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investigated the possibility of using both allele-specific oligonucleotide hybridization (ASOH) and allele-specific
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three well-defined HBV variants: the basal core promoter (BCP) mutations (nt1762 and nt1764), the pre-core (PC) mutation
(nt1896), and variance at nt1858. Using standardized mixtures of wild-type and mutant DNA, optimal ion conditions
for ASOH and ASOCH were determined. Next, the performance of these methods was evaluated using actual serum DNAs
from HBV patients. Excellent reproducibility was obtained both in the analysis of internal positive controls and in the
semi-quantitative categorization of heterogeneous viral mixtures into five abundance groups (0%, 25%, 50%, 75%, and 100%
mutantvlms).Combinedwithreal-ﬂmeMmmmmmmmwmmm:mmm
applications both in HBV clinical research and treatment. :
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Hepatitis B virus (HBV) causes transient and chronic infection of
the liver, and is one of the most widespread infectious diseases in the
world. Due to frequent mutations, HBVs in patients are not uniform,
and this diverse mutant population can affect the progression of HBV.
Thus, the analysis of HBV mutations is important for understanding
HBV progression and determining the appropriate clinical treatment
(1-4). Understanding HBV mutations, HBV loads and other biomar-
kers will provide new approaches for predicting HBV progression.

A variety of HBV mutations that affect HBV virus activity and
disease progression have been reported (5). Among these, the basal
core promoter (BCP) mutation (6, 7), the pre-core mutation (PC)
(8-11), and nt1858 variance (12) are the most well-defined. The PC
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mutation (G to A, nt1896) introduces a stop codon (TAG) into the ORF
and aborts the translation of the precursor of HBeAg (13), resulting in
seroconversion from HBeAg (+) to Anti-HBe Ab (+). Stem-loop RNA
structures around nt1896 often pair with nt1858. Six HBV genotypes
(A-F) have been defined for nt1858. Genotypes A and F have the base
C at nt1858, which forms a stable bond with the base G at position
1896 in wild-type PC, and maintains the wild-type phenotype. The
other genotypes (B, C, D and E) have T at position 1858. A double
mutation in the BCP (nt1762 and nt1764) frequently occurs in chronic
HBV patients. These BCP mutations increase viral replication and
enhance disease activity.

A number of methods have been proposed to detect HBV muta-
tions, including direct sequencing, RFLP (14), point mutation assays
(15), INNO-LiPA Line Probe Assays (16), reverse dot blots (17),
genotype-specific probe assays (GSPA) (12), DNA arrays (18), mass
spectrometric assays (19), Molecular-beacon (20), and real-time PCR
(21). Except for Molecular-beacon and real-time PCR, all of these are
qualitative methods and do not provide quantitative assessments of
heterogeneous mutant mixtures.

Previously, we developed a three-dimensional DNA array (Bio-
Strand), as well as a total three-dimensional DNA array system (Handy
Bio-Strand). This system consists of a DNA array (the Bio-Strand Tip), a
spotter, a scanner, and analysis software (Hy-soft) (22). The per-
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formance of Bio-Strand was first demonstrated with SNP genotyping
(22-25). In this study, we developed a Handy Bio-Strand method that
uses allele-specific oligonucleotide hybridization (ASOH) and allele-
specific oligonucleotide competitive hybridization (ASOCH) to quan-
titatively discriminate HBV mutants. Our preliminary assessment of
this method's ability to quantify specific HBV mutations in hetero-
geneous viral mixtures is described below.

MATERIALS AND METHODS

Materials and DNA extraction  All PCR primers, Cy5 probes, and competitors
(Table 1) were synthesized by SIGMA Genosys (Ishikari, Japan). Oligo5 software
(Molecular Biology Insights, Cascade, USA) was used to design PCR primers and to
estimate the free energy of internal stability of each probe. Positive control DNAs
(D, E, F) and sample DNAs for blind test (C1-C10 and G1-G10) were purified from
whole blood sera obtained from HBV patients using the SMITEST EX-R&D Nucleic
Acid Extraction Kit (Genome Science Laboratories, Fukushima, Japan). Total nucleic
acids were precipitated with 99% ethanol, dried, and resuspended in 50 pl sterile
water. Using AMPLICOR HBV monitor (F. Hoffmann-La Roche, Basel, Switzerland),
HBV loads of G3, G4, G5, (4, C5, and (6 were estimated to be 10°°, 10°°, 1072, 10%9,
105, and 10™® copies/ml, respectively. The Ethics Committee of the associated
institution approved this study, and written informed consent was obtained from
each patient.

Amplification of the target fragment  The target DNA fragment (304 bps)
containing the BCP and PC mutation sites and nt1858 was amplified by nested PCR.
Amplification reaction mixtures (50 pl) containing 3 pl of total nucleic acid solution, 1x
TAKARA Ex Taq buffer, 10 nmol dNTPs, 10 pmol HBV 1601-S, 10 pmol HBV 1974-AS, and
2.5 U TAKARA Ex Taq (TAKARA BIO, Shiga, Japan) were prepared, heated to 94 °C for
3 min, subjected to 25 cycles of 94 °C for 30's, 58 °C for 30 s and 72 °C for 30 s, and then
kept at 4 °C in a Thermal Cycler Dice (TAKARA BIO). An aliquot of the first PCR solution
(1 W) was further amplified using the primers HBV 1653-S and HBV 1959-AS under the
same conditions. The PCR products were resolved on a 3% agarose gel and purified using
a PCR dlean-up kit and the Magtration System 12GC (Precision System Science, Chiba,
Japan). The concentrations of the PCR products were determined with a NanoDrop
spectrophotometer (Thermo Fisher Scientific, Waltham, MA) and then diluted to
100 ng/p with sterile water.

Preparation of standards The standard DNA fragments (Table 2) were
amplified from total DNAs prepared from patient sera by nested PCR, as described
above. The amplified DNA fragments were cloned into pCR2.1-TOPO (Invitrogen,
Carlsbad, USA) and their DNA sequences were determined using PCR primers by an
ABI3730XL sequencer (Invitrogen). After sequence confirmation, three PCR-amplified
HBV fragments were selected and denoted as D, E, and F. The PCR fragments were
diluted to 100 ng/pl with sterile pure water and used to prepare standardized mixtures:
D only, D/E = 75%/25%, D/E = 50%/50%, D/E = 25%/75%, E only, and F only, which were
denoted P1 to P6, respectively (Table 3). These mixtures were spotted and fixed on the
Bio-Strand and were used to determine optimal hybridization conditions.

Immobilization of DNA on Bio-Strand A three-dimensional DNA array (Bio-
Strand Tip, Precision System Science), was prepared as described previously (22). A 54
aliquot of purified DNA solution (100 ng/pl) was mixed with an equal volume of 2 M
NaOH and the mixture was spotted onto a thread using a spotting tool. After drying for a
few minutes, the Bio-Strand was prepared by wrapping the thread around a cylindrical
core (core pin). After fixing the denatured DNA onto the Bio-Strand by ultraviolet
irradiation (wavelength 280 nm, 120 mj), the Bio-Strand was inserted into a
transparent plastic tip (Bio-Strand Tip).

ASOH and ASOCH  Oligonucleotide hybridization and washing of the Bio-Strand
Tip for ASOH and ASOCH were carried out using the Magtration Systemn 12GC as
described previously (22). The Bio-Strand Tip was immersed twice in 450 ul of the
hybridization buffer [2x SSC (1x SSC is 0.15 M NaCl, 15 mM sodium citrate) with

TABLE 1. Sequences of PCR primers, Cy5 probes, and non-labeled competitors.

Name Target Use DNA sequence (5'—3')
HBV 1601-S External 1st PCR acgtegeatggagaccaccg
HBV 1974-AS ggaaagaagtcagaaggcaaa
HBV 1653-§ Internal 2nd PCR cataagaagactcttggact
HBV 1959-AS ggcaaaaaagagagtaacic
Cy5-CPR1 BCP Cy5 Probes Cy5-ggttaaaggtctttg
Cy5-CPR2 Cy5-ggttaatgatctttg
Cy5-PC2 PC Cy5-getttgeggca
Cy5-PC3 Cy5-ggctitagggca
Cy5-GA3 nt1858 Cy5-atgtcccactget
Cy5-GAS CyS5-tgtectactgt
CP-GA2 Competitors catgtcctactgtt
CP-GA3 atgteceactgtt

The target sites of the HBV genomic sequence were denoted as bold characters.
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TABLE 2. DNA Sequences at each mutation site in the standard PCR DNA
frqg‘nems (D, E and F).

