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intrahepatic cccDNA levels is slower than that of serum
HBV DNA levels during NA administration (15, 16). We
found that suppression of cccDNA by NAs could prevent
the development of recurrent primary HCC. Because
cccDNA provides the template for pregenomic and viral
messenger RNA-encoded viral proteins (33-35), the
transcriptional activity of cccDNA may induce carcino-
genesis. Further research is required to validate this
hypothesis. Serum HBcrAg can be a surrogate marker of
the intrahepatic cccDNA pool because of the viral
proteins transcribed through messenger RNA from
cccDNA (20, 21). Therefore, we consider that serum
FIBcrAg retlects the intrahepatic viral status more accu-
rately than serum HBV DNA. Recently, Chan et al. (36)
showed that serum HBsAg quantification could reflect
intrahepatic cccDNA in patients treated with peginterfer-
on and LAM combination therapy. They also indicated
that reduction in HBsAg had good correlation with
reduction in cccDNA. We tried to measure [ IBsAg levels
at the start of NA therapy and the time of HCC diagnosis
using a commercial assay (chemiluminescent immunoas-
say). However, HBsAg levels declined very slowly during
NAs monotherapy in this study (data not shown).
Brunetto ef al. (37) showed that mean reduction for 48
weeks in HBsAg was 0.02log IU/ml in patients treated
with LAM monotherapy, different from peginterferon
therapy. Meanwhile, the median reduction from the start
of NA to the diagnosis of HCC in HBcrAg was 1.4logU/
ml in this study (Table 1). Tt seems that HBcrAg is a
superior on-trealment risk predictor (e.g. tumour recur-
rence) to HBsAg during NAs monotherapy in terms of
reduction of titres in each assay. HBcrAg is also more
useful in terms of needless to serum sample dilution. As
HBcrAg levels can be measured from serum samples,
they are clinically useful, compared with the measure-
mient of cceINA, which requires liver specimens. [ is not
practical o carry out liver biopsy and the mcasurcment
of cccDNA for patients who have normal AST/ALT levels
and viral suppression during antiviral therapy. Liver
specimens cannot be also taken from patients who
undergo ablation therapy for HCC. The measurement
of serum HBcrAg levels in these patients is helpful to
indirectly estimate the status of intrahepatic cccDNA. In
the future, it is necessary to investigate whether HBcrAg
in patients receiving NAs can be a predictor of primary
carcinogencesis.

Previous studies have indicated that the rates of
intrahepatic cccDNA loss and serum HBcrAg loss differ
from serum HBV DNA loss under NA therapy, with the
former two being much slower (15, 16, 19). In this study,
the period of serum HBV DNA loss was longer, with
lower intrahepatic cceDNA and serum [BcrAg levels
(Fig. 2B}. Therefore, these findings suggest that a fong
period of time is required o prevent the development of
recurrent primary HCC by viral suppression under
antiviral therapy. In contrast, the serum HBcrAg levels
al “k time of HHCC diagnosis were higher wl ents with

sergent LAM-resistant mutants and subsequent VB
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than in patients without mutants and VBT (Fig. 6). This
result suggests that it is important to administer a potent
NA early for drug-resistant strains and suppress viral
rephcanon to prevent subsequent carcinogenesis.
Although we evaluated the relationship between the
development of primary HCC and serum HBcrAg levels
by a case-control study, the serum HBcrAg levels at the
commencement of NA therapy and 1 vear later were not
associated with the development of primary HCC (unpub-
lished data). This finding is attributable to the slow decline
of the serum HBcrAg levels during antiviral therapy. The
measurement of HBcrAg at intervals of 3—6 months may be
helpful to predict the development of HCC. lowever,
further studies are needed to confirm the finding.

fn summary, HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy.
Measurement of the serum HBcrAg level is simple and
useful because it reflects the intrahepatic viral status.
Further, intrahepatic cccDNA and serum HBcrAg suppres-
sion by NAs is important to prevent HCC recurrence.
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Abstract

Background/Aims: The recurrence rate of hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC) is high even in patients receiving curative
therapy. In this study, we analysed the risk factors for tumour recurrence after
curative therapy for HBV-related HCC while under treaiment with nucleot-
(s)ide analogues (NAs) by measuring serum HBcrAg and intrahepatic
covalently closed circular DNA (cccDNA) levels to elucidate the viral status
associated with HCC recurrence. Methods: We enrolled 55 patients who
developed HCC during NA therapyv and underwent either curative resection
or perculancous ablation for HCC. Results: Hepatocellular carcinoma re-
curred in 21 (38%) of the patients over a period of 2.2 (range, 0.2-7.4) years.
[n multivariate analysis, serum HBcrAg levels =4.8log U/l at the time of
HCC diagnosis (hazard ratio, 8.96; 95% confidential interval, 1.94—41.4) and
portal vein invasion (3.94, 1.25-12.4) were independent factors for HCC
recurrence. The recurrence-free survival rates of the high cccDNA group were
significantly lower than those of the low cccDNA group only in patients who
underwent resection (P =0.0438). A positive correlation (P = 0.028; r=0.479)
was observed between the intrahepatic cccDNA and the serum HBcrAg levels
at the incidence of HCC. Conclusion: HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy. Serum HBcrAg and
intrahepatic cccDNA suppression by NAs may be important to prevent HCC

recurrence.

Worldwide, an estimated 400 million people are infected
with hepatitis B virus (HBV) persistently, and one
million people die of decompensated cirrhosis and/or
hepatocellular carcinoma (HCC) annually (1, 2). Re-
cently, oral nudeot(s)ide analogues (NAs) have been
used as the mainstay therapeutic strategy against chronic
hepatitis B. Five such antiviral agents have been ap-
proved, and range in the profundity and rapidity of
1BV DNA suppression, barrier to resistance and side-
effect profile (3-10). Lamivudine (LAM) was the first NA
lo be approved for treating chronic hepatitis B, followed by
adefovir dipivoxil (ADV) and entecavir (ETV), in Japan.
However, a major problem with long-term LAM treatment
is the potential development of drug resistance, mainly
caused by mutation of the thyrosine-methicnine-aspartic
acid-aspartic acid (YMDD) motif of reverse transcriptase
{11, 12). For prevenling breakthrough hepatitis induced by
LLAM-resistant mutants, additional ADV administration
has been recommended (13, 14).

The methods for monitoring the treatment response
include measurements of the serum alanine transaminase
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(ALT) levels, HBV DNA levels, HBeAg and antibody
levels, HBsAg and antibody levels and liver histology.
Other serum markers have been reported to be useful for
monitoring the effect of antiviral therapy (15, 16).
Recently, a new assay was developed for detecting the
[IBcrAg, consisting of 1BcAg, HBeAg and a 22kDa
precore protein coded with the precore/core gene
(17, 18). Because NAs have no inhibiting action on the
transcription and translation activities of viral mRNA,
HBcAg- and HBeAg-related proteins continue to be
produced for a certain period of time in spite of the
achievement of adequate suppression of the viral DNA
synthesis. Therefore, HBcrAg is a viral marker indepen-
dent of HBV DNA for monitoring the antiviral effect of
NAs (19). In addition, recent reports have indicated
another interesting aspect of serwm HBcrAg levels: these
fevels were found to be correlated with intrahepatic
covalently closed circular DNA (cccDNA) levels and
could be a surrogate marker of the intrahepatic cccDNA
pool (20, 21). This phenomenon may be explained by the
fact that the production of HBcrAg depends on the
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the treatment for HCC and stored in — 80°C. Liver
tissue from patients who underwent resection was col-
lected, rapidly frozen and stored in — 80°C. Written
informed consent was obtained from each patient. The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, as reflected in a priori
approval by the institution’s human research committee,

Antiviral therapy

Forty-seven patients received 100mg LAM daily, and
drug-resistant YMDD mutants developed in 26 (55%)
of these patients, accompanied by an increase in HBV
DNA > 1llogcopies/ml. Seventeen of the 26 patients
received 10 mg ADV in addition to LAM (100 mg) daily.
The remaining nine continued to receive LAM mono-
therapy because of the lack of approval for ADV admin-
istration in Japan at the time, but received ADV with
LAM after approval was obtained during the HCC post-
treatment period. Eight NA-naive patients received
0.5mg ETV daily. These antiviral therapies were contin-
ued after the resection or percutaneous ablation.

