A

treatment by RFA and HAI chemotherapy
for the treatment of huge HCC and PV tumor
thrombosis. This treatment appears safe and
beneficial for patients showing huge HCC with
PV tumor thrombosis, improving prognosis.
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ABSTRACT: Background. Contrast-enhanced CT is
regarded as the gold standard for monitoring radio-
frequency ablation (RFA) of hepatocellular carcinoma
(HCC). Recently, 3-dimensional volume data from CT
have been used to create cross-sectional multiplanar
reconstruction images. Using this technique, we can
reconstruct 2-dimensional CT images identical in
orientation to ultrasound (US) images, which we call
virtual sonographic (VUS) images. The present pro-
spective randomized control trial compared the num-
ber of CT scans needed to assess the efficacy of RFA
of HCC using VUS-contrast-enhanced ultrasonogra-
phy (CEUS) versus CT.

Method. Subjects comprised 50 patients (50 HCCs)
treated with US-guided RFA between May 2005 and
August 2006, randomized to undergo assessment by
CT (Group 1; 25 HCC nodules) or VUS-CEUS (Group
2; 25 HCC nodules). All patients were followed for
1 year. Primary endpoint was whether the number of
CT scans could be reduced using VUS-CEUS.

Result. Mean number of CT scans required was
1.64 = 0.7 in Group 1 and 1.1 = 0.2 in Group 2 (p <
0.001).

Conclusion. VUS-CEUS can be used to assess the
efficacy of HCC of RFA, with the potential to reduce
the number of CT scans required for that
purpose. © 2009 Wiley Periodicals, Inc. J Clin Ultra-
sound 38:138-144, 2010; Published online in Wiley
InterScience  (www.interscience.wiley.com). DOI:
10.1002/jcu.20654

Keywords: radiofrequency ablation; therapeutic
response; virtual ultrasonography; contrast-enhanced
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ultrasonography; liver; hepatocellular carcinoma
(HCC)

he incidence of hepatocellular carcinoma

(HCC) is increasing worldwide.'™ Unlike
other solid tumors, surgical resection plays a lim-
ited role in the treatment of HCC, as underlying
cirrhosis or tumor multicentricity often contrain-
dicates surgery.*® Furthermore, HCC recurs fre-
quently, even after curative resection.” Therapies
such as percutaneous ethanol injection,®'°
microwave coagulation therapy,'"'? and radiofre-
quency ablation (RFA) are thus widely used in
the treatment of unresectable HCC.'?-1¢

RFA is frequently performed in Japan and has
a higher rate of complete necrosis than other ab-
lative procedures. For the treatment to be com-
plete, the entire tumor must be ablated with a
sufficient rim (>5.0 mm) of noncancerous hepatic
parenchyma.

Contrast-enhanced CT is the most commonly
used modality for assessing the efficacy of RFA,
as the ablated margin can be determined by CT
both before and after RFA.}"® In addition, the
exact ablated margin can be evaluated by inject-
ing iodized oil (Lipiodol; Bayer, Osaka, Japan)
in the tumor before RFA to delineate it
subsequently (Figure 1A). CT is 1 of the most
commonly used modalities for assessing the mar-
gins of the ablated volume, but it is expensive
and involves potentially problematic radiation
exposure.'® Contrast-enhanced ultrasonography
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FIGURE 1. A: Post-RFA CT shows that the low-density area is larger
than the ablated tumor into which iodized oil had been injected prior
to RFA. The ablated margin was easily assessed, due to identification
of the ablated tumor. B: In the postvascular phase on post-RFA
CEUS, the ablated area appears as a homogenous unenhanced area.
Ablated margins are difficult to evaluate because of the difficulty in dis-
tinguishing between ablated tumor and ablated nontumoral tissue.

(CEUS) has been reported as a useful procedure
to assess the efficacy of HCC of RFA but still can-
not accurately assess the ablated margins.?

Recently, 3-dimensional (3D) volume data from
CT have been used to make cross-sectional multi-
planar reconstruction images. Applying this tech-
nique, we have developed software that can
reconstruct 2-dimensional CT scans identical in
orientation to ultrasound scans (Virtual Place
Advance software; AZE, Tokyo, Japan). We have
called this technique virtual sonography
(VUS).21?? Following RFA, the ablated margin
can be assessed by comparing the VUS image of
the tumor before RFA with the CEUS image
showing the ablated area after RFA (VUS-CEUS)
(Figure 2).

Sometimes more than 2 RFA sessions are
required to ablate a HCC with a sufficient

VOL. 38, NO. 3, MARCH/APRIL 2010

margin. In such cases, the number of CT scans
required is equal to the number of sessions of
RFA (Figure 3).

We therefore designed a new assessment of
RFA using VUS-CEUS in replacement of CT
(Figure 4). We have previously reported a retro-
spective study in which use of VUS-CEUS
reduced the number of CT scans needed.?* The
present randomized control trial prospectively
investigates the potential decrease in number of
CT scans needed to assess the efficacy of RFA
when VUS-CEUS is used.

PATIENTS AND METHODS

Eligibility Criteria

This study was approved by the ethics committee
of the Ehime University Hospital. Between May
2005 and August 2006, a total of 50 HCCs in 50
patients were treated with US-guided percutane-
ous RFA. These patients were enrolled in the
study after providing informed consent. All
patients had to meet the following criteria for
treatment with RFA: single nodular HCC <5 c¢cm
in maximum diameter; <3 lesions, each <3 c¢cm in
diameter; absence of portal venous thrombosis or
extrahepatic metastases; Child-Pugh class A or B
liver cirrhosis; prothrombin time >50%; and pla-
telet count >50,000/pl. The diagnosis of HCC was
confirmed by typical imaging findings, including
high attenuation on CT during hepatic arteriog-
raphy, and perfusion defect on CT during arterial
portography. For patients with typical findings
on CT during hepatic arteriography and CT dur-

ing arterial portography, needle biopsy was not
done.

RFA Technique

Before ablation, local anesthesia was obtained by
injecting 5 ml of 1% lidocaine through the skin
into the peritoneum along a predetermined
puncture line. We then inserted a 20-cm-long,
17-gauge radiofrequency electrode equipped with
a 2.0- or 3.0-cm-long exposed metallic tip (Cool
tip; Radionics, Burlington, MA) into the tumor. If
the nodule was obscured by the lungs, 500 ml
saline was injected into the right pleural cavity.?*

CT (GE Medical System, Milwaukee, WI) was
performed using a Light Speed Ultra 16 scanner
before RFA and at 3-5 days after treatment.
Scanning parameters were as follows: 120 kVp;
175-189 mAs; 5-mm slice thickness; and table
speed of 18 mm/s (pitch 0.987) during a single
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FIGURE 2. A: Assessing efficacy of RFA with VUS-CEUS. VUS shows the tumor before RFA. B: After RFA. Five minutes after injecting contrast
agent {Levovist), CEUS shows the ablated area as a homogeneous unenhanced area. The difference between distances measured on VUS and on
CEUS (for example, a-c, b-d in A and B) was defined as the safety margin of ablation.
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FIGURE 3. Timeline for assessing efficacy of RFA of HCC using CT
(for example, in this case after 3 RFA sessions). CT was performed
3-5 days after each RFA session. The number of CT scans is equal to
the number of RFA sessions.

breath-hold helical acquisition of 7.7-10.5 sec-
onds.

