with the development of
HCC were analyzed. In the follow-up period, HCC developed in
57 of 234 patients (24.4%). Factors significantly associated with
the incidence of HCC, as determined by Cox proportional hazards
models, include higher age (hazard ratio, 4.36 [95% confidence
interval, 1.33-14.29], p=0.015), NA treatment (0.28 [0.13~
0.62], p=0.002), basal core promoter (BCP) mutations (12.74
[1.74-93.11], p=0.012), high HBV core-related antigen (HBcrAg)
(2.77 [1.07-7.17], p = 0.036), and high gamma glutamyl transpep-
tidase levels (2.76 [1.49-5.12], p = 0.001).

Conclusions: NA therapy reduced the risk of HCC compared with
untreated controls. Higher serum levels of HBcrAg and BCP muta-
tions are associated with progression to HCC, independent of NA
therapy.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

An estimated 350 million individuals worldwide are chronically
infected with hepatitis B virus (HBV), of whom 1 million die
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annually from HBV-related liver disease [1], Chronic HBV infec-
tion is recognized as a major risk factor for the development of
hepatocellular carcinoma (HCC) [1,2]. Hepatitis B surface antigen
(HBsAg)-positive patients have a 70-fold increased risk of devel-
oping HCC compared to HBsAg seronegative counterparts {3.4].
HBYV infection is endemic in Southeast Asia, China, Taiwan, Korea,
and sub-Saharan Africa, where up to 85-95% of patients with HCC
are HBsAg positive [5]. HCC is the third and fifth leading cause of
cancer death in men and women, respectively, and the number of
deaths and the mortality rate from HCC have greatly increased in
Japan since 1975 [6). Hepatitis C virus (HCV)-related HCC
accounts for 75% of all HCCs in Japan and HBV-related HCC
accounts for 15% [6].

In 2004, Liaw et al. reported a significant reduction in HCC in
651 adults receiving lamivudine after adjustment for baseline
variables (hazard ratio, 0.49 [95% confidence interval (95% CI),
0.25-0.99], p =0.047) {7]. However, the results were not signifi-
cant after exclusion of 5 patients who developed HCC within
1 year of randomization (0.47 [0.22-1.00], p = 0.052). Therefore,
in 2009, the National Institutes of Health Consensus Develop-
ment Conference concluded that there was insufficient evidence
to assess whether nucleos(t)ide analogue (NA) therapy can pre-
vent the development of HCC [8].

The long-term use of lamivudine has not been recommended
because of tyrosine-methionine-aspartate-aspartate (YMDD)
mutations, which have occasionally been associated with severe
and even fatal flares of hepatitis [9,10]. Therefore, adefovir dipiv-
oxil should be added immediately in patients with virological or
biochemical breakthroughs or no response, Currently, there are 2
nucleoside agents (lamivudine, entecavir) and 1 nucleotide agent
(adefovir dipivoxil) available for treatment of HBV infection in
Japan. The agent with the higher genetic barrier to resistance,
entecavir, is considered the initial drug of choice [11]. Recently,
3 studies on lamivudine suggested that long-term sustained viral
suppression was associated with a reduced likelihood of develop-
ing HCC [12-14].

In this study, we sought to determine if NA therapy was asso-
ciated with a reduction in the development of HCC. Since the
validity of treatment effects in observational studies may be lim-
ited by selection bias and confounding factors, we performed a
propensity analysis [15].
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Materials and methods

Patient selection

The study protocol was approved by the Institutional Ethics Committee of Ogaki
Municipal Hospital in January 2011, and was in compliance with the Declaration
of Helsinki. Written informed consent for the use of stored serum samples for the
study was obtained from all patients.

Between 1998 and 2008, 1220 consecutive HBsAg-positive patients, who vis-
ited the Department of Gastroenterology and Hepatology at Ogaki Municipal Hos-
pital, were prospectively enrolled in our HCC surveillance program. Of these, 785
patients met the following inclusion criteria: HBsAg positive for more than
6 months, no evidence of HCV co-infection, exclusion of other causes of chronic
liver disease (alcohol consumption >80 g/day, hepatotoxic drugs, auteimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, or Wilson’s disease), fol-
low-up duration of greater than 3 years, no evidence of HCC for at least 1 year
from the start of the follow-up period, receiving no interferon treatment, and
receiving NA therapy for more than 1 year before the detection of HCC (Fig. 1).
In patients on NA therapy, the date of NA therapy initiation was considered the
starting point of the follow-up period.

Of these 785 patients, 148 received NA therapy (NA group) and 637 patients
did not receive NA therapy (non-NA group) during the follow-up period. To
reduce the confounding effects of covariates, we used propensity scores to match
NA patients to unique non-NA patients. Six covariates including age, sex, HBV
DNA concentration, hepatitis B e antigen (HBeAg), platelet count, and alanine
aminotransferase (ALT) activity were taken into account at the start of follow-
up. We computed the propensity score by using logistic regression with the inde-
pendent variable including age (<40 years or >40 years), sex (female or male),
HBV DNA concentration (<5.0 log copies/ml or >5.0 log copies/ml), HBeAg (nega-
tive or positive), platelet count (>150 x 10°/m® or <150 x 10°/m?), and ALT activ-
ity (<401Ufml or >401U/ml), as shown in previous reported cut-off values
according to the indication for NA therapy [16-19]. This model yielded a c statis-
tic of 0.85 (95% confidence interval [CI}, 0.82-0.88), indicating very good ability of
the propensity score model to predict treatment status. We sought to match each
patient who received NA therapy to a patient who did not receive NA therapy,
having a propensity by using greedy 5-1 digit matching [20]. Once this threshold
was exceeded, a patient with NA therapy was excluded. This score ranged from
0.09198 to 0.98967 and, in effect, represented the probability that a patient
would be receiving NA. We were able to match 117 patients with NA therapy
to 117 unique patients without NA therapy. The follow-up period ended on 31
December, 2011 or the date when HCC occurrence was identified.

