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treatment among HBV genotypes.” Adefovir showed
no resistance after 1year, but the rate of resistance
increased to 1-3%, 11%,18% and 28% ar years 2, 3, 4
and 5, respectively 3%

Prolonged therapy with adefovir in HBeAg positive
patients resulted in viral load below the LLD, 10*3
copies/mL, in 28% at year 1, 45% and 56% of patients
in years 2 and 3, respectively. ALT levels became normal
in 48%, 71% and 81% after 1, 2 and 3 years of weat-
ment, respectively. Rates of HBeAg loss increased to
42% and 52% and HBe seroconversion rates increased
29% to 42% at years 2 and 3.*

In HBeAg negative patients, prolonged adefovir
therapy for 2 years showed little additional decline in
viral load but consolidated the response to adefovir, as
71-75% of the patients had a viral load below the LLD,
10*3 copies/mL, and ALT normalization in 73-79%. In
the long-term, up to 5 years of continuous treatment
resulted in a viral load below the LLD, 10*3 copies/mL,
in 78-79% at year 3, 65-68% at year 4 and 67% after
5 years. ALT levels were normal in 69-78% at year 3,
70-75% at year 4 and 69% after 5 years.

Longer term results indicate that continued therapy
with adefovir resulted in the suppression of HBV-DNA
with lower rates of resistance than lamivudine, although
adefovir monotherapy may not suffice for patients with
high levels of viral replication and requiring rapid sup-
pression of HBV-DNA.

Adefovir for lamivudine resistant patients

Adefovir has proven to be effective for lamivudine re-
sistant mutants.'**"* The current interest surrounds
adefovir monotherapy vs, combination therapy with
lamivudine, for lamivudine resistant patients. Adefovir
monotherapy is able to suppress viral load by 2.4-4.0
logio copies/mL, while adefovir and lamivudine combi-
nation therapy suppressed viral load by 2.4-6.5 logi
copies/mL in 1 year.***' A randomized study found no
difference in viral decline between adefovir mono-
therapy and combination therapy, although other
studies have found that after long-term treatment, com-
bination therapy showed a stronger viral decline (4.3
log,e copies/mL) than adefovir monotherapy (3.4 logi
copies/mL) and higher rates of HBV-DNA negativity by
PCR, 81% in combination therapy versus 40% in ade-
fovir monotherapy, in patients with baseline viral load
25 loge copies/mL.*

Most of the clinical reports showed no difference in
adefovir treatment outcome between lamivudine resis-
tant patients and naive patients,”*”* although adefovir
was teported to have some degree of cross-resistance
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with lamivudine in vitro.*-** However, in lamivudine
resistant patients, compared to combination therapy
with lamivudine, adefovir monotherapy showed a
higher rate of resistance *******

As we can see from the above, recent reports of
the comparative study of adefovir monotherapy versus
adefovir and lamivudine combination therapy showed
that adding adefovir to ongoing lamivudine therapy is
preferable to switching to adefovir monotherapy in
terms of the potent antiviral effect and a lower rate
of resistance 28394540

ENTECAVIR

NTECAVIR IS A cyclopentyl guanosine analog and is

known to inhibit all three activities of the HBV
polymerase/reverse transcriptase: base priming, reverse
transcription of the negative strand from the prege-
nomic messenger RNA and synthesis of the positive
strand of HBV-DNA. Entecavir has been shown to
reduce the viral antigens and cccDNA levels in liver
samples of HBV-infected woodchucks.*

Entecavir for naive patients

With 1 year of entecavir (0.5 mg) therapy for HBeAg
positive patients, HBeAg loss was reported in 22%, HBe
seroconversion in 21% and HBsAg loss in 2%, respec-
tively, of patients.*’ The decline of viral load was 6.9
log,e copies/mL for HBeAg positive patients and 5.0
log, copies/mL for HBeAg negative patients.* ALT nor-
malization was achieved in 68% of HBeAg positive
patients and 78% of HBeAg negative patients, HBV-
DNA negativity, less than the LLD of 300 copies/mL by
PCR, was achieved in 67% of HBeAg positive patients
and 90% of HBeAg negative patients. Entecavir showed
no resistance up to 2 years,”* but a cumulative resistance
rate of approximately 1.2% after 4 years has been
reported at the 42nd Meeting of the European Associa-
tion for the Study of Liver Diseases.

Entecavir for lamivudine resistant patients

Entecavir shows efficacy for lamivudine resistant
patients, although higher doses of entecavir (1.0 mg) are
required and virologic rebound occurs due to resistance
to entecavir. In a phase III trial, lamivudine resistant
patients were treated with entecavir for 48 weeks. HBV-
DNA was suppressed to less than the LLD, 300
copies/mL by PCR, in 19% of entecavir treated patients
and 1% of lamivudine treated patients.* Another study
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shows entecavir suppressed HBV-DNA less than the
LLD, 300 copies/mL, in 21% and 34% of patients by
weeks 48 and 96, respectively.”

Entecavir is known to have cross-resistance with lami-
vudine and approximately 9% of lamivudine resistant
patients treated with entecavir develop a resistance to
entecavir after 2 years of therapy." Virologic rebound
due 1o entecavir resistance required pre-existing lamivu-
dine resistance, HBV reverse transcriptase substitutions
M204V and L180M, and additional changes at T184,
$202, or M250.” A recent study showed T184, $202, or
M250 substitution, which was considered to occur
during entecavir therapy, emerged during lamivudine
therapy before entecavir.®

Entecavir is a potent inhibitor of HBV replication and
for naive patients entecavir showed a very low rate of
resistance. Thus far entecavir can be considered the first
line drug for naive patients, although we may not put
entecavir as the first line therapy for lamivudine resistant
patients because of a relatively higher risk of cross-
resistance and rebound. For lamivudine pretreated
patients, screening of mutations may be necessary
before switching from lamivudine to entecavir. Recent
case reports suggest that entecavir resistant chronic
hepatitis B can be successfully treated with adefovir and
lamivudine combination therapy.”

LIMITATIONS OF THE CURRENT
THERAPIES AND NEWER
NUCLEOSIDE/NUCLEOTIDE ANALOGS

Telbivudine

NOTHER WELL-REPORTED nucleoside/nucleotide

analog is telbivudine, a cytosine nucleoside analog.
A dose-finding study revealed that this drug is a potent
antiviral drug and dose-dependent antiviral activity is
evident up to a dose of 400mg or more. In the 800
mg/d cohort, the mean reduction of HBV-DNA was
3.75 logio copies/ml at week 4.7 A one-year trial of
telbivudine 400mg/d or 600 mg/day, lamivudine
100mg/day, and the combination of these in HBeAg
positive patients revealed the reduction of 6.43 or 6.09
logs copies/ml by telbivudine, respectively, compared
to 4.66 of lamivudine, and 6.40 and 6.05 of combina-
tion at 52 weeks.” The randomized control trial of tel-
bivudine or adefovir showed telbivudine demonstrated
a greater reduction of HBV-DNA than adefovir at 24
weeks. After 52 weeks, the suppression was greater in
patients who had received continuous telbivudine than
in those who received continuous adefovir. This thus
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showed telbivudine as a potent antiviral agent for
HBV.” although it is associated with a rather high rate
of resistance, 21.6% of HBeAg positive and 8.6% of
HBeAg negative patients who received telbivudine for 2
years, and telbivudine-resistant mutations are cross-
resistant with lamivudine.”

