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Virus Clearance Reduces Bone Fracture in
Postmenopausal Women With Osteoporosis and
Chronic Liver Disease Caused by Hepatitis C Virus
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Ostecporosisis often present in postmenopausal
women. The aim of this retrospective cohort
study was to assess the cumulative incidence
and predictive factors for bone fracture after
cessation of interferon (IFN) in postmenopausal
women with osteoporosis and chronic liver
disease caused by hepatitis C virus (HCV). A total
of 420 postmenopausal women treated with
IFN monotherapy were enrolled. The mean
observation period was 7.2 years. The primary
goal was the development of bone fracture.
Evaluation was carried out by using the Kaplan-
Meier method and the Cox proportional hazards
analysis. Thirty-one out of 420 patients sustained
bone fracture. The cumulative development
rate of bone fracture was 3.6% at 5th vear, 9.2%
at 10th year, and 17.4% at 15th year. Multivariate
Cox proportional hazards analysis showed that
bone fracture after cessation of IFN therapy
occurred when histological staging of the liver
was advanced (hazard ratio (HR): 2.54; 95%
confidence interval (Cl)=1.21-5.31; P=0.013),
serum albumin level was < 3.5g/dl (HR: 2.25; 95%
Ci=1.10-4.59; P=0.026), and virus clearance
was not achieved (HR: 3.65; 95% Cl=1.11-
12.05; P=0.033). The resuits indicate that
virus clearance causes a reduction of two-thirds
in the risk of bone fracture after cessation of
IFN therapy in postmenopausal women with
osteoporosis and chronic liver disease caused
by HCV. J. Med. Virol. 82:390-395, 2010.
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INTRODUCTION

Hepatitis C virus (HCV) is one of the more common
causes of chronic liver disease in all countries. Chronic
hepatitis C is a progressive form of liver disease that
progresses relentlessly but silently to cirrhosis and/or
hepatocellular earcinoma (HCC) over a period of 10—
30 years [Kiyosawa and Furuta, 1991; Alter et al., 1992;
Ikeda et al., 1993; Tsukuma et al., 1993]. Additionally,
chronic infection due to HCV has been associated with a
variety of extrahepatic complications such as essential
mixed cryoglobulinemia, membranoproliferative glo-
merulonephritis, autoimmune thyroiditis, and sialade-
nitis [Johnson et al., 1993; Gumber and Chopra, 1995;
Pawlotsky et al., 1995].

Bone disease is one of the major complications of
chronic liver disease. The rate of bone fracture is
increased in chronic liver disease, especially in post-
menopausal women [Rouillard and Lane, 2001; Shiomo
et al., 2002; Arase et al., 2008]. Although there is growing
evidence to support the concept that HCV infection is a
risk factor for bone fracture, there have been a few
interventional studies confirming this issue. This
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requires confirmation by a long-term follow-up of
patients with a high risk of developing bone fracture.
The present retrospective cohort study was, therefore,
undertaken to determine the cumulative incidence and
risk factors of bone fracture after cessation of interferon
(IFN) monotherapy among postmenopausal women with
osteoporosis and chronic liver disease caused by HCV.

MATERIALS AND METHODS
Patients

The number of patients who were diagnosed with
chronic HCV infection and treated with IFN between
April 1994 and March 2007 in the Department of
Hepatology, Toranomon Hospital, Tokyo, Japan was
6,008. Out of these, 420 postmenopausal women with
the following criteria were enrolled in this retrospective
cohort study. The enrollment criteria were: age of
5575 years; postmenopausal osteoporosis; features of
chronic hepatitis or cirrhosis diagnosed by laparoscopy,
liver biopsy, ultrasonography clinical features, andfor
laboratory tests; positive for HCV-RNA; treatment with
IFN monotherapy, negative for hepatitis B surface
antigen, antinuclear antibodies, or antimitochondrial
antibodies in serum, as determined by radioimmuno-
assay or spot hybridization; no evidence of HCC nodules
as shown by ultrasonography and/or computed tomog-
raphy; no underlying systemic disease, such as systemic
lupus erythmatosus, rheumatic arthritis. The diagnosis
of osteoporosis was based to X-ray evidence of vertical
trabecular and/or loss bone mineral density of spine or
femur (AP spine by dual-energy X-ray absorptiometry,
DEXA)>2 8D of young adult mean. A total of 234 patients
were diagnosed by standard X-ray examination. The
remaining 186 patients were diagnosed by standard
X-ray and DEXA. Patients with either of the following
criteria were excluded from the study: (1) malignant
tumor, (2) advanced and decompensated stage of cir-
rhosis with encephalopathy, icterus, or refractory ascites.

In the present study, predictive factors for bone
fracture after cessation of IFN therapy were assessed.
All of the studies were performed retrospectively by
collecting and analyzing data from the patient records.
This study had been approved by Institutional Review
Board of the hospital.

Viral Markers of HCV

Diagnosis of HCV infection was based on detection of
serum HCV antibodies and HCV RNA. Anti-HCV anti-
bodies were detected using a second-generation enzyme-
linked immunosorbent assay (ELISA II) (Abbott Labo-
ratories, North Chicago, IL). HCV-RNA was determined
by the Amplicor method (Cobas Amplicor HCV Monitor
Test, v2.0, Roche Molecular Systems, Inc., Branchburg,
NJ).

Evaluation of the Stage of Liver Disease

The stage of liver disease was determined partly on
the basis of peritoneoscopy and/or liver biopsy. The 291
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patients out of 420 were diagnosed by peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were
obtained using a modified Vim Silverman needle with
an internal diameter of 2 mm (Tohoku University style,
Kakinuma Factory, Tokyo, Japan), fixed in 10% for-
malin, and stained with hematoxylin—eosin, Masson’s
trichrome, silver impregnation, and periodic acid-Schiff
after diastase digestion. The size of specimens for
examination was more than six portal areas [Desmet
et al., 1994]. The remaining patients were diagnosed by
clinieal features, laboratory tests, and ultrasonographic
findings.

Follow-Up

Patients were followed-up monthly to tri-monthly
after the cessation of IFN therapy at the Toranomon
hospital. Physical examination and biochemical tests
were conducted at each examination together with a
regular follow-up using abdominal ultrasonography
and/or computed tomography imaging in each patient.
When a patient had any symptoms relating to bone
fracture, the physicians in charge explored further the
possibility of bone fracture. Forty-seven patients were
lost to follow-up. Because bone fracture and death were
not identified in these 47 patients, they wereregarded as
withdrawals at the time of the last visit at the
Toranomon hospital in statistical analysis [Harrington
and Fleming, 1983].