Standard BCP PC nt1858
PCR DNA

Fragment nt1762/nt1764 Type nt1896 Type nt1858
D A/G wild G wild C

E T/A mutant A mutant T

F A/G wild G wild T

200 pg/mi salmon sperm DNA (Invitrogen)], left for 10 min, and then incubated for
5 min in 450 pl of the hybridization buffer containing 10 nM of the Cy5 probes listed in
Table 1. For ASOCH, non-labeled opposing oligonucleotides ( 10-100 nM) were added as
competitors. After hybridization, the tip was subjected to successive washings in 450 u
of wash buffer (2x SSC with 0.1% SDS, 1x SSC with 0.1% SDS, and 0.1x S5C with 0.1%
SDS) for 2 min, and then soaked in 450 pl of 2x SSC. The Cy5 fluorescent hybridization
signals were detected using a Handy Bio-Strand scanner (Precision System Science). To
determine signal intensity, the average value was calculated from eight different spots.
The fluorescence intensities (Fls) were calculated using Hy-soft software (Precision
system science).

Blind test for BCP, PC, and nt1858 variance using patient DNA  Blind tests for
BCP, PC, and nt1858 variance were carried out using DNAs obtained from patients (C1to
C10 and G1 to G10). All samples and positive controls (P1-P6) were spotted and fixed
on eight different areas of the same Bio-Strand. Each Bio-strand Tip was hybridized
using either the ASOH or ASOCH method. After washing, the Handy Bio-Strand scanner
was used to detect the Cy5 fluorescence signals on the Bio-Strand Tips. The signal
intensity was calculated as the average value from the eight different spots. To
determine the ratios of wild-type to mutant in the samples, the fluorescence intensities
from the wild-type and mutant probes were compared with those of the standard
mixture.

After the blind test, SNP types of patient DNA sequences were also determined
by direct sequencing. Target DNA fragments were amplified using the primers HBV
1601-S and HBV 1974-AS PCR. After treatment with ExoSAP-IT (GE HealthCare
Bioscience, Buckinghamshire, UK), they were applied for sequencing at Macrogen
(Rockville, USA) with the primers HBV 1653-S or HBV 1959-AS PCR (22). The percent
abundance or ratio at target site was determined by visual inspection of the electro-
pherogram by two trained investigators with no knowledge of the HBV classifications
of the samples.

RESULTS

Optimization of ASOH and ASOCH conditions for determining
the relative abundance of the mutants BCP, PC and T-1858  Fig. 1
shows a schematic of the proposed method for determining the
relative abundance of the targeted HBV species using the Handy
Bio-Strand system. Viral DNA was isolated from patient sera by
conventional methods, and the targeted DNA fragments were
amplified by nested PCR. After purifying the DNA and determining
its concentration, amplicons were fixed on the surface of micro-
porous nylon thread (Bio-Strand) by ultraviolet irradiation. The
ASOH and ASOCH reactions were carried out at room temperature
with Cy5-labeled oligonucleotide probes that were designed to
detect the clinically important HBV mutations at BCP and PC and
the base at nt1858. Fluorescence signals were detected using a
Handy Bio-Strand scanner, and the abundance of each mutant was
determined.

TABLE 3, Percent abundance of each species in the standard mixture.

STD Mixing (%) Percent abundance (%)
BCP PC nt1858

D E F  Wild Mutant Wild Mutant C T
Pl 100 0 0 100 0 100 0 100 0
P2 75 25 0o 75 25 75 25 75 25
P3 50 50 0 50 50 50 50 50 50
P4 25 75 0o 25 75 25 75 25 75
P5 0 100 0 0 100 0 100 0 100
P6 0 0 100 100 0 100 0 0 100

STD shows the name of the standard mixture which was prepared by mixing three
standard PCR DNA fragment (D, E and F).



96 GINYA ET AL

J. Biosci. BIoENG.,

Serum DNA containig HBV DNA

Step1
.
Step2 * PCR Primer 1
HBV virus DNA / \
‘ 2
3 a— 5
T
PCR Primer 2
Step3 ¢
Step4 +
Bio-Strand Tip 1 Bio-Strand Tip 2
Transparent Tip
Bio-Strand / Core
DNA Spot

Cy5Probes (&)

Asite
Products|
T site )

% site,...— Cy5 Probes (G)
~F

FIG. 1. Schematics of the ASOH and ASOCH assays using the Handy Bio-Strand system. Step1: Virus DNAs and RNAs are prepared from patient serum. Step2: HBV fragments (304 bps)
are amplified using nested PCR. Step 3: The HBV fragments are purified, denatured, spotted and then fixed on Bio-Strand. Step 4: Two automatic hybridizations are separately carried
out using two Bio-Strand Tips for a target site. Each Bio-Strand Tip contains different Cy5 probes. The stars and small circles show the Cy5 molecules and the target sites, respectively.

The perfect-matching Cy5 probes bind to the SNP sites, but mismatching ones don't.

Fig. 2A shows the results of ASOH for the quantitative discrimina-
tion of the BCP mutation using the Cy5-CPR1 (wild-type) and Cy5-
CPR2 (mutant) probes. The fluorescence intensities (FIs) of P1, P2, P3,
P4, and P5 accurately reflected the abundance of the BCP mutants as
0%, 25%, 50%, 75%, and 100%, respectively. P1 gave a result similar to
that of P6, demonstrating the high reproducibility of this assay. Unlike
the previous results for SNP genotyping (22), accurate results were
obtained without using competitors (non-labeled probes containing
opposing sites). Double mutations (nt1762 and nt1764) in the center
of the Cy5 probes are likely to be the reason for the high specificity and
also the low background signals.

Fig. 2B shows the results obtained using ASOH with the Cy5-PC2
(wild-type) and Cy5-PC3 (mutant) probes to detect the PC
mutation. Each FI increased in proportion to the increase in the
amount of the PC mutant. The Fls of the standard solutions (P1, P2,
P3, P4, and P5) allowed samples to be categorized into five groups
according to the mutant content. In contrast to the results for the
BCP mutant, the Cy5-PC2 and Cy5-PC3 probes did not give equal Fls

for P3, which contained equal amounts of wild-type and mutant
DNA. The FI for the wild-type DNA was about 27% higher than for
the mutant DNA. This is probably due to non-specific binding of the
Cy5-PC2 probe (wild-type, base G) to the mutant amplicon. To
improve the specificity of Cy5-PC2, we added competitive unlabeled
probe (CP-PC3) to the hybridization solution. Despite our expecta-
tions, this approach (ASOCH) did not improve the specificity of the
Cy5 probes, and the total signal intensity was lower than that of
ASOH (data not shown).

Concerning nt1858, it was difficult to distinguish between
fragments E or F (T-1858) and fragment D (C-1858) by ASOH, due to
the non-specific binding of the Cy5 probes (data not shown). We
applied ASOCH using two different sets of probes, Cy5-GA3/CP-GA2
and Cy5-GA5/CP-GA3. Fig. 2C shows the ASOCH results for nt1858
with Cy5 probes and their unlabeled competitors (base C: 10 nM Cy5-
GA3 and 100 nM CP-GA2; base T: 10 nM Cy5-GAS5 and 100 nM CP-
GA3). The background was moderately high, but the standard
mixtures (P1-P6) were clearly distinguishable.
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Our previous study estimated that the Handy Bio-Strand system
hybridization signal error, the coefficient of variation (CV), was 4.6~
11.3% (22). To obtain reliable classifications, standard mixtures were
prepared within 2-3 fold of the previously determined CV, at 25%
intervals and used as internal controls (Table 3). We also confirmed
that standard mixtures prepared at 20% intervals worked well as for
internal control (data not shown).
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Determination of the relative abundance of BCP and PC
mutants and nt1858T in patient serum DNA in a blind test To
determine the accuracy for quantification of mutations by ASOH and
ASOCH, blind tests were carried out using DNAs from patient sera.