Surveillance and diagnosis

All patients were followed up at our hospital at Jeast every 6 months. During each
follow-up examination, platelet count, ALT, gamma glutamyl transpeptidase
(gamma-GTP), total bilirubin, alkaline phosphatase (ALP), albumin, and alpha-
fetoprotein (AFP) levels were measured. We used commercially available kits to
test blood samples for HBsAg, HBeAg, and anti-HBe (Abbott Japan Co., Ltd., Tokyo,

[All patients with HBV between 1998 and 2008 (n = 1220) |

<+ Eligibility criteria
Met (n =785 1. HBsAg positive for more than 6 mo
2. Follow-up period >3 yr
3. No evidence of HCC for at least 1 yr
from the start of the follow-up period
4, Receiving NA therapy for more than 1 yr

NA group (n = 148)| <~ [Non-NA group (n = 637)]
Propensity
score
matching

[Non-NA group (n = 117)]

[NA éroué Zn=117§l

Fig. 1. Flowchart of the patient selection process.

Japan). Before November 2007, the serum HBV DNA concentration was monitored
by a polymerase chain reaction assay (COBAS Amplicor HBV monitor test, Roche
Diagnostics K. K., Tokyo, Japan) with a lower detection limit of approximately
2.6 log copies/ml, and after December 2007, it was monitored with another poly-
merase chain reaction assay (COBAS AmpliPrep-COBAS TagMan HBV Test, Roche
Diagnostics K. K.), with a lower detection limit of approximately 2.1 log copies/
ml. HBV genotyping was performed as described previously [21]. Serum levels
of HBV core-related antigen (HBcrAg) were measured using a chemiluminescence
enzyme immunoassay (CLEIA) as described previously [22,23]. Precore nucleotide
1896 and basal core promoter (BCP) dinucleotide 1762/1764 were determined
using the line probe assay (INNO-LiPA HBV PreCore assay; Innogenetics NV)
[24.25]. The probes were designed to determine the nucleotides at position
1896 (G vs. A) in the precore region and positions 1762 (A vs. T) and 1764 (G
vs. A and G vs. T) in the BCP region. A line probe assay was used to identify any
emergence of YMDD mutations (INNO-LiPA HBV DR assay; Innogenetics NV).

Platelet count, ALT, gamma-GTP, total bilirubin, ALP, albumin, AFP, and HBV
DNA values were expressed as average integration values {26,27] after the start
of follow-up.

According to the Clinical Practice Guidelines for Hepatocellular Carcinoma in
Japan [28], we performed ultrasound (US) and monitoring of 3 biomarkers (AFP,
Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein [AFP-13], and des-
gamma-carboxy prothrombin [DCP]) every 3—4 months, and dynamic magnetic
resonance imaging (MRI) every 12 months, for patients with cirrhosis under sur-
veillance. For patients with chronic hepatitis, we performed US and monitoring of
the 3 biomarkers every 6 months. Histological examinations were performed in
91 out of 234 patients. Among them, cirrhosis was diagnesed in 32 patients. In
the remaining 143 patients, the diagnosis of cirrhosis was made according to typ-
ical US findings, e.g., superficial nodularity, a coarse parenchymal echo pattern,
and signs of portal hypertension (splenomegaly >120 mm, dilated portal vein
diameter >12 mm, patent collateral veins, or ascites) [29-31]. Patients who did
not satisfy these criteria were classified as having chronic hepatitis. One hundred
and forty-two patients were diagnosed with chronic hepatitis and 92 patients
with cirrhosis. For diagnostic confirmation of HCC, patients underwent dynamic
MRI. A histological diagnosis of HCC was made in 28 patients (surgical specimen,
23 patients; US-guided needle biopsy specimen, 5 patients). The remaining 29
patients were diagnosed with HCC based on typical dynamic MRI findings, includ-
ing hypervascularity in the arterial phase with washout in the portal venous or
delayed phase [32].

Treatments

In the NA group, 117 patients received NA therapy including 18 patients with
lamivudine, 28 patients with lamivudine and adefovir dipivoxil, and 71 patients
with entecavir. The indications for NA therapy followed the guidelines of the
American Association for the Study of Liver Diseases (AASLD), the European Asso-
ciation for the Study of the Liver (EASL), or the Asian Pacific Association for the
Study of the Liver (APASL) [33-35]. In contrast, of the 117 patients not on NA
therapy, 104 did not receive treatment before NA was not yet approved in Japan
and the remaining 13 patients declined NA therapy.

Statistical analysis

Continuous variables are expressed as medians (range). The Mann-Whitney U
test was used for continuous variables, and the Chi-square test with Yates’ correc-
tion or Fisher's exact test was used for categorical variables. Actuarial analysis of
the cumulative incidence of hepatocarcinogenesis was performed using the
Kaplan-Meier method, and differences were tested with the log-rank test. The
Cox proportional hazards model and the forward selection method were used
to estimate the relative risk of HCC associated with age (<40 years or >40 years),
sex (female or male), treatment {NA or no NA), HBsAg (<3.0loglU/ml or
>3.0 log 1U/ml), HBV DNA level (<5.0 log copies/ml or >5.0 log copies/m!), HBeAg
(negative or positive), precore region (wild type or mutant), BCP (wild type
or mutant type), HBcrAg (<3.0logU/ml or >3.0logU/ml), platelet count
(>150 x 10°/m® or €150 x 16°/m*), ALT (<40 IU/ml or >40 IU/ml), total bilirubin,
gamma-GTP, ALP, albumin, and AFP (<10 ng/mi or >10 ng/ml) for univariate and
multivariate analyses. We used the minimum or maximum of the reference val-
ues at our institution as cut-off values for total bilirubin, gamma-GTP, ALP, and
albumin. We conducted a sensitivity analysis to determine the magnitude of an
unmeasured confounder [36].