Statistical Analysis

The cumulative development rate of bone fracture
was calculated from the time of cessation of IFN therapy
by using the Kaplan—Meier method. Differences in the
development of bone fracture were tested using the log
rank test. Independent factors associated with the
development of bone fracture were analyzed by the
Cox proportional hazard model. The following 12
variables were analyzed for potential covariates for
development of bone fracture: age, body mass index,
state of liver disease (chronic hepatitis or liver cirrhosis),
HCV load, HCV-genotype, platelet count, albumin,
total-cholesterol, alanine aminotransferase (ALT), kind
of IFN, total dose of IFN, and efficacy of IFN therapy. A
P-value of <0.05 in the two-tailed test was considered
significant. Data analysis was performed using the
computer program SPSS version 11.0.

RESULTS
Characteristies of the Patients

Table I shows the characteristics of the 420 women
with postmenopausal osteoporosis and type C chronic
liver disease. The number of patients with virus
clearance was 111 (26.4%). The observation period
(mean + standard deviation) was 7.2 + 3.5 years.

Bone Fracture

Thirty-one out of 420 patients sustained bone frac-
ture. Seventeen patients had vertebral fracture alone
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TABLE 1. Characteristics of Subjects Enrolled
Characteristic

N 420
Age (years) 64.1+3.5
BMI1 22.1+3.6
HCV-genotype (1b/2a/2b/others) 237/110/46/27
HCV RNA level (KTU/ml) 1,193+ 1,151
Staging (chronic hepatitis/liver eirrhosis) 310/110
AST (TU/L) 80456
ALT (TU/L) 101+70
Albumin (g/dl) 4.0+0.3
Total cholesterol (m4g/dl) 165+ 30
Platelet count (x10*/mm?) 13.6+4.8
IFN-alpha®/IFN-beta® 300/120
Total dose of IFN (Megaunit) 582204
Efficacy of treatment (virus clearance/ 111/309
non-virus clearance)
Follow-up period (year) 72+4.4

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; IFN, interferon.

Data are number of patients, median (range), or mean + standard
deviation.

®Qutbreak of IFN monotherapy: recombinant IFN alpha 2a, 35 cases;
recombinant IFN alpha 2b, 23 cases; natural IFN alpha, 242 cases;
natural IFN beta, 120 cases.

and seven patients had hip fracture alone. One patient
had both vertebral and hip fracture. Remaining six
patients had bone fractures except in vertebral or hip.
The cumulative appearance rate of bone fracture was
3.6% at 5th year, 9.2% at 10th year, and 17.4% at the
15th year in all the patients (Fig. 1).

Determinants of Bone Fracture

Table II shows the factors associated with bone
fracture after cessation of IFN therapy in all the 420
women with postmenopausal osteoporosis and chronic
liver disease caused by HCV. Univariate analysis
identified the following four factors that influenced
incidence of bone fracture: liver staging (P=0.002),
serum albumin level (P=0.016), efficacy of IFN
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Fig. 1. Cumulative development rate of the bone fracture after the
termination of [FN treatment in a total of women with osteoporosis and
type C chronic liver disease.
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(P=0.039), and kind of IFN (P=0.095). These four
parameters were entered into multivariate Cox pro-
portional hazard analysis. Multivariate Cox propor-
tional hazards analysis showed that bone fracture
occurred when patient had liver cirrhosis (hazard ratio
(HR): 2.54; 95% confidence interval (CI)=1.21-5.31;
P=0.013), serum albumin level of <3.5 mg/dl (HR: 2.25;
95% CI = 1.10-4.59; P = 0,026), and non-virus clearance
(HR: 3.65; 95% CI =1.11-12.05; P=0.033).

Causes of Death After Bone Fracture

During the observation period after an episode of bone
fracture, 10 of the 31 patients died. Four patients died
of liver-related disease (HCC, decompensated liver
eirrhosis, rupture of esophageal varices). On the other
hand, six patients died of infection and deterioration of
general condition. In a total of 10 patients died after the
development of bone fracture, liver-related death corre-
sponded to 40% (4/10) of all deaths.

DISCUSSION

Bone fracture after cessation of IFN monotherapy in
postmenopausal women with osteoporosis and chronic
liver disease caused by HCV is described in the present
study. The study was limited because a retrospective
cohort trial. Postmenopausal women aged 55~75 years
and diagnosed as having osteoporosis were selected. The
reason for the selection of women aged 55—75 years as
follows; (1) Onset of bone fracture based on osteoporosis
is rare in young females with <55 years and/or males,
(2) patients over the age of 75 years have a tendency to
avoid IFN therapy due to some IFN-related side effects.
Other limitations are the followings: (1) serum levels of
vitamin D were not measured, (2) bone density measure-
ment was not measured.

However, several findings were obtained with regard
to bone fracture after cessation of IFN in postmeno-
pausal women with osteoporosis and chronic liver
disease caused by HCV. First, the annual rate of bone
fracture among female patients with osteoporosis and
chronic liver disease caused by HCV was about 1%.
Second, the development rate of bone fracture in
patients with virus clearance was low with statistical
significance compared to that without virus clearance.
In a previous study, it was reported that virus clearance
reduce the onset of malignant lymphoma and/or type 2
diabetes in HCV patients treated with IFN [Kawamura
et al., 2007; Arase et al., 2009a]. The present study
shows that virus clearance reduces the development
of bone fracture in HCV patients. The reasons for
the reduction of bone fracture in patients with virus
clearance are unclear. Possible reasons are that
improvement of nutrition and physical activity after
virus clearance might reduce the development of bone
fracture. Third, in addition to virus clearance, slight
fibrosis of the liver and serum albumin level of >3.5 g/dl
reduced the onset of bone fracture in HCV patients
treated with IFN. These results suggest that maintain-
ing a serum albumin level of >3.5 g/dl is important for
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TABLE II. Predictive Factors for Appearance of Bone Fracture*
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Univariate analysis

Cox-regression

Variables HR (95%CI) P HR (95%CID) P
Age (years) (>65/<65) 1.90 (0.93—3.89) 0.078

BMI (>25/<25) 1.46 (0.65—3.21) 0.362

HCV load (KIU/ml) (>1,000/<1,000) 1.12 (0.96-1.32) 0.155

Genotype (1/2) 0.74 (0.35-1.57) 0.431

ALT (TU/L) (<50/>50) 0.50 (0.14~1.77) 0.289

Platelet count (x10%mm?) (<15/>15) 1.52 (0.64—3.61) 0.345

Albumin (g/dD) (<3.5/>3.5) 2.37 (1.17—-4.80) 0.016 2.25 (1.10-4.59) 0.026
Cholesterol (mg/dl, >180/<180) 0.33 (0.04—2.72) 0.305

Staging (liver cirrhosis/chronic hepatitis) 2.85 (1.38-5.90) 0.005 2.54 (1.21-5.31) 0.013
Kind of IFN (beta/alpha) 0.44 (0.17~1.15) 0.095 0.40 (0.15-1.05) 0.062
Total dose of IFN (MU) (>500/<500) 0.91 (0.59-1.40) 0.672

Efficacy (non-virus clearance/virus clearance) 3.50 (1.06—~11.53) 0.039 3.65 (1.11-12.05) 0.033

ALT, alanine aminotransferase; BMI, body mass index; HR, hazards ratio; IFN, interferon.