Follow-up and HCC recurrence

T'he patients were followed for liver function and virolo-
gical markers of HBV infection monthly, as well as blood
counts and tumour makers including a-fetoprotein and
des-y-carboxylprothrombin. They also underwent ultra-
sonography or helical dynamic computed tomography
every 3 months. Cirrhosis was diagnosed by laparoscopy
or liver biopsy or by the clinical data, imaging modalities
and portal hypertension. The median observation period
after HCC treatment for the entire cohort was 2.7 years
(range, 0.3-8.4 years). HCC recurrence was diagnosed by
the typical hypervascular characteristics on angiography
and/or histological examination with fine needle biopsy
specimens, in addition to certain features on computed
tomography and ultrasonography.

Markers of HBV infection

HBeAg was determined by enzyme-linked immunosor-
bent assay using a commercial kit (HBeAg EIA; Insti-
tute of Immunology, Tokyo, Japan). HBV DNA was
quantitated using the Amplicor monitor assay (Roche
Diagnostics, Tokyo, Japan) with a dynamic range
over 2.6-7.6logcopies/ml or COBAS TagMan HBV
v.2.0 (Roche Diagnostics) with a dynamic range over
2.1-9.0log copies/ml. Serum HBV DNA levels were mea-
sured using the Amplicor assay at both the start of NA
therapy and the diagnosis of HCC and using the TagMan
assay at the diagnosis of HCC. For statistical analysis, the
value of that HBV DNA was tentatively set at 2.1 if HBV
DNA levels were under 2.1log copies/ml. HBV genotypes
were determined serologically by the combination of
epitopes expressed on the pre-S2 region product, which
is specific for each of the seven major genotypes {A-G),
using a commercial kit (HBV Genotype EIA; Institute of
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Immunology). YMDD mutants were determined by
polymerase chain reaction-based enzyme-linked mini-
sequence assay using a commercial kit (Genome Science
Laboratories, Tokyo, Japan).

HBcrAg measurement

Serum HBcrAg levels were measured using a CLEIA
HBcrAg assay kit (Fujirebio Inc., Tokyo, Japan) with a
fully automated analyser system (Lumipulse Systern;
Fujirebio Inc.) as described previously (21). In brief,
150 pl of serum was incubated with 150 pl of pretreat-
ment solution containing 15% sodium dodecyl sulphate
at 60°C for 30min. After heat treatment, 120 pul of
pretreated specimen was added to a ferrite microparticle
suspension in an assay cartridge. Ferrite particles were
coated with monoclonal antibody mixture (HB44, HB61
and HBI114) against denatured HBcAg, HBeAg and the
22kDa precore protein. After 10min of incubation at
37 °C and washing, further incubation was carried out
for 10 min at 37 °C with alkaline phosphatase conjugated
with two kinds of monoclonal antibodies (HB91 and
HB110) against denatured HBcAg, HBeAg and the
22kDa precore protein. After washing, 200 pl of sub-
strate solution [3-(2'-spiroada-mantan)-4-methoxy-4-
(3'-phosphoryloxy)pheny1-1,2-dioxetane disodium salt]
(Applied Biosystems, Bedford, MA, USA) was added to
the test cartridge, which was then incubated for 5 min at
37°C. The relative chemiluminescence intensity was
measured, and the HBcrAg concentration was calculated
by a standard curve generated using a recombinant pro-
HBeAg (amino acids — 10 to 183 of the precore/core
gene product). The HBcrAg concentration was expressed
in U/ml, which is defined as the immunoreactivity of
10 fg/ml of recombinant pro-HBeAg. In this study, the
HBcrAg values were expressed as log U/ml, and the cut-off
value was set al 3.0log U/ml. For the statistical analyses,
HBcrAg-negative cases were calculated as 3.0log U/ml.

Intrahepatic cccDNA measurement

Intrahepatic cccDNA levels were analysed as described
previously (21). In brief, liver specimens surrounding the
tumour tissue were obtained and stored at —80°C
before DNA extraction. HBV DNA was extracted using a
QIAamp DNA Mini Kit (Qiagen KK, Tokyo, Japan). The
concentration of purified DNA was based on the absor-
bance at 260nm. For this study, two oligonucleotide
primers cccF2 (5'-cgtetgtgecttcteatctga-3', nucleotides
1424-1444) and cccR4 (5'-gcacagcettggaggcttgaa-3’, nu-
cleotides 1755~1737) and probe cccP2 (5'-VIC-accaatttat
gectacag-MGB-3/, nucleotides 1672—-1655) were designed
using PRIMER EXPRESS software (Applied Biosystems, Foster
City, CA, USA) to flank the direct repeat region between
the hepatitis B core and the polymerase gene. The use of
cccF2 and cccR4, oligonucleotide primers spanning
the direct repeat region of the HBV genome, allows
the polymerase chain reaction of native viral DNA in the
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was detected in the NA-naive patients receiving ETV
monotherapy.

Correlation between serum HBcrAg and serum HBV
DNA levels at the incidence of HCC

The median serum HBcrAg value was 6.6log U/ml
{range, 3.3 to > 6.8) at the start of NA therapy and
5.0log U/ml (range, < 3.0tc > 6.8) at the time of HCC
diagnosis. We observed a positive correlation (P < 0.001;
r=0.610) between the levels of HBcrAg and HBV DNA
in serum at the time of HCC diagnosis (Fig. 2A).
HBcrAg was detectable in 23 (82%) of 28 patients with
undetectable HBV DNA levels using TagMan assay and
was > 4.8logU/ml in eight (29%) of 28 patients. In
contrast, serum HBV DNA was detectable in spite of
undetected HBcrAg in only two patients. Then, we
examined the correlation between the serum HBcrAg
Jevels at the time of HCC diagnosis and the antiviral
effect. The median duration of on-treatment undetected
serum HBV DNA was 1.1 years (range, 0.1-4.8) before
the first diagnosis of HCC. As shown in Figure 2B, we
observed a significant negative correlation between
the levels of HMBcrAg in serum at the time of HCC
diagnosis and the duration of undetected HBV DNA in
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scrurn just before the first diagnosis of ICC (P < 6.001;
r=—10.568).

Factors associated with HCC recurrence

Hepatocellular carcinoma recurred in 21 (38%) of the 55
patients, 17 {46%) of 37 patients who had undergone
resection and four (22%) of 18 patients whe had under-
gone ablation. Because a proportion of patients who had
undergone resection with TNM Stage II or over (24 of 37
patients) was greater than ablation (six of 18), there were
more patients who had HCC recurrence after resection
than ablation. Eight factors were associated with the
recurrence in univariate analysis: HBeAg positivity at
the start of NA therapy, HBYV DNA > 2.1log copies/ml,
HBcrAg level >4.8logU/ml, AST level >501U/L, ALT
level >40IU/L, tumour multiplicity, portal vein invasion
at the time of HCC diagnosis and HCC treatment. In the
multivariate analysis, HBcrAg level >4.8log U/ml and
portal vein invasion were independent risk factors for the
recurrence of HCC (Table 2). The cumulative recurrence-
free survival rates in patients with >4.8log U/ml HBcrAg
levels at the time of HCC diagnosis were 70% at 1 year,
35% at 3 years and 28% al 5 years. [n contrast, the rates in
patients with < 4.8log U/ml 11BcrAg levels were 96% at
1 year, 89% at 3 years and 89% at 5 years. The recurrence-
free survival rates of the high 1{BcrAg group (> 4.8log
U/ml) were significantly lower than those of the low
HBcrAg group (< 4.8logU/mi; P < 0.001), as shown in
Figure 3A. Then, the cumulative recurrence-[ree survival
rales in patients with >2.1logcopies/ml HBYV DNA
levels at the time of HCC diagnosis were 70% at | year,
44% al 3 years and 39% at 5 years. In contrast, the rales in
patients with < 2.1log copies/ml HBV DNA levels were
93% at 1 vear, 76% at 3 years and 76% at 5 years. The
recurrence-free survival rates of the positive HBV 1INA
group (= 2.1log copies/ml) were significantly lower (han
those of the negative HBV DNA group (< 2.1log copies/
mb: P=0.007), as shown in Figure 3B. The cumulative
recurrence-iree survival rales were 33% at 1 year and
33% at 2 years with portal vein invasion, and 87% at 1
vear, 73% a1 2 vears and 64% at 3 years without invasion.
Three of the six patients with portal vein invasion died of
recurrent HCC,

