Nakaoka et al.

etate in the blood stream. Thus persons with
congenital acetaldehyde dehydrogenase de-
ficiency are at greater risk of prolonged hy-
potension than those with normal levels of
this enzyme. One of the late complications
of ethanol sclerosis has been intracystic hem-
orrhage [21]. Therefore, in comparison with
ethanol sclerosis, ethanolamine oleate scle-
rosis not only achieves much better reduc-
tion without recurrence or need for surgery
but also has a more favorable short-term and
long-term adverse effect profile.

Surgical therapy has been the mainstay
of management of PLD. Open and laparo-
scopic fenestration procedures, which are
the least invasive surgical procedures, have
recurrence rates of 11-100% and 0-100%,
respectively, and morbidity rates of 0-66%
and 0-67% [5, 20, 24-26]. The rate of symp-
tom recurrence for laparotomy with fenestra-
tion ranged from 11% to 26% in the largest
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situ (dashed arrow).

C

case series [20]. The combination of fenes-
tration and hepatic resection has a low mor-
tality (3—-11%) but relatively high morbidity
rate (20-100%) and can be considered only
for patients with extreme symptoms [20, 27,
28]. Liver transplantation, the most invasive
of techniques, is indicated in the care of pa-
tients with symptoms refractory to other
techniques or who have liver disease com-
bined with renal failure [29]. Experience
with hepatic arterial embolization for PLD
is limited to a single published report [30]
and hepatic arterial embolization is a more
invasive technique than percutaneous aspira-
tion and sclerosis and cannot be directed at a
specific cyst.

Limitations of this study were the small
number of patients, that it was conducted at
a single center, that patient inclusion was not
randomized, and lack of a control arm. In ad-
dition, follow-up data collection varied wide-
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Fig. 1—54-year-old woman with symptomatic polycystic liver disease.

A, CT scan obtained before percutaneous aspiration and ethanolamine oleate
sclerosis shows symptomatic cyst{solid arrow).

B, CT scan obtained during percutaneous aspiration and ethanolamine oleate
sclerosis shows symptomatic cyst{solid arrow) and 7-French pigtail catheterin

€, CT scan obtained 30 months after percutaneous aspiration and ethanelamine
oleate sclerosis shows sclerosed cyst {solid arrow).

ly; data on only 47.1% (8/17) and 35% of the
cysts were available 3 months and 1 year after
treatment. We conclude that a single session
of percutaneous aspiration and ethanolamine
oleate sclerosis is safe and effective, result-
ing in sustained resolution for a long follow-
up period with minimal morbidity and pre-
venting surgery. Further randomized control
trials and comparison with existing surgical
and nonsurgical options are needed.
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Multistep human hepatocarcinogenesis: correlation of imaging
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Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. The majority of
HCCs develop in cirrhotic livers, and the early detec-
tion and characterization of this entity is very impor-
tant. Pathologically, human HCC develops in a multistep
fashion in the following sequence: from low-grade dys-
plastic nodule (LGDN), to high-grade dysplastic nodule
(HGDN), early HCC, well-differentiated HCC, nodule-
in-nodule HCC, and, finally, to moderately differenti-
ated HCC. Differentiation between early HCC and DN
is the most important issue in the clinical setting. CT
during hepatic angiography (CTHA) and CT during
arterial portography (CTAP) are the most sensitive
tools in the differentiation of premalignant/borderline
lesions (LGDN and HGDN) and early HCC. Recent
progress in imaging modality, especially Sonazoid-
enhanced US and Gd-EOB-DTPA MRI, is starting to
play a very important role in the imaging of multistep
hepatocarcinogenesis, resulting in changing the thera-
peutic strategy of these nodular lesions associated with
liver cirrhosis.

Key words: hepatocellular carcinoma, low grade dys-
plastic nodule, high grade dysplastic nodule, early HCC,
nodule-in-nodule HCC

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. The majority of
HCCs develop in cirrhotic livers, and the early detec-
tion and characterization of this entity is very important
for the management of patients with cirrhosis. In Japan,
more than 90% of HCCs are associated with hepatitis
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B or C virus infection, 80% of them with hepatitis C.
This intense epidemiological relationship between hep-
atitis B or C and HCC suggests the carcinogenic role of
these viruses."” The development of screening programs
for high-risk HCC patients with periodic ultrasonogra-
phy (US), computed tomography (CT), and measure-
ment of tumor markers (AFP, PIVKA-II, AFP-L3) has
enabled small HCCs of less than 2cm to be easily
detected and safely resected. As a result, we have
encountered more early-stage HCCs than classical
advanced HCCs, including early HCC, low-grade dys-
plastic nodules (LGDNs), and high-grade dysplastic
nodules (HGDNs).*® The majority of these lesions are
hypovascular upon dynamic CT or angiography.’ There-
fore, the enhancement pattern of these lesions upon
dynamic CT is notably different from that of overt
HCC.5" The intensity of early HCC on T;- and T,
weighted MR images is also different from that of
overt HCC.**

Until early-stage HCC was pathologically and
clinically identified, most radiologists and hepatologists
believed that HCC was generally hypervascular upon
angiography and/or dynamic CT, except for a few
cases with spontaneous necrosis or well-differentiated
HCC.®

Classification of hepatocellular nodules

The nodules associated with liver cirrhosis are histologi-
cally divided into six categories according to the classi-
fication proposed by the Liver Cancer Study Group
of Japan:'® large regenerative nodules, adenomatous
hyperplasia (AH), atypical AH, early HCC, well-
differentiated HCC, and moderately or poorly differen-
tiated HCC (so-called classical HCC). On the other
hand, the International Working Party of the World
Congress of Gastroenterology'’ proposed a new classi-
fication in 1995. According to the new classification,
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hepatocellular nodules are divided into two categories,
namely, dysplastic nodules (DNs) and HCC, DNs are
defined as dysplastic nodules of hepatocytes at least
1 mm in diameter, with dysplasia but without histologi-
cal criteria of malignancy, and are divided into two
subtypes. The first subtype is LGDN, i.e., a nodule in
which atypia is mild. These nodules are composed of
hepatocytes that are minimally abnormal. The nuclear-
to-cytoplasmic ratio is normal or slightly increased.
Portal tracts are present. The second subtype is HGDN,
ie., a nodule in which atypia is at least moderate but
insufficient for diagnosis of malignancy. One or more of
the following may be seen: high nuclear-to-cytoplasmic
ratio, nuclear hyperchromasia, plates more than two
cells wide, pseudoglandular formation, and cytoplasmic
basophilia. Invasion into stroma or portal tracts is
absent. On the other hand, HCC is defined as a malig-
nant neoplasm composed of cells with hepatocellular
differentiation. LGDNs are considered to be consistent
with a large regenerative nodule or AH, and HGDNs
with atypical AH and some early HCCs. HGDNs are
considered neoplastic because they display variable
atypical changes in hepatocytes and have increased cell
proliferation.””"® It is of interest that cancerous foci of
very well differentiated HCC are occasionally encoun-
tered within this type of nodule (nodule-in-nodule
lesions), called a DN with a subfocus of HCC. On the
other hand, the histopathological definition, identifica-
tion, and significance of LGDNs remain unclear in
routine clinical practice. These nodules can be included
in the group of regenerative nodules with unusual
histological changes. In these nodules, two types of
human hepatocarcinogenesis are now considered. One
is de novo hepatocarcinogenesis, and the other is step-
wise development from LGDN to HGDN, with well-
differentiated HCC foci, and finally to overt HCC*"**
(Fig. 1).