*Data are number of patients or mean | standard deviation.

protecting the bone fracture in HCV patients. Definitive
treatment of maintaining a serum albumin level of
>3.5 g/dlis unclear. However, the use of branched-chain
amino acid granules has been shown to improve
hypoalbuminemia in decompensated patients with
cirrhosis and hypoalbuminemia despite adequate diet-
ary intake [Yoshida et al., 1989; Muto et al., 2005].
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Bone fracture in patients treated with IFN-beta was
slightly lower compared with that in patients treated
with IFN-alpha as shown in Figure 2 in spite of P > 0.05.
Takayanagi et al. [2002] have reported that adminis-
tration of IFN-beta into the site of inflammation resulted
in marked inhibition of osteoclast formation and bone
resorption. Although the role of IFN-beta in the bhone
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metabolism remains speculative, the following possible
mechanism have been considered [Abraham et al,,
20091, (1) binding of IFN-beta to its biological receptor
of nuclear factor-kappaB (RANK) ligand (RANKL)
initiates a signal transduction cascade through the
classic JAK/STAT pathway, causing an inhibition of
osteoclast proliferation and differentiation; (2) another
mechanism pertinent to the anti-resorptive effect of
IFN-beta is the induction of nitric oxide which has
been shown to inhibit osteoclast formation. On the other
hand, IFN-alpha did not inhibit osteoclast formation
and bone resorption. This result may indicate that the
role of IFN-beta in bone metabolism way warrant
systematic evaluation as a potential adjunct to ther-
apeutic regimens of osteolytic diseases

IFN-beta should be given intravenously. Intravenous
injection is not convenient for treatment compared to
intramuscular or subcutaneous injection. However,
IFN-beta-related side effects are mild and few compared
to combination therapy with IFN-alpha. IFN-beta-
induced mental disorders are milder than those
induced by IFN-alpha [Katamura et al., 2008]. IFN-
beta could also be given in elderly patients of 70 or
older years because of mild side effects [Arase et al.,
2009b]. Thus, about 10% of HCV patients are given IFN-
beta in Japan.

Recent studied have reported that osteodystrophy
occurs not only in patients with alcoholic cirrhosis, but
also in those with cirrhosis caused by hepatitis C or B
virus. Due to improvement of treatment, patients with
cirrhosis live longer; an increasing proportion of such
patients are found to have bone disease [Tsuneoka et al.,
1996]. Thus, physicians undertaking the daily manage-
ment of patients with hepatitis virus should check the
bone condition of the patients in addition to the liver.

In conclusion, the present retrospective study shows
that the annual incidence of bone fracture after
cessation of IFN therapy among postmenopausal
women with osteoporosis and chronic liver disease
caused by HCV was about 1%. Virus clearance causes
a two-thirds reduction in the risk of bone fracture after
cessation of IFN in postmenopausal women with
osteoporosis and HCV,
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Correlation of YMDD mutation and breakthrough hepatitis
with hepatitis B virus DNA and serum ALT during

lamivudine treatment
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Aim: Continuous lamivudine treatment is associated with
high frequency of drug resistance. We analyzed the Incidence
of tyrosine-methionine-aspartate-aspartate {YMDD) motif
mutant and breakthrough hepatitis (BTH) in hepatitis B virus
{HBV) DNA positive patients receiving lamivudine for > 1 year
and correlated it with HBV DNA and alanine aminotransferase
{(ALT) levels to evaluate if these measurements can provide a
practical option for monitoring patients in clinical practice
and define early switch from lamivudine therapy.

Methods: Of the 929 patients receiving lamivudine for
>1year, 359 patients who maintained an ALT level of
<40 IU/L during the course of lamivudine treatment were
stratified into two groups based on the duration of lamivudine
treatment ~ one receiving lamivudine for <3 years and the
other for = 3 years.

Results: The incidence of YMDD motif in patients receiving
lamivudine for <3years was 27% in patients with ALT

< 20 1UA., 58% with ALT <30 IU/L, and 63% with ALT < 40 IU/L,
(P = 0.002). The corresponding Incidence of BTH was 2%, 7%,
and 48% (P < 0.001). The incidence of YMDD motif and BTH in
these patients was 7% and 2% with HBV DNA < 2.6 {log copies/
mL} and ALT <20 IU/L, while with ALT at 21-30, the YMDD
motif mutant was 16% and BTH was 0%.

Conclusion: Correlation of ALT and HBV DNA levels with
YMDD motif mutant and BTH indicates that these measure-
ments can be used in clinical practice for deciding early
switch from lamivudine to other suitable antiviral therapies.

Key words: alanine transaminase, breakthrough hepatitis,
hepatitis B virus, lamivudine, mutation, viral DNA

INTRODUCTION

AMIVUDINE HAS GAINED increasing popularity

since its approval in 1998 for the treatment of
chronic hepatitis B virus (CHBV).'-* Lamivudine blocks
HBV replication, reduces HBV DNA levels, normalizes
alanine aminotransferase (ALT) levels, thereby resulting
in histological improverment of the liver.’ It is a reverse
transcriptase inhibitor that acts by competing with the
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natural polymerase substrate deoxycytidine triphos-
phate (dCTP) and thus inhibits the elongation of HBV
DNA minus strand. It incorporates into the nascent
DNA strand and thereby acts as a chain terminator.
Although lamivudine is very effective in inhibiting viral
replication, the incidence of resistance is high, with an
estimated 14-32% of patients developing resistance
after 1 year of treatment, 38% after 2 years of treatment,
and 53-76% after 3 years of treatment.