Correlation between intrahepatic cccDNA and serum
HBY DNA levels at the incidence of HCC

We measured intrahepatic cccDINA using liver specimens
trom 22 of 37 patients who underwent resection. The
median intrahepatic coccDNA value was 4.2log copies/pg
‘range, 3.0-5.0;. As shown in Figure 4A and B, we
sbserved significant positive correlations between the levels
ol intrahepatic cccDNA and HBV DNA in serum
{P=10.019; r= 0.486} and between the levels of intrahepatic
cccDNA and HBcrAg in serum at the time of HCC
diagnosis (P=0.028; r=0.479;. Twenty-eight palients
who underwent resection had carly- or intermediate-slage
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(HBV DNA) levels at the time of hepatoceilular carcinoma (HCC)
diagnosis for each patient and comparison by the log-rank test.

developed HCC after the commencement of NA therapy
and underwent radical therapy for HCC. The recurrence
rates of HCC were high in patients with high levels of
intrahepatic cccDNA and serum HBcrAg. In particular,
HBcrAg levels were measurable by using serum samples
and clinically useful.

Nucleot(s}ide analogues, including LAM, ADV and
ETV, are widely used for the treatment of chronic
hepatitis B, and reportedly reduce the development of
HCC in such patients (22, 23). Although few events of
HCC development occur during NA therapy (24-26),
analysis of a large number of patients is needed to
examine the risk factors for HCC. We could clarify the
risk factors associated with the development of primary
HCC after radical therapy by enrolling patients who
underwent radical therapy for HCC in spite of their
small number. High HBV loads in serum have been
reported to be associated with HCC recurrence after
resection or radical therapy in NA-naive patients
(27-31), but no study has demonstrated the viral risk
factors of recurrence in patients receiving NAs. The
novel finding of this study is that serum HBarAg and
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Fig. 4. (A) Correlation between intrahepatic covalently closed
circular DNA (cccDNA) and serum hepatitis B virus DNA (HBV DNA)
levels at the time of hepatoceliular caraimoma (HCC) diagnosis for
each patient who underwent resection {n=22). (B} Correlation
between intrahepatic cccDNA and serum HBcrAg levels at the time
of HCC diagnosis. (C) Kaplan—Meier life table for the cumulative
recurrence-free survival rates by the intrahepatic cccDNA levels in
patients with early- or intermediate-stage HCC (n=17).

intrahepatic cccDNA levels are predictors of HCC recurrence
in patients radically treated for HCC during NA therapy.

In this study, the serum HBV DNA levels at the time of
HCC diagnosis were associated with recurrence by uni-
variate analysis. However, the serum HBcrAg level was
the only viral factor associated with recurrence in multi-
variate analysis. There are two possible reasons for the
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imtrahepatic cccDNA levels is slower than that of serum
HBV DNA levels during NA administration (15, 16). We
found that suppression of cccDNA by NAs could prevent
the development of recurrent primary HCC. Because
cccDNA provides the template for pregenomic and viral
messenger RNA-encoded viral proteins (33-35), the
transcriptional activity of cccDNA may induce carcino-
genesis. Further research is required to validate this
hypothesis. Serum HBcrAg can be a surrogate marker of
the intrahepatic cccDNA pool because of the viral
proteins transcribed through messenger RNA from
cccDNA (20, 21). Therefore, we consider that serum
FHBerAg reflects the intrahepatic viral status more accu-
rately than serum HBV DNA. Recently, Chan e1 al. (36)
showed that serum HBsAg quantification could reflect
intrahepatic cccDNA in patients treated with peginterfer-
on and LAM combination therapy. They also indicated
that reduction in HBsAg had good correlation with
reduction in ccc DNA. We tried to measure [{BsAg levels
at the start of NA therapy and the time of HCC diagnosis
using a commercial assay (chemiluminescent immunoas-
say). However, HBsAg levels declined very slowly during
NAs monotherapy in this study (data not shown).
Brunetto et al. (37) showed that mean reduction for 48
weeks in HBsAg was 0.02log lU/ml in patients treated
with LAM monotherapy, different from peginterferon
therapy. Meanwhile, the median reduction from the start
of NA to the diagnosis of HCC in HBcrAg was 1.4logU/
ml in this study (Table 1). It scems that HBcrAg is a
superior on-treatment risk predictor (e.g. tumour recur-
rence) to 11BsAg during NAs monotherapy in terms of
reduction of titres in each assay. HBcrAg is also more
useful in terms of needless to serum sample dilution. As
HBcrAg levels can be measured from serum samples,
they are clinically useful, compared with the measure-
ment of cccDNA, which requires liver specimens. 1L is nol
practical Lo carry out liver biopsy and the measurcment
of cccDNA for patients who have normal AST/ALT levels
and viral suppression during antiviral therapy. Liver
specimens cannot be also taken from patients who
undergo ablation therapy for HCC. The measurement
of serum HBcrAg levels in these patients is helptul to
indirectly estimate the status of intrahepatic cccDNA. In
the future, it is necessary to investigate whether HBcrAg
in patients receiving NAs can be a predictor of primary
carcinogenesis.

Previous studies have indicated that the rates of
intrahepaiic cccDNA loss and serum 1[BcrAg loss differ
from serum HBV DNA loss under NA therapy, with the
former two being much slower (15, 16, 19). In this study,
the period of serum HBV DNA loss was longer, with
Jower intrahepatic cccDNA and serum HBcrAg levels
(Fig. 2B}, Therefore, these findings suggest that a leng
period of time is required to preveni the development of
recurrent primary HCC by viral suppression under
antiviral therapy. In contrast, the serum HBcrAg levels
at the time of HCC diagnosis were higher in patients with
emergent LAM-resistant mutants and subsequent VBT
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than in patients without mutants and VBT (Fig. 6). This
result suggests that it is important to administer a potent
NA early for drug-resistant strains and suppress viral
replication to prevent subsequent carcinogenesis.
Although we evaluated the relationship between the
development of primary HCC and serum HBcrAg levels
by a case—control study, the serum HBcrAg levels at the
commencement of NA therapy and 1 vear later were not
associated with the development of prumary HCC (unpub-
lished data). This finding is attributable to the slow decline
of the serum HBcrAg levels during antiviral therapy. The
measuremnent of HBcrAg at intervals of 3-6 months may be
helpful to predict the development of HCC. However,
further studies are needed to confirm the finding.