The detection and characterization of HCC is one of
the major roles of diagnostic imaging in patients with
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Fig. 1. Schematic representation of
multistep  progression of  human
hepatocarcinogenesis

cirrhosis in endemic areas. The differential diagnosis
between HCC and other types of nodules is important
clinically. However, definite differentiation among these
nodules by ultrasound and dynamic CT is usually impos-
sible. For this reason, percutaneous biopsy by ultra-
sound guidance is frequently performed. However, it is
occasionally difficult to obtain an exact tissue sample
from these small nodules, and, as recently described by
Bhattacharya et al.”® and Mion et al.** using explanted
cirthotic livers, many multicentric small HCCs or
borderline lesions are not detected by ultrasound. In
addition, several difficulties and controversies remain
regarding the differential diagnosis of such nodules in
needle biopsy specimens. First, limited information
from insufficient small specimens and sampling errors
caused by histological heterogeneity within these
nodules may lead to under- or overdiagnosis. Second,
regenerative reactive hepatocellular atypia in chronic
disease resembles atypical changes in DNs or well-
differentiated HCCs." Therefore, differential diagnosis
by imaging is also important. For this reason, it is
clinically useful to visualize by imaging the sequential
changes in the intranodular blood supply, in parallel
with the progression of benign hepatocellular nodules
to overt HCC.

Definition of early HCC (small well-differentiated
HCC of vaguely nodular type HCC)

The tumors are vaguely nodular and are characterized
by various combinations of the following five major
histological features:”* (1) increased cell density,
more than twice that of the surrounding tissue, with an
increased nuclear:cytoplasm ratio and irregular thin
trabecular pattern; (2) various numbers of portal tracts
within the nodule (intratumoral portal tracts); (3) fre-
quent acinar and/or pseudoglandular pattern; (4) fre-
quent diffuse fatty changes; and (5) varying numbers of
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unpaired arteries. Among these features, diffuse fatty
change is observed in ~40% of tumors <2 cm in diame-
ter.”” The prevalence of fatty change decreases along
with an increase in tumor size, and fatty change is
uncommon in tumors >3 cm and/or moderately differ-
entiated HCCs. Any of these features may be diffuse
throughout the lesion or seen in a restricted, usually
expansile subnodular (nodule-in-nodule) lesion. Most
importantly, because all these features may also be
found in HGDNs, it is important to note that some
degree of stromal invasion is most helpful in differenti-
ating early HCC from HGDN:s.

Multistep progression of hepatocarcinogenesis

Clinical and pathological studies have revealed multi-
step progression of hepatocarcinogenesis, with increased
tumor size form LGDNs to early HCC, through nodule-
in-nodule type HCC, and finally to overt HCC>* (see
Fig. 1). Although early HCCs are usually <2 cm in dia-
meter, unusual early HCCs and nodule-in-nodule-type
HCCs measuring 5 cm have been encountered.”®” De
novo hepatocarcinogenesis is also presumed to occur as
an alternative pathway. Even in such cases, later pro-
gression to classical overt HCC takes place in a multi-
step fashion.

Imaging characteristics of early HCC

Most well-differentiated HCCs at an early stage do not
stain upon angiography or retain lipiodol within the
tumor, thereby making their diagnosis difficult,>%!:43¢-3
It is widely known that some well-differentiated
early-stage HCCs are fed by the portal vein and not by
the hepatic artery, in contrast to typical HCCs (Fig.
2).10%363 Therefore, some hypovascular HCCs (early
HCCs) show no perfusion defects on CT during arterial
portography (CTAP) and may look like benign nodules
with “benign-appearing” patterns of vasculature.”

AH HCC

Portal Vein

Portal Vein

Artery Artery
Fig. 2. Schematic representation of blood supplies shifting
from LGDN to hepatocellular carcinoma (HCC). AH, adeno-
matous hyperplasia

M. Kudo: Imaging of human hepatocarcinogenesis

Color Doppler imaging also picks up afferent portal
flow signals.“**! With the exception of nodules that have
a “benign-appearing” hemodynamic pattern, diagnosis
of HCC is possible, even at an early stage, by a com-
bined use of tomographic vascular imaging, including
US angiography, CT during hepatic angiography
(CTHA), and CTAP>*#374%8 Recent progress in
contrast-enhanced US has also made it possible to char-
acterize tumor hemodynamics, i.e., separate analysis of
arterial and portal supply by using pure arterial-phase
imaging.*

Progression of hemodynamic and pathological change
during multistep human hepatocarcinogenesis

Hepatocarcinogenesis is a multistep process that evolves
from hyperplastic nodules (LGDNs) through early
HCC, and eventually leads to advanced overt hypervas-
cular HCC.*"*#% During this process, changes in intra-
nodular hemodynamics occur, which are visualized by
their associated radiologic and histopathological find-
ings, as described previously.” In the initial phase of
carcinogenesis, the hemodynamic pattern shows arterial
hypovascularity with portal perfusion still present (type
I). In the next step, both arterial and portal blood
supplies decrease (type II). Subsequently, intranodular
arterial vascularity increases to an isovascular pattern
(type III), and finally to a hypervascular pattern (type
IV). Another hemodynamic transition occurs from type
I to type V (nodule-in-nodule type), which have partial
spots of arterial vascularity in a hypovascular back-
ground of portal perfusion®”** (Fig, 3).

z WelkdfHCC 100% | | WelkditHCC 80%
; Mod.~~Poorly dif HCC 20%

— Type V / z ]
Benign (AH, RN) 70%\ Well-dif. HCC 8%

Well-dif. HCC 30% Mod.~~Poorly dif HCC 92%

iz

Weli-dif. HCC 70%
Well+ Mod.HCC 30%

Fig. 3. Schematic representation from premalignant lesion
(type I) to well-differentiated HCC (type II and HI), nodule-
in-nodule type HCC (type V), and to classical overt HCC
(type 1V). RN, regenerative nodule
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Fatty metamorphosis is frequently observed in
nodules that are hemodynamically classified into types
II and III. This appearance is attributed to a relative
decrease in the blood supply caused by diminished
portal supply and immature arterial neovasculariza-
tion.” Decreased arterial and portal supplies are sup-
ported by pathological evidence for decreased density
of arterial and portal vessels in well-differentiated early-
stage HCC ¥

When arterial vascularity is observed within the
nodule (type III, IV, and V), treatment intervention
should be considered according to the treatment algo-
rithm of HCC.*®

Diagnostic algorithm of premalignant/borderline
lesions and early HCC

Among nodular lesions associated with liver cirrhosis,
various nodules, such as LGDNSs, which are considered
to be precancerous lesions, HGDNs, early HCC, and
nodule-in-nodule liver cancer, are included as hypovas-
cular nodules.>** Regarding the diagnostic and treat-
ment algorithm for such nodules, particularly imaging
of hypovascular nodules, the generally accepted proce-
dure is outlined below.

