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A novel perfusion imaging technique of the pancreas:
contrast-enhanced harmonic EUS (with video)

Masayuki Kitano, MD, PhD, Hiroki Sakamoto, MD, PhD, Uwe Matsui, MD, PhD, Yasuhiro Ito, BSc,
Kiyoshi Maekawa, RMS, Tammo von Schrenck, MD, PhD, Masatoshi Kudo, MD, PhD

Osaka-sayama, Japan, Hamburg, Germany

Background: Contrast-enhanced harmonic-imaging techniques have been unavailable for EUS because of the
limited frequency bandwidth and acoustic power output of current echoendoscopes.

Objective: To investigate the contrast harmonic imaging technique by using a prototype echoendoscope
equipped with an adequate broad-band transducer that can detect harmonic signals from the US contrast
agents.

Design: Identification of optimal settings (study I) and preliminary clinical investigations (study II).

Setting: Bethesda General Hospital Bergedorf.

Patients: A total of 104 patients undergoing standard EUS examinations.

Interventions: Contrast-enhanced harmonic EUS (CEH-EUS) was performed by using a prototype echoendo-
scope and extended pure harmonic detection mode, a specific mode for contrast harmonic imaging.

Main Outcome Measurements: In study I, time-intensity curves for peak signal intensity were calculated after
infusion of a contrast agent, SonoVue, and the changes in echo intensity were compared for different mechanical
indices and interval times. In study II, intermittent and real-time continuous images of pancreatobiliary and gas-
troduodenal diseases obtained by CEH-EUS were evaluated in comparison with contrast-enhanced power-Dopp-
ler EUS (CED-EUS).

Results: In study I, with the optimal mechanical index (0.4), homogeneous parenchymal perfusion images of
the pancreas were obtained by intermittent imaging, and finely branching vessels of the pancreas were obtained
with real-time continuous imaging. In study II, apparent perfusion and vessel images were observed in pancrea-
tobiliary carcinomas, GI stromal tumors, and lymph-node metastases. CED-EUS failed to depict images of the
fine vessels and parenchymal perfusion.

Limitations: The subjective nature of the findings, with a limited number of patients.

Conclusions: CEH-EUS successfully visualized parenchymal perfusion and microvasculature in the pancreas
and may play an important role in the differential diagnosis of digestive diseases.

Among several technologies, EUS has been widely used
to diagnose pancreatic, gallbladder, and GI tumors, be-
cause EUS is superior to any other modality with respect
to spatial resolution.1-3 However, EUS has limitations in
evaluating vascularity by US contrast when the color-Dopp-
ler or power-Doppler mode is used.4-10 Contrast-enhanced
power-Doppler US is accompanied by artifacts, eg, bloom-
ing, so that the width of a blood vessel visualized by the

power-Doppler mode is magnified and wider than that vi-
sualized by fundamental B-mode imaging.10 Contrast har-
monic imaging by intravenous (IV) infusion of Levovist
(Schering AG, Berlin, Germany), an air-filled microbubble
with an outer shell composed of 99.9% galactose and
0.1% palmitic acid, has allowed the observation of the vas-
culature of the abdominal organs on transabdominal US.10-
34 If the US equipment receives harmonic components that
are integer multiples of the fundamental frequency, then
the harmonic content derived from microbubbles is higher
than that from tissues. Contrast harmonic imaging detects
signals from microbubbles and filters signals that originate
from tissue by selectively detecting the harmonic com-
ponents.10 This technology can detect signals from
microbubbles in vessels with a very slow flow without
Doppler-related artifacts and is used to characterize tumor

Abbreviations: CED-EUS, contrast-enhanced power-Doppler EUS;