Resistance to lamivudine, which increases over years
is due to development of mutations in the tyrosine-
methionine-aspartate-aspartate (YMDD) motif in the
DNA polymerase/reverse transcriptase, which is the
main target of lamivudine.*$-? This amino acid sequence
in YMDD motif is predominantly involved in deoxy-
nucleoside triphosphate (dNTP) binding in the catalytic
site of the HBV DNA polymerase.
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Table 1 2007 Ministry of Health, Labour and Welfare of Japan guidelines for hepatits B virus (HBV)-positive patients for
nucleoside analogue treatment for patients with chronic HBV receiving lamivudine therapy

Lamivudine therapy
HBV DNA

< 3 years

2 3 years

Keep < 2.6 log copies/mL
2 2.6 log copies/mL No BTHt

With BTH

Switch to entecavir 0.5 mg/day

Switch to entecavir 0.5 mg/day

Adefovir 10mg/day {duo therapy
with lamivadine)

Continue lamivudine
100 mg/day

Adefovir 10 mg/day (duo therapy
with lamivudine)

tAfter checking for absence of tyrosine-methionine-aspartate-aspartate (YMDD) motif mutation. BTH, breakthrough hepatitis.

Long-term lamivudine therapy is associated with
amino add substitutions mainly in the YMDD motif
and also in the proximal FLLAQ (phenylalanine,
leucine, alanine, glutamine) motif.!* Common muta-
tion may occur in the YMDD motif where the methion-
ine residue is replaced either by valine (rtM204V) or
isoleucine (rtM2041)."* These amino acid substitutions
form the basis of emergence of lamivudine-resistant
strains of HBV and when these occur, the clinical con-
dition may worsen, which is usually accompanied by
increase in viral load and serum aminotransferase levels.
YMDD mutants cause breakthrough hepatitis (BTH)
and, therefore, require withdrawal or switch-over from
lamivudine treatment. The American Association for the
Study of Liver Diseases (AASLD) and the United States
Algorithm for Management of Patients with Drug Resis-
tance recommend either switching over to entecavir or
adding adefovir in the event of lamivudine resistance.”
The 2007 Japanese guidelines of the study group (Min-
istry of Health, Labour and Welfare of Japan)'? on stan-
dardization of treatment for HBV positive patients for
nucleoside analogue treatment for patients with CHBV
receiving lamivudine therapy are explained below and
also summarized in Table 1.

According to the 2007 guidelines for patients on lami-
vudine therapy, switching over criteria from lamivudine
therapy has been changed from BTH to HBeAg status in
patients maintaining HBV DNA copies = 2.6 log copies/
mL. Patients on lamivudine for < 3 years and maintain-
ing HBV DNA copies 22.6 log copies/mL can be
switched over to entecavir 0.5 mg/day if they are also
HBeAg negative, whereas HBeAg-positive patients can
be co-administered adefovir 10 mg/day in both the
treatment duration groups (> 3 years or < 3 years).

Unfortunately, the cost of measuring HBV resistance
to lamivudine by molecular methods is high and is not
presently covered by Japanese reimbursement system
in dinical practice. Development of HBV resistance to
lamivudine is typically indicated by an increase in HBV
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DNA followed by an increase in serum ALT levels.
Increase in HBV DNA represents active viral replication
whereas serum ALT levels provide an indirect assess-
ment of the degree of liver injury.’*

Hence, in this study, we analyzed the correlation of
the incidence of YMDD motif mutant and BTH with
HBV DNA and serum ALT levels, either separately or
together, in HBV DNA-positive patients who are treated
with lamivudine for > 1 year and who had maintained
an ALT level of < 40 TU/L until the development of BTH
during the course of lamivudine treatment.

METHODS

Patients

HIS WAS A retrospective, nonrandomized study that

enrolled 929 HBV DNA-positive-patients receiving
100 mg of lamivudine daily and followed up for a
period of 1 year or longer between 1995 and 2006.
Since long-term treatment with lamivudine was associ-
ated with a high frequency of YMDD motif mutant and
BTH (BTH can be defined as abmormal variations in
serum transaminase level due to YMDD motif mutant),
we analyzed patients who had a possibility to switch to
other nucleoside analogues. Patients (n = 395) with ALT
< 40 IU/L during follow-up (for 48 patients who devel-
oped BTH, data was used until 1 month before the
patient developed BTH). Patients were not treated with
either adefovir or entecavir during follow-up (for
patients who used adefovir or entecavir because of BTH
development, data was used until the point before the
patient started adefovir or entecavir treatment). Patients
were negative for anti-hepatitis C virus (HCV) (third-
generation enzyme immunoassay; Chiron, Emerville,
CA) and negative for HCV RNA with PCR (Amplicor;
Roche Diagnostic Systems, Pleasanton, CA), did not
have hepatocellular carcinoma, nore other forms of
liver injury such as hemochromatosis, Wilson's disease,
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primary biliary cirrhosis, alcoholic liver disease, and
autoimmune liver disease.

Informed consent was obtained from each patient
included in the study. The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Hels-
inki as reflected in a priori approval by the institution’s
human research committee.

Patients were stratified into 2 groups based on the
duration of lamivudine treatment - one receiving
lamivudine for <3 years (n=125) and the other for
>3 years (n=234). In addition, we also analyzed
patients based on their ALT level (IU/L) grouped into
<20, 21-30, and 31-40, and HBV DNA (log copies/mL)
divided into < 2.6, 2.6-5.0, and = 5.1.

During treatment, patients were followed up each
month for liver function and serum markers of HBV
infection. The serum sample of the patients were col-
lected and preserved at —80°C. All the collected samples
up to this time period were analyzed for HBV DNA in
June 2001. From July 2001, the serum samples were
collected and analyzed once a month at the clinical
treatment facility.

YMDD motif mutants were determined at the base-
line and monitored at 6 months and during the study as
well as at the development of breakthrough hepatitis.
YMDD motif mutants were analyzed in the serum pre-
served at —80°C altogether.

Markers of HBYV infection

The HBeAg was estimated by enzyme-linked immun-
osorbent assay (ELISA) (F-HBe; Sysmex, Kobe). HBV
DNA was determined by PCR followed by hybridization
{Amplicor HBV Monitor: Roche Molecular Systems,
Branchburg, NJ), and the results were expressed in log
copy per milliliter over a range of 2.6-7.6. The 6 major
genotypes of HBV (A-F) were determined serologically
by ELISA (HBV GENOTYPE EIA; Institute of Immunol-
ogy) and the PCR-invader method with genotype-
specific probes.”” YMDD motif mutants were
determined by PCR followed by restriction fragment
length polymorphism (RFLP)® or enzyme-linked mini-
sequence assay with commercial assay kits (PCR-ELMA;
Genome Science).