We considered p values of 0.05 or less to be significant. Statistical analysis
was performed with SPSS, version 18.0 for Windows (International Business
Machines Corporation, Tokyo, Japan).
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Table 1. Baseline characteristics of all patients.
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NA group Non-NA group p value Standardized
(n = 148) (n=637) difference in %
Age (yn) 53 (26-81) 48 (4-85) <0.0001 40.6
Sex (female/male) 60/88 285/352 0.5378 6.1
Genotype (A/B/C/D/F/n.d.) 2/5/137/0/1/2 24/60/389/2/0/162 <0.0001 3786
HBsAg (log,, 1U/mi) 3.5 (-0.1-5.5) 3.3(-1.3-7.9) <0.0001 53.8
HBV DNA (log,, copies/ml) 7.0 (2.6-9.6) 3.8 (2.3-9.9) <0.0001 99.9
HBeAg (%) 76172 151/486 <0.0001 62.8
Precore region (W/M/n.d.) 30/109/9 88/381/168 0.4652 0.0
BCP (W/M/m.d.) 33/123/10 135/279/205 0.0074 27.3
HBcrAg (log,, U/mi) 5.9 (2.9-7.0) 3.0 (2.9-7.0) <0.0001 96.7
Platelet count (x10%/m?) 150 (32-388) 188 (37-503) <0.0001 -59.7
ALT (1U/ml) 65 (7-1088) 26 (5-3410) <0.0001 441
AFP (ng/ml) 3.9 (0.8-3363) 2.9 (0.8-3686) 0.0062 6.2
Cirrhosis (presence/absence) 62/86 91/546 <0.0001 59.1
Child-Pugh classification (A/B) 132/16 618/19 0.0002 327
Follow-up duration (yr) 12.8 (3.1-19.6) 13.7 (3.1-20.0) 0.1565 -16.9
Administration period (yr) 6.5 (1.5-11.0) - - -

Propensity score

0.58093 (0.09198-0.98686) 0.95253 (0.12913-0.98967)  <0.0001

-132.3

NA, nucleos(t)ide analogue; n.d., not done; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; W, wild type; M, mutant type; BCP, basal
core promoter; HBcrAg, hepatitis B core-related antige}n; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; Child-Pugh classification, reference no [50), Standardized
difference in%; 100(Xna ~ Xnon-na)/([SZa + SZonna)/2) 72, where for each covariate Xy, and Xnon-Na are the sample means in NA and non-NA groups, respectively, and 5%,

and §2%,, s are the corresponding sample variances.

Results
Patient characteristics

Table 1 shows baseline characteristics of all 785 patients before
propensity matching. There were significant differences in age,
HBV genotype, HBsAg, HBV DNA concentration, presence of
HBeAg, BCP mutations, HBcrAg, platelet counts, ALT level, AFP
level, presence of cirrhosis, and Child-Pugh classification. The
baseline characteristics of the 234 study patients after propensity
matching are summarized in Table 2. There are no significant
differences in age, sex, HBV genotype, HBsAg, HBV DNA concen-
tration, presence of HBeAg, precore region mutations, BCP muta-
tions, platelet counts, ALT concentration, Child-Pugh
classification, and follow-up duration. HBcrAg concentration
was significantly higher in the NA group than in the non-NA
group. NA was administered a median of 6.1 years (range: 1.5-
10.7 years),

Factors associated with the incidence of hepatocarcinogenesis

Factors associated with the incidence of HCC as determined by
the Cox proportional hazard models and the forward selection
method were analyzed in all 785 patients, High age (hazard ratio,
6.43 [95% CI, 2.71-15.26], p <0.001), male sex (3.43 [1.67-7.02],
p =0.002), NA treatment (0.28 [0.21-0.85], p = 0.017), BCP muta-
tion (19.96 [2.27-141.90], p =0.03), high HBcrAg levels (8.21
[3.40-19.85], p<0.001), and high AFP levels (2.49 [1.43-4.34],
p=0.001) were significantly associated with the incidence of
HCC.

HCC developed in 57 of 234 patients (24.4%) during follow-up
after propensity matching. The 5-year, 7-year, and 10-year cumu-
lative incidences of HCC were 9.6%, 20.4%, and 33.4%, respec-
tively. The 5-year, 7-year, and 10-year cumulative incidences of

HCC were 2.7%, 3.3%, and 3.3%, respectively, in patients on NA
therapy (n=117) and 11.3%, 26.0%, and 40.0% in patients not
on NA therapy (n=117). Hepatocarcinogenesis occurred at sig-
nificantly higher rates in the non-NA group (p = 0.0094, Fig. 2).
The 5-year, 7-year, and 10-year cumulative incidences of HCC
were 0.0%, 0.0%, and 0.0%, respectively, in patients with wild type
BCP (n =38) and 11.0%, 25.2%, and 41.9% in patients with mutant
BCP (n =112; p = 0.0006, Fig. 3). Factors associated with the inci-
dence of HCC as determined by the Cox proportional hazard mod-
els and the forward selection method are listed in Table 3, Higher
age (hazard ratio, 4.36 {95% CI, 1.33~14.29], p = 0.015), NA treat-
ment (0.28 [0.13-0.62], p =0.002); BCP mutation (12.74 [1.74-
93.11], p=0.012), high HBcrAg levels (2.77 [1.07-7.17],
p=0036), and high gamma-GTP levels (2.76 [1.49-5.12],
p=0.001) were significantly associated with the incidence of
HCC. In addition, 2 patients died due to hepatic failure during
the follow-up period in the non-NA group.

The sensitivity analysis found that the observed relationship
between NA treatment and HCC incidence could be diminished
by the unmeasured confounder that the high prevalence of the
unmeasured confounder is greater in the non-NA group than in
the NA group. For example, suppose a binary unmeasured con-
founder that increased the hazard of HCC incidence (hazard ratio,
1.50) was present in 40% of those who were treated with NA and
80% of those who were not treated with NA. Then, the study’s
result would become less extreme and would no longer be statis-
fically significant (hazard ratio under sensitivity analysis, 0.48
[95% CI, 0.22-1.05]).

Follow-up data of various parameters in patients on or not on NA
therapy

For this analysis, we used the average integration value during
the follow-up period (Table 4). ALT, gamma-GTP, ALP, AFP, and
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Table 2. Baseline characteristics of patients on NA therapy and propensity-matched controls.