[n summary, HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy.
Measurement of the serum HBcrAg level is simple and
useful because it reflects the intrahepatic viral status.
Further, intrahepatic cccDNA and serum | IBcrAg suppres-
sion by NAs is important to prevent HCC recurrence.
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Ideally, long-term lamivudine therapy should not
induce tyrosine—methionine—aspartate—aspartate
{(YMDD) mutants {reverse transcription [rt]; rt
M204I/V) in patients with chronic hepatitis B. There
is little or no information on the clinical features of
patients who do not develop such mutants. We
analyzed 368 patients who received lamivudine
therapy for more than 6 months between 1995 and
2003. Among them, 98 patients were negative for
YMDD mutants during 5-year lamivudine therapy.
Multivariate analysis identified hepatitis B e anti-
gen (HBeAg) negativity, lack of cirrhosis, and high
gamma glutamyltranspeptidase {(GGTP) level as
independent factors associated with lack of emer-
gence of YMDD mutants during 5-year treatment.
in these 98 patients, 21 patients developed YMDD
mutants in the 5-year posttreatment follow-up. Oid
age was identified as the only factor associated
with the emergence of YMDD mutants during that
period. For all patients, 53 showed no elevation of
alanine aminotransferase (ALT) or viral load after
emergence of YMDD mutants during 5 years. Short
latency to emergence of YMDD mutants, mixed
(tyrosine—isoleucine—aspartate—aspartate (YIDD)
[rtM2041] +tyrosine—valine—aspartate—aspartate
{(YVDD) {rtM204V]) type, and low ALT level were
identified as independent factors associated with
elevation ALT or viral load. HBeAg negativity, lack
of cirrhosis, and high GGTP level were associated
with lack of emergence of YMDD mutants during
5-year period. Young age protected against
emergence of YMDD mutants over the 5-year
period. Moreover, after the emergence of YMDD
mutants, short latency to the emergence of YMDD
mutant, mixed type mutants, and [ow baseline ALT
level were associated with elevation of ALT or viral
load. J. Med. Virol. 82:684-691, 2010.

© 2010 Wiley-Liss, Inc.

KEY WORDS: YMDD mutant; HBV; lamivu-
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INTRODUCTION

Approximately 400 million pecple worldwide have
chronic hepatitis B (CHB) infection, and 25--40% of
these will develop hepatocellular carcinoma (HCC) and/
or cirrhosis [Lee, 1997]. Prevention of disease progres-
sion is the primary target of treatment. To date, the
nucleoside analogs, lamivudine, adefovir, dipivoxil, and
entecavir, have been approved for the treatment of CHB
[Zoulim and Perrillo, 2008]. Lamivudine markedly
reduces viral load and hepatic necroinflammatory
activity [Lai et al., 1998; Dienstag et al., 1999], and
improves liver fibrosis [Dienstag et al, 2003a), and
function. Unfortunately, failure of antiviral therapy is
associated with the appearance of new viral variants,
allowing hepatitis B virus (HBV) to become resistant.
Lamivudine has the highest rate of drug resistance
emergence. The number of patients with tyrosine—
methionine—aspartate--aspartate (YMDD) mutation is
higher with prolonged use of lamivudine. The cumu-
lative rate of YMDD mutant reaches 60-70% after 4—
5 years of treatment [Nafa et al., 2003; Suzuki et al,,
2003]. On the other hand, 20-30% of patients continue
long-term lamivudine therapy without YMDD muta-
tions. There is little information at this stage about the

Abbreviations used: AFP, a-fetoprotein; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CHB, chronic
hepatitis B; DNA, deoxyribonucleic acid; GGTP, gamma gluta-
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Grant sponsor: Ministry of Health, Labor and Welfare, Japen
(partial support).

*Correspondence to: Yoshimasa Hashimoto, MD, Department
of Hepatology, Toranomon Hospital, 2-2-2 Toranomon, Minato-ku,
Tokyo 105 8470, Japan. E-mail: y_hashimeto5327@yahoo.co.jp

Accepted 3 September 2009

DOT 10.1002/imv. 21681

Published online in Wiley InterScience
(www.interscience.wiley.com)

— 211 —



Five-Year Lamivudine Therapy for Chronic HBV Infection

clinical differences between patients with and without
YMDD mutants on long-term lamivudine therapy.

After the emergence of YMDD mutant, breakthrough
hepatitis occurs at a high frequency. This is important
because breakthrough hepatitis can oceasionally cause
liver decompensation [Liaw et al., 2000]. However,
alanine aminotransferase (ALT) and viral load are not
elevated at least in some patients with YMDD mutant.
The difference between these groups remains poorly
defined. The aims of the present investigation were
the following: (1) characterize the clinical and virolog-
ical features of patients who do not show emergence
of YMDD mutants during 5 years of lamivudine
therapy. (2) Identify the factor(s) associated with the
emergence of YMDD mutants in patients on >5 years of
lamivudine therapy. (8) Determine the factors associ-
ated with elevation of ALT (>50IU/L} and viral load
(>5.0logcopies/ml) after the emergence of YMDD
mutant.

PATIENTS AND METHODS
Patients

The study subjects were 368 patients (66 females and
302 males, median age 43 years [range 19—761) who
commenced treatment with lamivudine at the Depart-
ment of Hepatology, Toranomon Hospital, Tokyo,
between September 1995 and June 2003 and adhered
to treatment for more than 6 months (Table I). All
patients were followed from commencement of therapy
at our hospital. Some of these patients have been
reported previously [Chayama et al, 1998; Suzuki
et al., 2008]. All patients were negative for hepatitis C
serologic markers, but all had detectable hepatitis B
virus surface antigen (HBsAg) for at least 6 months prior
to commencement of lamivudine therapy. Lamivudine
was administered orally at 100 mg/day. Chronic hep-
atitis or cirrhosis was confirmed by needle biopsy,
peritoneoscopy, or clinically before treatment. The

685

clinical ¢riteria for chronic hepatitis included elevated
ALT levels over 6 months and absence of clinical
evidence of portal hypertension, such as esophageal
varices, ascites, hepatic encephalopathy, and imaging
features suggestive of cirrhosis on ultrasonography.
Chronic hepatitis and cirrhosis were diagnosed in 309
and 57, respectively. Informed consent was obtained
from each patient enrolled in the study; and the study
protocol conformed to the ethical guidelines of Declara-
tion of Helsinki and was approved by the human
research committee of our institution.

Blood Tests, Serum Viral Markers, and
Assessment of Response to Therapy

Routine biochemical tests were performed before and
during therapy at least once every 2 months, using
standard procedures. Serial blood samples were taken
before and during therapy and stored at —80°C until
used for HBV molecular analysis. Viral load was
measured by polymerase chain reaction (PCR)-based
method (Amplicor HBV monitor; Roche Diagnostics,
Tokya, Japan). Mutation of the HBV deoxyribonucleic
acid (DNA) polymerase gene (rtM2041/V) was deter-
mined using PCR and restriction fragment length
polymorphism, as described previously [Chayama
et al., 1998] or PCR-ELMA method [Kobayashi et al.,
2000]. The presence of YMDD mutation was determined
at baseline and at yearly intervals. Resistance to
lamivudine was determined annually before the devel-
opment of mutations, and, if a mutation appeared,
the time of appearance of resistance was confirmed
by monthly measurement.

Statistical Analysis

Differences between groups were examined for stat-
istical significance using the x® test for categorical
variables and Mann~Whitney U-test for continuous
variables. The association of mutations with specific

TABLE 1. Characteristics of Patients at Commencement of Lamivudine Therapy

Demography
Total patients
Sex: female/male
Age (years)
Family history of HBV
Cirrhosis

Median duration of treatment, years (range)

Laboratory data
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Bilirubin (mg/dl)
Gamma glutamyltranspeptidase (IU/L}
Albumin (g/d})
Viral load (log copies/mb)
HBeAg positive
HBYV genotypes: A/B/C/D/F/unknown

368
302/66
43 (19-76)
245 (66.6%)
57 (15.5%)
5(0.5-12.8)

80 (19-2,593)
120.5 (12-2,274)
0.7 (0.2-18.5)
64 {13-475)
3.9 (2.1-4.8)
7.1 (<2.7 to >7.6)
187 (50.8%)
12/25/317/1/2/11

HBYV, hepatitis B virus; HBeAg, hepatitis B envelope antigen.