Durability of response

Durability of response after discontinuation of therapy
is one of the limitations of nucleoside/nucleotide
analog therapy. In HBeAg positive patients who sero-
converted during therapy, the response, which is
assessed by HBeAg loss or HBe seroconversion, is
durable in over half of the patients,***** but in HBeAg
negative patients the durability of the response, which is
the suppression of HBV-DNA, is quite poor. Patients
treated with lamivudine for 2 years and who had unde-
tectable HBV-DNA, less than 200 copies/mL, showed a
50% relapse rate 12 months after discontinuation.*
With adefovir 96-week long-term therapy, 71% of
HBeAg negative patients showed HBV-DNA levels that
were less than 1000 copies/mlL, but after discontinua-
tion the majority of patients lost the benefit of treatment
and only 8% of patients had levels below 1000
copies/mL at week 96 of follow up. Data on the
durability of response to entecavir is lacking.

Clevudine is a pyrimidine analog and is reported 10
have relatively high sustained antiviral activity against
HBV, or slow viral rebound after therapy. At the
American Association for the Study of Liver Diseases
(AASLD) in 2006, it was reported that 31% of HBeAg
positive patients and 92% of HBeAg negative patients
had undetectable HBV 12 weeks after the end of treat-
ment. In HBeAg positive patients, median serum HBV-
DNA reductions from baseline at week 24 were 5.10
loge and viral suppression in the clevudine group was
sustained after therapy, with 3.73 log reduction at
week 34 and 2.02 log,, reduction at week 48. At week
24, 59.0% of patients in the clevudine group had
HBV-DNA less than the LLD, 300 copies/mL.** In
HBeAg negative patients, median changes of HBV-
DNA were —4.25 log,, copies/ml and 92% of the
patients had undetectable HBV-DNA by PCR assay at
24 weeks of 30mg/day of clevudine treatment and viral
suppression was 3.11 log, reduction 24 weeks after
the end of treatment.” Although further studies are
needed to confirm this, analysis of the mechanism of
slow viral rebound in clevudine therapy could lead to
the development of new drugs that provide better a
sustainability of response.
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Viral clearance: HBs seroconversion

with the currently available nucleoside/nucleotide
analogs, HBsAg loss is rare - less than 2% - which is
almost the same rate observed in the natural history of
the disease, as compared to IFN therapy, which shows
a 3-10% HBsAg loss within 1 year of therapy and
11-32% in sustained responders.®***

However, Tenofovir, another new nucleoside/
nucleotide analog, was reported to have achieved a 14%
HBsAg loss, although only in a small cohort of 35
patients.* Tenofovir, which has related molecules and a
similar mechanism of action to adefovir, inhibits reverse
transcription by competing with the substrate deoxyad-
enosine 5'-triphosphate. A phase Il controlled trial
comparing the efficacy of adefovir and tenofovir in
HBeAg positive and negative patients is ongoing and
data from the previous studies with lamivudine resistant
patients showed that tenofovir had a faster and greater
suppression of HBV-DNA than adefovir.”

Tenofovir is expected to be an important next appli-
cable drug in HBV infection and also HIV/HBV coinfec-
tion.” More studies have to be carried out to
investigate the effects of the drug on HBsAg loss and that
mechanism is to be explored.

CONCLUSIONS

UR KNOWLEDGE OF HBV and the therapeutic

options has been broadened over the past decades,
but much of the natural history of HBV remains
unknown and none of the current registered therapies
for chronic HBV can be said to be ideal in terms of
tolerability and efficacy.

Nucleoside/nucleotide analog therapy has a high
relapse rate after discontinuation and results in long-
term therapy, which may put unbom children or the
patients themselves at risk. ldentifying the factors that
contribute to the sustained response will help us to
select patients who would be able to stop the therapy
without relapse.

The occurrence of resistance to nucleoside/nucleotide
analogs is currently unavoidable. Several more
nucleoside/nucleotide analogs will be available in the
future and switching from one drug to another will
rescue patients who develop a resistance, but 1o pick the
best drug for the patients, we should accumulate a large
number of data concerning mutations, drug resistance
and cross-tesistance, and establish the data base to make
it possible to select drugs for the patients based on
mutational patterns or genotypes,™
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In HBV therapy. viral clearance is the ultimate aim
of treatment, although current therapies do not suffice
for that purpose. It will be imponant to establish treat-
ment strategies based on both viral characteristics and
host immune systems, which are necessary for HBV
eradication.
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Abstract

Hepatocellular carcinoma (HCC) has a dedsive influence
on the prognasis of cirrhotic patients. Although
a-fetoprotein (AFP) is a known and specific tumor
maker for HCC, it is not suitable for the screening and
surveillance of HCC because of its poor predictive value
and low sensitivity. The use of imaging modalities Iis
essential for the screening, diagnosis and treatment
of HCC. Ultrasound (US) plays a major role among
them, because it provides real-time and non-invasive
observation by a simple and easy technique. In addition,
US-guided needle puncture methods are frequently
required for the diagnosis and/or treatment process of
HCC. The development of digital technology has led
to the detection of blood flow by color Doppler US,
and the sensitivity for detecting tumor vascularity has
shown remarkable improvement with the introduction
of microbubble contrast agents. Moreover, near real-
time 3-dimensional US images are now available. As for
the treatment of HCC, high intensity focused ultrasound
(HIFU) was developed as a novel technology that
provides a transcutaneous ablation effect without needle
puncture. These advancements in the US field have led
to rapid progress in HCC management, and continuing
advances are expected. This article reviews the current
application of US for HCC in clinical practice.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is increasing worldwide
and is one of the most common carcinomas in the
eastern part of Asia". As the prognosis of cirrhotic
patients depends on the occurrence and progression of
HCC, management of this neoplasm is a major issue in
clinical practice. The recent popularization of periodic
surveillance and the development of diagnostic capabilities
have resulted in the discovery of increasing numbers of
patients with small HCC nodules™. Although tumor
markers may be helpful for the diagnosis of HCC, imaging
modalities are essential for finding and charactenzing this
neophm‘w.

On the basis of the continuing development of
digital technologies, ultrasound (US) has also shown
significant improvements within the last decade. As for
grey-scale imaging, tissue harmonic imaging (THI) has
improved both lateral resolution and contrast resolution by
narrowing the width of the US beam, with the reduction
of reverberation and side-lobe artifacts. Since the margin
and structure of tumor nodules have become clear, with
distinct delineation” "™, THI has become popular as part
of the routine work of grey-scale US examination.