NA group Non-NA group p value Standardized
(n=117) (n=117) difference in %
Age (yr) 52 (27-77) 52 (21-77) 0.9223 1.7
Sex (female/male) 44/73 45/72 0.8929 6.1
Genotype (A/B/C/n.d.) 1/4/109/3 417185121 0.1232 26.8
HBsAg (log,, 1U/ml) 3.6 (0.9-5.5) 3.6 (0.9-7.9) 0.1440 29.9
HBV DNA (log,, copies/ml) 6.7 (2.6-9.6) 6.5 (2.3-9.6) 0.1273 20.5
HBeAg (%) 57/60 58/59 0.8960 20
Precore region (W/M/n.d.) 22/87/8 16/75/26 0.6399 5.1
BCP (W/M/n.d.) 22/88/7 17/70/30 0.9359 0.0
HBcrAg (log,, U/ml) 5.9 (2.9-7.0) 4.9 (2.9-7.0) 0.0022 41.2
Platelet count (x103/m?) 143 (32-262) 146 (37-396) 0.6340 -12.1
ALT (1U/mi) 68 (7-1088) 55 (9-3410) 0.0977 1.9
AFP (ng/ml) 2.8 (0.8-402) 3.9 (0.8-1010) 0.3118 -13.5
Cirrhosis (presence/absence) 48/69 44/73 0.6882 6.1
Child-Pugh classification (A/B) 108/9 104/13 0.5024 3.1
Follow-up duration (yr) 12.3(3.1-19.4) 11.6 (3.1-18.3) 0.7346 -4.5
Administration period (yr) 6.1 (1.5-10.7) - ) - -
Propensity score 0.65895 (0.11449-0.96977) 0.65895 (0.12913-0.96989) 0.9931 0.0

NA, nucleos(t)ide analogue; n.d., not done; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; W, wild type; M, mutant type; BCP, basal
core promoter; HBcrAg, hepatitis B core-related antigen; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; Child-Pugh classification, reference no [50], Standardized
difference in%; 100(Xya ~ X non-na)/ ([Ska + SZonna) /2)”2 . where for each covariate Xys and Xnon-na are the sample means in NA and non-NA groups, respectively, and 5%,

and S2 va are the corresponding sample variances.
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Fig. 2. Incidence of hepatocellular carcinoma (HCC) aceording to nucle-
os(t)ide analogue (NA) treatment status. The NA group had a significantly
higher rate of progression to HCC than the non-NA group (p = 0.0094).

HBV DNA levels were significantly lower in patients on NA ther-
apy than in patients not on NA therapy. In contrast, platelet
counts and albumin levels were significantly higher in patients
on NA therapy than in patients not on NA therapy.

Discussion

Our study shows that long-term NA maintenance therapy is asso-
ciated with the suppression of progression to HCC. Liaw et al.
reported that lamivudine decreased the risk of HCC in cirrhotic
patients [7]. However, it is unclear whether the observed
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Wildfype 39 39 39 39 39 33 27 20 14 14 12
Mutant 158 158 154 146 133 118 92 65 51 35 29

Fig. 3. Incidence of hepatocellular carcinoma (HCC) according to basal core
promoter (BCP) mutations. Patients with mutant-type BCP had a significantly
higher rate of progression to HCC than those with wild type BCP (p = 0.0006).

decreased risk of HCC with NA therapy was due to the short
observation period in their study. It is very difficult to prove
the preventive effect of NA on the development of HCC, because
randomized control studies are not ethically possible. In this
study, patients on NA therapy were compared to propensity
score-matched untreated controls. In these control patients, NA
therapy had not yet been approved or was not routinely used
for chronic hepatitis B at the time, or was declined by the patient.
As opposed to the entire population, these propensity-matched
patients were well matched to patients on NA; significant differ-
ences included higher HBcrAg levels in the NA group.

Large community-based studies have confirmed that
advanced age, male sex, HBeAg positivity, low platelet count,
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Table 3. Factors associated with progression to hepatocellular carcinoma
among propensity-matched patients (Cox proportional hazard model).

Adjusted hazard  p value
ratio (95% Cl)
Age (yr) =40 1 0.015
_ >40 436(1331429)
Treatment no NA 1 0.002
NA 0.28 (0.13-0.62)
BCP wild-type 1 0.012
_ mutenttype 1274 (1749311)
HBerAg (log,, U/ml) <3.0 1 0.036
_ =80 2770107747 _
y-GTP (IUL) <66 1 0.001
>56 2.76 (1.49-5.12)

NA, nucleos(t)ide analogue; BCP, basal core promoter; HBcrAg, hepatitis B core-
related antigen; y-GTP, gamma glutamy] transpeptidase.

higher ALT levels, elevated AFP levels, and presence of cirrhosis
are factors associated with the development of cirrhosis and
HCC [17,18]. Platelet count is a useful surrogate marker for the
diagnosis of cirrhosis [37]. All subjects were not histologically
diagnosed in this study. Therefore, we selected platelet count as
a marker of hepatic fibrosis instead of cirrhosis. An elevated
ALT level indicates the presence of active disease, and persis-
tently elevated AFP levels are a reflection of an enhanced regen-
erative state in the liver [16]. In the REVEAL study, a high HBV
DNA load was associated with an increased rate of HCC develop-
ment [17]. A direct correlation was observed between baseline
HBV DNA levels and the incidence of HCC, independent of serum
ALT concentration. In a model that integrated baseline and fol-
low-up HBV DNA levels, the cumulative incidence of HCC ranged
from 1.3% in patients with undetectable levels of HBV DNA to
14.9% in patients with HBV DNA levels greater than or equal to
106 copies/ml. Therefore, we have selected factors, such as age,
sex, HBeAg serostatus, HBV DNA concentration, platelet count,
and ALT for propensity matching.