The most sensitive modality capable of objectively
depicting the early carcinogenesis process among cur-
rently available imaging systems is (1) CTAP, followed
by (2) CTHA,** (3) contrast-enhanced US*** and
(4) superparamagnetic iron oxide enhanced-magnetic
resonance imaging (SPIO-MRI)** (Fig. 4). Portal
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blood flow may be maintained in some cases of DN and
early HCC, but reduced in other nodules, even though
the pathology remains similar to that of early HCC, in
which arterial blood flow has not yet increased. CTAP
may sharply detect the earliest initial change in HCC.
The second earliest initial carcinogenic change is
detected as an increase in intranodular arterial blood
flow by CTHA or contrast-enhanced US. Hypervascu-
lar lesions depicted as nodule-in-nodule or as entirely
hypervascular can be interpreted as advanced cancer,
even though they are small, which might have already
reached a more advanced stage than early liver
cancer.

There are variations among cases regarding whether
SPIO-MRI or CTHA detects the initial malignant or
cancerous changes earlier. Some hypervascular, well-
differentiated liver cancer nodules may uptake SP10 on
MRI, but reduced uptake has already started in some
hypovascular tumor nodules. Therefore, generalization
of findings occurring earlier in carcinogenesis remains
difficult, i.e., sinusoidal capillarization and the number
of Kupffer cells are somewhat dissociated in some
cases.

Multidetector raw CT (MDCT) and dynamic MRI
are sensitive for detection of arterial blood flow, but
are incapable of detecting arterial vascularity in some
nodules, depending on the acquisition time, tumor
location, and liver function, although the lesions are
hypervascular on CTHA and contrast-enhanced US.
Nodules intensely enhanced on MDCT and dynamic
MRI can be assumed to already exhibit high intensity
upon T,-weighted MRI” (Fig. 5).

r nodules associated with cirrhotic liver

Gray zone <  |mpossible to
even on histology K_A’:__\H diagnose on Imaging
i ] :
Pathological | gy LGDN  {HGDN : e-HCC |WellHCC «~ Mod. HCC
diagnosis : .
Kupffer cell Present E Hypo Absent

CTAP Iso (hyper) Hypo~defect Fig. 4. Imaging findings of hepa-
. tocellular nodules associated with
CTHA Hypo~Iiso vascular, l:l Hypervascular cirrhotic liver. LGDN, low-
s grade dysplastic nodule; HGDN,
: - high-grade dysplastic nodule; e HCC,
CEUS Hypovascular . Hypervascular early HCC; Well-dif HCC, well-
: . differentiated HCC; Mod. Dif. HCC,
SPIO-MRI' | |50 ~ increased uptake! Decreased uptake | moderately differentiated HCC;
: 4 CTAP, CT during arterial portogra-
H phy; CTHA, CT during hepatic arte-
MRI T2 Iso~Low . T2 High riography; CEUS, contrast-enhanced
MDCT/ E ultrasonography; SPIO-MRI, super-
dynamic MRI Hypovascular . Hypervascular paramagnetic iron _0x1d§-enhanced

. magnetic resonance imaging
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Hypovascularity in the
arterial phase on dynamic
CT/MRI
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! I nodule. *2: Recommended only at
Troatment | | Treatment | | Follow-up | [ Treatment | [T t | [ Follow-up | available institutions. *3: Biopsy is
not always necessary in this setting

Based on these observations, lesions detected
as hypovascular nodules by MDCT and dynamic
MRI should be subjected to Sonazoid-enhanced US
(contrast-enhanced US, CEUS) and SPIO-MRI in the
diagnostic algorithm for nodules. Sonazoid CEUS is
more sensitive for detecting arterial vascularity of
target nodules than dynamic CT and dynamic MRL
Thus, hypovascular nodules upon dynamic CT may be
diagnosed as hypervascular by CEUS. When uptake of
contrast agent by Kupffer cells is reduced in the Kupffer
phase of SPIO-MRI and Sonazoid CEUS, malignancy
should be highly suspected. Even though uptake of
SPIO is noted upon SPIO-MRI, arterial blood flow
may be increased in CTHA in some cases. When CTHA/
CTAP is not performed or is not available, such nodules
should be biopsied. When arterial blood flow is reduced
on CTAP, the nodules should be basically regarded and
managed as malignant. For nodules with hypovascular
arterial blood flow and reduced portal blood flow,
biopsy is essential (see Fig. 5).

When Sonazoid is used for CEUS, the combination
with MDCT increases the accuracy of detecting intra-
nodular arterial vascularity, compared to that by a single
method. Addition of the post-vascular (Kupffer) phase
allows an assumption of the degree of malignancy based
on Kupffer function. When uptake of contrast agent is
reduced in the Kupffer phase of SPIO-MRI or Sonazoid
CEUS in nodules not depicted as hypervascular lesions
by MDCT or dynamic MRI, the nodules should basi-
cally be treated and a biopsy is not essential.

When uptake of SPIO is noted by SPIO-MRI, biopsy
should be performed if at all possible, and when diag-

nosed as typical well-differentiated HCC, the lesions
should be treated. When SPIO-MRI detects uptake of
SPIO, and CTHA or CTAP detects a malignant finding,
i.e., increased arterial blood flow or reduced portal
blood flow, the lesions should be regarded as malignant.
However, when hypovascular arterial blood flow is
noted while the portal blood flow is isovascular, a biopsy
is necessary. Nodules histologically diagnosed as
benign lesions by biopsy may be subjected to observa-
tion without any treatment, but those histologically
diagnosed as typical well-differentiated HCC by biopsy
should be treated as early HCC.

When CTHA and CTAP are not performed for
nodules detected by SPIO-MRI, nodules diagnosed as
LGDNs by biopsy may be subjected to observation
without any treatment.