CEUS was performed 3 days after RFA using
an Aplio XV system (Toshiba, Tokyo, Japan)
equipped with a 4-MHz convex array transducer.
The focal zone was set at the deeper margin of the
tumor. Acoustic power was set at the default set-
ting (mechanical index, 1.3-1.4). Advanced
dynamic flow with a wideband Doppler technique
was used, and the dynamic range for advanced
dynamic flow was 40 dB. Gain was adjusted to
optimize image quality in each patient. The US
contrast agent used in this study was SH U 508A
(Levovist; Bayer) at a dose of 300 mg/dl. The con-
trast was injected manually through a 20-gauge
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FIGURE 4. Timeline for assessing efficacy of RFA of HCC using VUS-
CEUS instead of CT. VUS-CEUS was performed 3 days after each
RFA session.

cannula into an antecubital vein at 1 ml/s. We
assessed vascularity within the ablated area by
means of continuous scanning at a frame rate of
5 frames/s for 10-30 seconds after injection. The
ablated area was again evaluated 5 minutes after
injection of US contrast medium. In this postvas-
cular phase, the ablated area was visualized as a
homogeneous nonenhanced area. Distinguishing
between the ablated tumor and ablated parenchy-
mal tissue was thus difficult. To identify the region
of ablated tumor, VUS was used. For synthesis of
VUS images, VUS images were generated with
the software from the 3D CT volume data. It is to
be noted that reconstructed VUS images are not
sonograms but CT generated images that match
the actual sonograms in orientation.
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FIGURE 5. A: Assessment of efficacy of RFA of HCC with CT. If the margin is insufficient, RFA is performed again. The ablated margin is then
assessed again by CT. B: Assessment of efficacy of RFA using VUS-CEUS. If the margin is insufficient, RFA is repeated. The safety margin is then
assessed again by VUS-CEUS. This is continued until complete tumor ablation has been achieved. We then confirm the safety margin by CT. If the
margin is insufficient, RFA is performed again. After additional RFA, efficacy is again assessed by CT.

We used anatomical landmarks to objectively
measure the margins of the ablated volume. On
VUS, position of the tumor was identified by
measuring distance from the edge of the tumor to
the anatomic landmarks (ie, surrounding organs,
vessels, or edge of the liver). The same distances
were also measured on CEUS scans. If the
distances between the margins of the lesion
and the anatomical landmarks measured on
CEUS were smaller than those measured on
VUS, the ablated volume was considered suffi-
cient (Figure 2). For treatment to be complete,
the entire tumor had to be ablated along with a
sufficient rim of at least 5.0 mm of hepatic paren-
chyma. When tumors were located close (<5 mm)
to the liver surface or major vessels, treatment to
the adjacent parenchyma was regarded as com-
plete ablation.

Study Design

Subjects were randomized into 2 groups of 25
cases each by computer-generated allocation with
instructions in sealed envelopes to obtain 1 group
of HCC treated with RFA and evaluated only by
CT (Group 1) and another 1 (Group 2) evaluated
with VUS-CEUS. In Group 1, efficacy of RFA
was evaluated by CT as the gold standard
(Figure 5A). In Group 2, VUS-CEUS was per-
formed 3 days after each session of RFA. We per-
formed evaluations 3 days after RFA because we
wanted to evaluate not only the ablated area, but
also remaining vascularity of the tumor. Vascu-
larity could not be evaluated at 1 or 2 days after
RFA, as high echogenicity persists for several

VOL. 38, NO. 3, MARCH/APRIL 2010

hours after RFA treatment, and hypervascularity
due to inflammation around the ablated area per-
sists for 1 or 2 days. When the therapeutic effect
was judged sufficient on VUS-CEUS, RFA was
performed again. Three days after a second RFA,
efficacy was again evaluated by VUS-CEUS.
When the volume of the necrotic area was suffi-
cient, as determined by VUS-CEUS, the lesion
was evaluated by CT. If therapy was incomplete,
a repeat RFA was performed. If the ablated mar-
gin was sufficient, treatment was considered
complete (Figure 5B). The primary endpoint of
the study was the number of CT scans needed to
confirm successful RFA, and secondary endpoints
were the rate of local recurrence, incidence of
adverse events, and the number of treatment ses-
sions. After treatment with RFA, serum a-feto-
protein, lectin-reactive a-fetoprotein, and plasma
des-y-carboxy-prothrombin levels were measured
monthly; dynamic CT was performed after 3, 6,
and 12 months, and US was performed every 3
months. Local recurrence was defined as the
appearance of viable cancer adjacent to the origi-
nal lesion. All patients were followed for 1 year.
Major  complications  were  defined as
hemorrhage, pleural effusion requiring drainage,
hepatic infarction, pneumothorax, hemothorax,
bile peritonitis, liver abscess, and gastrointesti-
nal perforation. Other complications were
defined as minor complications.

Statistical Analysis

Data are expressed as mean * SD. We calculated
that a sample size of >22 HCCs in each group
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(total, 44 HCCs) would be needed to detect a sig-
nificant difference in the number of CT scans
with 5% type I error and 80% power using Stu-
dent’s ¢ test. This calculation was performed prior
to initiation of the study. Values of p < 0.05 were
considered to represent a statistically significant
difference. SPSS version 15.0 software (SPSS,
Chicago, IL) was used for all analyses.

RESULTS

The clinical characteristics of patients (age, sex,
TNM stage, tumor size, localization, Child-Pugh
status) did not differ significantly between the 2
groups (Table 1). Mean number of CT scans was
1.6 = 0.7 (range, 1-4) in Group 1 and 1.1 + 0.2
(range, 1-2) in Group 2 (p < 0.01). The mean
number of RFA sessions was 1.6 = 0.7 (range,
1-4) in Group 1 and 1.8 = 0.9 (range, 1-4) in
Group 2 with no significant differences between
the 2 groups. Local recurrence rate at 1 year
occurred in 1 of 25 cases (4.0%) in Group 1 and 2
of 25 nodules (8.0%) in Group 2. No major compli-
cation occurred after RFA in either group. Minor
complications (predominantly elevated tempera-
ture) were observed in about 50% of patients
(16 patients in Group 1; 17 patients in Group 2).
No patient showed reduced liver function, includ-
ing changes in prothrombin time, cholinesterase,
albumin, or total protein. Two of 25 nodules in
Group 2 were evaluated as showing sufficient
safety margin by VUS-CEUS but were evaluated
as having insufficient safety margin by CT.

DISCUSSION

Determining whether the tumor was ablated
completely and whether sufficient ablated mar-
gins were achieved is critical for local control of
HCC.2%%-29 CEUS has recently been reported as
a useful procedure to assess the efficacy of RFA of
HCC.?° Evaluation of the vascularity of residual
tumors with CEUS is comparable to CT, and
CEUS can be used in patients allergic to iodine.
Patients with renal failure may also be good can-
didates for CEUS. Moreover, this approach is less
costly and does not involve any exposure to radia-
tion.

On CEUS the ablated area is visualized as a
homogeneous nonenhanced area in the postvas-
cular phase (Figure 1B), and identifying the
exact margin of the ablated volume is difficult
due to the inability to distinguish between
ablated tumor and ablated parenchymal tissue.?°
We thus used VUS imaging reconstructed from
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TABLE 1
Clinical Characteristics of Patients in the CT Group (Group 1)
and VUS-CEUS Group (Group 2)

Group 1 Group 2

(N = 25) (N = 25) pvalue
Sex (M:F) 223 16:9 NS
Age (yr) 66.1 = 7.1 67.0 = 8.9 NS
TNM stage (1:2:3) 6:12:7 5:10:10 NS
Tumor localization 1:4:4:9:7 0:6:3:9:7 NS
(S1: left: middle: right anterior: right posterior)
Tumor size (mm) 17.2 89 17.0 £ 6.5 NS
Child-Pugh-classification 21:4 19:6 NS

(A:B)

Abbreviation: NS, not significant.

3D CT volume data. This allows assessment of
the ablated margin by comparing between VUS
images depicting location of the tumor before
RFA and CEUS images depicting the ablated
area after RFA. We have already reported that
compared with the gold standard of CT, this
method had a sensitivity, specificity, positive pre-
dictive value, negative predictive value, and diag-
nostic accuracy of 92.3%, 76.9%, 80%, 90.9% and
84.6%, respectively.?® As a result, the number of
CT scans required after RFA can be reduced.?