Color Doppler imaging provides real-time evaluation
of the hemodynamics in liver tumors, and power Doppler
mode has contributed to a better detectability of blood
flow""". However, limitations in the detection of slow
flow and vessels located deeply from the skin surface have
prevented the wider application of DOPE]I“ mode 1in the
evaluation of tumor hemodynamica" . Furthermore,
artifacts caused by respiratory or cardiac motion
sometimes affect the precise evaluation of hemodynamic
information.

With these backgrounds, US contrast agents have been
expected to improve the detectability of blood flow in liver
rumors, since the first report about a US contrast agent by
Gramiak ¢ o/, From the late 1980s to the 1990s, grey-
scale contrast-enhanced US with carbon dioxide gained
broad attention as an ccho-cnhancmg technique, with
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high sensitivity for detecting rumor vascularity and hi§h
performance for the charactenzation of liver tumors™,
However, this method requires an arteniography procedure
because carbon dioxide is easily soluble in blood. The
development of microbubble contrast agents together
with peripheral venous injection was expected for practical
use. In the late 1990%, a galactose-based US contrast agent
(SHU 508, Levovist) was made available by Schering,
Germany™ . It was a long-awaited material that could
provide a stable enhancement effect in abdominal
organs with a peripheral injection. Subsequently, many
microbubble contrast agents have been produced or are
currently under development. At present, the application
of Doppler mode alone for detecting mamor blood flow is
rare, as contrast-enhanced US with microbubble contrast
agents provides details of the hemodynamics that are
useful for the detection and characterization of liver
tumors. Additionally, three-dimensional US images are now
easily available due to the development of advanced digital
technologicsm'm, and high intensity focused ultrasound

IFU) was developed as a novel treatment method for
tumors™, This article reviews the current development
and application of US for the diagnosis and treatment of
HCC.

SURVEILLANCE FOR HCC

Viral-related and/or alcoholic chronic liver disease is
a high-risk factor for developing HCC that limits the
prognosis. There is no question about the importance
of periodic surveillance for HCC in these high-risk
patients™ ™", Some serum markers are known for HCC, and
a-fetoprotein (AFP) is widely used for its diagnosis™ .
Ishii ef a/ reported that sensitivity and specificity of
AFP was 13.8% and 97.4% at a cut-off value of
200 ng/mL, respectively, and 62.1% and 78.3%, at a cut-
off value of 20 ng/mL, respectively”’. They added that
when AFP and another tumor maker, protein induced by
vitamin K absence or antagonist [I (PIVKA-TI), were
combined with cut-off values of 40 ng/mL for AFP and
80 mAU/mL for PIVKA-II, sensitivity was 65.5% and
specificity was 85.5%. The study by Tong e a/ showed
that the posiuve predictive value for AFP to detect HCC
was only 12% or less for all AFP cut-off values, and the
maximum joint sensitivity and specificity as determined
by receiver operator charactenstic (ROC) analysis were
approximately 65% and 90%, respectively. Meanwhile,
the positive predictive value for US to detect HCC was
78%, while sensitivity and specificity were 100% and
98%, respectively®™. They concluded that AFP should
not be used as the only test for screening and surveillance
for HCC because of its poor predictive value and low
sensitivity. Larcos ¢f o/ also mentioned that US screening
was superior to AFP assay for detection of HCC™, Novel
serum markers with improved sensitivity are awaited for
screening tests for HCC.

US is the most common method for the screening
of HCC because of its advantages - simple, non-invasive
and real-time observation'™. However, there has been
a variety of results in the application of US for HCC
surveillance (Table 1). Sherman er o/ reported thar US

Sherman ef al™ 714 938 - -
Chalasard et al™ 59 93 91 (CT) 95 (CT)
“ao et af! 794 - 81.6 (CT) -
B89 (MRI) -
Gambarin-Gelwan 58 94 53 (CT) 94 (CT)
etalf™
Teetey et af™ 89 75 67 (CT) 75 (CT)
56 (MRI) 81 (MRI)
O(PET) BB (PET)

"Sensitivity of radiologic procedures in the diagnosis and staging of known
HOC before liver transplantation. *The higher value was presented from two
data obtained between two observers.

showed a sensitivity of 71.4%, a speafiaty of 93.8%, with
only 14% of positive predictive value, as a screening test
in chronic HBsAg carriers™), Chalasani #f o/ compared
the sensitivity in a screening program between US and
computed tomography (CT), and the sensitivity of
US (59%) was much lower than that of CT (91%)"".
Two other studies in the diagnosis of HCC before liver
transplantation resulted in similar sensitivity between US
and CT, 79.4% for US and 81.6% for CT"", 58% for US
and 53% for CT", respectively, with the latter claiming
that US is preferable to CT for routine screening of HCC
before liver transplantation because of its lower cost.
Meanwhile, Teefey ¢f a/ mentioned that the sensitivity of
US (89%) was much higher than CT (67%) and magneuc
resonance imaging (MRI, 56%)"". Evaluation of the actual
sensitivity of US and other imaging techniques from the
published studies on screening and surveillance is quite
difficult because of the lack of a defined gold standard,
as was also noted in the review article by Bolondi™. In
addition, Chalasani ¢f o/ described n their study that the
lesser steatosis to change liver echogenecity in Asian
patients with predominantly viral cirrhosss, leaner body
habitus in Japanese patients resulting in better visualization
of the liver by US, and differences in US technique
between physicians (Japan) and technologists (USA) were
the causes for the high detection rates by US in Japanese
reports™™*. Although it is narural that US results depend
on the physical size of the patients and the operator’s skill,
medical staffs and engineers who engage in US should
not accept the current situation. Further technical and
technological improvements are required to overcome
these problems.

Tumor detectability berween US withour enhancement
and contrast-enhanced spiral CT has been compared in
some previous studies. The comparison may not be on
an equal footing, as US has now acquired collaboration
with microbubble contrast agents. The application of
contrast-enhanced CT for screening of HCC would be
expensive and invasive, and MRI has the limitation of a
low availability rate of the equipment. Although contrast-
enhanced US may not be cheap, it is much less invasive
and more convenient than contrast-enhanced CT. The
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establishment of surveillance based on both non-contrast
US and contrast-enhanced US may be necessary for the
screening procedure of HCC.

According to clinical studies concerning the doubling
time of tumor, median days were reportcd as 117 d
(29-398 d) by Sheu ¢ 2" or 171.6 d (27.2-605.6 d) by
Barbara e o', and the former study called for a suitable
screening interval for the early detection of HCC of
4-5 mo. Solmi ¢ a/ reported that the percentage of
detected unifocal tumors with a diameter less than or equal
to 3 cm was significantly higher in the group followed-
up every six months by both US and AFP than the group
without this follow-up prmocolml. Depending on the
nsk factors, a score based on certain clinical ﬁndings
may be predictive for the doubling time of HCCH M,
The latter report recommended a regular US follow-up
of a 3- or 6-mo interval according to the nsk of HCC
development, sex (male), alkaline phosphatase, AFP,
y-glutamyltransferase and albumin'™!. The study by Izzo
¢ al also supported the 6-month surveillance by AFP and
US for panents with severe chronic active hepatitis or liver
cirthosis™. However, Fasani o a/ reported that screening
with US every six months may be inadequate for early
detection of liver cancer in patients with multiple risk
factors because multinodular HCC was under detected by
US*™. A tailor-made surveillance interval may be required
according to the nsk of HCC development.