Conclusions

In this review, diagnostic imaging of premalignant/
borderline lesions and early HCC is described. At
present, CTHA and CTAP are the most sensitive
imaging modalities for differentiating these lesions,
although there are some false-positive results. In
addition to MDCT and SPIO-MRI, recently intro-
duced imaging modalities, Sonazoid-enhanced US,
and Gadolinium-EthOxyBenzyl-Diethylene-Triamine-
Pentaacetic Acid (Gd-EOB-DTPA)-enhanced MRI are
the promising tools, which may change the diagnostic
strategy in this field.
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Abstract

Recent clinical trials have shown that pegylated interferon-«
(PEG-IFN-a) in combination with ribavirin (RBV) improves
the rate of sustained virological response (SVR), with over
50% of patients demonstrating a positive response to treat-
ment. However, no SVR has been reported when PEG-IFN/
RBV combination therapy is discontinued by week 16, espe-
cially in cases of chronic hepatitis with a high viral load of
serum hepatitis C virus (HCV) RNA, genotype 1b. Here, we
describe SVR in a 67-year-old woman whose PEG-IFN/RBV
combination therapy for chronic hepatitis C with a high viral
load of serum HCV RNA, genotype 1b, was discontinued
after 16 weeks because of the onset of PEG-IFN plus RBV-
induced acute pancreatitis. Among viral factors, substitution
of amino acid 70 (Arg) and 91 (Leu) in the core region and
HCV RNA negativity were observed after 8 weeks. Host fac-

tors including low body weight, no alcohol consumption, no
coinfection with hepatitis B virus, slight fibrosis, and viral fac-
tors including early viral clearance, double wild type in the
core region, may have contributed to the SVR irrespective of
the discontinuation of the combination therapy at week 16.
Moreover, PEG-IFN plus RBV-induced acute pancreatitis
might have been related to the SVR.

Copyright © 2009 S. Karger AG, Basel

introduction

In Japan, about 70% of chronic hepatitis C (CHC) pa-
tients are infected with genotype 1b, the rest with geno-
type 2a/2b [1]. Of the former, almost 70% demonstrate a
high viral load, a crucial risk factor for poor response to
antiviral treatment, as are the host-related factors of age,
obesity, female gender and hepatic fibrosis [2, 3].

The rate of sustained virological response (SVR) can
be increased to approximately 40% through 48 weeks of
interferon (IFN)-a2b and ribavirin (RBV) combination
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therapy for chronic hepatitis with a high viral load of se-
rum hepatitis C virus (HCV) RNA, genotype 1b [4-6].
Pegylated (PEG)-IFN-o plus RBV therapy improves the
SVRrate even further, with over 50% of patients respond-
ing positively to treatment [6]. Attaining the SVR irre-
spective of discontinuing combination therapy by week
16 has not been reported, even in cases of rapid virologi-
cal response by CHC with a high viralload of serum HCV
RNA, genotype 1b [7, 8].

Acute pancreatitis is an uncommon side effect of IFN-
o and RBV combination therapy, and only few cases have
been reported in the English literature [9]. It has also been
diagnosed in 7 of 1,706 HCV-infected patients (0.4%; 95%
CI 0.2-0.8) thus treated [10]. We present the case of a 67-
year-old woman with chronic hepatitis and a high viral
load of serum HCV RNA, genotype 1b, attaining SVR
and discontinuing the therapy after 16 weeks because of
the onset of acute pancreatitis after 14 weeks of therapy.

Case Report

A 67-year-old woman with CHC was admitted to Kobe Asahi
Hospital in September 2007 for treatment of abdominal pain. In
June 2007, she had been started on a weekly subcutaneous injec-
tion of 60 ug of PEG-IFN-a2b and a daily oral dose of 600 mg
RBV at 44 kg of body weight. Reverse transcription polymerase
chain reaction (PCR) revealed 2,300 and 1,900 kIU/ml of HCV
RNA in May 2007 and June 2007, respectively. Hepatitis B surface
antigen and hepatitis B virus DNA were negative, HCV core an-
tigen by anew immunoradiometric (IRM) assay was 5,550 fmol/],
and the genotype was 1b. Laboratory tests revealed the following:
total protein 6.2 g/dl (normal, 6.5--8.3), albumin 3.8 g/d1(3.8~5.3),
aspartate aminotransferase 40 IU/1 (0-38), alanine aminotrans-
ferase 29 TU/1 (0-19), platelets 13.9 X 10%/ul (14-34); liver biopsy
revealed stage 1 fibrosis. Immunological examinations revealed
the following: immunoglobulin G (IgG) 1,460 mg/dl (normal,
870-1,700), IgM 168 mg/dl (33-190), IgA 76 mg/dl (110-410), B
cells 4% (4-13), T cells 90% (66-89), CD4/CD8 ratio 1.17% (0.40-
2.30) and natural killer cell activity 50% (18-40).

Viral factors considered to be related to SVR [11-14] were as
follows: 4 IFN/RBV resistance-determining region mutants (SVR
is related to more than 6), 0 IFN sensitivity-determining region
mutants (SVR is related to more than 4), and the core protein was
the double wild type (Arg 70/Leu 91; SVR is related to the double
wild type). Regarding early viral dynamics, HCV core antigen
was 1,670 fmol/l at 24 h, 118 fmol/l at 1 week and <20 fmol/l at 2
weeks after treatment; it was <20 fmol/l, irrespective of HCV
RNA positivity, 4 weeks after treatment. After 8 weeks, HCV
RNA by the Amplicore PCR method was undetectable (<50 cop-
ies/ml) and liver functions were normal.

The patient tolerated therapy well until week 14, when she was
admitted to our hospital with severe epigastric pain radiating to
her back, nausea and vomiting. Laboratory tests revealed the fol-
lowing: amylase 178 IU/l (normal, 38-136), lipase 521 1U/1 (23~
300), aspartate aminotransferase 29 IU/], alanine aminotransfer-

SVR at Week 16 Halts Combination
Therapy

ase 10 IU/], alkaline phosphokinase 226 IU/1(110-354), total bili-
rubin 0.5 mg/dl (0.2-1.2), white blood cell count 50 X 10%/ul
(40-90), calcium 9.4 mg/dl (8.7-10.1), total cholesterol 140 mg/dl
(150-219), triglycerides 153 mg/dl (50-149), IgG4 20.1 mg/dl (48~
105); all values, except for triglycerides and IgG4, were within
normal limits. Tumor necrosis factor-a (TNF-a) and IL-6 were
8.8 pg/ml (<5.0) and 3.4 pg/ml (<4.0), respectively. The patient
had no history of pancreatitis, denied alcohol use and was not tak-
ing any medications. Imaging studies such as ultrasound, com-
puted tomography and magnetic resonance imaging revealed no
swelling of the pancreas or dilation of the pancreatic duct. The
gallbladder appeared normal and no biliary microgallstones were
noted.

PEG-IFN-a2b and RBV were discontinued 16 weeks after the
start of therapy, and the patient was treated with ulinastatin
150,000 units/day for 4 weeks and camostat mesilate 600 mg/day
(oral dose) for 2 weeks under the diagnosis of acute pancreatitis.
The pancreatitis was resolved and the patient was discharged in
December 2007.