CEH-EUS, contrast-enhanced harmonic EUS; E-PHD, extended pure

harmonic detection; GIST, GI stromal tumors; IV, intravenous; MI, me-

chanical index; ROI, region of interest.
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vascularity in liver, pancreas, gallbladder, and the GI tract
during transabdominal US.10-26 Until recently, there was
no contrast harmonic imaging technique available for
EUS examination, because the transducer for current
echoendoscopes is of a limited frequency bandwidth and
is too small to produce enough acoustic power for contrast
harmonic imaging when using Levovist. Second-generation
US contrast agents, eg, SonoVue (Bracco Imaging, Milan,
Italy), produce harmonic signals at lower acoustic
powers35-38 and, therefore, are suitable for EUS imaging
at low acoustic powers. We recently developed an echoen-
doscope with a broad-band transducer and an imaging
mode specifically for contrast-enhanced harmonic EUS
(CEH-EUS). The echoendoscope has a broad-band trans-
ducer that can produce and detect harmonic signals
from second-generation contrast agents. In this study,
with a new echoendoscope, we determined the appropri-
ate conditions for observing pancreatic microcirculation
by CEH-EUS after the injection of SonoVue and investi-
gated whether CEH-EUS would be useful for clinical
investigations.

PATIENTS AND METHODS

Patients
Between February 2006 and May 2006, CEH-EUS was

performed on a total of 104 patients at Bethesda General
Hospital. For the study for determining the conditions for
image analysis (study I), we enrolled 77 patients. For the
study to evaluate the clinical utility of the CEH-EUS (study
II), we enrolled 27 patients. These studies were performed
with the approval of the ethics committee of the Hamburg
Chamber of Physicians, and written informed consent was
obtained from each patient before enrollment.

Equipment
A prototype echoendoscope developed for CEH-EUS

(XGF-UCT260W; Olympus Medical Systems Co Ltd, Tokyo,
Japan) was used. The radius of curvature, the center of
scanning frequency, and the scanning range of its trans-
ducer were 5 mm, 7.5 MHz, and 180�, respectively. US im-
age analyses were performed by using an Aloka ProSound-
6500 system (Aloka Co Ltd, Tokyo, Japan). The extended
pure harmonic detection (E-PHD) mode, which combines
receiving frequencies of filtered fundamental and second
harmonic components with a transmitting frequency of
4.29 MHz, was used for CEH-EUS. SonoVue, which is com-
posed of microbubbles of sulfur hexafluoride within
a phospholipid membrane, was used as the US contrast
agent.

Study I
To determine the optimal conditions for imaging, CEH-

EUS was performed on 77 patients who visited Bethesda
General Hospital for EUS examinations. When no abnor-

malities were detected in the pancreas by the fundamental
B-mode EUS, the patient’s pancreas was imaged by CEH-
EUS. After changing to the E-PHD mode, 2 mL SonoVue
was injected by IV as a bolus. In addition to observing
the pancreatic parenchyma, ducts, and vessels, a time-
intensity curve of echo intensity in the pancreas after
infusion of SonoVue was made for each patient. After
positioning a 5-mm2 region-of-interest (ROI), at a depth
of 5 mm, the echo intensity was taken from the histogram
of the ROI (Figs. 1 and 2) and was expressed as a percent-
age of the maximal level. A time course of the changes in
echo intensity observed in the ROI was created from scans
taken up to 90 seconds after the infusion of SonoVue for
each patient (Figs. 1 and 2). The change in echo intensity
was calculated from the echo intensity measured at each
time point after SonoVue infusion and compared with
the echo intensity seen just before infusion. The maxi-
mum change of echo intensity was determined from the
time-intensity curve (Fig. 2).