Bolondi #f a/ examined their surveillance program based
on US and AFP at six-month intervals in 313 cirrhonc
patients, reporting that the cumulative survival of the 61
patients with liver tumors detected by the surveillance
program was significantly longer than that of controls
not participating in any specific surveillance program,
with incidentally detected HCC, and multivariate analysis
showed an association between surveillance and survival™.
Other studies showed that surveillance based on US and
AFP every 6-12 mo improved the survival of patents™".

As described above, the merhod and appropriate
interval of surveillance have been discussed from the
aspect of growth speed of HCC, detected number and size
of HCC, and the rsk of developing HCC. Furthermore,
the significance of surveillance is well-supporred by the
improved survival rate. US should play a main role i the
screening procedure of HCC,

DIAGNOSIS OF HCC

Imaging diagnosis of HCC is based on the presentation
of charactenistic hypervascular appearances in nodules,
The European Association for the Study of the Liver
(EASL) has documented the diagnostc cntena for HCC n
a report for the clinical management of HCC". Nodules
larger than 2 cm with an arterial hypervascular pattern
by two imaging techniques or by one imaging technique
associated with an AFP level higher than 400 ng/mlL
was considered to be HCC in cirrhonic patients without
needing confirmation by a positive biopsy. Four imaging
modalittes, US, spiral CT, MRI, and angiography, were
recommended for evaluation of the vasculanty of hepatic
nodules in that article.

The advantages of US imaging consist of the simple
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Figure 1 Conirast-enhanced
harmonic imaging with
Sonazoid in focal nodular
hyperplasia (FNH). The
centrifugsl blood flow
appearance like “spoke-
wheel sign” was clearly
demonstratad in the center
of the nodules (amows)

and non-invasive demonstration of blood flow by real-time
observation. US is 2 unique method that can evaluate blood
flow direction under physiological condition. In contrast
to focal nodular hyperplasia (FNH) with a centrifugal
blood flow appearance (Figure 1), HCC has a charactenisnc
hypervascular appearance with centripetal blood flow, and
a basket pattern is one of the typical findings of HCC by
color Doppler imaging™*". The clinical application of
microbubble contrast agents has resulted in remarkable
improvement 1n blood flow detection by US exammanon.
It was reported thar the same enhancement pattern was
found berween contrast-enhanced harmonic grey-scale
imaging with Levovist and contrast-enhanced helical CT in
53 of 61 (87%) HCC nodules™., Other studies have also
shown over 80% concordance of tumor vascularity™"*
between contrast-enhanced US with SonoVue (Bracco
Diagnostics, Princeton, NJ, USA) and contrast-enhanced
helical CT. Thus, the applicanon of Doppler mode alone
for detecting tumor blood flow is rare, as the more recent
availability of microbubble contrast agents has assisted in
overcoming the limitations of Doppler methods.

The diagnostic performance of contrast-enhanced
US is not limited to the demonstration of tumor
vasculanty. Some microbubble contrast agents have a
charactenstic property of organ-specific accumulation™ ™"
Although the precise mechanism remains unclear, the
reticuloendothelial system (ie., phagocytosis by Kupffer
cells) may be involved in this phenomenon. Both Levovist
and Sonazoid (Nycomed-Amersham, Oslo, Norway)
accumulate in the liver, and sonograms in this phase (late
liver-specific parenchymal phase) are frequently used
for the detection or charactenzation of liver tumors. In
contrast, Definity (Bnstol-Myers Squibb, N. Billerica, MA,
USA) and SonoVue do not accumulate in the liver. The
characterization of liver tumors by contrast-enhanced US
has been carded out using accumulation images as well as
vascular enhancement images (Figure 2A and B).

Concerning the discrimination of malignant versus
benign liver lesions by contrast-enhanced US, recent
literature has reported seasitivity of 98% ro 100%
and specificity of 63% to 93% with Levovist™"*Y,
and sensitivity of 98% and accuracy of 92.7% with
SonoVue™!, Furthermore, in a clinical study with rwo
independent image reviewers, Kim # 2/ described that
contrast-enhanced US (agent detecting imaging mode with
Levovist) provided a specific diagnosis in 75%-79% of 75
patients with focal hepatic lesions, and that the rechnique
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was successful as a confirmatory imaging technique in
63%-72% of the patients.

Hypervascular hepatic lesions do not always reflect
the fact that the final diagnosis of the nodule 1s HCC
in heavy drinkers™, since benign hypervascular nodules
sometimes occur in their liver. A recent report has shown
that the ring-shaped appearance on liver-specific contrast-
enhanced sonograms with Levovist may be a useful sign
for the differential diagnosis of benign nodule from
HCC 1n heavy drinkers"”. Since contrast-enhanced CT
hardly differentiates these benign nodules from HCC, this
charactenstic finding may prevent unnecessary treatments
under misdiagnosis. Moreover, it could be expected to lead
to a reduction in the application of percutaneous needle
biopsy, an mnvasive procedure, for the precise diagnosis.

Non-hypervascular and/or small (< 2 cm) nodules
Well-differentiated HCC, dysplastic nodule (DN) and
regenerative nodule (RN) do not always reveal the
specific hypervascular pattern on contrast-enhanced CT
such as typical HCC*™. The characterization of such
non- h\'ervascuIar nodules 1s very important in clinical
practice” """ because high-grade DN are considered
potenually pre-malignant lesions. However, as these non-
hypervascular nodules have Kupffer cell distﬁhurionp"w_
observation of the superparamagnetic iron oxide-enhanced
(SPIO) MR images or liver-specific images on contrast-
enhanced US could not easily charactenize them.

According to the EASL report, percutaneous
needle biopsy has until now been a standard method
for the diagnosis of non- lwpcrvas;ular hcpauc nodules
or small hepatic nodules of 1 cm to 2 cm™, because
charactenzaton of these nodules by imaging modalmcs
alone is difficult™"™. As for nodules smaller than 1 cm,
EASL recommended repeated US observation every 3 mo
until the lesion grows to 1 cm, at wh1ch point additional
diagnostic techniques can be applied™”.