The present randomized control trial com-
pared the number of CT scans required to assess
the efficacy of RFA between a group using CT
alone and a group using VUS-CEUS with CT. In
this study, 2 lesions whose RFA was evaluated by
VUS-CEUS (Group 2) were considered as com-
pletely ablated, but the ablated area was actually
insufficient according to CT. Those 2 nodules
were located where no obvious anatomical land-
marks were present, so a pair of identical VUS
and CEUS scans could not be generated and
ablated tumor tissue could not be unequivocally
identified. Success of RFA of other nodules could
be assessed by VUS-CEUS. Rates of HCC recur-
rence did not differ significantly between Groups
1 and 2. This means that evaluating the efficacy
of RFA using VUS-CEUS allows accurate deter-
mination of ablated margins.

In this study, to avoid disadvantaging Group 2
patients, all HCC nodules in Group 2 treated suc-
cessfully according to VUS-CEUS were also
checked by CT before discharge from hospital.
Indeed, recurrence and complication rates did
not differ significantly between the 2 groups.
Assessing the success of RFA by VUS-CEUS is a
promising method and the number of CT scans
was significantly decreased using VUS-CEUS.
This may contribute to reducing the costs, X-ray
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exposure, and occasional risk associated with
contrast agents for CT.

When this study was started, the contrast
agent SH U 508A (Levovist) was the only agent
available for use in Japan. However, perflubu-
tane gas is now available as a new contrast agent
(Sonazoid; Daiichi-Sankyo, Tokyo, Japan). Perflu-
butane gas provides a parenchyma-specific con-
trast image based on accumulation in Kupffer
cells. The efficacy of using this new contrast
agent should be confirmed using the same
protocol.

In conclusion, use of VUS-CEUS could
decrease the number of CT scans required to
assess success of RFA of HCC, without increasing
the risk of local recurrence or decreased liver
function.
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SUMMARY. The immune modulator capacity of antigen-
pulsed dendritic cells (DC) has been documented in patients
with cancers and in animal models of chronic viral infec-
tions. Cancer antigen-pulsed DC are now used for treating
patients with cancer. But viral antigen-pulsed DC are not
used in chronic viral-infected patients because safety of
antigen-pulsed DC has not been cvaluated in these patients.
DC were isolated {rom human peripheral blood mononu-
clear cells by culturing with human-grade granulocyte-
macrophage colony stimulating factor and interleukin-4.
Human blood DC were cultured with hepatitis B surface
antigen (HBsAg) for 8 h to prepare HBsAg-pulsed DC. After
immunogenicily assessment of HBsAg-pulsed DC in vitro,
five million HBsAg-pulsed DC were administered intrader-
mally to five patients with chronic hepatitis B (CHB) 1-3
times. HBsAg-pulsed DC were immunogenic in nature
because they produced significantly higher levels of inter-
leukin-12 and interferon-y compared to unpulsed DC

(P < 0.05). Also, HBsAg-pulsed DC induced proliferation of
HBsAg-specific T lymphocytes in vitro. CHB patients injected
with HBsAg-pulsed DC did not exhibit gencralized inflam-
mation, exacerbation of liver damage, abnormal kidney
function, or features of autoimmunity. Administration of
HBsAg-pulsed DC induced anti-HBs in two patients and
HBsAg-specific cellular immunity in 1 patient. This is the
first study about preparation of antigen-pulsed DC using
human consumable materials for treating patients with
CHB. Because HBsAg-pulsed DC were safe for all patients
with CHB and had immune modulation capacity in
some patients, phase I and phase Il clinical trials with
antigen-pulsed DC in CHB and other chronic infections
are warranted.

Keywords: antigen-pulsed dendritic cells, chronic hepatitis B.
dendritic cells, hepatitis B surface antigen, therapeutic
vaccine.

INTRODUCTION

There is no curative therapy for patients with chronic hep-
atitis B (CHB). Antiviral drugs are recommended to patients
with CHB to attain sustained control of replication of the
hepatitis B virus (HBV) and minimize liver damage [1].
However, the therapeutic efficacy of antiviral agents in
patients with CHB is not complete, as most studies have
reported only intermediate outcomes. A well-designed study

Abbreviations: ALT, alanine aminotransferase; CHB, chronic
hepatitis B; CHB, chronic hepatitis B; DC. dendritic cells: HBsAg,
hepatitis B surface antigen; HBV, hepatitis B virus: PBMC. Peripheral
blood mononuclear cells; PBS, phosphate-buffered saline.
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for a National Institutes of Health consensus development
conference analysed all randomized clinical trials with
antiviral drugs in patients with CHB from 1989 to 2008 [2].
Results showed that no single drug treatment improved
clinical outcomes or all intermediate outcomes of CHB [2].
although improvements of some intermediate outcomes
have been seen. However, adverse events during antiviral
treatment occurred in about 50% patients. These facts
support the need for a new and innovative therapeutic
strategy against CHB.

Chronic HBV infection represents a viral-mediated
immunological disease. Although HBV is a noncytopathic
virus, patients with CHB exhibit features of liver damage and
associated complications. HBV-specific immune responses
are narrowly focused and weak in most patients with CHB
[3]. Recent studies have also shown that impaired HBV-
specific immunity and exacerbated polyclonal immune
responses are related to viral persistence and liver damage
in patients with CHB [4]. On the other hand. eflective control
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of HBV replication and liver damage are associated with
strong HBV-specific immunity in these patients [5].

Taken together, restoration of HBV-specific immunity in
patients with CHB may have some therapeutic potential. In
fact, a new field of clinical application of vaccines containing
hepatitis B surface antigen (HBsAg) has been initiated to
restore HBsAg-specific immune responses in patients with
CHB [6,7]. Although safer and cheaper than commercially
available antiviral drugs. restoration of HBsAg-specific
immunity was not attained in patients with CHB by vaccine
therapy [8].

To develop a more potent regimen of antigen-specific
immune therapy, the role of antigen-presenting dendritic
cells (DC) in adaptive immunity has been examined. DC are
responsible for processing and presenting antigens for
induction of antigen-specific immune responses in normal
conditions as well as in the immune tolerance state [9,10].
Studies have shown that the phenotypes and functions of DC
are distorted in patients with CHB [11,12]. Accordingly,
during vaccine therapy, HBsAg may not be properly pro-
cessed by DC in patients with CHB to induce HBsAg-specific
immune responses.

One way to circumvent this problem is to produce anti-
gen-pulsed DC and use them as a vaccine [9,10). In fact,
cancer antigen-pulsed DC are widely used to induce cancer-
specific immunity in patients with cancer [13]. However,
antigen-pulsed DC have not been produced for human use in
other patient groups, and almost nothing is known about
their therapeutic use outside cancer.

In our study, human blood DC were cultured with human
consumable HBsAg to prepare human-grade HBsAg-pulsed
DC. The functions of HBsAg-pulsed DC were assessed in vitro.
Finally, a pilot study was carried out in patients with CHB to
evaluate the safety of HBsAg-pulsed DC. The induction of
HBsAg-specific immunity by HBsAg-pulsed DC was also
assessed in these patients.

MATERIALS AND METHODS

Clinical trial design and study population

The study was an open-label, phase-1 safety trial in patients
with CHB. Five patients with CHB were enrolled in this
study. Informed written consent has been obtained from
each patient. The study has been performed according to the
World Medical Association declaration of Helsinki, and the
procedures have been approved by the Ethical Committee of
Ehime University Graduate School of Medicine, Japan.
Enrolled patients did not have serological markers of hepa-
titis A virus, hepatitis C virus, hepatitis E virus, or human
immune deficiency virus at that time of trial start. The
diagnosis of CHB was made from data on clinical and sero-
logical parameters. All subjects were positive for HBsAg,
HBV DNA. and antibody to hepatitis core antibody in the
sera. Two subjects (patients 1 and 2) were positive for

hepatitis B e antigen, whereas three subjects (patients 3, 4,
and 5) were positive for antibody to hepatitis B e antigen.
Anti-HBs antibodies were not detected in any patient. In four
patients, liver biopsy specimens were available to muke a
histological diagnosis (patients 1, 2, 3, and 3). All of them
had moderate levels of hepatitis, Levels of fibrosis were mild
in patients 1 and 2 and severe in patients 3 and 5. These
patients were attending our university hospital for regular
follow-up and treatment. The clinical profiles of patients
before administration of HBsAg-pulsed DC are shown in
Table 1. Levels of alanine aminotransferase (ALT) in the sera
were elevated in three patients (patients 1, 2, and 5) and
within normal limits in patients 3 and 4. No pattent showed
any feature of general inflammation (assessed from serum
levels of C-reactive protein) or abnormal kidney function.