The family history of six patients was not clear, Viral load was measured by PCR. All viralload values below
the lower limit of detection (<2.7 log copies) were set to 2 while those over the upper limit of detection (>7.8)
ware set to 8 for calculation purposes.

Data are median and range values except for the last two parameters.

J. Med. Virel. DCI 10.1002/imv
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predictive variables was assessed by Cox proportional
hazard model. To determine the factors that affect
YMDD mutation, multiple logistic regression analysis
was carried out. Spearman correlation coefficient (two-
tailed) was used to evaluate the correlation between
gamma-glutamyltranspeptidase (GGTP) and other fac-
tors. Two-tailed P-value <0.05 was considered statisti-
cally significant. All data were analyzed using the
statistical package SPSS (version 11.0, 8PSS, Inc.,
Chicago, IL).

RESULTS

Clinical and Virological Features of Patients
Free of YMDD Mutations

Lamivudine therapy was provided for a median
duration of 5 years [range 0.5-12.8 years]. Forty
patients discontinued lamivudine therapy due to preg-
naney, expectation of a change to another therapy, or
ioss to follow-up. Among the remaining 328 patients,
YMDD mutants were identified in 230 patients during
the 5-year treatment. Table IT summarizes the charac-
teristics of patients without and with YMDD mutant
during the 5-year treatment. There were more patients
with genotype B, and fewer patients with genotype A in
the former than in the latter group (P < 0.001). Fur-
thermore, a high proportion of hepatitis B e antigen
(HBeAg)-negative patients were noted in the former
group than in the latter group (P =0.001). In the latter
group, the emergence of YMDD mutant was associated
with elevated ALT and/or viral load in 177 patients
while it was not in 53 patients. On the other hand, 98
patients showed no emergence of YMDD mutants
during the 5-year treatment (Fig. 1).

Figure 2 shows the cumulative rate of patients
who showed emergence of YMDD mutations duringla-
mivudine therapy (129, 74, and 48 patients developed
tyrosine—isoleucine—aspartate—aspartate (YIDD),
tyrosine—valine—aspartate—aspartate (YVDD), and
mixed (YIDD +YVDD) mutants, respectivelyl. YMDD
mutants were registered in 11 (92%) of 12 patients with
genotype A, 13 (62%) of 25 patients with genotype B,

Hashimoto et al.

219 (69%) of 317 patients with genotype C, 0 (100%) of
1 patients with genotype D, 2 {(100%) of 2 patients with
genotype F, and 6 (55%) of 11 patients with unidentified
genotype.

We then explored the factors associated without
emergence of YMDD mutants. Patients free of YMDD
mutants were considered to have ideal response to
lamivudine therapy. The following significant inde-
pendent factors for the lack of YMDD mutations during
the 5-year treatment were identified in univariate
analysis: HBV genotype B, lack of cirrhosis, HBeAg
negativity, free family history of liver disease, high
aspartate aminotransferase (AST) level (>75IU/L),
high ALT level (>180IU/L), high GGTP level
(>1101U/L), high albumin level (8.7 g/dl}, and low viral
load (<5.9logcopies/ml). Multivariate analysis identi-
fied HBeAg negativity, high GGTP level (>1101U/L),
and lack of liver cirrhosis (LC) as significant determi-
nants for the lack of YMDD mutations during the 5-year
treatment (Table III).

GGTP is regarded as a marker of fatty liver and
alcoholic liver disease {Patton et al., 2008]. Fatty liver
disease correlates with liver fibrosis and carcinogenesis
{Yuan et al, 2004; Yu et al, 2008]. However, the
influence of treatment with nucleos(t)ide analog is not
clear. Next, we investigated the correlation between
GGTP and other factors (Table IV). GGTP correlated
significantly with ALT (r=0.562, n =355, P <0.001),
AST (r =0.562, n = 355, P < 0.001), a-fetoprotein (AFP)
(r=0.430, n =319, P < 0.001), total bilirubin (r = 0.264,
n=354, P<90.001), and platelet count {r=-0.129,
n=330, P=0,019). GGTP did not correlate with liver
fibrosis (r = ~0.28, n = 276, P = 0.641), total cholesterol
r=-0.7T7, n=132, P=0.379), or blood glucose
(r=0.118, n=115, P =0.355) was. Based on the ahove
results, GGTP correlated with ALT, AST, and other liver
function-related parameters and does not seem to be
related to other metabolie factors.

Among 163 patients who were positive for HBeAg at
the commencement of lamivudine therapy, 35 (21%) did
not show emergence of YMDD mutants during the
5-year treatment. Of these, 31 (89%) achieved HBeAg

TABLE II. Comparison of Patients With and Without YMDD Mutants During 5-Year Lamivudine Therapy

Without YMDD With YMDD mutation

Category mutation (n =98} {n=230) P-value
Age (years)® 43 (24-76) 44 {23~71) 0.783
Sex: male/female 77121 194/36 0.206
Genotype: A/B/C/others 1/12/81/4 11/9/203/7 <0.001
Histology: chronic hepatitis/eirrhosis 88/10 185/43 0.052
Bilirubin (mg/dh* 0.7(0.2-12.2) 3.7 (0.2-16.5) 0.898
Alanine aminotransferase (IU/L)* 136 (16-2,077; 118.5(14-2,274) 0.237
Gamma ghutamyltranspeptidase (TU/Lj)® 72 (183-442) 58 {16--402) 0.197
Viral load (log copies/mij® 7.1(«<2.7 to >7.6) 7.2 (<27 to >7.6} 0.136
HBeAg: positive/negative 35163 128/102 0.001
Latency to emergence of YMDD mutation 2 (0-4.9;

YMDD, tyrosine—methionine-aspartate—aspartate; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen. o
Viral load was measured by PCR. All viral load values below the lower limit of detection ( <2.7 log copies) were set Lo 2 and those over the upper limit

of detection (:>7.6) ware set to 8 for calculation purposes.
*Data are median (range) values.
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CHB patients treated with

lamivudine {(n=368)

Patients who discontinued

lamivadine therapy (n=4Q)

Emergence of YMDD mutant during

5-year therapy

.

Elevation of ALT >50 tU/1) or viral load

(>5.0 Log copies/t) (n=177)

No elevation of ALT (>50 IU/1) or viral load (>5.0

Log copies/l) (n==33}

A 4

No YMDD mutant during

S-year therapy (n=98)

lLW“'

YMDD mutant after S-year

posttreatment follow-up (n=21}

No YMDD mutants after

S-year follow-up (n=77)

Fig. 1. Outcome of patients with lamivudine therapy. CHB, chrenic hepatitis B; YMDD, tyrosine—
methionine—aspartate—aspartate; ALT, alanine aminotransferase.

loss during 5-year treatment. On the other hand, in
128 patients who showed emergence of YMDD mutants,
42 (33%) achieved HBeAg loss. Analysis of various
parameters showed that only the platelet count was
different between the two HBeAg-positive groups; that

gloo
%80 /_f
£ 60 ;
f v
G
.éze
ge
6 2 4 6 8 10 12 14

Duration of therapy(year)

Fig. 2. Cumulative rate of patients who showed emergence of YMDD
mutants during lamivudine therapy (Kaplan—-Meier method). YMDD,
tyrosine—methionine-aspartate--aspartate.

is, in HBeAg-positive patients, those with high platelet
counts were less likely to develop YMDD mutations
(P==0.051).