Thanks to the establishment of US-guided needle
puncture (cchniquc’m'. percutaneous needle biopsy has a
quite high diagnostic accuracy. Caturelli ¢ o/ found that the
typing accuracy of fine-needle aspiration biopsy was 88.6%
for nodules with diameters < 10 mm, 86.2% for nodules
with diameters of 11-15 mm, and 91.3% for nodules with
diameters of 16-20 mm"". Durand & o/ reported thar US-
guided FNB diagnosed HCC nodules wath a sensitvity of
91%"™. However, liver biopsy for small nodules always has
the possibility of sampling error, and a neganve bopsy of

1713

Figure 2 Conirast-enhanced hamaonic imaging
with Sonazoid in small HCC (9.8 mm, armows)
A Early-phase image (22 s after the injection),
B: Late-phase image (10 min after the injection)
The early-phase image showed positive
enhancement and the late-phase image showed
negative enhancement in the nodule. These
findings could easily diagnose this lesion as
HCC

a nodule visible wath imaging techniques in a cirrhotic liver
can never be taken as a criterion to rule out m:!.ljmlmcyim
Additionally, as rapid progression is rare in these kinds
of nodules, repeated observations in their chnical course
would determine their management. Therefore contrast-
enhanced US can be expected to be an effective diagnostic
tool for these non-hypervascular lesions because of its
high resolution and non-invasive procedure.

TREATMENT SUPPORT AND EVALUATION
OF THERAPEUTIC EFFECT

US-guided treatment
Since the majority of HCC patients have poor liver
function and recurrence 1s not rare, surgical trearment
is not always an appropriate choice™ ", With such
. [84-86)
backgrounds, percutaneous ethanol injection (PEI)
and radio-frequency ablation (RFA)™*" were developed
and came to be widely used in clinical practice as
‘ L]
minimally invasive methods™". They are now a first-line,
favored approach with an efficient therapeutic effect on
HCEM™,

Treatment for recurrent lesions

Although percutaneous US-guided treatments provide
sufficient therapeutic effect, recurrence often plagues
many HCC patents. According to long-term study results,
cumulative recurrence rates of the treated site of post
PEI lesions were 3.4% at 1 year, 7.1% at 2 years, and 10%
ar 3 years, and those of the untreated sites in liver were
18.7% at 1 year, 62.1% at 3 years, and 81.7% at 5 years,

i ively™
!L‘.tl'l{.’LllVl! Y

Thus, many HCC patients have to receive
re:pealt-d treatments L|1mng thetr clintcal course. In order
to minimize adverse effects to the liver, less invasive
treatment such as PEI or RFA is preferable for these
patients. However, localization of lesions on sonograms is
sometimes problematic in patients with cirrhotic liver and/
or repeated treatment h}smr}"”w'.' Although percutaneous
treatment under CT guidance 18 a well-established
technique and a useful method for lesions undetected
by US, the method lacks convenience and exposes both
719 Microbubble

contrast agents are also useful in such a case A recent

patients and physicians to radiation'

ﬁtilf.i\' .‘hl:)wf({ th:l[ contrast Enl]:'n(‘.ﬂ(l L’S ‘.‘.'l‘lh lf\’f‘vls[
could localize 24/32 (75%) of HCC lesions that were

-[101] -
nvisible by non-contrast US""". Application of the next-
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generaton US contrast agents, SonoVue and Sonazoid, is
expected to improve the localization result.

Evaluation of therapeutic effect

US examination is eligible for the evaluation of the
therapeutic effect after percutaneous treatments such as
PEI and RFA, because they are usually performed under
US guidance. In fact, contrast-enhanced US has come to
be frequently applied for evaluation of the therapeutic
response in HCC nodules with improved sensitivity and
specificity for detecting tumor blood flow (Table 2).
According to the results by Bartolozzi ¢f 4/, color Doppler
US with Levovist showed sensitivity of 92%, specificity
of 100%, and accuracy of 98% compared to the results
of spiral CT and biopsy, 1n the detection of residual
tumor tissue in 47 HCC lesions after PEI'™, Wen ¢ a/
examined the efficacy of coded harmonic angio mode
with Levovist for detecting residual tumor in 91 HCC
nodules about one week after RFA in companson with
contrast-enhanced CT, and they found thart sensitivity,
specificity, and diagnosnc accuracy of US were 95.3%,
100%, and 98.1%, respectively™. Meloni ¢ a/ reported
that sensitivity and specificity of pulse mversion harmonic
imaging with Levovist were 83.3% and 100%, respecuvely,
for detecting residual non-ablated tumor at 4 mo after
treatment in 35 patients with 43 HCC nodules, compared
with helical CT findings"*". Immediate evaluation of
the therapeutic effect is often desirable after RFA for
the management of HCC, and Choi ¢f a/ mentioned
that diagnostic agreement between power Doppler with
Levowist about half or one day after ablation therapy and
CT just after ablation was achieved in 100% of the 45
HCC nodules in 40 patients"™. Another study showed that
diagnostic concordance berween agent detection imaging
with Levovist performed within 24 h after RFA and
1-mo follow-up CT was 99% in 90 patients with 97 HCC
nodules"™. Thus, estimation of the therapeutic response
in HCC after percutaneous treatments would become more
efficient on the basis of this non-invasive imaging method.
Although artificial signals caused by the RFA procedure
affect an early detailed observation™'™ monitoring by
contrast-enhanced US dunng RFA would likely be applied
to the assessment of the therapeutic effect as well as the
detection of viable tumor.

It 1s well known that contrast-enhanced CT can
hardly evaluate intratumoral contrast enhancement when
partial retention of iodized oil is present in the tumor
after transcatheter arterial chemoembolization (TACE).
Therefore, the therapeutic effect of TACE is usually
assessed by the distribution of 1odized oil in the rumor
on non-contrast CT images, though these findings are an
indirect presentation. As MRI findings are nor affected
by the presence of iodized oil, contrast-enhanced MRI
15 favorable for the assessment of the therapeunc effect
after TACE. However, the equipment has not yet come
into wide-spread use, the procedure is not convenient, and
evaluation of the findings in small lesions is sometimes
difficult due to the low resolution and influence of motion
artifacts. Contrast-enhanced US has the advantage of
not being limited by 1odized oil deposition that affects

Wenetal™  RFA 67/91 Sersitivity 95.30%
Specificity 100%
Accuracy 98.10%
(Levovist)
Meloni RFA 5/43 Sensitivity 83.30%
etal™
Specificity 100%
(Levovist)
Choietal™  RFA 40/45 Diagnostic agreement 100%
(Levovist)
Kimeta™  RFA 90/94 Diagnostic concordace” 99%
(Levovist)
Salbiati RFA 20/20' Sensitivity 50%
etaf®
Specificity 100%
Diagnostic agreement 85%
(Levovist)
Pompili PEL RFA, 47/56 Sensitiviry 7%
elaf™ TACE
Combined Specificity 98.40%
treatments
Diagnostic agreement 94.60%
(SonoVue)
'Compari with cont hanced helical CT; "1-mo follow-up CT;
"Solitary colorectal liver metastases.