Isolation of DC from peripheral blood and loading
of HBsAg in vitro

Isolation of human blood DC and production of HBsAg-
pulsed DC were carried out as reported previously [14]. A
special room was assigned for cell cultures, and DC were
isolated from one person at a time. All reagents used for cell
culture studies were free from endotoxin and toxoplasma.
Peripheral blood mononuclear cells (PBMC) were isolated
from freshly drawn heparinized whole blood, washed three
times, and resuspended in RPMI 1640 (Nipro, Osaka, Japan)
plus 10% autologous serum. DC were enriched from an
adherent population of PBMC, as described previously [14].
PBMC were cultured in RPMI 1640 plus 10% autologous
sera and human-grade granulocyte-macrophage stimulat-
ing factor (800 U/mL) and interleukin (I1.)-4 (400 U/ml)
(Pepro Tech EC Ltd., London, UK) for 7 days. DC were
retrieved from the culture and washed three times with
phosphate-buffered saline (PBS). The expressions of DC-
related markers on human DC were checked by direct flow
cytometry.

To produce HBsAg-pulsed DC, blood DC were cultured
with a commercially available HB vaccine containing 10 ug
of HBsAg (Heptavax-II, subtype adw, Banyu Pharmaceutical
Co., Tokyo. Japan) for 8 hours. After the end of culture, DC
were pelleted and washed five times in PRS. After the last
wash, the final solutions were collected and preserved at
~20°C to assess if there was any free HBsAg in HBsAg-
pulsed DC. As a control, human blood DC were cultured in
RPMI 1640 plus autologous sera for 8 h.

Analyses of phenotype and functions of DC

The expression of HLA DR and CD86 on unpulsed DC and
HBsAg-pulsed DC were assessed by direct tlow cytometry
using fluorescein isothiocyanate-conjugated monoclonal
antibody to human HLA DR (Clone 1.243) and phycoery-
thrin-conjugated monoclonal antibody to human Cb8&6
(clone 2331 [FUN-1}) (all from BD Pharmingen, San Jose,

© 2010 Blackwell Publishing Ltd
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Table 1 Clinical profiles of patients with chronic hepatitis B before administration of HBsAg-pulsed DC

Patient no.
1 2 3 4 5
Age (years) 36 30 35 48 57
Sex Male Male Male Female Male
Alanine aminotransferase (5—48 TU/L)* 169 83 35 31 95
Asparate aminotransferase (6—45 [U/L) 76 52 30 40 80
Prothrombin time (80-120%) 112.6 100 84 85.3 108.6
Creatinine (0.61-1.04 mg/dL) 0.6 0.7 0.6 0.6 0.9
Blood urea nitrogen (6-20 mg/dL) 8.0 12.0 11.0 11.0 14.0
C-reactive protein (<0.30 mg/dL) 0.04 0.05 0.03 0.03 0.04
Antinuclear antibody (<40) - - - - -
Histology
Activity A2 Al A2 ND A2
Fibrosis F1 F1 F3 ND F3
HBV DNA (Log genomic equivalent) 7.2 7.5 <3.7 4.8 7.5
Hepatitis B surface antigen ([UJ/ml) + + + + +
Hepatitis B e antigen (S/C0) + + - - -
Antibody to hepatitis B e antigen - - + + +
Antibody to hepatitis B core antigen + + + + +

Antibody to hepatitis B surface antigen -

HBV, hepatitis B virus.
*Levels in parenthesis indicate normal range.

CA, USA). Data acquisition and analysis were performed on
fluorescein-activated cell sorter (Becton Dickinson Bio-
sciences, San Jose, CA, USA) [14].

T-cell stimulatory capacity and HBsAg-specific prolifera-
tive capacity of DC were assessed in allogenic mixed leuco-
cyte reaction and antigen-specific lymphoproliferative
assays. Human blood DC were cultured with allogenic T
cells, or autologous T cells were cultured with unpulsed or
HBsAg-pulsed DC for 104 h, and then [*H]-thymidine was
added to the cultures. The cultures were done for an addi-
tional 16 h. The cultures were then harvested using a
semiautomatic harvester, and the level of incorporation of
[*H]-thymidine was shown as counts per minute in a scin-
tillation counter (Beckman LS 6500, Beckman Instruments,
Inc., Fullerton, CA, USA) [14]. Data were also expressed as
counts per minute or a stimulation index that was calculated
by dividing the counts per minute in culture containing
HBsAg-pulsed DC with that of unpulsed DC. A stimulation
index >2.0 was considered a significant proliferation.

Levels of TL-12 and interferon (IFN)-y in samples were
measured by an enzyme-linked immunosorbent assay
(ELISA) using commercial kit (BD Pharmingen).

Estimation of HBsAg and anti-HBs

To estimate levels of HBsAg and anti-HBs, samples were sent
to commercial companies (Special Reference Laboratory.
Osaka, Japan). The estimation was performed using the

© 2010 Blackwell Publishing Ltd

chemiluminescence enzyme immunoassay method. Detec-
tion limits of HBsAg and anti-HBs were 0.2 ng/mL and
3.0 mIU/mL, respectively. Some samples were sent to a
second commercial company (Shikoku Chuken Co.
Matsuyama, Japan) for further confirmation.

Immunization of CHB patients with HBsAg-pulsed DC

HBsAg-pulsed DC were suspended in PBS and placed in two
syringes. In one syringe, 20 gL of PBS containing 2 X 10°
HBsAg-pulsed DC was suspended. In a second syringe,
5 million HBsAg-pulsed DC were diluted in 250 uL of PBS.
First, 2 x 10° HBsAg-pulsed DC in 20 pl. of PBS were in-
jected at the anterior part of forelimb of patients with CHB to
see if there was any hypersensitivity reaction. After
15 minutes. patients were injected intradermally in the
deltoid region with 5 million HBsAg-pulsed DC. The patients
with CHB were allowed to rest for 30 min. They were then
monitored periodically for temperature, pulse rate, blood
pressure, and respiratory rate for the first 24 h. Blood was
collected from all patients before immunization and at dif-
ferent times after immunization with HBsAg-pulsed DC.
Parameters of generalized inflammation, liver function test.
kidney function test, and autoantibodies were checked in ail
patients at different times after the administration of HBsAg-
pulsed DC. Patients received 1, 2, or 3 injections over
4 months. The immunization schedule for each patient is
shown in Fig. 1.
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Fig. 1 Immunization schedule with HBsAg-pulsed DC in
patients with chronic hepatitis B (CHB). HBsAg-pulsed DC
were administered 1-3 times (arrows).

Statistical analysis

Values are represented as mean + standard deviation (SD).
Data were analysed by unpaired t tests if data were normally
distributed and by Mann-Whitney rank-sum test if they
were skewed. Differences were considered significant if
P < 0.05.

RESULTS

Features of human blood DC

As a preliminary study, we first isolated DC from patients
with CHB and pulsed with HBsAg, as described pi‘evious]y
[15]. Flow cytometry analysis revealed that the frequencies
of contaminating T lymphocytes (CD3-positive cells), B
Iymphocytes (CD19, 20, 21-positive cells), monocytes
(CD14-positive cells), and natural killer cells (CD56-positive
cells) were less than 5% of the total DC {data not shown). DC
from patients with CHB expressed DC-related antigens, such
as HLA-A, B, C, HLA DR, CD86, and CD40. A functional
study showed that DC from patients with CHB stimulated
allogenic T cells in a dose-dependent manner (Fig. 2).