Although the exact mechanisms of hepatocarcinogenesis by
HBV remain unclear, two mechanisms have been proposed
[38,39]. One mechanism involves chronic necroinflammation of
hepatocytes, cellular injury, and hepatocyte regeneration [40].
The other mechanism involves the direct carcinogenicity of
HBV through chromosomal integration [41]. Complete and sus-

JOURNAL OF HEPATOLOGY

tained viral suppression by NA might block both pathways and
prevent the development of HCC. It is well known that the rate
of HCC is significantly higher in patients with virological break-
through or no response. In our study, when virological or bio-
chemical breakthrough was observed and the YMDD mutation
was detected in patients on lamivudine, adefovir dipivoxil was
immediately added. In patients with cirrhosis, especially in the
decompensated stage, sustained viral response on NA therapy
was not necessarily associated with a preventative effect against
the development of HCC, even though the incidence was lower
than in a group not on NA [14], It is not surprising that viral sup-
pression decreased but did not eliminate the risk of HCC, because
HBV DNA may have already integrated into the host genome
before the initiation of therapy and may have resulted in genomic
alternations, chromosomal instability, or both [42,43].

It is reported that patients with HBV genotype C infection
have higher HBV DNA levels, higher frequency of pre-S deletions,
higher prevalence of BCP T1762/A1764 mutations, and signifi-
cantly higher chances of developing HCC [16,44-46]. In our study,
T1762/A1764 mutations were observed in 158 (80.2%) out of 197
patients and were associated with a higher risk of developing
HCC (adjusted hazard ratio, 12.740 [95% CI 1.743-93.108]), inde-
pendent of NA therapy. However, the BCP T1762/A1764 muta-
tions were detected in HCC patients from Asia and Aftrica,
where HBV genotype C infection is predominant [16].

HBcrAg is a new HBV marker that reflects HBV load and cor-
responds to HBV DNA levels [21]. HBcrAg is comprised of HBV
core antigen (HBcAg) and HBeAg; both are products of the pre-
core/core gene and share the first 149 amino acids of HBcAg.
The HBcrAg assay measures HBcAg and HBeAg simultaneously
by using monoclonal antibodies that recognize both denatured
HBcAg and HBeAg [47]. Serum HBcrAg concentration is well cor-
related with intrahepatic levels of covalently closed circular DNA
(cccDNA) [48]. 1t is reported that HBcrAg is a useful marker for
guiding cessation of NA therapy and evaluation of disease activity
[21,49]. In our study, elevated serum HBcrAg concentration was
associated with a higher risk of developing HCC (adjusted hazard
ratio, 2,767 [95% CI 1.067-7.172]). This is the first report demon-
strating a relationship between HBcrAg and HCC.

The present study has several limitations. The retrospective
design might have introduced an unintended bias. The propensity
matching method was adopted to reduce the confounding effects
of covariates. Characteristics of patients who did or did not
receive NA therapy were simnilar except for HBcrAg concentration.

Table 4. Average integration values of various parameters in patients who did or did not receive NA therapy.

NA group Non-NA group p value

(n=117) (n=117)
Platelet count (x10%/m3) 17.0 (3.3-37.2) 14.8 (3.3-296) 0.0060
ALT (IU/ml) 28.2 (8.5-88.9) 39.1 (12.2-737.5) <0.0001
y-GTP (IUL) 27.0 (10.9-267.6) 36.2 (9.5-269.7) 0.0427
Total bilirubin (mg/dl) 0.7 (0.3-2.0) 0.7 (0.3-2.6) 0.1554
ALP (JUL) 242.7 (113.5-1028.8) 265.2 (140.5-1247.6) 0.0127
Albumin (g/dl) 4.4 (3.0-5.0) 4.0 (2.4-4.8) <0.0001
Alpha-fetoprotein (ng/ml) 2.2 (0.8-108.0) 4.5(0.9-723.8) <0.0001
HBV DNA (log,, copies/ml) 2.5(2.1-8.9) 46 (2.1-9.3) <0.0001

NA, nucleos(t)ide analogue; ALT, alanine aminotransferase; y-GTP, gamma glutamy! transpeptidase; ALP, alkaline phosphatase; HBV, hepatitis B virus.
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However, the non-NA group included many historical cases when
NA therapy was not yet available. In addition, the HBV DNA assay
used between 1998 and 2007 was not the most sensitive one.

In conclusion, NA therapy reduces the risk of HCC compared
with untreated controls. Higher serum HBcrAg levels and BCP
mutations are associated with development of HCC, independent
of NA therapy.
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HCV BRI N EFFE P 2 W TCRME L
CEE ENLT L, BHEOHERZ AV Z
L ThHhBHEWHORRIDEBEEINTWS,
BEEICEEH L7z X 912, HCV Jufsas A %y
FIMBEDAZ )V —=v 7 LTEA - BRLIZ
L5 1992 4EPIRTICIE, HCV B30 F 2 B
BEIIMIMICE B DD TH o2 EBESICH
B2aihs,

bAEOHMBEFREEROERZRT
(B5). 1960 ERFTE T, &@FMED50%
PLEICEAE L Cn /- ir i3 se i o Bl
FIBIC D BRZ AR T L7z 1968 4E121d 16.2%
FCIBAIL, COBREER 7 ) —= v FRAE
DEFEANZEL D 1990F F TITIEEIMD 2~3%
WKASNAITERVRRBICETHEINTY
5. &5, WRICENMFTEAIN HCV
AR E R (B—HA) o &, 1992 FF I3 R
B, BEELHICTINEZH#HRO HCV #i

R ERAE A S, 1999 £1213 NAT 23BH1G
SN/ ik, HAETIEWIMICHES HCV
BT BENTEVZBRILE R o T
5. ZO40BEOREIC, HCV O FE 7 R Rp
Tdh o 72l & 5 BRI 2BUTRS - 12T
WL WZ 5,