the evaluation of contrast-enhanced CT findings. Some
clinical studies have shown the magnitude of contrast-
enhanced US for evaluation of the therapeutic effect
after TACE""™"" According to the report by Pompili
¢t al, contrast-enhanced US with SonoVue resulted in
diagnostic agreement in 53/56 cases (94.6%), with 87.0%
sensitivity and 98.4% specificity compared with contrast-
enhanced CT findings, after non-surgical treatments for
HCC"?. Another study showed that contrast-enhanced
US resulted in considerably higher sensitivity in detecting
residual tumor blood flow after TACE than dynamic
CT or dynamic MRI"'. Meanwhile, Lim ¢ a/ described
that a rehiable assessment of intratumoral blood flow
by contrast-enhanced US may not be possible in many
instances, particularly mn small lesions or 1 lesions located
deep within the liver parenchyma”'™. They concluded that
CT is the standard 1maging technique for monitoring the
effectiveness of TACE and RFA, and contrast-enhanced
US and MRI can complement CT in evaluating the
therapeutic response. Although the performance of the US
examination may depend on the operator’s skill, location
of the mmor and system capability, quite a few radiologists
and hepatologists may believe that contrast-enhanced US
plays 2 major role in evaluation of the therapeutic effect
after TACE. The recent developments in this technology
would allow contrast-enhanced US to be positioned as the
standard method for evaluation of the thesapeutc effect in
many HCC patients (Figure 3A and B).
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ADVANCED TECHNOLOGY

Recent US systems have provided three-dimensional
visualization of the combined tissue structures and
color blood-flow appearance under easy handling™*
Additional anatomical information of the tumor with
tumor-associated vessels is available at any plane from
multiple directions""™ """ With the remarkable progress
in microelectronic technology, the US transducer has
achieved full digital specification (Matrix transducer, m22,
Philips) with 3000 elements""""*". Including built-in micro-
beamforming composed of a 150-computer board, it
can visualize “Live 3D", which presents real-ime three-
dimensional anatomical views visible from any angle with
volume rendering for pyramidal volume (90%70 angles).
Contrast-enhanced 3D or 4D ultrasonographies using
microbubble contrast agents might become a standard
method for the charactenzation and/or evaluation of the
therapeutic effect on liver tumors (Figure 4)‘“"1.

HIFU is a novel technology that enables transcutaneous
ablation effect without needle Puncture“m'”“. While
controlling the energy and focusing of US, successful
HIFU results in necrosis of the tumor in the focal area
with less damage of surrounding rissues, A number of
clinical studies have been carned our using HIFU for the
treatment of liver tumors as well as breast cancer and
myoma uten. In regard ro liver rumors, 1t was reported that
the ant-tumor effect and survival tme by HIFU combined
with TACE were supenor to those by TACE alone in 50
patients with advanced HccM, Although some of the
subjects seemed to have a complete ablation effect, the
precise effect for complete tumor necrosis by HIFU was
not clear in this study. Furthermore, as the background of
the HCCs showing sufficient ablation effect was not fully
analyzed, 1t remains to be solved whether HIFU 1s valuable
as a reliable method for curative treatment of small HCC.
Nonetheless, this non-invasive method 1s really expected
to be used for HCC rrearment, as an alternative to PEI or
RFA, because needle puncture 1s an invasive procedure for
arrhotic patients.

Normal ventilation 1s one of the serious problems
in the completion of HIFU treatment for liver tumor,
as movement of the liver may cause ablation failure that
results on non-tumor tissue damage and/or incomplete
therapeutic effect for the tumor. Wu ef a/ reported that
three-dimensional US images were used as a monitor to
localize the tumor during HIFU treatment, and changes
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Figure 3 Assessment of therapeulic response after PE|
for HCC. A: Contrast-enhanced CT with dynamic study; B
Cantrast-enhanced US (Advanced Dynamic Flow with Levovist).
Contrast-enhanced CT showed enhancemen! appearance
which neadad additional treatment within the treated area
(ammow), and contrast-enhanced US could demonstrate a similar
finding. Arrow heads: Lipiodol

Figure 4 Real-fime three-dimensional
Imaging of HCC (contrast-enhanced
LIVE 3D with Sonazoid, u22, Philips)
Abundanl tumor vessels were
dramatically demonstrated in the HCC
nodule. (Armows: HCGC nodule)

in echogenicity of the umor just after the rreatment were
evaluated by US"™. Advances in imaging technology for
real-time 3D sonography would help the improvement of
the therapeutic ability of HIFU.

In conclusion, US has made amazing strides 1n the last
decades because of digital technology progress, and it will
continue to grow. The advancement of imaging methods
is expected to support the clinical management of patients
with HCC.
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Abstract

Background/Aims: Our aim was to evaluate the relationship between hepatitis C
virus (HCV) infection and development of diabetes mellitus (DM) or insulin
resistance (IR) in comparison with hepatitis B virus (HBV) infection and
eradication of HCV infection by interferon treatment. Methods: This study
consisted of 952 outpatients, including 544 HCV-infected (HCV +chronic), 286
HBV-infected (HBV +chronic) and 122 patients whose HCV was cleared by
interferon treatment (HCV +cleared) (diabetes study). Among 849 without overt
DM, IR was assessed in 423 patients, including 232 HCV-infected (HCV +chro-
nic), 135 HBV-infected (HBV+chronic) and 56 HCV-eradicated patients
(HCV +cleared) (IR substudy). Results: The prevalence of DM in the HBV +chro-
nic, HCV+chronic and HCV +cleared groups was 6.3, 13.6 and 9.0%, respectively
(HBV-+chronic vs HCV+chronic, P < 0.005), in the diabetes study, and the
prevalence of IR in the HCV+chronic group (54.3%) was also higher than that in
the HBV-+chronic (36.3%) (P <0.005) and HCV+cleared groups (35.7%)
(P < 0.05) in the IR substudy. However, HCV infection was not shown to be
independently associated with DM development [odds ratio (OR) 1.66%
P=0.0936] and with IR (OR L1.531; P=0.2154) by multivariate analysis in
comparison with HBV infection as control. Conclusions: HCV-infected patients
showed a higher prevalence of DM and IR than those with HBV infection.
However, in Japan, other confounding factors appeared to be more important risk
factors for the development of disturbance in glucose metabolism.

Approximately 1.5 million people in Japan and 170
million people worldwide have been infected with the
hepatitis C virus (HCV), and chronic HCV infection
causes chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC) (1, 2). In most western countries,
HCV infection is becoming a major cause of HCC and
liver transplantation (3).

It is estimated that seven million people are affected
by diabetes mellitus (DM) in Japan (4). Type2DM isa
lifestyle-associated disease and is increasing world-
wide, including in Japan (5). The risk factors asso-
ciated with type 2 DM include family history, age,
gender, obesity, smoking and physical activity (6). A
close association between DM and insulin resistance
(IR) is also reported (7).

The liver is crucial to carbohydrate metabolism and
glucose homoeostasis, and hepatic dysfunction causes
glucose abnormalities leading to DM, which is pre-
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valent in chronic liver disease, and especially in liver
cirrhosis (8,9). Cirrhotic patients have glucose intoler-
ance attributable to IR, which is caused by a post-
receptor defect, decreased binding of insulin to target
tissues and inadequate response of P-cells to secrete
insulin appropriately to overcome the defect in insulin
action (10). It has also been reported that DM
increases the risk of developing chronic liver disease
and HCC (11), and DM has been associated with non-
alcoholic fatty liver disease including non-alcoholic
steatohepatitis (12). Thus, there is a close association
between DM and liver diseases.