The mechanical index (MI) is a unitless number that re-
flects theprobability of cavitation that results fromanacous-
tic field based on the derated peak rarefactional pressure
(p) and the fundamental frequency (f) and is calculated as
follows: MIZ p/f1/2.10,39,40 To find the appropriate mechan-
ical index for intermittent imaging, the first 28 patients were
randomly assigned to 4 groups for examination with MIs of
0.20, 0.30, 0.40, or 0.50. Intermittent images with 3 seconds
of interval delay were obtained before and after a bolus in-
fusion of 2 mL SonoVue. The maximum changes in echo in-
tensity determined by the time-intensity curves were
compared among the 4 groups. After the appropriate MI
was determined (0.40), the next 21 patients were randomly
assigned to 3 groups andwere scanned at anMI of 0.4 and at
interval delays of 1, 2, or 3 seconds. The maximum changes
in echo intensity determined by the time intensity curves
were compared among the 3 groups. To establish the MI
for real-time imaging, the next 28 patients were randomly
assigned to 4 groups examined with mechanical indices of
0.20, 0.30, 0.40, or 0.50.

Capsule Summary

What is already known on this topic

d Contrast harmonic imaging can detect signals from
microbubbles in vessels with very slow flow without
Doppler-related artifacts and is used to characterize
tumor vascularity in the liver, the pancreas, the
gallbladder, and the GI tract during transabdominal US.

What this study adds to our knowledge

d Contrast-enhanced harmonic EUS performed with
a mechanical index setting of 0.4 successfully visualized
parenchymal perfusion and microvasculature in the
pancreas of 104 patients.
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For comparison, contrast-enhanced power-Doppler
EUS (CED-EUS) was also performed, after CEH-EUS in
all patients, by using the same echoendoscope, after an in-
terval of 5 minutes. The same part of the pancreas was ob-
served by using the power-Doppler mode after another
bolus infusion of 2 mL SonoVue. The Doppler frequency
was 8 MHz, and the gain was set to just below the level
that produced random power noise.

Study II
CEH-EUS was performed on 27 patients with pancre-

atic, gallbladder, or gastroduodenal diseases. The optimal
setting obtained during study I (MI Z 0.4, interval delay
time Z longer than 2 seconds for intermittent imaging;
MI Z 0.4, frame rate Z 6 Hz for real-time continuous

imaging) was used. After an abnormal lesion was detected
by a fundamental B-mode EUS, the setting was changed
to E-PHD mode. Observation was continued until 90
seconds after a bolus infusion of 2 mL SonoVue. For
each lesion, both real-time and intermittent imagings
were conducted. CED-EUS was also performed after
CEH-EUS, as described above. The entire procedure was
stored in a video system and later reviewed by 2 readers
who were not present during the EUS and who were
blinded with respect to all clinical data. The vascular struc-
tures on real-time continuous (vessel) and the intermit-
tent (perfusion) imagings were analyzed by the readers.
Vascular patterns were classified according to the modi-
fied classification of our previous reports on contrast-en-
hanced harmonic imaging of pancreatic, gallbladder, and
GI stromal tumors by transabdominal US.16,21,22

Statistical analyses
One-way analysis of variance was used to compare the

maximum changes in echo intensity among the different
MIs and different interval times. P! .05 was considered
significant.

RESULTS

All patients who were enrolled in these studies under-
went fundamental B-mode EUS and subsequent CEH-EUS
with SonoVue. No adverse effects were caused by the
contrast media in any patient.

Study I
In all groups of patients examined by the intermittent

mode, the echo intensity of the pancreas increased after

Figure 2. The time course of D echo intensity after the infusion of Sono-

Vue. D echo intensity, echo intensity at time of observation – echo inten-

sity just before the infusion of SonoVue. The maximum D echo intensity

was determined from this time-intensity curve.

Figure 1. Observation of pancreatic head by fundamental B-mode EUS

and CEH-EUS. A, Fundamental B-mode EUS (pancreatic head). SMV, su-

perior mesenteric vein. B, CEH-EUS (intermittent imaging); 35 seconds

after the infusion of SonoVue; superior mesenteric vein (SMV) can be

visualized.
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the infusion of SonoVue. The maximum changes in echo
intensity were seen 15 to 35 seconds after the infusion
of SonoVue. The maximum changes in echo intensity be-
tween the 4 groups examined with MIs of 0.2, 0.3, 0.4,
or 0.5 are compared in Figure 3A. The mean maximum
change in echo intensity, determined when the MI was
0.4, was higher than the means determined for the other
MIs (Fig. 3A).