Fig. 3A shows the results of using ASOH to detect BCP sequences in
ten patients (C1-C10). The patient samples were classified into three
groups. The first group (C1, C2, C3, C8, and C9) showed the same
pattern as P1 (0% mutant BCP). The second group (C4, C6, C7, and C10)
showed the same pattern as P5 (100% mutant BCP). The last group,
consisting only of patient C5, was similar to P3 (50% mutant BCP). All
of the results, except for that of C5, were consistent with those
obtained by direct sequencing. Direct sequencing of C5 exhibited that
it contained 25% mutant BCP, which is lower that that observed by our
method (Table 4).

Fig. 3B shows the results of classification of the same ten patient
serum DNA samples on PC mutant using ASOH. The ten samples were
classified into three groups. The first group (C1, C2, C4, C5, and C8)
resembled P1 (0% mutant PC). The second group (C3, C6, 9, and C10)
showed a pattern similar to P5 (100% mutant PC). The FI pattern of C7
was similar to that of P2 (25% mutant PC). All the results were
consistent with the results from direct sequencing.

Fig. 3C shows the percent abundance of T-1858 in the ten patient
samples (G1-G10) determined by the ASOCH method. The patient
samples were classified into four groups. The first group (G4, G5, G6,
G7, G9, G10) exhibited a similar pattern to P5 and P6 (100% T-1858).
This group belonged to HBV genotypes B, C, D, and E. The second group
included G2 and G8, and had FI patterns similar to that of P1 (0% T-
1858). The second group belonged to HBV genotypes A and F. The third
group (only G1) showed a similar FI pattern to P2 (25% T-1858). The
last group (only G3) showed an FI pattern similar to P4 (75% T-1858).
All the results, except for those of G1 and G3, were consistent with
direct sequencing. Minor T base peak was not recognized at the direct
sequencing for G1. G3 showed the different ratio between our method
and direct sequencing. These inconsistencies should be due to the
difficulty in recognizing a minor peak derived from nt1858 at our
direct sequences.

Estimation of the internal stability of the probes  Under opti-
mized hybridization conditions, competitive hybridization (ASOCH)
was not effective as a PC mutation (nt1896) assay. To determine the
reason for this unexpected result, we estimated the free energy of
internal stability (AG) of each probe by the neighbor method using the
Oligo5 program (Molecular Biology Insights, Cascade, USA), because a
difference in internal stability at this site might have a significant
impact on the ASOCH reaction. Figs. 4A-C show the calculated AG of
the probes for BCP, PC, and nt1858, respectively. The AG of the PC
mutation probe was determined to be very low (—12 kcal/mol),
whereas the AGs of the BCP probe and the nt1858 probe had moderate
values (~ 6 kcal/mol). The internal stability of the PC mutation probes
was approximately twice as high as that of the BCP or nt1858 probes.
Thus, it appears that the high internal stability of the PC mutation
probe may interfere with the exchange between the Cy5 probes and
their non-labeled competitors, providing a possible explanation for the
inability of ASOCH to increase probe specificity.

FIG. 2. Optimization of the ASOH and ASOCH assays using positive controls containing
each mutation site. (A) Each BCP mutant sample was hybridized using ASOH with
10 nM Cy5-CPR1 (wild-type, A/G) or 10 nM Cy5-CPR2 (mutant, T/A). Black bars and
white bars represent the FI of wild-type (A/G) and mutant (T/A), respectively. (B) Each
PC mutation was hybridized using ASOH with 10 nM Cy5 PC2 (wild-type, G) or 10 nM
Cy5-PC3 (mutant, A). Black bars and white bars represent the FI of wild-type (G) and
mutant (A), respectively. (C) The nt1858 was hybridized using ASOCH with 10 nM Cy5-
GA3 (C) and 100 nM CP-GA2 (T) or 10 nM Cy5-GA5 (T) and 100 nM CP-GA3 (C). Black
bars and white bars represent the Fl of C base and T base at nt1858, respectively. A series
of standardized mixtures (mixtures of amplicons D, E, or F) were fixed onto the Bio-
Strand. All data shown as the mean + standard deviation of the FI of the different spots
(n=8).
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DISCUSSION

Using the Handy Bio-Strand system, we have demonstrated that
ASOH and ASOCH can semi-quantitatively determine population
differences of HBV mutants. Our method is very reliable and
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applicable for determining the relative abundance of mutant species
in sera from actual HBV patients. As shown in Table 4, while there
were no differences between two methods used in the classification of
major species, but contradictory results were observed for C5 (BCP
mutation), G1 (nt1858), and G3 (nt1858). This inconsistency is likely
caused by inaccurate quantification of minor peaks by direct sequence.
It was speculated that our method was able to estimate the actual
percent abundance of mixture species roughly (~25%). That is
because the internal controls and the same patient samples always
show similar hybridization patterns at the repeated experiments, and
it was demonstrated that our method shows more reliable ratio than
direct sequencing at the previous SNP genotyping study for hetero-
type samples (22) (Data not shown).

Compared with other methods, the Handy Bio-Strand method has
some advantages. It may have higher compatibility than other
methods with regards to the quantification of various mutations,
because the design of the Cy5 probes and their competitors are
much simpler than the design of TagMan and Molecular-beacon
probes. Conventional methods such as PCR-RFLP (14, 15) and direct
sequencing are very simple, but they pose difficulties as quantitative
assays. Direct sequencing can only detect major HBV species and is
unlikely to identify minor mutants. Waltz et al. also reported that
direct sequencing could not detect minor populations (<20%) of HBV

FIG. 3. Blind quantification of the BCP and PC mutations and nt1858T in DNA from
patient serum. (A) The BCP mutation was analyzed by ASOH. Black bars and white
bars represent the FI of wild-type (A/G) and mutant (T/A), respectively. (B) The PC
mutation was analyzed by ASOH. Black bars and white bars represent the Fl of wild-type
(G) and mutant (A), respectively. (C) The nt1858 site was analyzed by ASOCH. Black
bars and white bars represent the Fl of C base and T base at nt1858, respectively. A series
of standardized mixtures (P1-P6) and patient samples (C1-C10 or G1-G10) were
separately fixed on each Bio-Strand. Conditions for both hybridization and internal
positive controls were the same as those in Fig. 2. All data are shown as the mean +
standard deviation of the F1 of the different spots (n=8).



Vot 109, 2010

A G (-kcal/mol)
E 3 o (-3

(-]

GGTTAAATGGAT C T TTG
DNA Sequence (5'->3')

A G {(-kcal/mol)

G G C TTTGAG G G C A
DNA Sequence (5'->3)

A G (-kcal/mol)
(-3

A C TG T
DNA Sequence (5'->3)

FIG. 4. Free energy of each probe around the mutation site. (A) The free energy of each
BCP probe. Black bars and white bars show the free energy values of the Cy5-CPR1
probe (wild-type) and the Cy5-CPR2 probe (mutant), respectively. (B) The free energy
of each PC probe. Black bars and white bars show the free energy values for the Cy5-PC2
probe (wild-type) and the Cy5-P(3 probe (mutant), respectively. (C) The free energy of
each nt1858 probe. Black bars and white bars show the free energy values for the Cy5-
GAS5 probe (T-1858) and the Cy5-GA3 probe (C-1858), respectively.

mutants in a heterogeneous mixture (20). Real-time PCR, like that
used in the TagMan assay, is a very sensitive and reliable method for
quantifying genes, but there may be some difficulties with sequences
containing only a single base mutation. Shin et al. reported that
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annealing curve analysis was necessary for detecting YMDD
mutants after real-time PCR (26). Our method is robust enough
to detect a variety of mutations, and little time is needed to adjust
the experimental conditions because of the simple probe designs.
We have also determined the percent abundance of other HBV
mutation sites (including L528M and YMDD (5)) using ASOCH
(manuscript in preparation).

The Handy Bio-Strand system can simultaneously analyze 17-34
patient DNA samples using Cy5-labeled oligonucleotide probes. As
shown in our previous report (22), Bio-Strands can be reused 2-3
times by washing out the bound Cy5 probes with hot water. Since the
three targeted sites (BCP, PC and nt1858) used in this study are located
on the same DNA fragments (304 bp) (Supplementary data), repeated
automatic hybridization can semi-quantitatively determine the
percent abundance of all three species, thereby reducing the time
needed to prepare the Bio-Strand Tip.