PEG-IFN-o2b and RBV therapy was discontinued and pan-
creatitis did not recur during 12 months of follow-up. Since Jan-
uary 2008, HCV has been undetectable (<15 copies/ml) by the
TagMan PCR method, and liver functions continued normal.
The patient was evaluated as having attained SVR because HCV
RNA disappeared 52 weeks after the discontinuation of therapy

(fig. 1).

Discussion

Acute pancreatitis is a rare complication of PEG-IFN/
RBYV therapy. In our case, drug-induced acute pancreati-
tis was diagnosed on the basis of the presence of epigas-
tric pain, elevated amylase and lipase levels, and the ab-
sence of other identifiable causes of pancreatitis. The
patient showed no evidence of gallstones, alcohol con-
sumption, or other potential causes of pancreatitis, such
as autoimmune pancreatitis. These findings met the cri-
teria for probable drug-induced pancreatitis [15, 16]. The
onset of pancreatitis during PEG-IFN-a2b and RBV
therapy and resolution of the symptoms after the discon-
tinuation of treatment confirmed the diagnosis. More-
over, the absence of recurrent pancreatitis after the
discontinuation of therapy also suggested that the med-
ications were the most likely cause of acute pancrea-
titis.

IFN and RBV combination therapy is a potential cause
of drug-induced pancreatitis in patients with chronic
HCV. There are several potential mechanisms whereby
IFN-a can cause pancreatitis. Treatment with IFN-«a can
result in severe hypertriglyceridemia [17-19], a well-de-
scribed cause of acute pancreatitis [20]. However, in our
case, severe hypertriglyceridemia was not observed. Al-
ternatively, IFN-o may cause acute pancreatitis by stimu-
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Fig. 1. Clinical course.

*Tested by the Amlicore PCR method (<50 copies/ml). * Tested by the TagMan PCR method (<15 copies/ml).

lating the immune system, leading to autoimmune de-
struction of the pancreas. In fact, IFN-a is known to pre-
cipitate or exacerbate other autoimmune disorders, such
as thyroid disease, diabetes and others [21]. Based on the
published literature, IFN-a is more likely to cause acute
pancreatitis than RBV, although RBV is known to have
immunomodulatory effects [22]; also, RBV, alone or syn-
ergistically with IFN-a, may stimulate the immune sys-
tem to cause pancreatitis through an autoimmune mech-
anism. TNF-« is reported to induce acute pancreatitis
[23]. In our case, high TNF-a may be markers of immune
system stimulation due to PEG-IFN plus RBV or due to
acute pancreatitis itself [24].

Predictors of the outcome of IFN-based therapy can be
classified into pretreatment and on-treatment factors.
The former comprise host factors such as age, sex, obe-
sity, alcohol consumption, fibrosis, immune responses, as
well as coinfection with other viruses, and the latter com-
prise viral factors that include mainly viral genotypes
and viral load. In our case, viral genotype (genotype 1b)
and high viral load (2,300 kIU/ml), old age (67 years) and
sex (female) were poor response factors to the therapy.
Low body weight, no alcohol consumption, no coinfec-
tion with other viruses, such as hepatitis B virus, and
slight fibrosis (F1) were favorable factors for the SVR. Im-
munological examinations including the percentage of B
cells, T cells and the CD4/CD8 ratio were within almost

38 Digestion 2009;79:36-39

normal limits, except for high natural killer cell activity;
consequently, immunologic activity does not explain the
SVRin our case.

On-treatment factors are mainly related to viral kinet-
ics within the first few weeks of treatment [25]. A new
IRM assay of HCV core antigen is very useful in predict-
ing virological response during PEG-IFN/RBV combina-
tion therapy for chronic hepatitis with a high viral load
of serum HCV RNA, genotype 1b [26]. Our patient dem-
onstrated a rapid virological decrease in HCV core anti-
gen during 4 weeks after the start of therapy, as revealed
by the new IRM assay.

Because the HCV genotype is one of the major factors
affecting the response to IFN-based therapy, resistance
to IFN is, at least partly, genetically encoded by HCV
itself [27]. In this context, nonstructural protein 5A
(NS5A), one of the HCV nonstructural proteins, has
been widely discussed for its correlation with IFN re-
sponsiveness. Sequence variations within a region in
NS5A, called ‘IFN sensitivity-determining region’, have
been proposed as correlated with IFN responsiveness
[12, 13]. A high degree of sequence variations in the V3
[amino acids (aa) 2356-2379] and the pre-V3 regions (aa
2334-2355) of NS5A, collectively referred to as the TFN/
RBV resistance-determining region’ (aa 2334-2379), is
closely correlated with SVR in HCV-1b-infected patients
treated with PEG-IEN and RBV [11]. Substitutions of aa

Kimetal.
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70 (Arg) and 91 (Leu) in the core region (double wild
type) are correlated with IFN responsiveness [14]. In our
case, only 1 virological factor, the double wild type in the
core region, among these 3 virological factors consid-
ered to be correlated with SVR, was compatible with

SVR.
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Abstract We describe three cases of well-differentiated
hepatocellular carcinoma (HCC) smaller than 15 mm in
diameter completely eradicated with percutaneous ethanol
injection (PEID) instead of using radiofrequency ablation
(RFA). Ultrasound (US) examination revealed one nodule
each in segment 2 (hypoechoic, near bile ducts, 10 mm), in
segment 5 (hyperechoic, near the gall bladder, 15 mm), and
in segment 7 (hypoechoic, near the diaphragm, 15 mm).
Although imaging studies revealed isovascular (case 1) and
hypervascular (cases 2 and 3) nodules, histological analysis
of US-guided biopsy tissue revealed well-differentiated
HCC. In consideration of the location of the nodules, PEI,
instead of RFA, was administered and the nodules were
rendered necrotic. Although RFA is superior to PEI in the
treatment of small HCCs from the viewpoint of treatment
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response and long survival, PEI is strongly recommended
for HCCs located near bile ducts, the gall bladder, and the
diaphragm, especially when the nodules are smaller than
15 mm in diameter.
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Bile ducts - Gall bladder - Diaphragm -
HCC smaller than 15 mm in diameter

Introduction

Hepatocellular carcinoma (HCC) is one of the major
malignancies worldwide [1-4]. With recent advances in
diagnostic imaging, particularly in ultrasound (US), an
increasing number of small or early-stage HCCs have been
detected. In patients with early-stage HCC, percutaneous
ethanol injection (PEI) is a second choice when surgical
techniques have been precluded. Over the past few years,
however, several methods of thermal tumor eradication
through localized heating or freezing, including radiofre-
quency ablation (RFA), laser ablation, microwave ablation,
and cryoablation, have been developed and clinically tes-
ted. Among these, RFA has recently emerged as a real
competitor to PEIL

Indeed, RFA is superior to PEI in the treatment of small
HCCs from the viewpoint of treatment response and long-
term survival [5-7]. It is difficult, however, to apply to
tumors located near bile ducts, the gall bladder, and the
diaphragm. In contrast, PEI is feasible, efficacious, and
very safe.