When the maximum changes in echo intensity were
compared among different interval delays of 1, 2, and 3
seconds, the changes of echo intensity were optimized
with an interval delay time of 2 seconds or longer
(Fig. 3B). With an MI setting of 0.4 and an interval delay
of 2 seconds or longer, parenchymal images of the pan-
creas were obtained without any artifacts (Fig. 1B), and

the pancreatic duct was easily recognized because of the
sharp contrast with the parenchyma.

When real-time continuous imaging (frame rate Z 6
Hz) was performed by using different MIs, the optimum
changes in echo intensity were obtained with an MI
of 0.4 (Fig. 3C). With an MI setting of 0.4, the vascular
structures in the pancreas were visualized in all patients.
The echo signals from the large vessels appear and subse-
quently branch (Fig. 4B, Video 1, available online at
www.giejournal.org). Although an MI setting of 0.5 re-
sulted in changes in echo intensity similar to that of 0.4,
the SD was larger (Fig. 3C). CED-EUS did not depict im-
ages of the parenchymal perfusion and the finely branch-
ing vessels in the pancreas but of the large vessels with
blooming artifact (Fig. 4A).

Figure 3. Comparison of maximum D echo intensity between different condition settings. A, Comparison of maximum D echo intensity between dif-

ferent mechanical index settings (0.2, 0.3, 0.4, and 0.5) for intermittent imaging. Interval delay time is 3 seconds. Results are expressed as means � SEM;

*P! .05; **P! .01. B, Comparison of maximum D echo intensity among different interval delay times (1, 2, and 3 seconds). MI Z 0.4. Results are

expressed as means � SEM. C, Comparison of maximum D echo intensity among different MI settings (0.2, 0.3, 0.4, and 0.5) for real-time continuous

imaging. Frame rate is 6/sec. Results are expressed as means � SEM. *P! .05.
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Study II
CEH-EUS was used to examine 32 lesions in 27 pa-

tients. There were 13 pancreatic, 9 biliary, 5 gastroduode-
nal lesions, and 5 swollen lymph nodes. The diagnoses
and patterns of real-time continuous (vessel) and inter-
mittent (perfusion) imaging of the lesions are shown in
Table 1. Pancreatic solid lesions were classified into 4 pat-

terns: avascular-absent, hypovascular-heterogeneous, iso-
vascular-homogeneous, and hypervascular-homogeneous
(vessel-perfusion images). There were 4 pancreatic carcino-
mas. There was absent or heterogeneous enhancement
with intermittent imaging in all 4 pancreatic carcinomas
(Fig. 5). With real-time imaging, irregular network-like ves-
sels were visualized in 3 of 4 pancreatic carcinomas,

Figure 4. Observation of pancreatic body by contrast-enhanced EUS. A, CED-EUS; although Doppler signals from vessels are visualized, vascular

structure is obscure because of a blooming artifact (arrow). B, CEH-EUS (real-time imaging); fine vessels (arrowheads) appear and subsequently

branch in the pancreas 13 seconds after the infusion of SonoVue.

TABLE 1. Vascular patterns of the lesions

Diagnosis Real-time (vessel) imaging Intermittent (perfusion) imaging

Pancreatic-ductal carcinoma (n Z 4) Hypovascular (3/4), avascular (1/4) Heterogeneous (3/4), absent (1/4)

Metastatic pancreatic tumor (n Z 1) Hypovascular (1/1) Heterogeneous (1/1)

Pancreatic endocrine tumor (n Z 1) Isovascular (1/1) Homogeneous (1/1)

Focal pancreatitis (n Z 3) Isovascular (3/3) Homogeneous (3/3)

Pancreatic pseudocyst (n Z 3) Avascular (3/3) Absent (3/3)