Amplification bias during nested PCR either does not occur or does
not pose a significant problem as repeated experiments were carried
out changing the template amount and PCR cycles without effect on
the hybridization patterns.

Since real-time PCR is the best method for estimating HBV load in
copies/ml, we propose the following method. First, the HBV load in a
patient's serum should be precisely determined by real-time PCR.
Second, the percent abundance of each HBV mutant site should be
determined using ASOH or ASOCH with the Handy Bio-Strand system.
Semi-quantitative mutant populations may then be calculated from
these two parameters. We believe that these data provide an
important new approach to the diagnosis of HBV and the design of
HBV-specific treatments in future clinical studies.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/].jbiosc.2009.06.023.
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Abstract

Purpose This study was performed to elucidate whether
evaluating the liver surface, edge, and texture by high-
resolution ultrasonography is useful for predicting the
occurrence of hepatocellular carcinoma (HCC) in patients
with hepatitis C virus (HCV)-associated chronic liver dis-
eases (CLDs)

Methods The integrated fibrosis stage (a comprehensive
value of scores for liver edge, surface, and texture) of 337
patients with HCV-associated CLDs was evaluated, at
entry, by ultrasonography (US), as a US score. The patients
were followed up prospectively (mean observation period
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was 16.4 months; range 2.8-36.2 months) for the occur-
rence of HCC by US or helical CT at 3-month intervals. A
total of 140 patients received interferon therapy, and the
occurrence of HCC was compared between those with and
without interferon therapy

Results The annual incidence of HCC was 1.1, 5.5, and
10.2% in low, middle, and high US score groups, respec-
tively. Univariate analysis showed that age, serum levels of
total bilirubin, alpha-fetoprotein (AFP), platelet count,
albumin, total cholesterol, and the US score were associ-
ated with HCC occurrence in the patients. A multivariate
proportional hazard model revealed that only the middle
and high US scores (p = 0.0922, hazard ratio 4.006,
95% CI 0.796-20.153 and p = 0.008, hazard ratio 7.991,
95% CI 1.721-37.10, respectively) and elevated AFP
(p = 0.031, hazard ratio 2.774, CI 1.097-7.014) were
independently associated with HCC occurrence. Our US
scoring based on evaluation of the liver surface, edge, and
texture was clearly and strongly associated with the
occurrence of HCC in patients with HCV-associated CLDs,
and with the higher occurrence rate of HCC in patients with
higher US scores

Conclusion Thus, US is a good tool for evaluating the
fibrosis stage of the liver, and may therefore be useful in
designing an optimum follow-up interval for each patient
with HCV-associated CLD.

Keywords Hepatocellular carcinoma - Hepatitis C virus -
Fibrosis - High and low-frequency probe - US score

Introduction

More than 95% of hepatocellular carcinoma (HCC) cases
in Japan are associated with chronic liver diseases (CLDs).

@_ Springer
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Moreover, most cases of CLD in Japan are related to
hepatitis viruses, and, importantly, 70-80% of these are
associated with HCV. CLD is classified into five fibrosis
stages, i.e., FO, F1, F2, F3, and F4. It has been reported that
the incidence of HCC correlates with such stages, i.e., the
higher the fibrosis stage, the higher the incidence of HCC
[1-5]. Accordingly, a precise assessment of the fibrosis
stage of CLDs would provide a means of evaluation of the
risk of HCC occurrence. The pathological examination of
specimens obtained by liver biopsy has been the gold
standard of staging in CLD. However, liver biopsy is an
invasive technique that may lead to a number of adverse
events, for example peritoneal bleeding. Therefore, liver
biopsy is not usually performed on an OPD basis. Fur-
thermore, a biopsy cannot be performed in cirrhotic cases,
because of the high risk of massive bleeding.

The recently introduced transient elastography, which is
used for measurement of liver stiffness, is a promising tool
in clinical practice. Transient elastography, however, is not
suitable for evaluating intermediate stages of fibrosis. On
the other hand, ultrasonography (US) is an indispensable
imaging modality for liver diseases in clinical practice.
Currently, a number of methods for evaluation of chronic
hepatitis or cirrhosis have been reported [6-10]. However,
no methods are objective or effective enough to make a
precise staging diagnosis of CLDs. In a previous study, we
analyzed the liver stage by evaluating the liver edge, liver
surface, and liver parenchymal texture using a high-quality
US device [11]. The combined values of the three factors
were referred to as the US score, which showed a high
correlation with hepatic fibrosis evaluated by liver biopsy.
In this study, we prospectively assessed the risk of HCC
occurrence in HCV-associated CLDs utilizing the US
score.

Patients and methods

Three hundred and thirty-seven HCV-related CLD patients
who underwent ultrasonographic examination at the
National NHO Nagasaki Medical Center between 2002 and
2006 were included in this study. Patients consisted of
142 males and 195 females with an average age of
63.2 years. The mean observation period was 16.4 months
(range 2-36.2 months). Patient characteristics are shown in
Table 1.

A total of 140 patients received interferon (IFN) treat-
ment. A sustained virological response (SVR) was defined
as negative for HCV RNA at 6 months after the end of
treatment. Forty-one patients (29.3%) showed an SVR and
99 (70.7%) did not (non-SVR).

The patients were followed-up every 3 months, and
detection of a newly developed nodule(s) in the liver which

@ Springer

Tabie 1 Patients’ characteristics

Mean + SD
Age (years) 63.2 + 9.63
Male/female 142/195
Total bilirubin (mg/dl) 0.9 £ 046
AST (IUL) 57.8 £372
ALT (IU/L) 60.8 + 47.6
AFP (ng/ml) 16.2 + 31.0
PLT (10%mm”) 14.4 + 0.61
Albumin (g/dl) 4.1 + 0.60
Total cholesterol (mg/dl) 173.5 + 36.2
Genotype (1, 2, unknown) (118, 31, 188)
US score low/middle/high 131/90/116

was subsequently confirmed as HCC was the end point of
the study.

US system

The patients were studied ultrasonically using a real-time
apparatus (HDI 5000 Sono CT; Philips, USA) with a
2-5 MHz convex array transducer C5-2 (low frequency
probe) and a 5-12 MHz convex array transducer L12-5
(high frequency probe).

US findings and the scoring system

US scores were determined using the method proposed by

Nishiura et al. [11]. Briefly, liver edge, liver surface, and

liver parenchymal texture, were graded as follows:

1. liver edge: score O for sharp (Fig. la), score 1 for
mildly blunted (Fig. 1b), score 2 for blunted (Fig. 1c);

2. liver surface: score 0 for smooth (Fig. 2a), score 1 for
mildly irregular (Fig. 2b), score 2 for irregular
(Fig. 2c¢), score 3 for highly irregular (Fig. 2d); and

3. liver parenchymal texture: score O for fine (Fig. 3a),
score 1 for mildly coarse (Fig. 3b), score 2 for coarse
(Fig. 3c), score 3 for highly coarse (Fig. 3d).

The total score of each was determined separately for
the right and left lobes, and the mean value was regarded as
the US score. The US examiners (TN, HW) were both
certified by the Japan Society of Ultrasonics in Medicine
and were unaware of the clinical details of the patients.

Diagnosis of hepatocellular carcinoma

Diagnosis of HCC was made using the typical enhance-
ment pattern by contrast-enhanced CT and/or by histolog-
ical analysis of specimens obtained from hepatic tumor
biopsy.
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Fig. 1 Results for the
ultrasonographic features of the
liver edge; a sharp edge with a
high-frequency probe, b mildly
blunted edge with a high-
frequency probe, and ¢ blunted
edge with a low-frequency
probe

Fig. 2 Results for the ultrasonographic features of the liver surface;
a a smooth surface with a high-frequency probe, b a mildly irregular
surface with a high-frequency probe, ¢ an irregular surface with a
low-frequency probe, and d a highly irregular surface with a
low-frequency probe

Statistical analysis

The patients were categorized by US score. The cumulative
occurrence of HCC was described using the Kaplan—Meier
method. Univariate statistical difference between the cat-
egories was tested by log rank test, Student’s 7 test, and chi-
squared analysis, where appropriate. Cox’s multivariate
promotional hazard model was used to determine inde-
pendent factors for HCC occurrence.