Emergence of YMDD Mutant After § Years of
Lamivudine Therapy

As described above, 98 patients showed no emergence
of YMDD mutants during the 5-year treatment. We
investigated in this group the emergence of YMDD
mutants after the 5-year treatment period. Twenty-one
(21%) patients showed emergence of YMDD mutants
following the completion of the 5-year treatment period
(Table V). Univariate analysis showed only age
(>50 years) influenced the emergence of the YMDD
mutants after the 5-year treatment (P =0.012). At time
5 years, 94 (96%) patients were negative for HBeAg.
Therefore, the status of HBeAg at 5 years did not
influence the emergence of YMDD mutant. After the
emergence of YMDD mutant, 4 of the 21 patients had
elevated ALT and viral load; they were further treated

J. Med. Virol. DOI 10.1002/jmv
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TABLE III. Results of Multivariate Analysis of Factors Associated With Lack of Appearance
of YMDD Mutants During 5-Year Lamivudine Therapy

Factors

Risk ratio (95% confidence interval)

P-value

Pretreatment HBeAg
0: Positive
1: Negative
Pretreatment GGTP (JU/L}
0: <110
1:>110
Pretreatment histology
0: LC
i: Not cirrhosis

2.49% (1.440--4.311)
2.996 (1.296-4.900)

1
2.254 (1.037-4.900)

1
¢.001

1

0.004

0.04

YMDD, tyrosine-—methionine—aspartate—aspartate; HBeAg. hepatitis B envelope antigen; GGTP, gamma

glutamyitranspeptidase; L.C, liver cirrhosis.

with a combination of adefovir and lamivudine. The
remaining 17 patients showed ne elevation of ALT or
viral load, 3 of the 17 patients were treated with a
combination of adefovir and lamivudine, treatment was
switched in 6 of the 17 patients from lamivudine to
entecavir, while 8 of the 17 patients continued lamivu-
dine treatment. No emergence of YMDD mutant after
the 5-year treatment period was noted in 77 patients,
but 4 of 77 patients discontinued lamivudine therapy
due to pregnancy, or loss to follow-up. Furthermore,
treatment in 14 of the 77 patients was changed from
lamivudine to entecavir while the remaining 59 patients
continued lamivudine therapy.

Characteristies of Patients With Elevated ALT or
Viral Load After Emergence of YMDD Mutant

As mentioned above, 230 (62.5%) of the 368 patients
developed YMDD mutations during the 5-year treat-
ment period, and 177 had elevated ALT or viral load
level after the emergence of YMDD mutants, while 53
patients had neither ALT elevation (>50IU/L) nor HBV
DNA. elevation {>5.0logcopies/ml) during the treat-
ment period. We then explored the risk factors for the
elevation of viral load and ALT level in these patients. In
univariate analysis, the following seven factors corre-
lated significantly with elevation of viral load or ALT
level: HBeAg (P < 0.001), latency to emergence of YMDD
mutant (P<0.001), mixed type YMDD mutant
(YIDD + YVDD) (P < 0.001), ALT level (P = 0.003), viral
load (P=0.007), and AFP level (P=0.021). These

TABLE IV. Correlation Between GGTP end Laboratory

Tests
Factors r n P-value
ALT 0.562 355 <0.001
AST 0.562 355 <0.661
AFP 0.43 319 <0.061
Total bilirubin 0.264 354 <0.001
Platelet count -0.219 330 0.018
Liver fibrosis -0.28 276 (4.641
Total cholesterol -0.77 182 0.379
Blood glucose 0.118 115 0.355

ALT, alanine aminotransferase; AST, aspariate aminotransferase;
AFP, z-fetoprotein.

J. Med. Virol. DCI 10.1002/rav

variables were entered into multivariate analysis. In
the last step of the analysis, the following three
variables were identified as significant determinants of
elevation of viral load or ALTlevel: latency to emergence
of YMDD mutant (P < 0.001), mixed type YMDD mutant
(P < 0.001), and ALT level (P =0.016) (Table VI).

Characteristics of Patients With YMDD Mutant
During and After 5-Year Treatment

Throughout the present study, YMDD mutant devel-
oped in 251 patients. As described above, 230 of these
251 patients developed YMDD mutant during the 5-year
period. The remaining 21 patients developed YMDD
mutant after the 5-year period. Table VII summarizes
the characteristics of patients with YMDD mutant
during and after the 5-year treatment. HBV genotype
and HBeAg negativity were found to correlate with the
development of YMDD mutants after 5-year treatment.

DISCUSSION

The aim of the present study was to identify the
factors associated with the lack of emergence of YMDD
mutant during long-term lamivudine therapy. Our
analysis showed that negativity for HBeAg, high GGTP
level (>110IU/L), and lack of LC protected against the
appearance of YMDD mutants during the 5-year
lamivudine therapy. Since positivity for HBeAg is a
well-known factor associated with emergence of YMDD
mutant [Yuen et al., 2001; Suzuki et al., 2003], we
focused on the correlation between GGTP and other
factors (Table IV). The results showed that GGTP
correlated with ALT, AST, and other liver function-
related parameters. Previous studies identified high
pretreatment ALT level as an independent factor
associated with no appearance of YMDD mutant
{Tsubota et al., 2004; Changet al., 2005]. In this regard,
GGTP isregarded as a marker of fatty liver and alcoholic
liver disease [Patton et al., 2008]. Fatty liver disease
correlates with liver fibrosis and carcinogenesis [Yuan
et al., 2004; Yu et al., 2008). However, the influence of
treatment with nucleos(t)ide analog is not clear. Based
on the above results, GGTP does not seem to be related to
other metabolic factors (e.g., total cholesterol and
blood glucose). However, further investigation of other
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TABLE V. Comparison of Clinicopathological Features of Patients With and Without Emergence of YMDD Mutants After
B-Year Posttreatment Follow-Up

Without YMDD mutation With YMDD mutation

Category =77 =21 P-value
Age (years)® 42 (24--76) 50 (33-69) 0.032
Sex: male/female 63/14 14/7 0.134
Genotype: A/B/Clothers 1/8/65/8 0/4/16/1 0.275
Histology: no cirrhosis/cirrhosis® 69/8 19/2 0.636
Bilirubin (mg/d}* 0.7 (0.2-12.2) 0.7 (0.4—-4.4) 0.644
ALT (U/L)* 135 (16-1,975) 142 (25--2,077) 0.997
GGTP (UML)* 69 (13-442) 82 (24-264) 0.878
Viral load (log copies/mi)* 7 (<27 t0 >7.6) 7.4 (<2.7 to >7.8) 0.394
HBeAg: positive/negative 28/49 714 0.797
Status of HBeAg at 5 years: positive/negative 3/74 1/20 0.860
Latency to emergence of YMDD mutation 5.6 (5-10)

YMDD, tyrosine~methionine—aspartate—aspartate; ALT, alanine aminotransferase; GGTP, gamma glutamyltranspeptidase; HBV, hepatitis B

virus; CHB, chronic hepatitis B; HBeAg, hepatitis B envelope antigen.
®Data are median (range) values,

bChronic hepatitis and cirrhosis were confirmed by needle biopsy, peritoneoscopy, ot clinically before treatment. Diagnosis of chronic hepatitis was
based on elevated ALT levels over 6 months and absence of clinieal evidence of portal hypertension, such as esophageal varices, ascites, hepatic
encephalopathy, and imaging features suggestive of cirrhosis on ultrasonography. Viral load was measured by PCR. All viral loads below the lower
timit of detection (<2.7 log copies) were set to 2 and those over upper limit of detection (>>7.6) were set to 8 for calculation purposes.

metabolic factors is needed, such as body mass index,
HOMA-IR, and alcohol intake. The third factor, lack of
liver fibrosis and cirrhosis based on histopathological
examination, was associated with lack of YMDD
mutants. Previous study reported that the presence of
cirrhosis correlated with emergence of YMDD mutant
fOoga et al., 2004]. Moreover, among patients with LC,
those who develop YMDD mutants are more likely to
have high Child-Pugh scores than those without such
mutants[Liaw et al., 2004]. On the other hand, viral load
has been reported to promote the emergence of YMDD
mutants [Yuen et al, 2001]. In the present study,
although viral load was identified as a factor in
univariate analysis, it was not identified as such in
multivariate analysis.