Intraductal papillary-mucinous neoplasia (n Z 1) Spotty (1/1) Homogeneous (1/1)

Biliary-duct stone (n Z 4) Avascular (4/4) Absent (4/4)

Gallbladder sludge (n Z 2) Avascular (2/2) Absent (2/2)

Ampullary carcinoma (n Z 1) Irregular (1/1) Heterogeneous (1/1)

Biliary-duct carcinoma (n Z 1) Irregular (1/1) Heterogeneous (1/1)

Gallbladder polyp (n Z 1) Spotty (1/1) Homogeneous (1/1)

GIST (n Z 2, stomach and duodenum) Rich (2/2) Homogeneous (2/2)

Gastric carcinoid (n Z 1) Spotty (1/1) Homogeneous (1/1)

Gastric lipoma (n Z 1) Avascular (1/1) Absent (1/1)

Gastric carcinoma (n Z 1) Irregular (1/1) Heterogeneous (1/1)

Metastatic lymph node (n Z 2) Irregular (2/2) Heterogeneous (2/2)

Inflammatory lymph node (n Z 3) Spotty (3/3) Homogeneous (3/3)
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although they were relatively hypovascular compared with
their surrounding tissue. CEH-EUS revealed isovascular
homogeneous enhancement in a pancreatic endocrine tu-
mor (gastrinoma diagnosed by the immunohistochemical
examination of the resected tissue) and 3 pseudotumors as-
sociated with pancreatitis.

The other lesions were classified into 4 patterns; avascu-
lar-absent, spotty-homogeneous, rich-homogeneous, and
irregular-heterogeneous (vessel-perfusion images). Inter-
mittent imaging of all cystic lesions revealed a stronger
contrast between the cystic lesion and the pancreatic paren-
chyma than the contrast revealed by B-mode or CED-EUS
imagings.Oneof thepseudocysts includedechogenic struc-
tures inside the echo-free space. The echogenic structures
inside the pseudocyst had absent enhancement on CEH-
EUS. CEH-EUS was performed when some echogenic sub-

stances were visualized in the gallbladder or the biliary
duct. Although all of the biliary stones and sludge balls
were avascular, irregular vessels were observed in an ampul-
lary carcinoma and a biliary-ductal carcinoma, and spotty
vessels were seen in a gallbladder polyp. Two GI stromal tu-
mors (GIST) and a gastric carcinoid demonstrated homo-
geneous enhancement on intermittent imaging (Fig. 6C).
Real-time imaging revealed diffuse rich vessels inside
2GISTs (Fig. 6B), spotty vessels in a gastric carcinoid, no ves-
sels in a gastric lipoma, and irregular network-like vessels
near the serosal surface of a gastric carcinoma. Real-time
imaging revealed irregular vessels in 2 metastatic lymph
nodes, which demonstrated heterogeneous enhancement
with intermittent imaging (Fig. 7B and C). With the use of
the power-Doppler mode, perfusion images were not visu-
alized after infusion of SonoVue in any lesion, although
blooming vessels were observed on real-time imaging
(Figs. 6A and 7A).

DISCUSSION

Power-Doppler or color-Doppler mode has been used
up until now for contrast-enhanced EUS.5-9 However, arti-
facts, such as blooming and overpainting, are inevitable.
Furthermore, the Doppler mode is of limited value in pro-
ducing parenchymal perfusion images when contrast
agents are used. In this study, we attempted to observe
pancreatic parenchymal perfusion images by the contrast
harmonic method by using a prototype echoendoscope
with a broad-band transducer and a second-generation
contrast agent, which permits CEH imaging with lower
acoustic powers. First, we determined the most appropri-
ate conditions for visualization of pancreatic perfusion im-
ages. For intermittent imaging, the settings of an MI of 0.4
and an interval-delay scanning time of longer than 2 sec-
onds resulted in homogeneous enhancement of the pan-
creas and a sharp contrast of the main duct to the
surrounding tissue. An MI setting of 0.4 also allowed visu-
alization of fine vascular structures of the pancreas during
real-time continuous imaging. An MI setting of 0.5 resulted
in a similar mean change in echo intensity as the 0.4 set-
ting; however, the variation in intensity was greater. There-
fore, we used the MI of 0.4 for both real-time continuous
and intermittent imaging in study II.