Results
Occurrence of hepatocellular carcinoma

During follow-up, HCC developed in 32 patients (9.5%).
The mean age of patients in whom HCC was detected

Fig. 3 Scores for the ultrasonographic features of the liver parenchy-
mal texture; a fine parenchymal texture with a high-frequency probe,
b a mildly coarse parenchymal texture with a high-frequency probe,
¢ a coarse parenchymal texture with a low-frequency probe, and
d a highly coarse parenchymal texture with a low-frequency probe

was 66 years (range 50-80 years), and that in patients
in whom HCC was not detected was 63 years (range
30-88 years).

US score and HCC occurrence

Observed patient US scores varied from 0.0 to 8.0. The
number of patients with a score of 3.5 or less, 4.0, 4.5, 5.0,
5.5,6.0,6.5,7.0,7.5, and 8.0 at baseline was 92, 39, 27, 41,
22, 50, 13, 30, 5, and 18, respectively. No HCC was
observed in patients with a score of 3.5 or less during the
period. The number of patients in whom HCC was found
was 2 (5.1%), 0 (0%), 3 (7.3%), 3 (13.6%), 9 (18.0%),
3(23.1%), 6 (20.0%), 1 (20.0%), and 5 (27.8%) for patients
with US scores of 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and
8.0, respectively.

@ Springer
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Fig. 4 Cumulative HCC occurrence by integrated US score

US score as a predictive indicator of HCC development

To examine whether the US score has predictive power for
HCC development, we subclassified the US score into three
groups: low (4.0 or below), middle (>4.0 and <6.0), and
high (6.0 or above). Groups with low, middle, and high US
scores consisted of 131, 90, and 116 patients, respectively,
and HCC was detected in 2 (1.5%), 6 (6.7%), and 24
(20.7%) patients in the respective groups.

The diameter of HCC was 24 mm on average with a
range of 16-32 mm in the low score group, 17 mm
(8-36 mm) in the middle score group, and [5 mm
(8-24 mm) in the high score group. A solitary HCC was
found in one case in the low score group, five cases in the
middle score group, and 20 cases in the high score group.
Multiple HCCs were found in one case in the low score
group, one case in the middle score group, and four cases in
the high score group.

Figure 4 shows the cumulative occurrence of HCC by
US score group. The annual HCC occurrence rates were
1.1, 5.5, and 10.2% in the low, middle, and high US score
groups, respectively. The annual rate of HCC occurrence
was significantly higher in the high US score group than in
the middle US score group (p < 0.0001). The difference
between the middle US score group and the low US score
group was also significant (p = 0.0373).

Table 2 shows the patient demographic data according
to the occurrence of HCC. Univariate analyses revealed
that age, serum levels of total bilirubin, alpha-feto protein
(AFP), platelet count, albumin, total cholesterol, and the
US score were associated with HCC occurrence. A multi-
variate proportional hazard model revealed that only the
middle and high US scores (p = 0.0922, hazard ratio
4.006, 95% CI 0.796-20.153 and p = 0.008, hazard ratio
7991, 95% Cl 1.721-37.10, respectively) and elevated
AFP (p = 0.031, hazard ratio 2.774, CI 1.097-7.014) were
independently associated with HCC occurrence.

@ Springer

Table 2 Factors associated with HCC occurrence on the basis of
monovariate analysis

HCC (-) HCC (+) P value
Age (years) 629 +£98 668 7.5 0.029°
Male/female 131/174 11/21 0.874°
Total bilirubin (mg/dl) 09+ 04 12 +£06 0.001*
ALT (IU/L) 59.6 + 476 720+ 468  0.163°
AFP (ng/ml) 144 £290 332+433  0.001°
PLT (10*/mm®) 149 £ 061 106 £038  0.001°
Albumin (g/dl) 42406 37406 <0.001*
Total cholesterol (mg/dl) 1749 & 36.6 1597 + 29.3  0.023"
HCV genotype (109, 29, 167) (9,2, 2D 0.81°
(1, 2, unknown)
US score low/middle/high  129/84/92 216724 <0.001°

* Student’s ¢ test
" Chi-squared test

HCC incidence in IFN-untreated patients

One hundred and ninety-seven patients did not receive IFN
treatment during the study period. Among such patients,
the number of low, middle, and high US scores was 80, 48,
and 69, respectively. HCC was found in 2 (2.5%), 5
(10.4%), and 15 (21.7%) patients in the respective groups.
The annual incidence of HCC was significantly higher in
the high US score group than in the low US score group
(p = 0.0023). The differences between low and middle US
score groups, and between middle and high US score
groups, were not significant (p = 0.0628 and p = 0.3281,
respectively) (Table 3).

HCC incidence in IFN-treated patients

One-hundred and forty patients received IFN treatment
during the study period. The number of patients with low,
middle, and high US scores was 51, 42, and 47, respectively.
HCC was found in 0 (0%), | (2.3%}), and 9 (19.1%) patients
in the respective groups. In the SVR group (n = 41), the
number of patients with low, middle, and high US scores
was 22 (43.2%), 12 (28.6%), and 7 (14.9%), respectively. In
the non-SVR group (n# = 99), the number of patients with
low, middle, and high US scores was 29 (56.8%), 30
(71.4%), and 40 (85.1%), respectively. HCC was found in
none of the SVR patients whereas in the non-SVR group
HCC was found in 0 (0%), 1 (3.3%), and 9 (22.5%) patients
in the respective groups during the observation period.

Discussion

A variety of risk factors for the development of HCC in
HCV-associated CLDs have been reported. Fibrosis is
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Table 3 Multivariate analysis for factors independently associated
with HCC occurrence

Hazard ratio 95% CI P value

Age (years)
<65 1 0.627-2.724 0.475
=65 1.307

Sex
Female | 0.396-1.900 0.721
Male 0.867

Total bilirubin (mg/dl)
<1.0 | 0.505-2.286 0.853
>1.0 1.074

ALT (1U/L)
<48 1 0.347-1.915 0.639
>48 0.815

AFP (ng/ml)
<30 1 1.097-7.014 0.031*
>30 2.774

PLT (x10*mm®)
>13 i 0.438-2.443 0.938
<13 1.035

Albumin (g/dl)
>3.6 1 0.678-3.703 0.289
<3.6 1.584

Total cholesterol (mg/d])
>170 1 0.552-2.714 0.619
<170 1.224

US score
<4.0 1
>4.0, <6.0 4.006 0.796-20.153 0.0922%*
>6.0 7.991 1.721-37.10 0.008**

considered to be an important risk factor [12, 13], and
many lines of evidence indicate that the incidence of HCC
is different depending on the fibrosis stage defined by
histological examination.

A histological examination has traditionally been the
gold standard for defining the histological stage. A liver
biopsy, however, is an invasive modality that is normally
performed on an inpatient basis. Moreover, there is also a
risk of sampling error. A liver biopsy specimen represents a
very limited area of the liver, and two distinct samples
from a single patient may sometimes show different results.
US, on the other hand, yields a general picture of the liver
and may have an advantage in the assessment of diffuse
hepatic change, which is often seen in chronic HCV
infection.

This study shows that the proposed US score is a useful
tool for predicting the occurrence of HCC in patients with
HCV. The annual incidence of HCC in the patients in this
study was 1.1, 5.5, and 10.2% in the low, middle, and high

US score groups, respectively. We further assessed which
of liver edge, liver surface, and liver parenchymal texture
correlated with the occurrence of HCC. None of these
either strongly or independently correlated with HCC
occurrence in comparison with the others, thus indicating
that a comprehensive assessment of these is important for
predicting the occurrence of HCC (data not shown). The
low US score group consisted of patients with a larger
HCC diameter and fewer solitary HCC compared with the
medium and high US score groups. It seems to be difficult,
however, to evaluate the significance of this observation
because the sample size of the low US score group is too
small.