Statistical analyses

Frequencies were compared between groups by the
x-test, Fisher's exact test, and HBV DNA values by
Mann-Whitney U-test. Emergence of YMDD motif
mutants and BTH were compared in the Kaplan-Meier
life table by using the production limit method. A
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P-value < 0.05 was considered significant, Analyses of
all data were performed with SAS 9.1.3.

RESULTS

URING THE PERIOD of 12 years from 1995 to

2006, 929 HBV DNA-positive patients received
100 mg of lamivudine daily. From the total of 929
patients who received lamivudine for 1 year or more,
359 patients who maintained an ALT level of <40 IU/L
were stratified based on the duration of lamivudine
treatment and divided into 2 groups - one receiving
lamivudine for < 3 years (n=125) and the other for
> 3 years (n = 234). Demographic features and clinical
background of the two study groups were uniformly
matched with no significant differences in age, sex,
serum transaminase levels, HBV DNA, hepatitis B
e-antigen {HBeAg), and HBV genotype (Table 2). The
median ALT values were 112 IU/L and 145 IU/L in both
the groups, respectively, and the median HBY DNA level
was identical at 6.1 log copies/mL in both the groups.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for < 3 years

The incidence of YMDD motif mutant within 3 years of
treatment with lamivudine by ALT (IU/L) level was 27%
in 53 patients maintaining an ALT level of <20 (group
A), 58% in 46 patients maintaining an ALT level of < 30
{group B); and 63% in 26 patients maintaining an ALT
level of €40 (group C), with statistical differences
among the 3 groups (P = 0.002). The incidence of BI'H
was 2% in group A, 7% in group B, and 48% in group C
(P <0.001). The lowest incidence of YMDD motif
mutant and BTH was noted in patients with ALT level of
<20 (IU/L) (Fig. 1a,b). Follow-up for patients who
developed BTH was discontinued upon the detection of
YMDD motif mutant.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine based on the HBV DNA
(log copies/mL} level was 28% in patients maintaining
an HBV DNA level of < 2.6; 83% in patients maintaining
an HBV DNA level of 2.6-5.0; and 100% in patients
maintaining an HBV DNA level of 2 5.1, with significant
differences among the 3 groups (P < 0.001). The indi-
dence of BTH was 4%, 30%, and 40%, respectively, in
patients with HBV DNA level of <2.6, 2.6-5.0, and
> 5.1 log copies/mL (P =0.004) (Fig. 2a,b}. The lowest
incidence of YMDD motif mutant and BTH was seen in
patients maintaining an HBV DNA level of <2.6 log
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Table 2 Background of 359 patients using lamivudine treatment for 2 1 year at the start of lamivudine therapy

Factors Duration of lamivudine therapy

< 3 years > 3 years Differences

n=125 n=234 (P-value)
Age (years) 23-75 (43)t 18-76 (43)t NS$
Male 93 (73%) 182 (77.1%) NS#
HBV infection in mother 47 (37%) 82 (35%) NS#
Chronic hepatitis 109 (85%) 212 (90%) NS#
AST (IU/L) 15-866 (80)+ 19-2593 (83)t NS#
ALT (TU/L) 11-2092 (112)+ 14-2142 (145)+ NS#
Total bilirubin (mg/dL) 0.2-3.8 (0.7)t 0.2-10.6 (0.7)% NS#
+GTP (IU/L) 16-440 (54)t 13-468 (65)1 NS$
HBV DNA (log copy/mL) <2.6->7.6 (6.1)F <2.6->7.6 (6.1}t NS#
HBeAg 66(52%) 107 (45%) NS+
HBV genotype (A, B, C, ND) 4:15:98:8 5:21:207:1 NS#

tMedian value where indicated. $Not significant. ALI, alanine transaminase; ASl, aspartate aminotransferase; HBeAg, hepatius B

e-antigen; HBV, hepatitis B virus; y-GTP, gamma glutamyl transferase.

copies/mL. The BTH incidence was particularly high in
patients with an HBV DNA level of 2 5.1, which was
40% within 1 year.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine in patients based on both
the ALT (IU/L) and HBV DNA (log copies/mL) level
during the course of lamivudine treatment was evalu-
ated (Table 3).

In patients maintaining HBV DNA <2.6 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 7% and 2%, respectively. Whereas in patients with
HBV DNA level of < 2.6 and ALT 21-30, the incidence
of YMDD motif mutant was higher at 16% and BTH was
0%, and in patients with ALT 31-40, YMDD motif
mutant and BTH was further higher at 42% and 17%,
respectively.

In patients with HBV DNA level at 2.6-5.0 and ALT
< 20, the incidence of YMDD motif mutant was 33% in
patients with 0% incidence of BTH. Nevertheless, in
patients maintaining HBV DNA at 2.6-5.0 but with ALT
21-30, the incidence of YMDD motif mutant was 73%
and BTH was 18%; whereas in patients with ALT 31-40,
the incidence of YMDD motif mutant was 50% and BTH
was 42%.

In patients maintaining HBV DNA 2>5.1 and ALT
31-40, both YMDD motif mutant and BTH was 100%.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for = 3 years

In patients treated with lamivudine for 3 years or more,
the incidence of YMDD motif mutant by ALT (IU/L)
level was 58% in 113 patients in group A, 60% in 84

Table 3 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakthrough hepatitis (BTH) by hepatits B
virus (HBV) DNA and alanine transaminase (ALT) level in patients during lamivudine treatment for < 3 years (125 patients)

HBV DNAft ALT level (IU/L)T
Amplicor: 1 i L
(Amplicor: log copies/mL) 250 o 214D
YMDD BTH YMDD BTH YMDD BTH
<2.6 V7S a1 T 532 T 0/32': 5/12 2/12
) %) (16%) (0%) } (42%) (17%)
2.6-5.0 4/12 0/12 8/11 2/11 6/12 5/12
(33%) (0%) (73%) (18%) (50%) (42%)
25.1 0 0 3/3 0/3 2/2 2/2
(100%) (0%) (100%) (100%)

+The HBV DNA and ALT levels are shown based on the treatment duration of lamivudine.
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patients in group B, and 80% in 37 patients in group C
(P=0.002), and that of BTH in the corresponding
groups was 7%, 14%, and 57% (P <0.001) (Fig. 3a,b).