Recently, there has been growing evidence to suggest
an association between HCV infection and DM. A
high prevalence of DM has been reported among
patients chronically infected with HCV in comparison
with controls or other liver diseases (13—18), in addi-
tion to a high prevalence of HCV infection among
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Table 1. Clinical characteristics of HBV+chronic, HCV+chronic and HCV+cleared patients in diabetes study and insulin resistance

substudy
Pvzlue
HCV+ HBV+
HBV+ chronicvs  chronic
HBV+ HCV+ HCV+ chronic vs HCV+  HCV+ vs HCV+
chronic chronic cleared chronic cleared cleared
Diabetes study
Number 286 544 122
Age 4514136 584+13.0 53.24+13.0 < 0.0001 < 0.0007 < 0.0001
Gender male (%) 164 (57.3) 257 (47.2) 82 (67.2) < 0.01 < 0.0001 NS
Clinical stage (asymptomatic 100116125  78/353/113  —/-1/~- < 0.0001
carrier/chronic hepatitis/
cirrhosis)
Insulin resistance substudy
Number 135 232 56
Age 4454130 5964131 53.5+£12.0 <0.0001 < 0.005 < 0.005
Gender male (%) 77 (57.0%) 93 (40.1%) 38 (67.9%) < 0.005 < 0.0005 NS
Hypertension 5(3.7%) 49(21.1%) 5(9.1%) < 0.0001 NS NS
Hyperlipidaemia 32 (23.9%) 33(14.2%) 17 (30.4%) =< 0.05 = 0.01 NS
Obesity 19(17.4%) 40(19.1%) 19(38.8%) NS < 0.01 < 0.01
BMI (kg(m") 22.7+£33 228431 238433 NS < 0.05 NS
Clinical stage (ASC/CH/cirhosis) ~ 40/77/18 37140/55 o < 0.005
FPG (ma/dl) 96+ 8 99+ 10 10049 < 0.005 NS < 0.01
IR (uUA) B.7+56 95+53 79+50 NS < 0.05 NS
HOMA-IR 2114 24+14 20+13 NS NS NS
AST (UL 42464 49127 2347 NS < 0.0001 < 0.05
ALT (IUL) 53+121 49434 1949 NS < 0,0001 < 0.05
+-GTP (IUL) 38468 40+ 44 30422 NS NS NS
Platelet (x 10°1) 201 +62 168+ 69 213161 < 0.0001 < 0.0001 NS
Total cholesterol (mg/dl) 192432 176 +34 197 +£32 < 0.0001 < 0.0001 NS
Triglyceride (mg/dl) 92459 91+46 103+ 46 NS NS NS
HCV-RNA genotype 1/2 - 142/46 22/24 < 0.001

ALT, alanine aminotransferase; ASC, asymptomatic carrier; AST, aspartate aminotransferase; BMI, body mass index; CH, chronic hepatitis; FPG, fasting
plasma glucose; y-GTP, y-glutamyl transpeptidase; HBV, hepatitis B virus; HCV, hepatitis C virus; HCV-RNA, hepatitis C virus ribonucleic acid; HOMA-IR,
homeostasis model of insulin resistance; IRI, immunoreactive insulin; NS, not significant.

patients with DM (19-21). Most previous studies have
provided evidence of a positive association between
them, with a few exceptions (22-24).

In this cross-sectional study, we investigated the
prevalence of DM and IR in patients with chronic
hepatitis C, and compared it with that in patients
chronically infected with HBV and those who cleared
HCV after interferon treatment as control.

Materials and methods
Diabetes study

Among the 1163 outpatients recruited from patients
seropositive for the hepatitis B surface antigen
(HBsAg) or the anti-hepatitis C virus antibody
(HCV-Ab) who visited the First Department of Med-
icine, Chiba University Hospital, between January
2003 and December 2004, 87 patients were excluded
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because 60 patients had HCC and 27 were HCV
ribonudleic acid (HCV-RNA) seronegative without
previous interferon treatment. Among the remaining
1076 patients, the plasma glucose level and/or the
HBAIC level were investigated retrospectively in 952
patients (88.5%), consisting of 544 patients chroni-
cally infected with HCV (HCV +chronic), 122 whose
HCV had cleared after interferon treatment
(HCV+cleared) and 286 chronically infected with
HBV (HBV +chronic) (Table 1) (Fig. 1). One hundred
and twenty-four patients whose plasma glucose level
was not available were excluded: 50 patients chroni-
cally infected with HCV, 22 whose HCV had cleared
after interferon treatment and 52 chronically infected
with HBV. They were younger (45.0+16.5 vs
53.8+14.5, P < 0.01) with ASC more prevalent (42.9
vs 21.4%, P < 0.05) and cirrhosis less prevalent (3.8 vs
16.6%, P < 0.05), and the proportion of males was
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HCV-AD(+) or HBsAg(+)
N=1163

N=87 HCC (N=80)
HCV-AD{+ JHCV-ANA[-)
NFN treatmant{-) (N=27)

N=124
HCV-RNA(+) (N=50)
HCV-ANA(-) after IFN troatmant (N=22
HBsAg(+) (N=52)

N=426
HCV-RANA{+) (N=232)
HCV-ANA(-) after IFN treatment (N=
HBaAg(+) (N=135)
Insuiin resistance sub-study
N=423

Fig. 1. Flow chart of patients analysed in diabetes study and
insulin resistance substudy. IFN, interferon

almost similar (4.4 vs 52.8%, P=0.09) compared
with the 952 patients (Fig. 1). More in-depth data
including body mass index (BMI), a key confounder,
were not available in the diabetes study because it was
a retrospective one.

Patients in the HCV +cleared group had completed
interferon therapy at least more than 6 months before
entry. Patients in the HCV+chronic group were
seropositive for HCV-RNA and HCV-Ab, those in the
HCV+cleared group were seropositive for HCV-Ab
but seronegative for HCV-RNA, and those in the
HBV+chronic group were seropositive for HBsAg.
Patients seropositive for HBsAg and HCV-RNA were
not included and those with autoimmune hepatitis,
primary biliary cirrhosis, haemochromatosis, Wilson's
disease, excessive alcohol intake of more than 50 g/day,
HCC assessed by imaging examinations such as ultra-
sonography and computed tomography, and with a
history of pancreatitis or pancreatic tumours were also
excluded from this study. The definition of an asymp-
tomatic carrier depends on normal alanine amino-
transferase (ALT) levels in blood examinations at least
two times per year for more than 3 years. The
diagnosis of cirrhosis was based on histological find-
ings by liver biopsy in 66 of 138 patients (48%) or on
clinical features such as the presence of oesophageal
varices, platelet counts < 100 x 10°/L because of
hypersplenism and abdominal ultrasonographical
findings (25) in the remaining patients. All cirrhotic
patients were of Child-Pugh classification A (86%) or
B (13%), except for one patient with HCV.