In a previous study, we reported that the US score
strongly correlated with histological findings [11]. The
sensitivity, specificity, and positive likelihood ratio of the
early stage of fibrosis (FO-F2) were 91, 94%, and 15.95,
respectively. We also showed that the US score was
powerful in distinguishing advanced chronic hepatitis (F3)
from cirrhosis (F4). A US score of 6.0 or above suggested
the presence of liver cirrhosis (F4) with a sensitivity,
specificity, and positive likelihood ratio of 98, 91%, and
11.05, respectively [14]. Based on these results, it seems
reasonable to classify the US score in the low, middle, and
high groups as we did in the study. Several studies from
Japan have revealed that the annual incidence of HCC was
0.5, 2, 5, and 8% in F1, F2, F3, and F4, respectively [5]. In
the current study, the highest US score (6.0 or above) group
showed a higher risk of HCC than that of the histological
stage F4, indicating that the group consisted of a selected
group of patients with an exceedingly high risk of HCC. In
addition, the incidence of HCC was 18.0% (9/50) and
22.7% (11/66) in patients with a score of 6.0 and 6.5 or
above, respectively, and it was dramatically high, i.e.,
27.8% (5/18), in patients with a US score of 8.0.

These results suggest that even in the same F4 stage,
there are several subcategories with different risks of HCC
occurrence. Such a difference cannot be evaluated by liver
biopsy because liver cirrhosis (F4) is a single and final
category of CLDs and, more importantly, because such an
invasive examination is contraindicated in advanced cir-
rhosis. To the best of our knowledge, there been no report
of the potential risk of HCC occurrence in liver cirrhosis
evaluated by liver biopsy.

Taken together, the US score may have an advantage
over liver biopsy in predicting HCC, especially for
advanced CLDs including liver cirrhosis. Many studies
have reported independent risk factors of HCC in HCV-
associated CLDs. Such factors include fibrosis, alcohol
intake, age, sex, history of blood transfusion, the platelet
count, and biochemical data [1, 3, 15, 16]. The fibrosis
stage is an important risk factor, undoubtedly; however, in
the current study the US score seemed to be associated
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more strongly with the occurrence of HCC. The advantage
of the US system we utilized is highlighted by its high
resolution, which enables us to make a detailed observation
of the parenchymal texture and to obtain a gross overview
including both the right and left lobes. Although the US
score correlates well with the fibrosis stage [11], this score
may also be independently associated with HCC occur-
rence. which needs to be clarified in an extended study with
a larger number of patients.

It has been reported that IFN treatment suppresses the
occurrence of HCC in chronic hepatitis C [17]. In accor-
dance with previous studies, patients treated with IFN
showed a lower incidence of HCC, which was significant in
the low and middle US score groups but not in the high US
score group. suggesting initiation of carcinogenesis before
INF weatment in the high US score group. In the IFN-
untreated group. there was no statistical difference among
low. middle. and high US score groups. most likely
because of the limited number of patients.

The US score may vary depending on the quality of the
US device and examiners. We have not assessed whether a
different device produces different US scores: however, the
utilization of both low and high-frequency probes enables
more objective evaluation and minimizes inter-examiner
variations | 11]. We behlieve that a highly relable and
reproducible US score can be obtained when the exami-
nation is completed by a single examiner with a single
device. US examination s noninvasive and does not
require as much time as a liver biopsy and the subsequent

histological examination. We propose standardization of
such a scoring system, so that studies in a large number of

patients with CLDs can be completed. This may lead to a
more precise prediction of HCC occurrence and more
appropriate management of patients with HCV-associated
liver discases. Furthermore. it would be valuable to follow
up the US score over time to elucidate whether the pro-
gression speed assessed by US is associated with the
incidence of HCC.

Recent advances in US technology are remarkable.
Owing to improvements in the spatial resolution and dig-
itization of the US signal, more detailed and vivid visual-
ization of parenchymal texture or liver surface is now
possible. High-frequency probes have enabled objective
assessment of liver surface and texture. US examination
using the US score would have advantages not only for
paticnts for whom liver biopsy i1s contraindicated but also
for patients who require longitudinal follow-up. Further-
more, it may be possible to wdentify an optimum follow-up

interval in cach patient with CLD according to the tisk of

HCC occurrence on an OPD basis. As technology advances
and this type of study continues to grow in popularity, more
precise predictions may thus become available 1n the
future.

Y
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The recently introduced transient elastography, which
can be used for liver stiffness measurement, is a promising
tool for dynamic evaluation of disease progression in
clinical practice. Transient elastography, however, should
not be viewed as a surrogate of liver biopsy or other
invasive procedures [18] because it is not suitable for
intermediate stages of fibrosis [19]. Nevertheless, the use-
fulness of the US score should not be underestimated. First,
the installation of clastography is costly, so it is usually
only available in tertiary institutes. Second, our preliminary
study indicated that the correlation between the US score
and histological findings in chronic hepatitis C was higher
than that of transient clastography (data not shown). Fur-
ther study is needed to compare the usefulness and cost
effectiveness of such modalities.

In conclusion, the incidence of HCC in HCV-associated
CLDs was 1.1, 5.5, and 10.2% in the low, middle, and high
US score groups, respectively. Moreover, in the high US
score group, which represents liver cirrhosis, a higher score
was assoctated with a higher incidence of HCC. US score,
the integrated evaluation of the fibrosis stage of the liver
described herein, is useful for the prediction of HCC in
HCV-associated CLDs.
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Abstract. The possibility has been raised in a number of
cohort and case-control studies that diabetes mellitus (DM)
may increase the risk of liver cancer, as well as that of cancer
at other sites. To verify this possibility, we conducted a retro-
spective cohort study to determine the prevalence of type 2
DM in Japanese patients with hepatocellular carcinoma
(HCC). A total of 1,251 patients with HCC, diagnosed at two
major liver centers in the Nagasaki area, were consecutively
recruited and categorized according to the etiology of HCC
into four groups: HCC-B, HCC-C, HCC-BC and HCC-nonBC
cases. Type 2 DM was diagnosed on the basis of standard
criteria. The prevalence rate of HCC-nonBC and HCC-C was
significantly higher than that of HCC-B, while the prevalence
rate of HCC-nonBC was significantly higher than that of
HCC-C. The prevalence of type 2 DM in HCC-B, HCC-C and
HCC-nonBC patients under 66 years of age was 11, 31 and
32%, respectively, vs. 24, 22 and 40%, respectively, in patients
over 66 years of age. In patients over 66 years of age, the prev-
alence of type 2 DM in HCC-B and HCC-nonBC cases was
increased, whereas the prevalence of type 2 DM in HCC-C
cases was significantly decreased. Our findings indicate that
the effects of the interaction between type 2 DM and HCV
increase the prevalence of HCC.

Introduction

Of the three leading causes of death in Japan — malignant
neoplasms, cardiovascular diseases and cerebrovascular
diseases — malignant neoplasms have been the leading cause
of death in Japan since 1981. For the last 30 years, liver
cancer has been the third leading cause of death by malignant
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neoplasms in men and, during the past decade, has ranked fifth
in women (1-3). Hepatocellular carcinoma (HCC) accounts
for 85-90% of cases of primary liver cancer, and chronic hepa-
titis B and C infections are the main cause of HCC. However,
the prevalence of HCC in Japan in the liver of patients that
are both hepatitis B surface antigen (HBsAg)- and hepatitis C
virus (HCV)-RNA-negative has been increasing over the last
12 years (4).

Epidemiological findings have recently been reported
proposing a link between type 2 diabetes mellitus (DM) and
cancer in various organs (5,6). The possibility that DM may
increase the risk of liver cancer, as well as cancer at other
sites, has been raised in a number of cohorts and case-control
studies (7-10). We carried out this retrospective study to
determine the prevalence of type 2 DM in Japanese patients
with HCC.

Patients and methods

Patients. A total of 1,251 patients with HCC diagnosed
between January 1991 and December 2005 at the liver
disease centers of the National Nagasaki Medical Center and
Nagasaki University Hospital were consecutively recruited for
this study. Informed consent was obtained from all patients.
The diagnosis of HCC was based on the elevation of serum
a-fetoprotein or des-y-carboxy prothrombin levels, char-
acteristic image findings obtained using ultrasonography,
computerized tomography, magnetic resonance imaging and
hepatic angiography, and/or histological diagnosis using tumor
biopsy samples.