We describe three cases of well-differentiated HCCs
smaller than 15 mm in diameter located near bile ducts, the
gall bladder, and the diaphragm, completely eradicated
with PEI instead of using RFA.
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Case reports
Case 1

A 73-year-old woman with hepatitis C virus (HCV)-related
cirrhosis (Child-Pugh A class) was admitted to Kobe Asahi
Hospital for further examination of a 10-mm hyperechoic
nodule in segment 2 (S2) near the bile ducts. The levels of
tumor markers in March 2007 were as follows: a-fetopro-
tein (AFP) 26 ng/ml (normal: <10.0), lens culinaris
agglutinin A-reactive fraction of AFP (AFP L3) 4.0%
(<10.0), and protein induced by vitamin K absence (PIV-
KA-IT) 14 mAU/ml (<40). Contrast-enhanced US revealed
isovascularity in both the early- and postvascular phases.
Contrast-enhanced computed tomography (CT) revealed an
isovascular nodule in the early phase and washout in the
late phase (Fig. la). Histologically, the nodule was a well-
differentiated HCC characterized by more than twofold the
cellularity of the nontumorous area and mild cell atypia
with a thin trabecular pattern (Fig. 1b). PEI was adminis-
tered (three sessions; twice a week) by 1 to 2 injections
of 95% sterile ethyl alcohol (total 10.4 ml) delivered to
the nodule with a multiple side-hole 21-gauge needle
(Et-hanoject, TSK, Tokyo, Japan). After that, contrast-
enhanced CT revealed a low-density area (LDA) (Fig. 1c),
and, histologically, US-guided biopsy revealed complete
necrosis of the nodule. The levels of tumor markers
revealed the following values: AFP 14.4 ng/ml, AFP L3
3.7%, and PIVKA-II 14 mAU/ml. No local recurrence,
metachronous tumors, or distant metastases of the original
tumor have been observed for 22 months since PEL

Case 2

A 55-year-old man with hepatitis B virus-related chronic
hepatitis was admitted to Kobe Asahi Hospital for further
examination of a 15-mm hyperechoic nodule in segment 5
(S5) near the gall bladder. The levels of tumor markers in
May 2007 were as follows: AFP 4.9 ng/m] and PIVKA-II
19 mAU/ml. Contrast-enhanced US revealed hypervascu-
larity in the early phase and defect in the Kupffer phase.
Contrast-enhanced CT revealed a ring-shaped enhancement
in the early phase (Fig. 2a) and washout in the late phase.
Histologically, the nodule was a well-differentiated HCC
characterized by more than twofold the cellularity of the
nontumorous area and mild cell atypia with a thin trabecular
pattern (Fig. 2b). PElI was administered (three sessions;
twice a week) by 1 to 2 injections of 95% sterile ethyl
alcohol (total 15.5 ml) delivered to the nodule with a mul-
tiple side-hole 21-gauge needle (Et-hanoject, TSK, Tokyo,
Japan). After that, contrast-enhanced CT revealed an LDA
or no enhancement (Fig. 2c¢), and, histologically, US-guided
biopsy revealed complete necrosis of the nodule. The levels

@ Springer

Fig. 1 Before PEI: (a) contrast-enhanced CT revealed washout in the
late phase (arrow); (b) well-differentiated HCC was observed. After
PEL (c) contrast-enhanced CT revealed an LDA (arrow)

of tumor markers revealed the following values: AFP
2.9 ng/ml and PIVKA-II 19 mAU/ml. No local recurrence,
metachronous tumors, or distant metastases of the original
tumor have been observed for 18 months since PEL
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Fig. 2 Before PEL (a) contrast-enhanced CT revealed a ring-shaped
enhancement in the early phase (arrow); (b) well-differentiated HCC
was observed. After PEIL: (c) contrast-enhanced CT revealed an LDA
or no enhancement (arrow)

Case 3

A 7l-year-old man with HCV-related cirrhosis (Child-
Pugh A class) was admitted to Kobe Asahi Hospital for

further examination of a 15-mm hypoechoic nodule in
segment 7 (S7) near the diaphragm. The levels of tumor
markers in October 2007 were as follows: AFP 5.3 ng/ml
and PIVKA-II 39 mAU/ml. Contrast-enhanced US
revealed isovascularity in the early phase and defect in the
Kupffer phase. Contrast-enhanced CT and magnetic
imaging resonance revealed isovascularity in both the early
and late phases. CT during arteriography disclosed slight
hypervascularity (Fig. 3a) and CT during arterial portog-
raphy revealed perfusion defect. Histologically, the nodule
was a well-differentiated HCC characterized by more than
twofold the cellularity of the nontumorous area and mild
cell atypia with a thin trabecular pattern (Fig. 3b). PEI was
administered (six sessions; twice a week) by 1 to 2 injec-
tions of 95% sterile ethyl alcohol (total 48.0 ml) delivered
to the nodule with a multiple side-hole 21-gauge needle
(Et-hanoject, TSK, Tokyo, Japan). After that, contrast-
enhanced CT revealed an LDA (Fig. 3c), and, histologi-
cally, US-guided biopsy revealed complete necrosis of the
nodule. The levels of tumor markers revealed the following
values: AFP 3.6 ng/ml and PIVKA-II 24 mAU/ml. No
local recurrence, metachronous tumors, or distant metas-
tases of the original tumor have been observed for
14 months since PEIL

Discussion

PEI has been the standard therapy since the late 20th
century; however, a drastic shift from PEI to RFA has
recently been introduced into clinical practice because
effective ablation seems more readily attainable with RFA
than with PEI or microwave coagulation. Most trials
comparing RFA and PEI for the treatment of small HCCs
have demonstrated not only local efficacy but also survival
in favor of RFA.

In a comparison of PEI and RFA on 86 patients with 112
HCCs [5], complete response was reached in 90.3% by
RFA and 80% by PEI, with an average of 1.2 and 4.8
sessions, respectively. In a study of 232 patients (118
treated with RFA and 114 treated with PEI), the 4-year
survival rate was 74% (95% confidence interval [CI] 65—
84) for RFA and 57% (95% CI 45-71) for PEI, with a 46%
smaller risk of death (adjusted relative risk, 0.54 [95% CI
0.33-0.89], P =0.02), a 43% smaller risk of overall
recurrence (adjusted relative risk, 0.57 [95% C10.41-0.80],
P = 0.0009), and an 88% smaller risk of local tumor
progression (relative risk, 0.12 [95% CI 0.03-0.55],
P = 0.006) with RFA than with PEI [6]. Similarly, longer
survival has also been suggested by the analysis of a sub-
group trial in Taiwan [7], and Cho et al. [8] have reported
that RFA demonstrates significantly improved 3-year sur-
vival status by the meta-analysis of four randomized
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Fig. 3 Before PEL: (a) CTA revealed slight hypervascularity (arrow);
(b) well-differentiated HCC was observed. After PEI: (c¢) contrast-
enhanced CT revealed an LDA (arrow)

@ Springer

controlled trails. Moreover, RFA requires shorter hospi-
talization than PEI, which improves the quality of life.