Characterization of HBsAg-pulsed DC from patients
with CHB

During preliminary experiments, we checked two features of
HBsAg-pulsed DC for this clinical trial: (i) there should be no
free HBsAg in HBsAg-pulsed DC and (ii) HBsAg-pulsed DC
should be immunogenic in nature so that it can induce

2 105~
b=}
E
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£
T_100 1
o E
5 g
£
~_§ 108 L B HBsAg-pulsed DC
g_ @® Unpulsed DC
Q
(5]
£
102
T cells/well 2x105 2x105 2x 108 2x105
Blood DCs/well 0 1 x 102 1x108 1x104

Fig. 2 DC from patients with chronic hepatitis B (CHB)
stimulated allogenic T cells in a dose-dependent manner.
However, HBsAg-pulsed DC had significantly higher
capacities to induce blastogenesis of T cells compared with
unpulsed DC. Data from 5 separate experiments are shown.
cpm, counts per minute. *P < 0.05.

HBsAg-specific immune responses in vivo. No HBsAg was
detected in the final wash solution of HBsAg-pulsed DC.
Levels of IL-12 were significantly increased in culture
containing HBsAg-pulsed DC from patients with CHB
(156.2 + 20.7 pg/mL) compared to unpulsed DC
(29.2 £ 9.8 pg/mL) from patients with CHB (P < ().05).
Similarly, levels of IFN-y were signilicantly increased in
culture containing HBsAg-pulsed DC (232.4 + 24.1 pg/mL)
from patients with CHB compared to unpulsed DC
(80.5 £ 12.9 pg/mL) from patients with CHB (P < (.05).
HBsAg-pulsed DC also induced significantly higher levels of
blastogenesis of T cells compared to unpulsed DC (Fig. 2).
Also, HBsAg-pulsed DC induced significant proliferation of
HBsAg-specific T lymphocytes in vitro (data not shown).
After confirming these points, we prepared HBsAg-pulsed DC
for administration to patients with CHB.

Safety of HBsAg-pulsed DC in patients with CHB

No immediate or delayed inflammatory or allergic reaction
was detected at the injection site of HBsAg-pulsed DC in any
patient. No patient complained of any allergic reaction or fever
after immunization with HBsAg-pulsed DC. Different param-
eters of blood biochemistry, liver and kidney functions, and
immunological statuses of all patients with CHB were checked
periodically, and data during follow-up period after the end of
administration of HBsAg-pulsed DC in these patients have
been shown in Table 2. There was no significant change in
levels of C-reactive protein or other parameters of general
features of inflammation because of administration of HBsAg-
pulsed DC. In addition, parameters of kidney function were
within normal ranges in all patients after the administration
of HBsAg-pulsed DC. Features of autoimmunity or auto-
antibodies were not detected in any patient.

© 2010 Blackwell Publishing Ltd
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Table 2 Clinical profiles of patients with chronic hepatitis B during follow-up after completion of administration of HBsAg-

pulsed DC

Patient no. 1

Patient no. 2

Patient no. 3  Patient no. 4 Patient no. 5

1M* 3M

3M 1M 3M 1M 3M M 3M

Alanine aminotransferase (5—48 IU/L) 171 147

Asparate aminotransferase (6—45 IU/L) 89 73
Prothrombin time (80-120%) 113.8 99.5
Creatinine (0.61-1.04 mg/dL) 0.7 0.7
Blood urea nitro- gen (6—20 mg/dL) 10 7
C-reactive protein (<0.30 mg/dL) 0.03 0.03
Antinuclear antibody (<40) - -
HBV DNA (Log genomic equivalent) 7.1 7.0

803 989 97 95 81.5 845
0.7 0.7 0.6 0.6 0.6 0.6 0.9 1.0

0.03 003 002 003 003 004

36 37 30 43 41 109 72
28 32 38 33 35 88 58
1034 1211

9 10 8 9 9 13 10
0.04 003

<3.7 <37 38 4.0 6.8 6.5

HBV, hepatitis B virus.

*Indicates month after end of last administration with hepatitis B surface antigen (HBsAg)-pulsed dendritic cells (DC). 1M:
1 month after completion of administration of HBsAg-pulsed DC, 3M; 3 months after completion of administration of

HBsAg-pulsed DC.

Effect of HBsAg-pulsed DC on serum ALT levels

ALT levels just before the administration of HBsAg-pulsed
DC are shown in Table 1. Because of the CHB. patients
exhibited fluctuating ALT levels. The highest ALT level was
<300 IU/L in all patients. There was no significant alter-
ation in serum ALT levels because of administration of
HBsAg-pulsed DC (Table 2).

Impact of HBsAg-pulsed DC as a therapeutic vaccine

The main aim of this study was to evaluate whether
immunogenic HBsAg-pulsed DC can be prepared from DC of
patients with CHB. The next goal was to assess whether
administration of HBsAg-pulsed DC was safe. Although this
study was not designed to assess the therapeutic potential of
HBsAg-pulsed DC in patients with CHB, we checked levels of
HBsAg, HBeAg negativity, and anti-HBe seroconversion in
all patients. Administration of HBsAg-pulsed DC did not
cause any major change in these parameters (data not
shown). As shown in Table 2, the levels of HBV DNA were
decreased slightly, but not significantly. because of admin-
istration of HBsAg-pulsed DC in these patients. Adverse ef-
fects were not detected in any patient. For example, three
patients were anti-HBe positive, and the administration of
HBsAg-pulsed DC did not cause reappearance of HBeAg in
any patient.

Increased cytokine production by immunocytes of patients
with CHB because of administration of HBsAg-pulsed DC

DC and T cells of patients with CHB were collected before and
after the administration of HBsAg-pulsed DC and cultured in
autologous mixed leucocyte reaction. Levels of IL-12 (before,
32,3 + 5.2 pg/mL; after, 145 * 9.2 pg/mL) and INF-y

® 2010 Blackwell Publishing Ltd

(before, 21.7 £ 3.2 pg/mlL; after, 154 * 11.8 pg/mL) were
significantly higher in culture supernatants after the
administration of HBsAg-pulsed DC compared to before
administration (P < 0.05).

HBsAg-specific immunity because of administration
of HBsAg-pulsed DC

Administration of HBsAg-pulsed DC induced anti-HBs in two
patients (patients 1 and 3). Anti-HBs were detected 1 month
after HBsAg-pulsed DC administration in patient 1 and
2 months after HBsAg-pulsed DC administration in patient
3. Levels of anti-HBs increased progressively for 5 months in
patient 1 and then started to decline. In contrast, levels of
anti-HBs remained similar over time in patient 3 (Fig. 3).

HBsAg-specific cellular immunity in patient 1

HBsAg-specific T cells proliferation was not detected in any
patient before study commencement. However, HBsAg-spe-
cific cellular immune responses 2 months after the third
injection of HBsAg-pulsed DC were detected in patient 1
(Fig. 4).

DISCUSSION

Potent antiviral and antitumour effects of antigen-pulsed DC
have been documented in animal models of human diseases
since the 1980s. The first clinical trial of cancer antigen-
pulsed DC was conducted in patients with cancer in 1996
[15]. Several clinical trials with cancer antigen-pulsed DC
are ongoing worldwide [13]. Tt is expected that viral antigen-
pulsed DC may be an effective immune therapy in patients
with chronic viral infections, but such approaches have not
yet been attempted clinically.
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To treat patients with cancer, DC have been loaded with
tumour-associated antigens, crude tumour products, tumour
RNA, and other tumour-derived products in vitro [13,16].
The resultant cancer anligen-pulsed DC have been injected
into patients with cancer, cspecially in those with advanced
cancer. Many of these patients were immune compromised
because they were in terminal stage of cancer. However,
almost all patients with chronic viral infections are immune
competent. Thus, a systemic and cautious approach is
needed to prepare viral antigen-pulsed DC and initiate a
clinical trial.