In patients treated with lamivudine for 2 3 years, the
increased incidence of YMDD motif mutant by HBV
DNA (log copies/mL) level was 65% in patients main-
taining an HBV DNA level of < 2.6, 78% in patients
maintaining an HBV DNA level of 2.6-5.0, and 92% in
patients maintaining an HBV DNA level of 25.1, and
that of BTH in the corresponding groups was 10%, 18%,
and 77% (P <0.001) (Fig. 4a,b).

The incidence of YMDD motif mutant in > 3 years
treatment with lamivudine in patients by both ALT

(IU/L) and HBV DNA (log copies/mL) levels during the
course of lamivudine treatment was also analyzed
(Table 4).

In patients maintaining HBV DNA <2.6 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 38% and 7%, respectively. At the same HBV DNA
level of < 2.6 and ALT 21-30, the incidence of YMDD
motif mutant was 48% and BTH was 8%; whereas at
ALT 31-40, YMDD motif mutant was 36% and BTH was
9%.

In patients maintaining HBV DNA 2.6-5.0 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 60% and 4%, respectively. At the same HBV DNA
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level, 2.6-5.0 and ALT 21-30, the incidence of YMDD
motif mutant was 86% and BTH was 18%; whereas at
ALT 31-40, YMDD motif mutant was 92% and BTH was
42%.

In patients maintaining HBV DNA 2>5.1 and ALT
31-40, YMDD motif mutant was 93% and BTH was
86%.

DISCUSSION

ONG-TERM THERAPY for CHBV can lead to the
development of HBV drug-resistant mutants. Early
detection of the YMDD motif mutants in lamivudine-
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treated patients and timely switch to other nucleoside
analogues with low viral resistance is crucial to prevent
viral and biochemical flares and ineffective therapeutic
response. Although development of YMDD mutants
results in decreased viral susceptibility to lamivudine,
viral replication rate is lower in mutant strains than in
wild type.®

Among the 359 patients who received lamivudine for
> 1 year and maintained an ALT level of < 40 IU/L, the
rate of YMDD motif mutant was 11% (1 year), 29%
(2 year), 42% (3 year), 49% (4 year) and 61% (5 year).
BTH occurrences were 3% (1 year), 8% (2year), 13%
(3 year), 15% (4 year) and 19% (5 year). The rate of

~ 2067 =
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YMDD motif mutant and BTH were low after 3 or more
years of treatment with lamivudine. Therefore, the year
of switching treatment from lamivudine to other nucleic
acid analogue will be at 3 years. Accordingly, in this
study, we examined patients treated with lamivudine for
<3 and 2 3 years.

Among the patients treated with lamivudine for
< 3 years, the lowest incddence of YMDD motif mutant
and BTH was seen in patients with ALT < 20 IU/L main-
taining HBV DNA level of 2.6-5.0. The other category
for lowest incidence was in patients with ALT
21-30 IU/L and HBV DNA level of < 2.6 log copies/mL.
In this study, within 3 years of treatment with lamivu-

Time (year)

dine, the group of patients with the recommended HBV
DNA (< 2.6 log copies/mL ) and ALT maintained at
21-30 [U/L may be considered eligible to be switched
to entecavir therapy as per Japanese guidelines. We,
however, believe it is important to consider the progno-
sis for patients who are switched from lamivudine to
entecavir. Similarly, in patients maintaining HBV DNA
level in the range of 2.6-5.0 log copies/mL and ALT
<20 IU/L, switching to dual therapy with adefovir in
combination with lamivudine depends on the related
viral breakthrough. In a study by Li Zhou et al.,'® some
patients with YMDD motif mutants had significantly
lower HBV DNA and ALT levels compared with baseline
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values, which might be due to decreased replication
efficiency of the HBV mutants.

HBeAg, severe liver disease, high HBV DNA, and low
ALT levels at the baseline were factors accelerating the
development of BTH. This was in confirmation of pre-
vious results.”’-* Development of BTH, however, was
not influenced by HBV genotypes. This is probably due
to the response in HBeAg-positive patients, which
was comparable among those with different genotypes
though it differed among HBeAg-negative patients.”

In a study of Japanese adult patients treated with lami-
vudine for > 12 months, the YMDD motif mutation was
detected in 26% patients, with 23, 16, and 21 patients
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YMDD mutants over time (P=0.0001).
(b) Incidence of breakthrough hepatitis
over time (P < 0.0001).

correspondingly positive for YIDD, YVDD, and
YIDD +YVDD mutants. The occurrence of mutations
steadily increased and two, five, and 52 patients with
genotypes A, B, and C, respectively developed resis-
tance.?! Lamivudine retreatment could induce rapid
re-emergence of YMDD motif mutants with associated
viral and hepatic flares” and should be avoided. Next,
we were interested to know if any difference in sensitiv-
ity existed in detecting YMDD mutants by the two dif-
ferent methods used in this study, PCR-RFLP and PCR-
ELMA. We studied the rate of detection of YMDD motif
mutant by both methods in 20 patients who received
lamivudine for more than two years. The detection rate
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Table 4 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakthrough hepatitis (BTH) by hepatitis B
virus (HBV) DNA and alanine transaminase (ALT) level in patients during lamivudine treatment for 2 3 years (234 patients)

HBV DNAT (Amplicor:

ALT level (IU/L)t

log copies/mL)

<20 21-30 31-40
YMDD BTH YMDD BTH YMDD BTH
<256 23/60 4/60 29/61 5/61 4/11 1/11
(38%) (7%) (48%) (8%) (36%) (9%)
2.6-5.0 30/50 2/50 S 19/22 422 T 1127 5/12
(60%) (4%) (86%) (18%) (92%) (42%):
25.1 T R VS 0/1 0/1 13/14 12/14 ;
1 (100%) (33%) (0%) (0%) (93%) (86%)!