We performed additional investigation on elevation of
ALT or viral load after the emergence of YMDD
mutants. In this analysis, 77% of these patients
{n=177) had elevated ALT or viral load, while 23%
(n=>53) had not. We found several common character-
istics among patients of the high ALT/viral load group.
The latency to emergence of YMDD mutants and mixed
type mutants (YIDD + YVDD) were significant factors

in this group. Early emergence of YMDD mutant could
reflect a rapid increase of HBV DNA. The mixed type
was reported as a risk factor of HBV DNA breakthrough
and breakthrough hepatitis [Akuta et al., 2003; Suzuki
et al, 2006]. Previous studies reported that a low
pretreatment ALT was an independent factor associated
with appearance of YMDD mutants [Tsubota et al.,
2004; Chang et al., 2005]. Based on the above findings,
patients with low baseline ALT level and during treat-
ment emergence of YMDD mutants seem to be at high
risk of breakthrough hepatitis.

Younger patients had less opportunity to develop
YMDD mutations after the 5-year treatment. We
reported previously that age was not associated with
emergence of YMDD mutant [Kawaoka et al., 2007].
However, the duration of treatment in our previous
study was <5 years. Patients free of YMDD mutants
during the 5-year treatment might have adequate
immune response to suppress the development of
YMDD mutants. The immune response is lower in
elderly patients [Adler and Nagel, 1994; Marcus
and Tur-Kaspa, 1997]. Considered together, younger
patientsseem to be more immune against the emergence

TABLE VI. Factors Associated With Elevation of ALT or Viral Load After Emergence of

YMDD Mutant

Factors Hazard ratio (95% confidence interval) P.value
Latency to emergence of YMDD mutant

0: >1 year 1

1: <1 year 7.429 (4.769-11.572) <0.001
YMDD mutant type

0: YIDD or YVDD 1

. 1: Mixed (YIDD + YVDD) type 2.939 (1.834—4.677) <0001

Pretreatment ALT level (IU/L)

0: >160 1

1: <159 1.583 (1.089-2.561) 0.016

YMDD, tyrosine~methionine—aspartate—aspartate; ALT, alanine aminotransferase; HBV, hepatitis B
virus; YIDD, tyrosine—isoleucine—aspartate—aspartate; YVDD, tyrosine—valine~aspartate~aspartate.

J. Med. Virol. DO 10.1002/jmv
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TABLE Vil. Comparison of Clinicopathological Features of Patients With YMDD Mutants During and After 5-Year Treatment

Period
With YMDD mutation during With YMDD mutation after
Category B-year {n=230) 5-year (n=21) P-value
Age (years)® 44 (23-71) 50 (38-69) 0.109
Sex: maleffemale 184/36 14/7 0.083
Genotype: A/B/Clothers 11/9/208/7 0/4/16/1 0.0184
Histology: no cirrhosis/cirrhosis® 185/43 19/2 0.384
Bilirubin (mg/d1)* 0.7 (0.2-16.5) 0.7 (0.4-4.4) 0.570
ALT qU/L? 118.5 (14-2,274) 142 (25-2,077) 0.527
GGTP QU/L)* 58 (16-402) 82 (24-264) 0.382
Viral load (log copies/mD)® 7.2 (<2.7 t0 >7.6) 7.4 (<2.7 to >7.6) 0.936
HBeAg: positive/negative 128/102 7/14 0.0496

YMDD, tyrosine~methionine—aspartate—aspartate; ALT, alanine aminotransferase; GGTP, gamma glutamyltranspeptidase; HBV, hepatitis B
virus; CHB, chronic hepatitis B; HBeAg, hepatitis B envelope antigen.

“Data are median (range) values,

"Chronic hepatitis and cirrhosis were confirmed by needle biopsy, peritoneoscopy, or clinically before treatment. Diagnosis of chronichepatitis was
based on elevated ALT levels over 6 months and absence of clinical evidence of portal hypertension, such as esophageal varices, ascites, hepatic
encephalopathy, and imaging features suggestive of cirrhosis on ultrasonography. Viral load was measured by PCR. All viral loads below the lower

limit of detection (<2.7 log copies) were set to 2 and those over upper limit of detection (>7.6) were set to 8 for calculation purposes.

of YMDD mutant in long-term lamivudine treatment
than elderly patients.

Several new nucleos(t)ide analogs, for example,
adefovir and entecavir, are available at present [Gish
et al., 2007, Marcellin et al,, 2008}. These new drugs
have greater inhibitory effects on HBV replication and
their use is associated with a lower incidence of drug
resistance. However, resistant to the new drugs has
aiready been reported [Suzuki et al., 2007; Baldick et al.,
20081, Lamivudine was the first nucleoside analog and
has been used over a long time worldwide. Based on the
result of our study, younger patients (<50 years) who
continued Jamivudine monotherapy without emergence
of YMDD mutant during 5-year period showed less
opportunity to develop mutants after a 5-year follow-up
and were able to continue lamivudine monotherapy.
After the cessation of lamivudine therapy, flare up of
ALT accompanied with elevation of HBV DNA was
observed at a high frequency [Songet al., 2000; Dienstag
et al., 2003a; Akuta et al., 2005]. Moreover, we reported
previously HBsAg clearance from the serum in some
patients who received long-term lamivudine therapy
[Kobayashi et al., 20071. Taken together, it seems that
before any treatment, one can predict a less likelihood of
development of YMDD mutants during long-term
lamivudine therapy in young patients with genotype C
who are HBeAg negative, have no cirrhosis, and no
elevated GGTP level. Tables IT and VII suggest that
patients with genotype B are also less likely to develop
YMDD mutant, but their numbers are too small to make
a firm conclusion. Further studies of larger number of
patients with genotype B, A, and others are needed to
clarify this issue.

In conclusion, factors associated with lack of appear-
ance of YMDD mutants during S-year lamivudine
therapy in patients with HBV infection are HBeAg
negativity, lack of cirrhosis, and high GGTP level
Patients who do not show the emergence of YMDD
mutants during B-year lamivudine therapy. younger
age protected against the emergence of such mutants
during the following 5 years of follow-up. On the other

J. Med. Viral, DOI 10.1002fmv

hand, in those who show emergence of YMDD mutant,
elevation of ALT or viral load correlate with a short
latency to emergence of YMDD mutants, presence of
mixed (YIDD + YVDD)type, and low baseline ALT level.
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Abstract

Background and Aim: After hepatitis B virus (HBV) e antigen (HBeAg) seroconversion,
HBV-DNA continues to replicate, and HBeAg-negative patients still face the risk of liver
disease progression. We investigated the predictive factors for alanine aminotransferase
(ALT) elevation, antiviral drug use, and hepatocellular carcinoma (HCC) occurrence in
HBeAg-negative patients.

Methods: Age, sex, ALT, platelet counts, HBV-DNA levels, genotype, antidiabetic drug
use, body mass index, smoking, and alcohol consumption were analyzed for a total of 244
HBYV carriers who were HBeAg-negative.

Results: Of 244 HBeAg-negative patients, 158 (64.8%) showed normal ALT levels at
baseline. Multivariate Cox hazard regression analysis identified high HBV-DNA levels and
high ALT at baseline as independent risk factors for ALT elevation in the patients with
normal ALT at baseline. The threshold ALT and HBV-DNA levels were determined to be
31 IU/L and 5.3 logcopies/mL, respectively. Seventeen (7.0%) patients used antiviral drugs.
Multivariate Cox hazard regression analysis identified high HBV-DNA levels (threshold,
5.7 log copies/mL), the use of antidiabetic drugs, and daily alcohol consumption at baseline
as an independent risk factor for the use of antiviral drugs in HBeAg-negative patients. In
10 patients (4.1%), HCC was detected, and a low platelet count (threshold, 10.0 x 10%/mm?)
was associated with the occurrence of HCC.