HCV DFRREERER(IC DT

HCV OFBRAEDOFEICHET L X AL
iTo R E (B DICRT.
LBEFRTRME YL >y — 2B 5 1994 4
A5 2004 4E F TOMEME 418,269 A GEEAILA
$1,400,465 &) W& & LT, HHENICER
BIgkMm % L7 218,797 AD 5 B, #F7=7 HCV
BEDPHREINT-DIX16FTHY, THEFELE
R0 FANEDH72D 1.86 A(95% CI : .06~
300 )7 CThot. TOREE, 1992 E5 5
3 DBBEIRE T - 72 AR OREY (1.8/10
FNAE, 95% CI:0.4~5.2 N) L iZIZFE0E
Tholz. HHIICASL LR T EEEITIR
D HITWRDS, ZHE(2.77 /10 T3 A4E) %
B8 AN/I0HTAE) X hReEEEZRL
Twiz, REoftmEEF 2 x4 & L7z 1990
ERFFORETIE, EEOREMEEEL T
RPREBWMEEZRLTBY, HBICX - THCV
DFBIEPE DL B IZFEND 5 T HEMITR
BENTW5S. |
—7, BIMALE % HIEN %) 2 BB &
BEeNBE L LHBHMIRAELIT o 28K
BT, 3 BULOBESTRETH-
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m WEDHHFEDO—RERICHWOTIE HCV BEOFHRRBEE S £h.
m MEENT DBEOTEEL H2EMEEICH T IHTREEOU /12 10° FEESL

% I HBV : B BUFFA 5 1 L X
(50. 9%)  HBV O HBs HIEREBA Gy
50 fre-e--e “  CHFA
(1972 %) (14.3%) HOV : CEIRRT ()L
i 400m/ $Rif & FE R0 % FHE (1986 F) (8.7%)
40+ P . HBCHUFRTTH LU HCV ¢100-3 & (F 1) A
P BTy | ~, (1989 %) (2.1%)
#* (31.1%) | HCV. PHA PA % (i 2) A (1992 ) (0.48%)
¥ 30} | . . HBV, HCV ® 500 7~ Jb NAT #iA (1999 %)
i i | N N NAT =T X% 500 T
o B | SN B0 T LERE
20 (15,2%); ~. (2000 E) (0.001%) (3% 3)
. 20 7—IVICERE (2004 £ 8 R)
' A 0.0007)
10k S HBV, HCV @ CLEIA
HBV %5 (1968 £) (& 4) HCV 55 (1988 &) 3 . HNAT & 27 LOBA
_______________ ~ 2008 $) L
0 ﬁ , T .

{
1960 1965 1970 1975 1980 1985 1990 1995 1999 2000 2004 2008

1) CEPFAYMIINIARRBBAICERI N CBIFRY 1L XHEHRE (E—HARER)

FE2)REE - BEIPREINL CEFFL YA LIRMMEE B HARER)

I 3) 2EOHERMEBERD S 5, FEMREICLAERNAT £ 8, EHMEBRE TRLOTEESIZLE
Hr S h-EHTHE

sE 4) 1963 £ Blumberg iE, A — X b U FEERO—AOIED, f:(ﬁfco’ﬁﬁ)m’&% HTW38RED
MEEEXTFIVATEBRRGERECITIEFRBHL, F—X NS UTHEBEER DT/ 1968 £,
Prince, AARS ZNFhIHT L THBERLEBELBREOHIHEEZREL, Thifd—X 35U
THEEBIUTHB I EPHERINAELD, HBSHEL L THE—3h .

5 BHEKLHUI2BMBHFRREZOHES
(T B AR+ A BRI £ O IR 2 e e 7o & & (19934 ~1996.3) — BRI 2 & FICE A & fEk)

2,114 A HCV F v 1 T O HEBELEHIT 165 HCV BREFFIENRITIEETHA L2 5,
T . HCV Fr R &%= 13 3.3 /1,000 A48 e
» Y HCV =+ U PEODImE

(95% CI: 1.7~4.9 N) TH o7z

INS DRI, BEOLIPEO—BRERIC HCV ¥efege® (HCV ¥ v U 7)RED L 5
BT HCV BEOFHRBERITCINTSD ORBTHAICEET 5001200 TAKE
B—75, MBENT HEEOURENDHHEE HELUBFBREELEET 52813, H&cH
LB ITAHRABEDY A7 T 10 BEES L TEBEFS 2 58 (burden) 2% 5 2 ¢
WZENRRENTWAZERS, Fl&kEE b, I, ARKEBEULLZIZTIEETH .
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B REEETCHEEEIHAEINTS, EEREL2Z2 24/ BRVC EFPHEEBSORES.
m [ EHISOEVWEEBEL TWAHCV v UPNICH L TEENICHR 71V ARES:
WETHZEFEETHDP, BRERBE] EHESN 5SS, FREMEICKI2EHE

EEEENORRZZIEER.

B YIATDBEETIVICKBHETIE, BENMAZIThEVER, BT 50,
TETIL0FZREDADPSHEEEI LHET 3.

- E1HCV BEOFIMFEAE (1988 ~ 2004)

| MEBE | WRmEG | WEEAE | ssMssR05%CD |
® il (RB]
1992~1995 114,266 3 168,726 |1.8/10 FAE
) o (0.4~5.2/10 7 A%)
1994 ~2004 218,797 16 861,842 |1.9/10 HA%E
sl | (1.1~3.0/10 HTALE)
@ftmE (A 0000
1992~ 19 T 448,020 59 1,095,668 |5.4/10 HALE
A ‘ e AR IR (4.1 ~7.0/10 B ALE)
3,079 3 5,786 |0/10 FAE
(0~0.6/10 HALE)
678 0 2,712 |0/10 FAE
S fots (0~1.3/10 AAE)
LY R T ) B
1999~2003 2,114 16 4,893 [3.3/1,000 A&
(1.7 ~4.9/1,000 A%E)
LaL, BREIANVACBELTWSEADIEE HESHRICHES L Tw A,

A ZEEERI 2, FFRBOREBIETL T
L EBERVPBELCL Y, VISR ES T
Wb 720, G hREROREIEETS

EixEe g L.