Etiology of HCC. The HCC cases were categorized according
to etiology into four groups: HCC-B, hepatitis B virus surface
antigen (HBsAg)-positive and hepatitis C virus (HCV)-RNA-
negative; HCC-C, HCV-RNA-positive and HBsAg-negative;
HCC-BC, both HBsAg- and HCV-RNA-positive; and
HCC-nonBC, both HBsAg- and HCV-RNA-negative. A diag-
nosis of chronic HCV infection was based on the presence of
both serum anti-HCV antibody and HCV-RNA detected by
polymerase chain reaction (PCR), while a diagnosis of chronic
hepatitis B virus (HBV) infection was based on the presence
of HBsAg.
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Table I. Characteristics of the HCC patients.

HCC-B HCC-C HCC-BC HCC-nonBC Total

No. 248 809 29 165 1,251
Gender

Male 191 566 19 121 897

Female 57 243 10 44 354

Ratio (male/female) 34 23 1.9 28 2.5
Age (IQR), in years 57 (15) 67(9) 65(12) 67 (14) 66 (11)

<66 190 341 17 71 619

266 58 468 12 94 632
Child-Pugh grade

A a5 70 80 67 412

B 111 213 240 292 1,134

C 8 8 9 11 46

Gender: HCC-B vs. HCC-C, p=0.031. Age: HCC-B vs. HCC-C, p<0.001; HCC-B vs. HCC-BC, p=0.022; HCC-B vs. HCC-nonBC, p<0.0001;
HCC-C vs. HCC-BC, p=0.004; HCC-BC vs. HCC-nonBC, p=0.009. IQR, interquartile range.

Diagnosis of type 2 DM. Type 2 DM was diagnosed on the
basis of the presence of hyperglycemia (=200 mg/dl) in at
least two postabsorptive samples, overt glycosuria, or both;
or active treatment with insulin, oral hypoglycemic agents,
or both. No consideration was given to minor alterations in
glucose metabolism, such as impaired glucose tolerance based
on an oral glucose tolerance test, in accordanc with World
Health Organization criteria.

Statistical analysis. Data were analyzed by the Mann-Whitney
U test for continuous ordinal data, and by the ¥ test with Yates'
correction and Fisher's exact test for associations between
two qualitative variables. p<0.05 was considered statistically

significant. Data analysis was performed with SPSS version
16.0 for Windows.

Results

Clinical features of the studied patients. As shown in Table I,
of the 1,251 patients with HCC, 20% (248/1,251) were diag-
nosed with HCC-B, whereas 65% (809/1,251) had HCC-C and
an additional 2% (29/1,251) had HCC associated with both
viruses. In the remaining 165 patients (13%), no association
was found between HCC and either of the viruses. Analyzing
the patients with HCC by category revealed the male/female
ratio in HCC-B, HCC-C, HCC-BC and HCC-nonBC to be
34,23, 19 and 2.8, respectively. The male/female ratio in
HCC-C was less than that in HCC-B. In addition, the median
age of patients diagnosed with HCC-B, HCC-C, HCC-BC and
HCC-nonBC was 57, 67, 65 and 67 years, respectively. The
median age of patients diagnosed with HCC-B was signifi-
cantly lower than that of the patients with other types of HCC.
Among the patients with HCC, 25% (310/1,251) had type 2
DM, 3% (34/1,251) HCC-B, 16% (209/1,251) HCC-C, 1%
(6/1,251) HCC-BC and 5% (61/1,251) HCC-nonBC.

Prevalence of type 2 DM by stratification according to
etiology in patients with HCC. Cohorts of patients with HCC
were divided according to etiology. Fig. 1 shows that the
prevalence rate of type 2 DM in HCC-B, HCC-C, HCC-BC
and HCC-nonBC was 14% (34/248), 26% (209/809), 37%
(61/165) and 21% (6/29), respectively. The prevalence rate of
HCC-nonBC and HCC-C was significantly higher than that
of HCC-B (HCC-B vs. HCC-nonBC, p=0.001; HCC-B vs.
HCC-C, p=0.001), while the prevalence rate of HCC-nonBC
was significantly higher than that of HCC-C (HCC-C vs.
HCC-nonBC, p=0.003).

The prevalence rate of type 2 DM was 25% in patients
under 66 years of age (154/619) and 25% in patients over 66
years of age (156/632). Fig. 2 shows the age distribution of
the prevalence rate for type 2 DM in HCC-B, HCC-C and
HCC-nonBC cases. The prevalence rate of type 2 DM in
HCC-B, HCC-C and HCC-nonBC was 11% (20/190), 31%
(107/341) and 32% (23/71), respectively, in patients under
66 years of age, vs. 24% (14/58), 22% (102/468) and 40%
(38/94), respectively, for those over 66 years of age. The
prevalence rate of type 2 DM in HCC-B and HCC-nonBC
patients over 66 years of age was increased, whereas that of
HCC-C was significantly decreased.

Discussion

A nationwide health survey regarding the prevalence of DM in
the general Japanese population conducted in 2006 indicated
that the prevalence of DM in Japan was 12%. However, the
prevalence rate of type 2 DM is higher in patients with HCC
than in the general Japanese population. In this two major liver
center-based cohort study designed to examine the prevalence
of type 2 DM in HCC patients, 25% of patients with HCC
had type 2 DM. Previous studies have suggested that DM is a
potential risk factor for HCC (10-13). Inoue et al prospectively
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Figure 1. Prevalence rate of type 2 DM in HCC-B, HCC-C, HCC-BC and HCC-nonBC.

examined the association between a history of DM and the
subsequent risk of cancer in a Japan Public Health Center-
based prospective study, and found an increased risk of liver
cancer in DM patients (12).

The present study found that the prevalence of type 2
DM was significantly higher in HCC-nonBC than in HCC-B
and HCC-C patients. In particular, type 2 DM persisted in
patients without chronic hepatitis virus infections; type 2 DM
in these individuals may explain a relevant proportion of the
observed cases of HCC. Previous studies have suggested that
diabetes and/or non-alcoholic fatty liver disease account for
at least a portion of these ‘idiopathic’ cases (14-16). Findings
from the present study support the hypothesis that the pres-
ence of DM alone accounts for approximately 37% of cases of
HCC-nonBC.

Investigations into the possible biological mechanisms of
the association between type 2 DM and HCC-nonBC have
been site-specific. However, these associations may be the
result of metabolic and hormonal aberrations associated with
type 2 DM, and common biological mechanisms may be at
least partially associated with insulin and insulin-like growth
factors (IGFs) (17).

The most obvious change in diabetic patients is reduced
insulin sensitivity with compensatory hyperinsulinemia and
elevated levels of IGF-1, which may in turn stimulate cell
proliferation in the liver (18,19). At the same time, insulin
activates the IGF-1 receptor, which is known to have a
growth-promoting effect, including the modulation of cell
cycle progression. Excess insulin may also indirectly affect
the development of cancer by down-regulating the level
of IGF-binding protein 1, which increases the level and
bioavailability of total circulating IGF-1. Obesity and physical
inactivity also cause hyperinsulinemia, and are thus also ulti-
mately associated with cancer (17-20).

A survey of HCC-nonBC conducted between 1995 and
2003 in Japan by the Inuyama Hepatitis Research Group
found that individuals with HCC-nonBC accounted for 9.3%
of the general population (2). In the present study, we found
the percentage of HCC-nonBC to be 14.1% in the Nagasaki
area. Furthermore, the number and proportion of HCC-nonBC
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Figure 2. Age distribution for the prevalence rate of type 2 DM in HCC-B,
HCC-C and HCC-nonBC.

cases gradually increased from 1981 to 2005 (). According to
an epidemiological study on DM by Nakano et al, the number
of patients with DM has been gradually increasing since the
development of an automotive society and the Westernization
of the Japanese diet (21). Since the prevalence of DM increases
with age, the proportion of individuals with DM aged 60 or
above has exceeded two-thirds of the estimated total number
of patients in Japan (7.40 million in 2002), which has a rapidly
aging society (21). In other words, the number of individuals
with type 2 DM is increasing in Japan, and these individuals
are at high risk for HCC. Thus, the number of HCC-nonBC
cases will increase in the next decade in Japan.
Approximately 60% of liver cancer cases in Japan are
anti-HCV-positive (4). An experimental study revealed that
HCYV infection itself induces insulin resistance through the
disturbance of the insulin intracellular signaling pathway by
the hepatitis virus core protein (22). Liver fat deposition may
contribute to insulin resistance, which in turn leads to a loss of
the restraining effect of insulin on the production of glucose
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by hepatocytes, thereby causing diabetes (23). Steatosis occurs
more frequently in patients with chronic HCV infection than
in those with chronic HBV infection; this may explain the
increased risk of DM among HCV patients (24). Although we
proposed possible explanations for the correlation between
HCV infection and the prevalence rate of type 2 DM in
patients in this study, it is also possible that the mechanism is
multifactorial. A previous study identified chronic hepatitis B
as having no relationship to DM, and on the basis of the results
of this study, we arrive at the same conclusion (25,26).