Conclusion: This study identified predictors of future active liver disease in HBeAg-
negative patients, i.e. ALT elevation, unavoidable use of antiviral drugs, and occurrence of
HCC.

persistent loss of HBeAg; thus, HBeAg-negative patients are likely
to develop liver cirrhosis or hepatocelluar carcinoma In this

Chronic hepatitis caused by hepatitis B virus (HBV) often follows
a fluctuating course characterized by periods of active hepatitis
interspersed with quiescence. Therefore, close follow-up is neces-
sary to understand the natural history of HBV patients. On the
other hand, patients in which HBV is truly inactive have persis-
tently quiescent disease with an excellent prognosis. Determining
an accurate prognosis for HBV carriers based on clinical presen-
tation is important for clinical management of the disease. Various
studies have been performed to distinguish the positive and nega-
tive prognostic factors among HBV carriers.!”

Hepatitis ¢ antigen (HBeAg) seroconversion is an important
event in the natural history of HBV infection. HBV-infected
patients usually have a very good prognosis after HBeAg serocon-
version.* Therefore, HBeAg seroconversion has become an impor-
tant treatment goal during follow-up of HBV carriers.® However, it
has also been shown that HBV-DNA replication and hepatic
inflammation in seroconverted patients continue despite the
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study, we focused on the natural history of patients with HBeAg-
negative chronic hepatitis B, particularly with respect to alanine
aminotransferase (ALT) elevation, antiviral drugs, and hepatocel-
lular carcinoma (HCC).

Recently, prognostic factors for HBeAg-negative patients have
been investigated in Taiwan and Canada.”® We expect to identify a
unique constellation of prognostic factors for HBeAg-negative
chronic hepatitis B in the Japanese population, due to differences
in race and HBV genotype.

Methods

Patients

Between January 1985 and April 2007, all patients visiting the
Chiba University Hospital with HBV infection were approached
for participation in the study. This study was carried out only at
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one institute, Chiba University Hospital and was approved by
ethical the committee of Chiba University. Written informed
consent was obtained from all of the patients in accordance with
the Declaration of Helsinki. New patients since 1985 and those
who were already being followed-up in 1985 were eligible for
inclusion in the study. A total of 881 patients were enrolled; of
which, 862 were HBsAg positive at enrollment, and 319 were
hepatitis B e antibody (HBeAb) positive. Patients who were posi-
tive for hepatitis C virus antibody or hepatitis D virus antibody or
who had other potential cause of chronic liver diseases (autoim-
mune hepatitis, primary biliary cirrhosis) were excluded. Patients
followed for less than 12 months were also excluded from the
analysis. In total, 244 patients were included in the analysis.
Serum samples from patients were stored at —20°C and the oldest
sample for each patient was used for defining the level of HBV-
DNA. The date of evaluation of HBV DNA level by PCR was
defined as the baseline. Patient consent was obtained for storage
and analysis of serum samples.

Laboratory methods

Serum ALT level was measured using a routine automated method.
HBeAg and HBeAb were measured by standard enzyme-linked
immunosorbent assays. Patients were screened for hepatitis C
virus, hepatitis delta virus, and human immunodeficiency virus
antibodies by a third-generation enzyme-linked immunosorbent
assay.

HBV-DNA quantitative assay and genotyping

To investigate the level of HBV-DNA in serum, we chose poly-
merase chain reaction (PCR) assay with an accurate range of
500-200 000 copies/mL (Amplicor HBV monitor test, Roche
Diagnostic Systems, Basel, Switzerland). The six major genotypes
of HBV (A-F) were determined by enzyme-linked immunosor-
bent assay (ELISA) (HBV Genotype EIA, Institute of Immunol-
ogy, Co., Ltd, Tokyo, Japan).

Statistical analysis

ALT elevation was defined as a change from normal ALT
(< 42 IU/L) 1o elevated ALT (= 42 IU/L), and normalization was
defined as a change from elevated ALT to normal from one visit to
the next. Baseline data are presented as mean *+ standard deviation
(SD). Differences in clinical parameters between groups were
analyzed by unpaired t-test, Welch #-test, and x? tests. The Cox
proportional hazards model was used to identify predictive factors
for future ALT elevation/normalization, use of antviral drugs, and
HCC occurrence using SPSS version 16.1 software (SPSS Inc.,
Chicago, IL, USA).

Results

Patient characteristics

To investigate the natural course of HBV carriers with HBeAb,
244 carriers (HBeAg-negative and HBeAb-positive) were
enrolled in the study. Follow-up was terminated when the use of
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antiviral drugs was started or the occurrence of HCC. The base-
line clinical and virological characteristics of the 244 HBeAg-
negative carriers are shown in Table 1. Because liver biopsy was
performed only in 44 (18.0%) out of 244 patients, liver biopsy
results could not be analyzed further. Age, sex, ALT, platelet
count (PLT), HBV-DNA level, genotype, antidiabetic drug use,
body mass index, smoking, and alcohol consumption were
analyzed. The average (* SD) period of follow-up was
103.6 * 74.8 months. Seventeen (7.0%) patients used antiviral
drugs (lamivudine in eight and entecavir in nine) and HCC was
detected in 10 (4.1%) patients. Two (0.82%) patients died of
HCC. In addition, one died of intrahepatic cholangiocarcinoma,
one of liver failure due to gastrointestinal bleeding, and one of
tongue cancer during the follow-up period. In Japan, the majority
of HBV cases are genotype C and B and these genotypes do not
cause HBV carrier by way of horizontal infection in adults;
therefore, the HBV infection in our HBV carriers mainly
occurred by vertical infection or infection during childhood.’
Thus, the period of HBV infection roughly coincided with the
age of HBV carriers in Japan.

ALT and HBV-DNA levels

One hundred and fifty-eight of 244 (64.8%) HBeAg-negative
patients had normal ALT levels at baseline. Of these 158 subjects,
85 (53.8%) continued to have normal ALT levels during follow-up,
whereas 73 (46.2%) showed fluctuation of ALT levels with inter-
mittently elevated ALT (Fig. 1). A total of 34 (21.5%) patients had
ALT = 84 IU/L (more than double the normal limit). Of the 86
patients who had elevated ALT levels at baseline, ALT elevation
persisted in 10 (11.6%) and 76 (88.4%) showed ALT fluctuations
with intermittently elevated ALT. Although HBV-DNA levels were
associated with higher ALT levels in general, correlation was weak
(?=0.13).

Platelet count

Patients were sub classified based on PLT as follows: (I) < 100 000
(IT) 100 000-149 000 (III) 150000-199000 (IV) 200 000-
249 000 (V) > 250 000 and more (/mm®). The numbers of patients
in groups I, II, III, IV, and V were 17, 28, 73, 68, and 58, respec-
tively. A total of 84 (34.4%) patients reached a lower platelet count
at the end of follow-up.

Risk factors for future ALT elevation in
patients with normal ALT levels

Although 158 (64.8%) out of 244 HBeAb-positive patients had
normal ALT levels at baseline, 73 patients showed fluctuation of
ALT levels with intermittently elevated ALT. We investigated the
risk factors for future ALT elevation in these patients. The predic-
tive factors of ALT elevation (ALT >42 IU/L) in patients with
normal ALT levels were HBV-DNA and ALT levels at baseline
(Table 2). We carried out an additional univariate analysis chang-
ing the threshold of HBV DNA from 3.5 to 7.0 log copies/mL in
0.1 log increments and that of ALT from 15 to 41 [U/L in 1.0
increments. We determined the threshold when the value of prob-
ability was smallest; the thresholds for ALT and HBV-DNA levels
were 31IU/L and 5.3 logcopies/mL, respectively. The time
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