BEak L7z =2 O RBEER D 17 5 Nz i
BRRRFR Y A VA F ) TE2RHWT, FE
TANVZAFEY Y THROERET oL A,
2005 SR HOEERHRBICBWT, HCV ¥ v )
7 1% 807,903 A (95% CI : 68.0~97.4 75 A)
rEHROsNS. ZoMER, WEELEERB
SUFEY A VAR ZZEEFICBIISF ¥
NT7EPLOEFMETH LI LD, BEN
[RRE2 AL ZVWETHELTWEFY Y T D

TBRELAOEVEFEEL TCWAEFYY T I
HLTIE, BERICHFLEY AV ABREZHEET
LHZEPEETHD LM, RERICEMEE
HEINIZGEDERBEZZ DY 2 —< %
BETLILDIRETHS. WS ETHMEE
HEIN TS, BERELZZTLEHE6MEN
CEDBEEOBESRE LTHEFYSh TS,

BRI % 2R IR ICER SN HCV £+ 1)
7D bEEEBENZZ L 1,019 5l CES4
#545.35%) OB OFHRREONF Y 2 5.5 &,
FFRBEAMB AT S DRI R L TV - D3
FEBIDEAS4% EFEHEBZ T2 l, F
72, BEMAETDLZVEAICIE, VI 7B
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mEOERICHIT S HCV £+ UFTRIEVMEEZTRT.
o (PR EERE|FEBE LTI TICEBRALTVWAE v UPAOHEIBENIC

¥H5N TS,

BEFLICLhERP T L, BETIZH0R,
ZHETIZIOREZBESIAHADPLFEERIL
ALIIUD, 60RFEEOBHORK10%, L
DT~8% WHHE, T/ TOEFAOBHD
#138%, DR 20% VHEICERT A EE
Zoh7=-Zehbd, RERICHEELHES
7BA I IIERREZ S LR NEATH
LWz b,

A% - BFEENERIC DT

HEETFEERICBITLIFRT A NV AEREOF
HAER EL IR L, HnitRIZBT 5
HCV v ) 7TERIEVWEZRTICE-sTWS
25, TFFZERtsRFEARD (2009 4F 12 ) 2 & &
LT, T TIERELTWVSLF XY 7TADRRE,
BRI, R A VABREOHE, FER
ZEr Y PT— 7 OBEE, FHEBREORREIC
iz, FREBEFEOBRENEHOBERSLILY AV
ZIBEDSEHEED /- D OEFERERHIESD
FHZLR EPRBRBHICEDONTVS.

HAETIE, WHRIZEINT TR A VAF
EREE ORBOEBCHET SO - T
B ENEREINTERD, INETIToTE
7B £ WV ARG OB MRE - RGBT K
R LoD, FRYAVZAF X ) 7HE %
BRI E Y R BENZIT A ENTEDL L,
XS EAEETHI RO LN TV,
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MRS BT DR T AL ARBEEE OERERZZEICET 2 BHHRE

8 ey, BE EFT72 Bz &2 RE FEthd, IR WF,
He #i19 HEF HED

1) JREMKRFE  EEARSE

2) e LR PR A2 A2 AL F fER BEHEEERR

3) MILREMS (MiLFEESKSHET)

4) FILIRFRFREREARGUIER  Ha - FEAEE
5) JEBRFRFLREREREAVII. BT - BRTEE

e

Rk 14 05 18 FETOD 5 FRMICEARBIRICE DS AREEREEL T 40
WD 10 RE TOZZHFEEITH L T 5 RAATHERZN TON., /2818
BRZORNZEEBRESBRNBHRTA I ABREO A EENEWE GEBEIHELE
BREZERINZIEOHSE., LREARABMLEZZ T L0H5EXT
HIR - DPHBRFFICZEICHMLZZE0H2EFETH > CTEMICH#ERE L Z
TTWhRWE, BREABERERZEORRE. ALT (GPD) EICXDERE L INEE)
2 U CH BARZ DT O N, NS ORZICE DR T 1)L R
HEMRWE SN, TOROEEEEZZRICHA I T 2 BEREIZD
WL, MRS 17 FEEICHEAN OB IO N THREZfT - TUSE, EEN
EEINTWEWORERTH -7z, AFSIT TEBRIZBITHMBER) &
ULCIREBER 12 THNICBWTHEWMDFAETZIT W, Fhk 21 FEREZITHREL
TWw39, ZHIZL5E, HBVF v U7 ICBWTIE, EEREEZEL -EEE
RS2 48%, IESIITWVWDS HBV F v U7 709 & 440 AN SEIZD H -
7m(E&#E62.1%). £72. HCVFr U TIZBNWTIL, HZREZEZEL -EEE
B 66% . BESN TS HCV Fv 17 630 & 439 AN SEIENH -
(B 69.7%). £/, EBEESZRICEL T, HBV v 1) 7icBnT
X THRAEZZH) N 62%. a2 Lzl 2 156%. [Z2 L Thil) 2123%



THO, HCV Fv U TIZBNTIE BHEZZH) 21 80%., BlaiZz Lzl i
13%. 1ZZ L TWRaWn] BRT%IZTERNho7%,

ZFIT. BEGBREMEEFDSHRERRBESARMAKEE HRUA
IV ZREHRIA - BHIRE & FPRAERNEEEAICET 20158 O—BREL T,
W LBIZBIT D 14 FENS 18 FEXTOHE - HIHIMEZ THZITAN
EINFEHFRT AN ZABEREFIZDNT, F 0RO EEREREZZ RN CHRIZ 0
TOBRBERNEHEETSHMTY > — ML 2 EBHREEZT 22O THRET
%,

TR & HE:

SRR ICBWTER 4 FENS ISEELTOMRZ (68 - SEMN)
TR IV ARBRENHEAL = 2,566 A (BHEI 974 A, CHI 1,592 \) D55,
FERRETH o 72 24 HHTAICB W TBLIZ BABESEN T O TWEFLY 1)L
AREGREERVLZ 1,352 A (52.7%) (BAEI549 A, CAI803 \) THorz. A
HERARIETURNZOEZERR Y1) ABEEABES N, £ —HMOHITH
T 58 A, BRI 11 D)IZBWTIXREmNEERERO AT LT o7,
EIEZOBEAMIFRT AN ABHEENSELOE TARFEDEBRTHS
JiTiE BER) K22 R B PR FF S | E B R < 17z,

72— I TOHEBIZDWTHEZfTo 2. 1. TEETIH. 2. Bt
WHXNZDOIXBRIFFRY 1 IILA (HBV) 2 CBEFLY 1)L A (HCV) A, 3.
PR E 4R, 4. [FFRT A I AREEORIEEENE V] S@A 22T TEEEEE
2B LENEDN. 5. ZZLTWRWESGZOHEE, 6-1. 22 LEEEIIZ
ZHENHDN O DITENEMEEREREDN, 6-2. ZZETOZWS. 7. BHEDLRE
Beaike L THWD0EN., 8. @EREZFIELESEIIZ0EE. 9. HEEZIT
TWABEHEITFERNE.