+The HBV DNA and ALT levels are shown based on the treatment duration of lamivudine.

between PCR-RFLP and PCR-ELMA was similar; eight
patients (40%) and nine patients (45%), respectively.”®

CONCLUSION

ORRELATION OF ALT and HBV DNA levels with

YMDD motif mutant and viral breakthrough can be
used as an indirect method of estimating susceptibility
to develop lamivudine resistance. The low incidence of
YMDD motif mutant and BTH associated with an HBV
DNA level of <2.6 log copies/mL and ALT level of
<30IU/L and an HBV DNA level of 2.6-5.0 log
copies/mL and ALT level of <20 IU/L during only less
than 3 year-treatments can be utilized as a clinically
relevant tool to monitor patients’ criteria in switching to
other nucleoside analogue drugs. Using these simple
methods, which can be easily pursued in clinical prac-
tice, it may be feasible in the future to switch from
lamivudine to other nucleoside analogue drugs with
low rates of inducing resistant mutants in CHBV
patients. This is important considering the risk of con-
tinuous lamivudine treatment causing YMDD motif
mutant and BTH.
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Development of HCC in patients receiving adefovir dipivoxil
for lamivudine-resistant hepatitis B virus mutants

Tetsuya Hosaka," Fumitaka Suzuki,’ Masahiro Kobayashi,' Miharu Hirakawa,’
Yusuke Kawamura," Hiromi Yastuji," Hitomi Sezaki,' Norio Akuta,' Yoshiyuki Suzuki,’
Satoshi Saitoh,’ Yasuji Arase,’ Kenji lkeda,' Yuzo Miyakawa?® and Hiromitsu Kumada'

'Department of Hepatology, Toranomon Hospital, and Miyakawa Memorial Research Foundation, Tokyo, Japan

Aim: To identify factors for the development of hepatoceliu-
lar carcinoma (HCC) in the patients who receive adefovir
add-on lamivudine for treatment of lamivudine-resistant
hepatitis B virus (HBV) mutants.

Methods: A total of 247 patients who developed lamivudine-
resistant HBV mutants, with an increase of HBV DNA > 1 log
copies/mi, received adefovir dipivoxil 10 mg add-on lamivu-
dine 100 mg daily during a median of 115 weeks (range:
25-282 weeks). They were followed for the development of
HCC by imaging modalities every 3—6 months.

Resulfs: HCC developed in 18 of the 247 (7.3%) patients.
Eight factors were in significant association with the develop-
ment of HCC by the univariate analysis. They inciuded age,
cirrhosis, platelet counts, levels of bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase and
o-fetoprotein, as well as YMDD mutants at the start of

adefovir dipivoxil. By the muitivariate analysis, AST levels,
YIDD mutants, cirrhosis and age were independent factors for
the development of HCC. By the Kaplan-Meier analysis, AST
fevels 2 70 /L, YIDD mutants, cirrhosis and age 2 50 years
increased the risk of HCC (P = 0.018, P = 0.035, P = 0.002 and
P =0.014, respectively). HCC developed more frequently in
the patients with than without cirrhosis at the start of adefovir
{10/59 [16.9%] vs. 8/188 {4.3%], P =0.002).

Conclusion: HCC can develop in cirrhotic patients receiving
adefovir add-on [amivudine. Hence, the patients with baseline
AST > 70 IU/L and YIDD mutants would need to be monitored
closely for HCC.

Key words: adefovir dipivoxil, chronic hepatitis B, hepatitis
B virus, hepatocelular carcinoma, lamivudine, rescue
therapy

INTRODUCTION

ORLDWIDE, AN ESTIMATED 400 million people
are infected with hepatitis B virus (HBV) persis-
tently, and one million die of decompensated cirrhosis
and/or hepatocellular carcinoma (HCC) annually.’?
Interferon (IFN) was introduced for treatment of
chronic hepatitis B, and it has been replaced for
pegylated-IFN.®> Due to substantial side-effects and
requirement for injection, however, IFN-based therapies
are not favored.
In 1998, lamivudine was approved as the first nucle-
ot(s)ide analogue for treatment of chronic hepatitis B,*
and then adeforvir in 2002.° Due to its lower costs and
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safety records, lamivdine has gained a wide popularity
for treatment of chronic hepatitis B. However, drug-
tesistant mutants arise in parallel with the duration
of lamivudine, in 12.5% after 1 year, in 43.8% after
3 years, and 62.5-70.2% after 5 years.*’ For preventing
breakthrough hepatitis induced by lamivudine-resistant
HBV mutants, additional adefovir dipivoxil 10 mg
daily has been recommended;*’ it is more effective
than switching to adefovir monotherapy and has fewer
chances of developing drug-resistant mutants.'®"!

Since 1995, 930 patients with chronic hepatitis have
been treated with lamivudine in the Department of
Hepatology at the Toranomon Hospital in Metropolitan
Tokyo.'? HBV mutants with mutations in the thyrosine-
methionine-aspartic acid-aspartic acid (YMDD) motif
elicited in the 247 (26.5%) patients, and they started to
receive additional adefovir since December, 2002.%1
However, HCC developed in 18 (7.3%]} of them during
the combination therapy for 25-282 weeks; HCC has
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not been reported in any of the patients who have
received adefovir add-on lamivudine for 5 years.!*"
Hence, factors for the development of HCC in the
patients receiving adefovir add-on lamivudine were
sought for in a retrospective study.

METHODS

Patients

VER A PERIOD of 13 years, from September 1995

to September 2007, 930 patients with chronic
hepatitis B received long-term lamivudine treatment at
the Department of Hepatology at the Toranomon Hos-
pital in Metropolitan Tokyo. Drug-resistant YMDD
mutants developed in 247 (26.5%) of them, accompa-
nied by an increase in HBV DNA > 1 log copies/mlL, and
they received adefovir 10 mg in addition to lamivudine
100 mg daily during the median of 115 weeks (range:
25-282 weeks). They have been followed for liver func-
tion and virological markers of HBV infection monihly,
as well as blood counts and tumor makers including
alpha-fetoprotein (AFP) and protein induced by vitamin
K absence or antagonist-l (PIVKA-II). Cirrhosis was
diagnosed by laparoscopy or liver biopsy, and in the
patients who had not received them, by clinical data,
imaging modalities and portal hypertension. HCC was
diagnosed by hypervascularity on angiography and/or
histological examination, characteristic features of com-
puted tomography, magnetic resonance imaging and
ultrasonography. An informed consent was obtained
from each patient in this study, and the protocol con-
forms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the insti-
tution’s human research committee.

Markers of HBV infection

Hepatitis B e antigen (HBeAg) was determined by
enzyme-linked immunosorbent assay (ELISA) with
commercial kits (HBeAg EIA, Institute of Immunology,
Tokyc). HBV DNA was quantitated by the Amplicor
monitor assay (Roche Diagnostics, Tokyo) with a
dynamic range over 2.6-7.6 log copies/mL. Genotypes
of HBV were determnined serologically by the combina-
tion of epitopes expressed on the pre-S2 region product,
which is specific for each of the seven major genotypes
(A~-G),**" with use of commercial kits (HBV Genotype
EIA, Institute of Immunology).

Detection of YMDD mutants

YMDD mutants were determined by polymerase chain
reaction (PCR)-based enzyme-linked mini-sequence

© 2009 The Japan Society of Hepatology

Hepatology Research 2010; 40: 145-152

assay (PCR-ELIMA) with commercial kits {Genome
Science Laboratories, Tokyo).