Between January 1999 and May 2002, a total of 3,891
RFAs carried out percutaneously on 2,542 patients, lapa-
roscopically on 23 patients, and surgically on 49 patients
(total 2,614 patients) has demonstrated severe complica-
tions such as hemothorax, intraperitoneal bleeding, liver
abscess, and liver infarction compared with none after PEI
in 207 of the 2,614 patients (7.9%) and 9 (0.3%) deaths
within 3 months after RFA: 3 from liver failure, 3 from
rapid progression and sarcomatous changes, and 1 each
from biliary injury, gastrointestinal bleeding, and acute
myocardial infarction [9].

Notably, when RFA is done on HCCs near bile ducts,
the gall bladder, and the diaphragm, the incidence of
complications is more frequent. Twenty-five cases of bili-
ary injury and biloma have been described among 2,614
cases [9], and three cases of late-onset diaphragmatic
hernia after RFA of HCC have resulted in death [10, 11]. In
our cases, the HCCs were located near bile ducts (case 1),
the gall bladder (case 2), and the diaphragm (case 3).

According to extensive clinical and pathological studies
on early-stage small HCCs in the past two decades, it has
become evident that the majority of small HCCs up to
around 20 mm in diameter are composed of well-differ-
entiated cancerous tissues that lack the remarkable cellular
and structural atypia seen in classical HCCs [4, 12-16].
Pathological studies on HCCs have shown, however, that
tumor size is crucial in microscopic portal invasion and
local metastasis. Strictly speaking, the difference in the size
of tumors between 15 and 16-20 mm in diameter is
significant.

The frequency of portal invasion is significantly lower in
11-15 mm (25%) than in 16-20 mm (40%) HCCs
(P < 0.01) [17, 18]. Extranodular growth has been found in
5.3% of distinctly nodular tumors <15 mm and in 16.7% of
those 16-20 mm in diameter [19]. Accordingly, local
ablation therapy for small, distinctly nodular HCCs (16—
20 mm) necessitates the ablation of at least a 10-mm wide
margin of surrounding tissue to prevent local recurrence
from extranodular tumor growth and/or from micrometas-
tasis in the vicinity of the tumor [5]. In general, RFA is
superior to PEI for tumor control. PEI, however, can almost
totally ablate HCCs 11-15 mm in diameter [20], although
the demonstration of complete necrosis by percutaneous
core biopsy would not confirm complete tumor necrosis. In
conclusion, from the viewpoint of safety, feasibility, and
tumor control, we administered PEI, instead of RFA, for
well-differentiated HCCs smaller than 15 mm in diameter,
located near the bile ducts, the gall bladders, and the dia-
phragm. Further follow-up is needed to clarify the
prognosis of these three cases.
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OBJECTIVE. The objective of our study was to investigate whether liver parenchymal
phase contrast-enhanced sonography can provide additional information for assessing histo-
logic grades of hepatocellular carcinoma (HCC).

SUBJECTS AND METHODS. Contrast-enhanced sonography using Levovist of 50
hepatic nodules was performed. The vascular and liver parenchymal perfusion patterns were
evaluated. The sensitivity, specificity, and accuracy of the histologic diagnosis of the tumors
using vascular phase imaging only and systematically combined vascular phase imaging with
liver parenchymal phase imaging were calculated. We also performed histologic examination
and immunostaining for the detection of Kupffer cells and calculated the Kupffer cell count
in the tumorous tissue relative to that in the nontumorous tissue (Kupffer cell ratio) and quan-
titatively evaluated the relationship between the Kupffer cell ratio and the perfusion patterns
seen on liver parenchymal phase imaging.

RESULTS. The specificity and accuracy of contrast-enhanced sonography in the diagno-
sis of dysplastic nodules and of moderately and poorly differentiated HCCs were improved by
adding liver parenchymal phase imaging (dysplastic nodules, 74% and 78% vs 83% and 86%,
respectively; moderately and poorly differentiated HCCs, 74% and 86% vs 85% and 92%).
The diagnostic accuracy of contrast-enhanced sonography for dysplastic nodules showed a
trend of improvement with the addition of liver parenchymal phase imaging (p = 0.07).
Kupffer cell ratios for tumors that showed hypoperfusion during the liver parenchymal phase
were significantly lower than those for tumors showing isoperfusion (p < 0.05).

CONCLUSION. Adding liver parenchymal phase imaging to contrast-enhanced sonog-
raphy protocols may yield additional information that can be used to assess histologic grades
of tumor and that leads to an improvement in the differential diagnosis of nodular lesions as-
sociated with the cirrhotic liver. Further case studies are required in larger numbers of pa-

tients for a longer follow-up period.

sy

epatocellular carcinoma (HCC)
is one of the most common can-
cers worldwide and is a major
cause of death in patients with
cirrhosis. Therefore, it is important to detect
and treat HCC at an early stage. Because the
histopathologic grade of HCC is a well-es-
tablished prognostic factor and affects the
choice of the initial treatment, precise diag-
nosis of the histologic grade is essential.
Previously, Kupffer cells were thought to be
absent in overt HCC tissues, but recently in-
vestigators have shown that Kupffer cells ex-
ist in well-differentiated and early-stage
HCCs [1]. Furthermore, the histologic grade
of HCC has been shown to correlate with the
number of Kupffer cells present. For exam-
ple, in cancerous tissues the number of
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Kupffer cells present was significantly lower
than in noncancerous tissues and tended to
decrease as the histologic grade of tumor de-
creased [1].

The microbubble contrast agent SH U 508A
(Levovist, Schering) for sonography has im-
proved the ability to detect and characterize
the intranodular vascularity of hepatic lesions
[2], and vascular phase contrast-enhanced
sonography has become an established diag-
nostic method for hepatic tumors {3-6]. Until
now, no study to our knowledge has system-
atically combined arterial and portal phase
imaging with liver parenchymal phase imag-
ing to diagnose premalignant and borderline
lesions and HCCs. The purpose of our study,
therefore, was to evaluate whether liver paren-
chymal phase contrast-enhanced sonography

AJR:192, March 2009



Value of Liver Parenchymal Phase Sonography in Assessing Hepatic Nodules

can provide additional information for assess-
ing the histologic grade of HCCs.