In this study, we used HBsAg, a well-known protein of
HBV, to load human blood DC. As the safest source of
HBsAg., we used a prophylactic hepatitis B vaccine. We
showed that there was no free HBsAg in HBsAg-pulsed DC.
This is important because if free antigen is present in HBsAg-
pulsed DC, it will be difficult to assess the real effects of
antigen-pulsed DC in vivo because free HBsAg may also
induce immune responscs in vivo. We also found that
HBsAg-pulsed DC produced significantly higher levels of
IL-12 and IFN-y, two immune stimulatory cytokines com-
pared to unpulsed DC. Furthermore, we checked for any
contamination in HBsAg-pulsed DC. When we reproducibly
produced immunogenic HBsAg-pulsed DC without any
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Fig. 4 HBsAg-specific cellular immune responses were seen
after the third immunization of HBsAg-pulsed DC in patient 1.

contamination, we moved forward to conduct this pilot
study.

Antigen-specific humoral and cellular immune responscs
were detected in 2 and 1 patients, respectively, because of
administration of HBsAg-pulsed DC. It is prematurc to
comment about the therapeutic efficacy of HBsAg-pulsed DC
in this study because this is a pilot study. Indeed, there are
several opportunities to improve our protocol. As the safest
form of HBsAg, we used HBsAg in an HB vaccine. This
allowed us to use a maximum of 10 ug of HBsAg to
maximize DC viability during preparation of HBsAg-pulsed
DC. In the future, human consumablc rccombinant HBsAg
in larger doses may be used for preparing antigen-pulsed DC.
We used only 5 million HBsAg-pulsed DC, as this was the
first clinical trial of this nature. In the future, a dose csca-
lation study with HBsAg-pulsed DC should be conducted. In
addition, the number of patients necds to be increased.

Our study represents an initial effort to develop antigen-
specific immune therapy for patients with CHB. Wc have
systematically prepared HBsAg-pulsed DC and used them in
normal volunteers [17] and hepatitis B vaccine nonre-
sponders [14]. HBsAg-pulsed DC were completely safe and
immunogenic in normal volunteers and hepatitis B vaccine
nonresponders, who have been followed for 5 years after the
administration of HBsAg-pulsed DC [14,17]. Finally, we used
HBsAg-pulsed DC in patients with CHB and also confirmed
the safety of this treatment. However, this is a small study,

_and there are several limitations that affect the interpreta-

tion of the findings. First, we only included five patients. In
addition, patients were immunized 1-3 times with HBsAg-
pulsed DC. However, this was a pilot study to demonstrate *
the use of DC-based therapy in immune competent persons
with a chronic viral infection. We are now planning to
prepare other HBV-related antigen-pulsed DC for patients
with CHB because only HBsAg-pulsed DC may not be the
best therapeutic option. Hepatitis B core antigen-pulsed DC
may be required to restore therapeutic HBV-specific immu-
nity. Also, antigen-pulsed DC may be used as a part of
combination therapy with antiviral drugs in patients with
CHB [18]. Finally, the concept and techniques used in this

© 2010 Blackwell Publishing Ltd
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study may be used to prepare antigen-pulsed DC for other
chronic infections.
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Abstract

Background/aims: Microbubble behaviour from the portal vein to the liver
parenchyma may reflect haemodynamic changes because of hepatic fibrosis.
The aim of this study was to determine the efficacy of contrast-enhanced
ultrasound (US) with Sonazoid™ for the assessment of the grade of hepatic
fibrosis. Methods: This prospective study evaluated 117 patients with chronic
liver disease (chronic hepatitis 85; cirrhosis 32) and 34 controls. All subjects
received both contrast-enhanced US with Sonazoid™ for 1 min after the agent
injection and subsequent liver biopsy. Flow velocity and flow volume in the
right portal vein, onset time of contrast enhancement in the right hepatic
artery and right portal vein, maximum intensity ratio between the intra-
hepatic portal vein and liver parenchyma, and time interval between the onset
time and the time of maximum intensity ratio were compared with the
pathological findings. Results: Among the evaluated parameters, time interval
between the onset time and the time of maximum intensity ratio showed the
closest relationship with the grade of hepatic fibrosis: 4.21 4 1.32 for controls
(n=34),5.58 £ 1.39 for F1 (n=31),6.79 & 1.77 for F2 (n =28), 8.85 + 1.97 for F3
(n=26) and 14.3 & 3.49 for cirrhosis (1= 32); controls vs. F2, P=0.0004; F1 vs.
F3, P < 0.0001; F2 vs. F3, P=0.0177; F3 vs. cirrhosis, P < 0.0001. The areas under
the receiver operating characteristic curves of the time interval were 0.94, 0.96 and
0.98 for the diagnosis of marked fibrosis (>F2), advanced fibrosis (>F3) and
cirrhosis respectively. Conclusions: Contrast-enhanced US with Sonazoid™ may
be a promising method for the indirect evaluation of hepatic fibrosis.

Chronic liver disease is increasing in prevalence world-
wide and is one of the most important clinical problems
because it is a high-risk factor for the development of
portal hypertension and hepatocellular carcinoma (1-3).
The severity of chronic liver disease depends on the grade
of hepatic fibrosis, whose assessment supports the clin-
ical management of these patients (4, 5). Liver biopsy
remains the gold standard for the evaluation of the grade
of hepatic fibrosis, in spite of its invasiveness in patients
with impaired coagulation (6, 7) and the possibility of
sampling error because of the heterogeneous distribution
of fibrosis (8). Because patients with chronic liver disease
require long-term follow-up, a repeatedly available non-
invasive method is preferable for the assessment of
hepatic fibrosis (9-12).

Thanks to its noninvasiveness and convenience, ultra-
sound (US) is one of the procedures applied most
frequently for the periodic evaluation of diffuse liver
disease. However, as the diagnostic accuracy of US for
cirrhosis is not high, it is not regarded as a reliable
method for the evaluation of the grade of hepatic fibrosis

Liver International (2010)
© 2010 John Wiley & Sons A/S

(11, 12). In recent times, the development of microbub-
ble contrast agents has increased the diagnostic capability
of US, and harmonic imaging with second-generation
contrast agents confers a stable enhancement effect in the
liver with improved signal-to-noise ratio (13-17). Ana-
lysis of the dynamic behaviour of microbubbles may
enable a noninvasive evaluation of the severity of chronic
liver disease (18-21).

Hepatic fibrosis in the downstream area may affect the
inflow haemodynamics of the upstream portal vein, and
the behaviour of microbubbles between the portal vein and
liver parenchyma may reflect the vascular resistance,
according to the grade of hepatic fibrosis. On this basis,
we measured the changes of intensity ratio between the
intrahepatic portal vein and liver parenchyma during
contrast enhancement with Sonazoid™ (13, 15, 17) and
compared the results with the histological grade of fibrosis
in patients with chronic hepatitis or cirrhosis, and control
subjects. The aim of this study was to determine the
efficacy of contrast-enhanced US with Sonazoid™ for the
assessment of the grade of hepatic fibrosis.
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Patients and methods
Patients

This prospective study was carried out in our department
from December 2007 to December 2009. The inclusion
criteria for patients were as follows: (i) chronic liver
disease patients without history or clinical signs of liver
tumour, (ii) patients for whom liver biopsy was sched-
uled. Healthy volunteers without signs of liver disease
were evaluated as controls. The exclusion criteria for all
the participants included the presence of liver tumours,
portal vein thrombus or vascular abnormalities such as
reversed flow, arterio-portal communication or obstruc-
tion, use of vasoactive drugs, significant alcohol con-
sumption (> 20 g/day) within 2 months, pregnancy and
the presence of egg allergy, which is a contraindication of
Sonazoid™ (GE Healthcare, Oslo, Norway).