Statistical analyses

Categorial variables were compared between groups by
the ¥ test, and non-categorical variables by the Mann-
Whitney U-test. A P-value < 0.05 was considered signifi-
cant. Factors associated with HCC by univariate analysis
were evaluated by the muliivariate analysis by the step-
wise Cox proportional hazard model. Development of
HCC with time was analyzed by the Kaplan-Meier
method, and differences were evaluated by the log-rank
test. Data were analyzed by the SPSS software, version
11.0 (Chicago, IL).

RESULTS

Baseline characteristics of the patients who
did and who did not develop hepatocellular
carcinoma during adefovir add-on
lamivudine treatment

ABLE 1 COMPARES characteristics at the start of

adefovir between the 18 patients who developed
HCC and the 229 who did not. Eight factors were asso-
ciated with the development of HCC by the univariate
analysis. They included age, cirthosis, platelet counts,
bilirubin, AST, alanine aminotransferease (ALT) and
o-fetoprotein (AFP) levels, as well as YMDD mutants.
HCC developed more frequently in the patients with
than without cirrhosis at the start of adefovir (10/59
[16.9%] vs. 8/188 [4.3%], P=0.002). There were 61
(26.6%) patients who had cirrhosis at the start of ade-
fovir. Of them, one of the 18 (2.2%) with HCC and 18
of the 229 (2.2%) without HCC presented with decom-
pensation; no patients developed decompensation after
the start of adefovir.

Rates of HBV DNA disappearance from serum (< 2.6
log copies/mL) were: 55% (113/207) at 1 year, 71%
{119/168) at 2 years, 77% (78/101) at 3 years and 85%
(35/41) at 4years. Rates of AST nomarlization
(< 38 TU/L) were: 87% (179/207) at 1 year, 90% {151/
168) at 2years, 92% (93/101) at 3 years and 95%
(39/41) at 4 years; and those of ALT normalization
(< 50 IU/L) were: 88% (183/207) at 1 year, 91% (153/
168) at 2 years, 93% (94/101) at 3 years and 98% (40/
41) at 4 years. There were no differences in the rate
of HBV DNA disappearance from setum between the
patients with and without HCC: 57% (8/14) vs. 54%
(105/193) at 1year (P=1.0); 86% (12/14) vs. 70%
(107/154) at 2 years (P=0.229}); and 89% (8/9) vs.
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Table 1 Characteristics of patients who did and did not develop hepatocellular carcinoma (HCC) at the start of adefovirt

HCC developed HCC did not develop Differences
(n=18) {(n=229) P-value

Duration of lamivudine before the start of adefovir 128 (31-34¢6) 144 (13-617) 0.321
Age (years) 52 (35-75) 45 (26-75) 0.008
Men 15 (83%) 183 (80%) 1.000
Cirthosis 10 {56%) 51 (22%) 0.004
Platelets (x10%/mm®) 12.0 (4.6-19.7) 16.3 (3.1-31.9) 0.001
Albumin (g/dL) 3.6 (2.3-4.7) 3.9 (2.8-4.7) 0.073
Bilirubin (mg/dL) 0.8 {0.5-15.5) 0.7 (0.2-6.0) 0.046
Creatinine (mg/dL} 0.8 {0.5-1.0}) 0.8 (0.4-1.6) 0.950
AST (IU/L) 119 (55-248) 66 (14-1413) 0.003
ALT (IU/L) 151 (61-576) 104 (13-1563) 0.035
AFP (ng/dL} 8 (2-130) 4 (1-282) 0.026
HBV genotypes 0.228

c 18 (100%) 189 (87%)

Others 0 27 (13%)
HBeAg 8 (44%) 132 (58%) 0.323
HBV DNA (log copies/mlL) 7.1 (4.4->7.6) 7.1 (<2.6->7.6) 0.623
YMDD mutants 0.041

YIDD 13 (72%) 109 (45%)

YVDD 5 (28%) 62 (25%)

YI/VDD 0 56 (23%)

tValues are the median with the range in parentheses or n with percent in parentheses.
AFP, alpha-fetoprotein; ALT, alaine aminotransferase; AST, aspartate aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B

virus.

92% {85/92) at 3 years (P = (.555). Rates of normalized
AST levels in the patients with and without HCC were:
50% (7/14) vs. 90% (173/193) at 1 year (P<0.001);
79% (11/14) vs. 91% (140/154) at 2 year (P=0.166);
and 67% (6/9) vs. 95% (87/92) at 3 year (P=0.037).
Rates of ALT normalization in the patients with and
without HCC were: 71% (10/14) vs. 90% (174/193) at
1 year (P=0.037); 79% (11/14) vs. 90% (139/154) at
2year (P=0.189); and 56% (5/9) vs. 92% (85/92)
at 3 year (P=0.015). Thus, normalization of AST and
ALT was less frequent in the patients with than without
HCC.

Characteristics of the 18 patients who developed HCC
are compared between the baseline and at the develop-
ment of HCC (Table 2). At the start of adefovir, 10
(56%) of them had developed cirrhosis and 16 {89%)
had AST levels = 70 TU/L. HBV DNA was not detectable
in 10 (56%) of them at the development of HCC. Of the
eight patients with detectable HBV DNA levels (> 2.6 log
copies/mL), five (63%) developed HCC within 1 year
after the start of adefovir. AST was elevated (> 38 IU/L}
in eight patients, including four (50%) without detect-
able HBV DNA levels.

Factors independently associated with the
development of hepatocellular carcinoma

Eight factors associated with the development of HCC
by the univariate analysis, including age, cirthosis, plate-
let counts, bilirubin, AST, ALT and AFP levels, as well
as YMDD mutants (Table 1), were evaluated by the
multivariate analysis. AST 2 70 [U/L, YIDD mutants, age
2 50 years and cirrhosis at the baseline were indepen-
dent risk factors for the development of HCC (Table 3).
There were no differences in the distribution of YIDD,
YVDD and the mixture thereof among the patients with
distinct AST, ALT or HBV DNA levels or between those
with and without cirthosis at the start of adefovir.
HBV mutants with mutations resistant to adefovir
(rtA181T/S, 1tN236T) occurred in two of the 247 (0.8%)
patients; none of them developed HCC.

The median time between the elevation of HBV DNA
> 5.0 log copies/mL and the administration of adefovir
was 124 (range: 0-815) days for the 13 patients who
developed HCC and 147 (0-3268) days for the 166
patients who did not (P=0.605). The median time
between the elevation of ALT > 43 1U/L and the start of
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