FEER:

WEEIT-7 1,352 ADDBE 716 A (53%) X0EEZENRELSNZ, 2055
11 NEBRC A NV AEEBERFRE L TEBREBEICERL TWaRNESRE 22T
THED, S NITFATHEOBREZH o200 ERZTHD., 1 NIFLT 1L



A ENWIEIETH o272, ZD20 AZRINLTZ696 AESTHSHEL 7=,
FFRTAIAFTIEBEIA 243 A, CHIN429 A, BREIE CEOEERGEMN 3
A BEL, CEORBRZNDMN 21 ANTHoz. FHEEREMER (B/) 1B
N 66.6 3% (77/166) . C BAY 72.1 3% (142/287) THho/z. ZOBBITEA
REFECEDODSEBEZED-RTHDLIENS, — BRI LI AFY )
T SEXRTERMBNENERMTH D EEZ 5N,

EEEESZZRITY MR TOEERE o ZHFTHENT 5 & 85%
(211+397/716) TH - 7228, FAEROEEEF TR, AEREMNEFITHT 25
BETEHLZEZA . BRAI38.4% (211/549) ., CRIAS 49.4% (397/803) Th-7=,
L7230 TRBER OEIE D202 T T RUANAGHE LT X TEZLORNER
RLUI-BETHD, [RZEREBMBRZZ Lo EEIEE ICOWTEOREE
ERTHDE, TLEDIRNE BT ) TR REICE E 23720 TEE ThA ) T B AR
72N EDEIE R -T, TR LTZEBEZTLOOFOEBERKEOZZ Iz oN
T, 20 DITED HD2EEN BEIT 118 A/211 A (56%) . C BT 162 A/397
AN (41%) THoTz, ZZRFORZE4IL B BT 211 A, FESEEREZRL, HD
IR TR DY 82.5%. 1B MEATAEAY 11.4%. FFARZE - AFHIRRE DS 0.6%. FEV D
5.5% IR THoT=DIZR L, CETIE 397 A, FFERER F 2L HOVITERER
FRREED 56.9%. BYEATR D 26.2% . FFARZE - AT MR DS 5.56% . ZXDD 11.4%1
FHATHY, CHIE B B OARTHERAETT U IR B 22 S 2 EIE N E -
720

EREIHBES2E O£ DB OBBTHEFEOF 2OV TIE, BRI 53.1%
(129/211) . C A28 73.4% (314/397) DEIE TPz A /kF L TV 7z, @2k L ¢
WABAEDOZERNEIT. BA 129 AF D 12.4% 252887 F 0/ 8R 0 54213
BV, CH 314 AFD 23.3%NRA ¥ —7 2 {REEZZ T Tz,

BREE IR E TR, TEEENOBBRELZSTIWEE bz 8o 0535
%<, BEIOBERFWE 82 ADHH 71.8%., C BO@ERHEEE 83 ADHL 57%%
HH7z,

EER .
AaElf L BT 14 £ ENG I8 FEEIINT TIThNIZIF R 7 A NV ARZ OB
FHITR T HIBHREZIT o723, B BB E - C BEME CIIZ DIRREN RS-



B, EEEETOZHLOEENE - T, EEEEST YT ORENE W B
BCIIFRERERL. DOVIIBREREFTREDR 82.5%% H0THY, E-I0EE
72 DOPE R ETkERY C BUTH AR TE -7, ARSI TEBERIIBITS
ZHER) ELTRBE 12HIICRBWTHERVAET 2TV, T 21 £ER
WHEL TS Y, HBVF v U TIZBWTIE, HEREEE L /= [EEEE
ZR4A8%, BB EINTWNS HBV F+ UY 709 AF 440 £ SEENH o 7=
EI&2R 62.1%). £z, HCVF ¥ U TIZBNWTIE, EEREEZE L /- EEEHE
ZHER656%, BIBSINTWD HCV F+ U7 630 47 439 4 SEENH o 72
(HZEEK69.7%). TNIZX D EEEKRBEZZHRICEAL TIZ, HBVF v U 7IZH
WTIE TEEZZH) 2062%. TDETRZ L) 21 15%. 1ZZ L Thiawn] 2
23%TH o7z, —H HCVF ¥ U TITBWTIL TBEZ2H] 71 80% &<, [EL
BIZ2 L7z N 13%. 1228l TR, 12 7% 2T E Mo/, BERBEHEED
B WTOBEBEEL T HYENS AL THOIW EEDNZEED 7T1.8%R
DI ELABOBRELE NS, LIz o T Uy A NV AERIENSETI T hiv T
WETBEMEL B . ANV A RIBE DO T ARTA ANCHEC T IRIR DRE R 2 SO HEE S
HULENHDHEEZ b, BIfE. B BIFRY ANV ARG OB ARE X4
N 28 (HBV-DNA) THAHZERHALMIZENTWAD T, MIVATIF—EDMHET
TAn—Z T T AL LIIETeRETHY, TH LRI ITIREE P E LIS O R Bl
WZH o EIAKERL VKB ERDHAHEE Z LN,

ORE O EERE IS &S EA TEY, MLRLEANTIE, SEOREIC
BWTHLT v —NaEE O ERI IR & Chole, TRV AVABEEO REE X
FHEOEEREE THY 35, EREE TORBBELDNVITIBEIRD TEETHS,
INEFERTAEDITTE R R ANV AGEE OEEE SL IS B
RIEEEBZITHRL D TSOICHEL QWO ERDS,
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RILLIRIZBWTHEL 14 FEND 18 FEICEmSNI-FR VAV AR (8 -
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