Subjects and Methods

Between June 2002 and September 2004, 2,240
patients underwent contrast-enhanced sonog-
raphy at our institution. Among them, 168 patients
had a single hepatic nodule that had not previous-
1y been treated, 57 of whom had undergone tumor
biopsy Or partial hepatectomy. Two patients were
excluded from this study because their tumors
were located on the deep side of the liver and
contrast-enhanced sonography could not detect
them. Another five patients who underwent liver
biopsy were excluded from this study because a
pathologic diagnosis could not be obtained. As a
result, 50 consecutive patients who had a single
hepatic nodule that was examined histologically
were prospectively included in this study.

Thirty-eight patients were men and 12 patients
were women, with a median age of 67 years (age
range, 51-84 years). Forty-two patients had
hepatitis C virus-related cirrhosis, six patients
had hepatitis B virus—related cirrhosis, and two
had cirrhosis of unknown origin. According to the
Child-Pugh classification [7], liver function was
categorized as Child-Pugh A in 40 patients, Child-
Pugh B in seven, and Child-Pugh C in three.
Written informed consent was obtained from all
patients. Therefore, patients understood that
biopsy of adjacent normal liver was required for
research purposes only, and the potential com-
plications arising from this biopsy were explained
to patients before they were asked to provide
informed consent. This study was approved by the
institutional review board of the Kinki University
School of Medicine.

Study Design

We analyzed three parameters. First, we
classified the perfusion patterns of each tumor on
contrast-enhanced sonography during the arterial
and portal phases and during the liver parenchymal
phase. Second, we calculated the sensitivity,
specificity, and accuracy of diagnostic methods
that use arterial and portal phase imaging only
and those that use a combination of arterial and
portal phase imaging with liver parenchymal
phase imaging. Third, we compared the Kupffer
cell count ratios of the tumors between groups that
were classified according to perfusion patterns in
the liver parenchymal phase. Levovist that is taken
up by the reticuloendothelial system in liver
parenchyma is considered to be an echo source on
liver parenchymal phase imaging. Therefore, liver
parenchymal phase imaging of the tumor might
show different findings according to the number
of Kupffer cells detected, so it is important to

AJR:192, March 2009

standardize the relative uptake ratio to the tumors
compared with liver parenchyma. Thus, we
counted the Kupffer cell ratios as follows: number
of Kupffer cells in the tumor divided by that in the
liver parenchyma.

Diagnosis of HCCs and Dysplastic Nodules

In the 50 patients, we detected 50 nodules with
a median diameter of 2.7 ¢cm (range, 1.2-5.2 cm)
on sonography. All 50 tumors were histologically
diagnosed as either dysplastic nodules or HCCs in
a blinded manner by four pathologists according
to the histologic criteria of the International
Working Party [8]. Liver specimens from 43
patients were obtained by 18-gauge needle core
biopsy (Majima needle, Top). In each case, at least
two specimens were obtained from the nodular
lesion and one specimen from the adjacent
nonnodular area. Additional specimens from
tumors and nontumors were obtained by surgical
operation from seven patients who underwent
partial hepatectomy.

Contrast-Enhanced Sonography

A sonography unit with a wideband convex and
sector transducer (Aplio, Toshiba Medical Sys-
tems) was used for all sonographic studies. To find
an adequate scanning plane to clearly show the
tumors and adjacent liver, fundamental B-mode
imaging was used before injection of the contrast
agent. Thereafter, the advanced dynamic flow
mode was performed with a mechanical index of
1.4. Different frame rates are used: 5 frames per
second in the early arterial phase and 0.25 frame
per second in the late and liver parenchymal
phases. The focus point was set with one point at
the deepest edge of the lesion. The advanced
dynamic flow procedure was observed in three
phases: the arterial phase, from 10 to 60 seconds
after microbubble administration; portal phase,
from 1 to 2 minutes after microbubble admini-
stration; and liver parenchymal phase, 10 minutes
after the second injection of microbubbles.

A bolus of 3 mL (300 mg/mL) of Levovist was
then injected by hand via a 20-gauge I'V cannula at
a rate of approximately 1 mL/s, followed by a 10-
mL normal saline flush. To diminish motion
artifacts and avoid losing sight of the target tumor,
sonographers asked patients to hold their breath
beginning 10 seconds after microbubble admini-
stration (when the first enhanced signal appeared
in the liver). Real-time imaging was then observed
for 20-30 seconds to detect the pattern of the
supplying blood vessels in the arterial phase and
for 10 seconds in the portal phase after the arterial
phase observation. After vascular phase imaging
was observed, an additional 4 mL (300 mg/mL) of
microbubbles was injected.
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Ten minutes after the second injection of micro-
bubbles, perfusion of the nodules and adjacent
liver was examined using liver parenchymal phase
imaging. A gradual change in the scanning plane
was needed to observe the entire nodule. The cine
loop memory was recalled, and still images were
saved in magneto-optic disks. All of these
contrast-enhanced studies were reviewed, and the
intranodular hemodynamics were evaluated, as
described in the Results section, by three blinded
reviewers who were unaware of the findings from
the other imaging techniques and of the pathologic
and clinical data. In case of discrepancy, the
reviewers assessed the saved images together and
reevaluated their findings to reach an agreement.

Each phase image was classified as follows:
hypervascular or not in the arterial phase;
hyperperfusion, isoperfusion, or hypoperfusion in
the portal phase; and isoperfusion orhypoperfusion
in the liver parenchymal phase. Type 1 nodules
were classified as those that exhibited intranod-
ular vessels in the arterial phase. Nodules that did
not exhibit intranodular vessels in the arterial
phase but showed hypoperfusion or isoperfusion
in the portal phase were classified as type 2 or
type 3, respectively.

The type 1 group was further subdivided into
type la and type 1b nodules according to the liver
parenchymal perfusion pattern. The type 1
nodules that had perfusion defects in the liver
parenchymal phase were classified as type 1a and
those that showed isoperfusion were classified as
type 1b. The type 3 group was further subdivided
into type 3a and type 3b nodules according to the
liver parenchymal perfusion pattern. The type 3
nodules that had perfusion defects in the liver
parenchymal phase were classified as type 3a and
those that showed isoperfusion were classified as
type 3b.

After we classified the vascular and perfusion
patterns of the tumors, we calculated the sensi-
tivity, specificity, and accuracy of the diagnostic
method that used vascular phase imaging only
and the diagnostic method that used a combina-
tion of arterial and portal phase imaging and liver
parenchymal phase imaging.

Immunohistochemistry of Kupffer Cells

In addition to routine staining with H and E
for the morphologic study, immunostaining for
Kupffer cells using the indirect immunoperoxi-
dase method was performed on representative
formalin-fixed and paraffin-embedded
sections from each tumor and from control areas.
Cells that immunostained positively with an
antihuman macrophage antibody (anti-CD68
[PGM]1] antibody {Dakopatts]) and that had a
stellate or spindle shape were considered to be
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