Several studies have indicated that the progression from
chronic hepatitis to cirrhosis and HCC is accelerated by dual
HCV infection (11,27). The strong effect of DM on HCC in
the absence of hepatitis infection suggests that, in addition to
the hepatitis C causal pathway, HCC is mediated through the
reduction of IGF-1 factors or IGF binding protein-3, caused
by hyperinsulinemia. This in turn stimulates the prolifera-
tion of cancer cells, as demonstrated by Lagiou er al (28). In
the present study, the prevalence rate of DM in patients with
HCC-C was significantly higher in patients older than 66 years
of age. Our findings demonstrate that the effects of the interac-
tion between DM and HCV further the incidence of HCC.

In conclusion, the prevalence of HCC-nonBC and HCC-C
was significantly higher than that of HCC-B, while the preva-
lence of HCC-nonBC was significantly higher than that of
HCC-C. In patients over 66 years of age, the prevalence of
type 2 DM in HCC-B and HCC-nonBC cases was increased,
whereas the prevalence of type 2 DM in HCC-C cases was
significantly decreased. Our findings indicate that the interac-
tion between type 2 DM and HCV increases the prevalence
of HCC.
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Abstract

Purpose Current Japanese guidelines recommend that
patients should be switched from lamivudine to entecavir
when they meet certain criteria. This analysis examines the
efficacy and safety of long-term entecavir therapy in
patients who were switched to entecavir after 24 weeks’
lamivudine therapy in Japanese studies ETV-047 and ETV-
060.

Methods The Phase II Japanese study ETV-047 assessed
the efficacy of different entecavir doses when compared
with lamivudine. A total of 33 Japanese patients who
received lamivudine 100 mg daily in ETV-047 entered the
open-label rollover study ETV-060 and subsequently
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received treatment with entecavir 0.5 mg daily. Hepatitis B
virus (HBV) DNA suppression, alanine aminotransferase
(ALT) normalization, hepatitis B e antigen (HBeAg)
seroconversion, and resistance were evaluated among
patients with available samples for up to 96 weeks. Safety
was assessed throughout the treatment period.

Results  After 96 weeks of entecavir therapy in ETV-060,
90% of patients achieved HBV DNA <400 copies/mL as
compared to 21% of patients who completed 24 weeks of
lamivudine therapy in ETV-047. Increasing proportions of
patients achieved ALT normalization and HBeAg sero-
conversion following long-term entecavir treatment. No
patients experienced virologic breakthrough, and substitu-
tions associated with entecavir resistance were not
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observed in patients with detectable HBV DNA. Entecavir
was well tolerated during long-term treatment.
Conclusions Switching lamivudine-treated patients with
chronic hepatitis B to entecavir results in increased viro-
logic suppression with no evidence of resistance through
2 years of entecavir therapy. These findings support rec-
ommendations in the current Japanese treatment guidelines
that stable lamivudine patients should be switched to
entecavir.

Keywords Japanese - Chronic hepatitis B - Entecavir -
Lamivudine - Switch

Introduction

Chronic hepatitis B virus (HBV) infection affects more
than 350 million people worldwide, and is a leading cause
of liver-related mortality [1]. Although Japan has one of
the lowest prevalence rates for chronic hepatitis B (CHB)
(0.8%) among Asian countries, it is still estimated that
over 1 million people are chronically infected with HBV
[2]. These individuals are at an increased risk of develop-
ing cirrhosis, liver failure or hepatocellular carcinoma
(HCC) [3].

Lamivudine was the first nucleoside analog introduced
for the treatment of CHB. In clinical trials, it demonstrated
superior efficacy to placebo for HBV DNA suppression,
alanine aminotransferase (ALT) normalization and hepa-
titis B e antigen (HBeAg) seroconversion [4, 5]. However,
a major limitation of lamivudine therapy is the develop-
ment of resistance, which occurs in up to 70% of patients
through 4 years of therapy [6]. Entecavir is a potent
inhibitor of HBV replication [7]. In global Phase III stud-
ies, entecavir demonstrated superior histologic, virologic
and biochemical responses when compared with lamivu-
dine in nucleoside-naive patients and lamivudine-refrac-
tory patients at 48 weeks [8—10]. In the Japanese Phase II
study ETV-047, treatment with entecavir resulted in a
superior reduction in HBV DNA as compared to lamivu-
dine [11]. In contrast to lamivudine, entecavir has been
shown to have a high genetic barrier to resistance; the
cumulative probability of resistance through 5 years of
treatment has been reported to be 1.2% [12]. The genetic
barrier is lower in patients who are infected with lamivu-
dine-resistant HBV and consequently higher resistance
rates are observed in this population with long-term treat-
ment [12].

Current Japanese treatment guidelines recommend
that all treatment-naive CHB patients with ALT levels
>31 IU/L should be treated, dependent on their viral load.
The thresholds for treatment are HBV DNA >S5 log,o
copies/mL in HBeAg-positive patients, >4 log,, copies/mL

in HBeAg-negative patients, and >3 log,o copies/mL in
cirrhotic patients [13]. Lamivudine, adefovir, and entecavir
are currently approved for the treatment of CHB in Japan.
Entecavir 0.5 mg once daily is the first choice therapy for
treatment-naive HBeAg-positive and negative patients aged
35 years or older. In treatment-naive patients <35 years, the
guidelines recommend treating first with interferon for
HBeAg-positive patients, and treating HBeAg-negative
patients with HBV DNA >7 log;, copies/mL with entecavir
until undetectable HBV DNA is achieved, followed by a
combination of entecavir and interferon for 4 weeks, and
finally interferon monotherapy for 20 weeks. HBeAg-nega-
tive patients with HBV DNA <7 log;, copies/mL should be
monitored or can receive interferon therapy. For patients
who are lamivudine experienced, but not necessarily
resistant, the guidelines also recommend that patients
can be switched to entecavir 0.5 mg daily if they have
received lamivudine therapy, and have HBV DNA <2.1
log,o copies/mL. Patients with HBV DNA >2.1 logq
copies/mL can also be switched to entecavir 0.5 mg
once daily if they do not have viral breakthrough.
Limited data on the efficacy of entecavir in this patient
population are available; however, the design of the
Japanese study ETV-047 and the rollover study
ETV-060 presents an opportunity to assess the efficacy
of this treatment option. This report examines the long-
term efficacy, safety and resistance of entecavir 0.5 mg
daily among patients who were directly switched
from lamivudine following 24 weeks’ treatment in
ETV-047.

Materials and methods
Study population

Study ETV-047 was a Phase II, randomized, double-blind
study conducted to evaluate the dose-response relationship
of entecavir and compare the antiviral activity and safety of
entecavir to lamivudine in Japanese patients with CHB. In
ETV-047, 137 patients were randomized to receive one of
three entecavir doses [0.01 mg (n = 35), 0.1 mg (n = 34)
or 0.5 mg (n = 34), once daily] or lamivudine [100 mg
(n = 34), once daily] for 24 weeks. The study design and
complete inclusion criteria have been described previously
[11]. Briefly, eligible patients had HBeAg-positive or
-negative CHB with compensated liver disease, HBV DNA
>7.6 log, copies/mL by PCR assay, <12 weeks’ prior
therapy with anti-HBV nucleoside analogs and ALT levels
1.25-10 x upper limit of normal (ULN). After completion
of treatment in ETV-047, all patients were eligible to enroll
immediately in the rollover study ETV-060, with no gap in
dosing.
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