There were 161 participants: 127 patients with chronic
liver disease (54 males, age 50.2 + 13.7 years, 26-78; 73
females, age 56.2 4 11.2 years, 23-76) and 34 controls
(17 males, age 48.2 £ 16.9 years, 26-82; 17 females, age
53.5+17.5 years, 25-85). The 127 patients underwent
liver biopsy; however, the specimens were inadequate for
fibrosis staging in 7 (5.5%) of them. US examination
before contrast-enhanced US detected focal hepatic le-
sions in two patients and a portal vein thrombus in one
patient. Therefore, 10 patients were excluded and the
remaining 151 subjects were the participants in this
study. There were 85 patients with chronic hepatitis
(34 males, age 49.4 +15.2 years, 26-78; 51 females, age
55.9410.8 years, 23-73) and 32 patients with cirrhosis
(12 males, age 55.5+12.7 years, 37-75; 20 females, age
64.9 + 8.04 years, 46-76). The mean body mass index of all
subjects was 22.9 + 3.78 kg/m* (16-37). Seventeen patients
with cirrhosis were classified as Child-Pugh grade A and 15
were classified as grade B. The causes of chronic liver
disease were as follows: viral in 90 patients (hepatitis C
virus in 74 and hepatitis B virus in 16), alcohol abuse in six
patients, nonalcoholic steatohepatitis in nine patients,
autoimmune hepatitis in eight patients, primary sclerosing
cholangitis in one patient and cryptogenic in three pa-
tients. Laboratory tests, including aspartate transaminase

Table 1. Clinical and biochemical data of subjects
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(AST, IU/L), alanine transaminase (ALT, [U/L) and platelet
count (10°/L), were carried out on all subjects to calculate
the APRI (AST/35 x 100/platelet count) and FIB4
[age X AST/(platelet count x ALT*®)] as indirect markers
of fibrosis (Table 1) (22).

The study protocol was in accordance with the Declara-
tion of Helsinki and was approved by the ethics committee
of our department. Informed written consent was obtained
from all participants.

Ultrasound examination

The equipment was AplioXG (Toshiba, Tokyo, Japan) with a
3.75 MHz convex probe. US examinations were performed
under the supine position with more than 4-h fasting.

Firstly, noncontrast grey-scale US was carried out to
screen for focal hepatic lesions or portal vein thrombi.
Then, colour Doppler US was performed to determine
the presence or absence of vascular abnormalities. Next, a
scan plane for the right lobe of the liver was selected to
observe the main branch of the intrahepatic right portal
vein and the right hepatic artery. Pulsed Doppler US was
performed to measure the mean flow velocity and mean
flow volume of the right portal vein. Sampling width was
set according to the diameter of the vessel, and the angle
between the US beam and the vessel was equal to or
< 60° in all measurement procedures.

After that, contrast-enhanced US was performed with
harmonic imaging (15Hz) under the low mechanical
index of 0.25, which has been used for Sonazoid™ in a
published study (17). The depth was set to cover the entire
right lobe of the liver, with a focus point 8 cm below the
skin surface under right intercostal scan. Gain was adjusted
at an optimal level and the dynamic range was set at 55 dB.

We injected the contrast agent Sonazoid™ (0.0075
ml/kg) manually into the antecubital vein at a rate of
1.0ml/s, followed by a 3.0ml flush of normal saline, and
immediately started the chronometer of US equipment. The
participants were asked to breathe shallowly and gently after
the injection. Contrast-enhanced sonograms were taken for
1 min after the agent injection and all the cine images were

recorded digitally on the hard disc of the US system.

Controls, n=34 Chronic hepatitis, =85  Cirrhosis, n=32 P

Age, years 50.94+17.1(25-85) 53.34+13.1(23-78) 61.4+10.9 (37-76) 0.01
Gender, male/female 17117 34/51 12/20 0.56
Body mass index, kg/m2 21.7+2.78(18-27) 23.2+3.87 (16-34) 24.14+4.45(16-37) 0.04
HCV/HBV/alcohol/NASH/AIH/PSC/cryptogenic  — 60/15/0/5/5/0/0 14/1/6/4/3/1/3

Presence of ascites - - 6

Platelet count, 10%/L 245 +49.5 (163-340) 188 £51.7 (97.0-335) 117 £91.0 (44.0-430) < 0.01
APRI 0.234+0.08 (0.11-0.52) 1.0341.00(0.20-5.70) 1.7641.02 (0.33-5.07) < 0.01
FIB4 1.024+0.56(0.30-2.57) 2.2241.53(0.39-7.90) 6.404+3.32(1.04-13.2) < 0.01

Histological staging, FO/F1/F2/F3/cirrhosis -
Child-Pugh grade, A/B/C -

0/31/28/26/0

0/0/0/0/32
17/15/0

AlH, autoimmune hepatitis; ALT (IU/L), alanine transaminase; APRI, (AST/35) x 100/platelet count; AST (IU/L), aspartate transaminase; FIB4, age x AST/

(platelet count/ALT®®); HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; PSC, primary sclerosing cholangitis.
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The US operators were HI in all 151 subjects and MT
in 17 subjects of them, both with a 7-year experience of
US examination. Inter-observer variability was examined
in 17 subjects (controls five, chronic hepatitis three,
cirrhosis nine), with the second US examination being
performed within 7 days (3.6 £ 2.3) of the initial exam-
ination. Intra-observer variability by operator HI was
examined in 10 subjects (controls two, chronic hepatitis
four, cirrhosis four), with the second US examination
being performed within 6 days (2.6 4-1.9) of the initial
examination. The results of the second US examination
were used only to measure inter- or intra-observer
variability. Clinical symptoms and vital signs of blood
pressure, heart rate and oxygen saturation were checked
before and after US examinations.

Liver biopsy and pathological examination

One hundred and seventeen patients (chronic hepatitis
85, cirrhosis 32) received liver biopsy within a week of the
contrast-enhanced US examination. Biopsy specimens
were obtained by percutaneous needle biopsy (16G
needle; BARD, Tempe, AZ, USA) in 111 patients without
ascites and transjugular liver biopsy (18 G needle; Cook,
Bloomington, IN, USA) in six patients with ascites.
Paraffin-embedded specimens were stained with haema-
toxylin—eosin and Azan. Two experienced hepatologists
(E L, K. E) evaluated the fibrosis stage according to the
staging scoring system recommended by Desmet et al. (4)
and Scheuer (7).

Data analysis

Contrast analysis was performed using an off-line perso-
nal computer with MAGELAB-avI software (Toshiba, To-
kyo, Japan) by H. M., who was not an operator of US and
was not aware of any information regarding the subjects.
Firstly, we observed the cine images with frame-by-frame
playback to find the first frame showing the arrival of the
contrast agent in the right hepatic artery or right portal
vein. The time between the agent injection and the
first frame of contrast arrival in each vessel was defined
as the onset time of contrast enhancement, which may
reflect the extrahepatic haemodynamics of microbubbles
(Fig. 1). Then, we prepared two circular regions of
interest in the liver at the same depth: one for the right
portal vein and the other for liver parenchyma. These two
regions of interest, which were of an equal diameter, were
set manually on the series of successive images for 1 min
with frame-by-frame advance for analysis after the exclu-
sion of inappropriate, blurred images (Fig. 2). Automatic
calculation of the intensity ratio between the right portal
vein and liver parenchyma in each frame provided a
time-related intensity ratio curve featuring the intrahe-
patic haemodynamics of the microbubbles. The max-
imum intensity ratio between the right portal vein and
liver parenchyma, and time interval from the onset of

Liver International (2010)
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Fig. 1. Contrast-enhanced ultrasound images under right
intercostal scan. (a) Onset time of contrast enhancement in the right
hepatic artery: onset time of contrast enhancement was 14 s after
the injection of Sonazoid™ in the right hepatic artery (arrow).