This study received ethics committee approval
according to the 1975 Declaration of Helsinki, and
informed consent was obtained from each patient.
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Insulin resistance substudy

Four hundred and twenty-three patients were en-
rolled, selected randomly from 849 patients diagnosed
as non-diabetic among the above 952(Fig. 1). Among
them, 232 patients were chronically infected with
HCV (HCV+chronic), 56 patients had HCV cleared
after interferon treatment (HGV+cleared) and 135
patients were chronically ' infected with HBV
(HBV+chronic) (Table 1). The remaining 426 pa-
tients not- recruited into this study, including 238
patients chronically infected with HCV, 55 patients
whose HCV had cleared and 133 patients chronically
infected with HBV, showed similar distribution in
terms of male gender (52.3 vs 49.2%, P=0.37) and
no difference in age distribution (52.3+15.0 vs
54.0 & 14.6, P=0.10), with cirrhosis being less preva-
lent (10.0 vs 19.9%, P < 0.05).

Presence of diabetes mellitus, hypertension,
hyperlipidaemia and obesity and definition of
insulin resistance

Patients were considered to have diabetes if they used
insulin or hypoglycaemic drugs at the time of the
survey or had a fasting plasma glucose level of 126 mg/
dl or more, a non-fasting plasma glucose level
of 200 mg/dl or more or a haemoglobin A1C level of
6.5% or more. IR was evaluated by the homoeostasis
model of IR (HOMA-IR, fasting plasma glucose (mg/
dl) x insulin (WU/ml) = 405) (26) in patients without
overt diabetes and was defined as a HOMA-IR of 2.0
or more. The presence of hypertension was ascertained
based on medication history or systolic blood pressure
above 140 mmHg or diastolic blood pressure above
90 mmHg. The diagnosis of hyperlipidaemia was made
on the basis of the medication history and a total
cholesterol level above 220 mg/dl or a triglyceride level
above 150 mg/dl, and that of obesity was by a BMI
(kg/m?) of more than 25.0. The use of medications to
establish diabetes, hyperlipidaemia and hypertension
was not only based on patient self-report but was also
confirmed by a medical record review.

Laboratory examination

Anti-hepatitis C virus antibody and HCV-RNA were
determined by a second-generation  enzyme-linked
immunosorbent assay (Ortho Diagnostics, Tokyo,
Japan) and the reverse-transcriptional polymerase
chain reaction method (Amplicore HCV monitor
assay version 2.0; Roche, Tokyo, Japan; lower detection
limit, 500 copies/ml) (27). The HCV genotype was
determined by serological grouping of serum antibody
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(28), assuming that genotypes 1a and 1b correspond 1o
group | and genotypes 2a and 2b correspond to group
2. Serum blood chemistries including haematological
variables were obtained by a standard method using
an autoanalyser. HBsAg was measured by an enzyme-
linked immunosorbent assay (Abbott Laboratory,
North Chicago, IL, USA).

Statistical analysis

Student’s r-test and Fisher’s exact test were used to
analyse quantitative and qualitative data respectively.
Multivariate logistic regression analysis was used to
determine the adjusted odds ratios (ORs) of type 2
diabetes or IR with respect to HCV infection. Variables
considered to be potential confounders in multivariate
analysis were age, gender and clinical stage of liver
disease for the development of diabetes, and age,
gender, clinical stage of liver disease, hypertension,
BMI, aspartate aminotransaminase (AST), ALT, y-
glutamyl transpeptidase and triglyceride for the devel-
opment of IR. A P-value of < 0.05 was considered
to indicate statistical significance.

Results
Diabetes study: prevalence of diabetes mellitus
Patient characteristics

The characteristics of the patients enrolled in this
study are shown in Table 1. The mean age was
statistically different among the three groups of
patients with HBV infection (HBV+chronic), those
with HCV infection (HCV +chronic) and those whose
HCV had cleared after interferon treatment
(HCV+cleared), and the proportion of male gender
was also statistically different among the HCV+chro-
nic and HBV+chronic, and HCV-+chronic and
HCV+cleared groups (Table 1). The clinical stages
differed between the HBV+chronic and HCV+chro-
nic groups, with more asymptomatic carriers in the
HBV+chronic group and more cirrhotic patients
in the HCV +chronic group (Table 1).

Prevalence of diabetes mellitus with various clinical
backgrounds

The prevalence of DM was 18/286 (6.3%) in the
HBV+chronic group, 74/544 (13.6%) in the
HCV+chronic group and 11/122 (9.0%) in
the HCV+cleared group, with the prevalence in the
HCV+chronic group being significantly greater than
that in the HBV+chronic group (P < 0.005)
(Table 2). This result was also applicable when con-
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Table 2. Prevalence of diabetes mellitus with various clinical
backgrounds in diabetes study

HBV-+chronic HCV+chronic HCV-+cleared
(Group B1)  (Group C1) (Group CC1)
Number 286 544 122
Diabetes mellitus 18(6.3%)*** 74 (13.6%)"** 11 (9.0%)
Gender
Male 14(8.5%)"" 48(18.7%)"*" 10(12.2%)
Female 4(3.3%)* 26(9.1%)° 1(2.5%)
Age
< 49 4(2.4%) 6(4.8%) 3(6.8%)
50-59 10(11.8%) 23(18.0%) 4(12.1%)
=60 4(10.8%) 45(15.4%) 4 (8.9%)
Clinical stage
ASC 6(6.0%) 51(6.4%) -
CH 9(5.6%)" 44(125%)"
Cirrhosis 3(12%) 25(22.1%) -
"P<0.05
"*P<0.01
"*TP < 0.005

ASC, asymptomatic carmer; CH, chronic hepatitis; HBV, hepatitis B virus;
HCV, hepatitis C virus.

sidering males and females separately. According to
stratified age, the prevalence of DM was higher in the
HCV+chronic group than in the HBV-+chronic
group without statistical significance. The prevalence
of DM increased according to the progression of liver
disease, but the prevalence was similar in asympto-
matic carrier patients between the HBV+chronic and
HCV +chronic groups (Table 2).

Clinical factors associated with the development of
diabetes mellitus in the HBV+chronic and
HCV+chronic groups

Multivariate logistic regression analysis revealed male
gender, older age and the presence of cirrhosis as
independent risk factors for the development of DM,
but not HCV infection (Table 3).

Clinical backgrounds and the prevalence of diabetes
mellitus in asymptomatic carrier patients in the
HCV+chronic and HCV+cleared groups

The prevalence of DM was 5/78 (6.4%) patients who
were HCV-infected asymptomatic carriers and 11/122
(9.0%) patients with eradicated HCV after interferon
treatment, showing no difference between them
(P=0.6). Multivariate logistic regression analysis with
gender, age and HCV infection as confounding factors
did not show ongoing HCV infection as an indepen-
dent risk factor for developing DM (data not shown).
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