(b) Onset time of contrast enhancement in the right portal vein:
onset time of contrast enhancement was 16 s after the injection

of Sonazoid™ in the right portal vein (arrowhead).

contrast enhancement in the right portal vein to the time
of the maximum intensity ratio between the right portal
vein and liver parenchyma were measured on this curve
(Fig. 3). Inter- and intra-observer variability of measured
parameters was calculated from the coefficient of varia-
tion obtained by standard deviation/mean x 100.

Statistical analysis

All data were expressed as mean = standard deviation,
range or percentage. Comparison of age, body mass
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Fig. 2. Measurement of the intensity in the right portal vein and
liver parenchyma. Two circular regions of interest were set on the
right portal vein and adjacent liver parenchyma at the same depth.

index, platelet count, APRI, FIB4, mean flow velocity and
mean flow volume in the right portal vein, onset time of
contrast enhancement in the right hepatic artery and
right portal vein, the maximum intensity ratio between
the right portal vein and liver parenchyma, and the time
interval from the onset of contrast enhancement in the
right portal vein to the time of the maximum intensity
ratio, with the grade of fibrosis was performed by
analysis of variance using the Scheffe post hoc test. The
¥>-test was used to compare the gender in three groups
(controls, chronic hepatitis and cirrhosis). Areas under
the receiver operating characteristic curves (AUC) with
95% confidence interval were calculated for the predic-
tion of marked fibrosis (>F2), advanced fibrosis (> F3)
and cirrhosis in the time interval from the onset of
contrast enhancement in the right portal vein to the time
of the maximum intensity ratio, FIB4 and APRI. Sensi-
tivity, specificity, positive predictive value, negative pre-
dictive value and diagnostic accuracy were calculated for
the best cut-off values obtained for each fibrosis stage.
Probability values < 0.05 were considered to be signifi-
cant. All statistical analyses were performed using the spss
package (version 17.0]; SPSS, Chicago, IL, USA). AUC
were obtained using ROCKIT1.1B2 (23).

Results
Results of liver biopsy

The mean length of the liver biopsy specimens was
21.6 +3.51 (15-25) mm, and the number of portal tracts
was 13.54+4.61 (11-30). The fibrosis stages by the
consensus reading of results were F0 in 0 (0%), F1 in 31
(26.5%), F2 in 28 (23.9%), F3 in 26 (22.2%) and
cirrhosis in 32 (27.4%) (Table 1).
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Blood flow measurement in the right portal vein

The mean flow velocity (cm/s) of the right portal vein was
11.4 £ 2.04 (7.90-19.3) in controls, 10.4 & 1.94 (5.90-15.1)
in chronic hepatitis and 8.96 & 1.84 (5.50-13.3) in cirrho-
sis. The mean flow volume (ml/min) of the right portal
vein was 3424101 (160-820) in controls, 318+ 114
(100~760) in chronic hepatitis and 295+ 136 (90.0-710)
in cirrhosis. There were significant differences in mean flow
velocity (controls vs. chronic hepatitis, P = 0.0259; controls
vs. cirrhosis, P < 0.0001; and chronic hepatitis vs. cirrho-
sis, P=0.0113), showing no significant differences among
F1, F2 and F3. There were no significant differences in
mean flow volume among controls, chronic hepatitis and
cirrhosis (P=0.3134). Interobserver variability was 10%
for mean flow velocity and 15% for mean flow volume,
and intra-observer variability was 8.7% for mean flow
velocity and 14% for mean flow volume.

Relationship between the parameters of contrast
enhancement and the degree of hepatic fibrosis

The onset time of contrast enhancement in the right
hepatic artery was 14.34+2.22s (11-21) in controls,
15.0+3.22s (9-24) in chronic hepatitis and 14.143.15s
(6-23) in cirrhosis and that in the right portal vein was
16.9 4 2.445 (13-22) in controls, 18.4 4 3.96s (12-29) in
chronic hepatitis and 18.3+3.39s (8-26) in cirrhosis.
There were no significant differences in the onset time of
contrast enhancement in the right hepatic artery and right
portal vein among the three groups (Fig. 4). The maximum
intensity ratio between the right portal vein and liver
parenchyma was 22.2+5.84dB (12-34) in controls,
19.2 +4.66 dB (13-32) in F1, 17.8 + 3.73 dB (6-24) in F2,
16.1+5.27dB (8-30) in F3 and 13.8 +5.34dB (3-21) in
cirrhosis (controls vs. F2, P=0.0219; controls vs. F3,
P=0.0005; controls vs. cirrhosis, P < 0.0001; F1 vs. cir-
rhosis, P=0.0023) (Fig. 5). The time interval from the
onset of contrast enhancement in the right portal vein to
the time of the maximum intensity ratio was 4.21 +1.32s
(1=7) for controls, 5.58 + 1.39 s (2-10) for F1, 6.79 + 1.77 s
(4-13) for F2, 8.85 1+ 1.97 s (6-14) for F3 and 14.3 +3.49s
(9-21) for cirrhosis, and significant differences were found
between controls and F2 (P=0.0004), F1 and F3
(P < 0.0001), F2 and F3 (P=0.0177), and F3 and cirrhosis
(P < 0.0001) (Fig. 3). Six patients with ascites were
diagnosed with cirrhosis by biopsy specimens obtained
and their time interval from the onset of contrast enhance-
ment in the right portal vein to the time of the maximum
intensity ratio was 12.24+2.40s (10-14). Inter-/intra-ob-
server variability was 6.1%/5.5% for onset time of contrast
enhancement in the right hepatic artery, 7.1%/6.7% for
onset time of contrast enhancement in the right portal
vein, 7.5%/7.2% for the maximum intensity ratio between
the right portal vein and liver parenchyma and 6.0%/5.7%
for the time interval from the onset of contrast enhance-
ment in the right portal vein to the time of the maximum
intensity ratio. No adverse effect was observed during and
after the US examination.
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Fig. 3. Time-related changes in intensity ratio between the right portal vein and liver parenchyma. (a) Control subject (56 years old, female):
the maximum intensity ratio between the right portal vein and liver parenchyma was 22 dB and time interval from the onset of contrast
enhancement in the right portal vein to the time of the maximum intensity ratio was 65s. (b) Patient with chronic hepatitis (52 years cld, female,
hepatitis C virus, F3): the maximum intensity ratio between the right portal vein and liver parenchyma was 13 dB and time interval from the
enset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio was 9. (c) Patient with cirrhosis (56 years,
female, hepatitis C virus): the maximum intensity ratio between the right portal vein and liver parenchyma was 9 dB and time interval from the
onset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio was 12's. Arrow, maximum intensity ratio

between the right portal vein and liver parenchyma.

*Time interval from the onset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio between the right

portal vein and liver parenchyma.

Diagnostic value of time interval from the onset of
contrast enhancement in the right portal vein to the time
of the maximum intensity ratio for the grade of fibrosis

The AUC of the time interval from the onset of contrast
enhancement in the right portal vein to the time of
the maximum intensity ratio were 0.94 (0.89-0.97)
for marked fibrosis with the best cut-off value of 6.5s,
0.96 (0.93-0.98) for advanced fibrosis with the best
cut-off value of 8s and 0.98 (0.95-0.99) for cirrhosis
with the best cut-off value of 9.5s. Six patients with
ascites had a time interval from 10 to 14 s, which ranged
over the best cut-off value. These AUC values were
significantly higher than those of APRI and FIB4: 0.86
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(0.79-0.92) and 0.85 (0.79-0.91) for marked fibrosis,
0.85 (0.78-0.90) and 0.89 (0.82-0.94) for advanced
fibrosis and 0.80 (0.71-0.86) and 0.90 (0.82-0.95)
for cirrhosis respectively (Table 2, Fig. 6). Sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy were 84, 88, 84, 88
and 87% for marked fibrosis, 83, 93, 89, 90 and 89%
for advanced fibrosis and 95, 92, 77, 98 and 93% for
cirrhosis respectively.

Discussion

The present study revealed that the maximum intensity
ratio between the right portal vein and liver parenchyma
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