In contrast with the CEH-EUS, CED-EUS did not show
the parenchymal perfusion images and branching ves-
sels, whereas blooming artifacts of large vessels were ob-
served. These results indicated that the contrast harmonic
technology could improve the accuracy in evaluating tissue
vasculature with EUS imaging. After determining the best
settings for real-time continuous and intermittent imaging
during the first part of this study, we observed the vascular
structures of some digestive diseases. Pancreatic carcino-
mas are seen as hypovascular lesions when using contrast-
enhanced CT.41-45 Contrast-enhanced US also depicts

Figure 5. Typical example of pancreatic carcinoma (pancreatic tail). A,

Fundamental B-mode EUS. A tumor that contains an irregular area of

low echogenicity is observed in the pancreatic tail. B, CEH-EUS (intermit-

tent imaging). The tumor is heterogeneously stained.

146 GASTROINTESTINAL ENDOSCOPY Volume 67, No. 1 : 2008 www.giejournal.org

Contrast-enhanced harmonic EUS Kitano et al

pancreatic carcinomas as hypovascular lesions but visual-
izes their vascular structures more clearly than contrast-
enhanced CT.12-19 Contrast-enhanced US depicts some
vessels in 36% to 75% of pancreatic-ductal carcinomas,
whereas, contrast-enhanced CT fails to depict vessels in
most pancreatic-ductal carcinomas.12-19 In this study, CEH-
EUS depicted irregular network-like vessels in 3 of 4 pancre-
atic carcinomas by real-time continuous imaging, although
they were relatively hypovascular compared with their sur-
rounding tissue. With intermittent imaging, absent or het-
erogeneous enhancement was visualized in all pancreatic
carcinomas. However, intermittent imaging depicted ho-
mogeneous enhancement in 3 cases of focal pancreatitis
and a pancreatic endocrine tumor. The evaluation of vascu-
lar structures by CEH-EUSmay result in amore accurate dis-
crimination of pancreatic carcinomas from other tumors
than the other imaging modalities. Previous reports that

used contrast-enhanced transabdominal US indicated that
80% to 87% of endocrine tumors exhibited hypervascular
enhancement on contrast-enhanced US, whereas the other
endocrine tumors were isovascular or hypovascular.16,20 In
this study, CEH-EUS showed isovascular enhancement in-
stead of hypervascular enhancement in a casewith an endo-
crine tumor. Further studieswith larger numbers of patients
are required to investigate the characteristic features of the
vascular pattern in pancreatic tumorswhen using CEH-EUS.
In addition, prospective studies that compare the diagnos-
tic abilities of CEH-EUS, contrast-enhanced CT, and con-
trast-enhanced US in differentiating pancreatic lesions
may confirm the utility of CEH-EUS.

Contrast-enhanced harmonic US discriminated gallblad-
der tumors from biliary sludge with a higher specificity than
did fundamental B-mode US and with a higher sensitivity
than did contrast-enhanced CT.21 In this study, real-time

Figure 6. Typical example of gastric GIST. A, CED-EUS. Large vessels are visualized with blooming artifacts (arrows). B, CEH-EUS (real-time imaging),

24 seconds after the infusion of SonoVue. Rich vessels flowing from the periphery to the center of the tumor are visualized (arrowheads). C, CEH-EUS

(intermittent imaging) 44 seconds after the infusion of SonoVue. The tumor is homogeneously stained.
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continuous CEH-EUS depicted all sludge balls and stones as
avascular lesions in the gallbladder, the biliary duct, and the
pancreatic pseudocyst, whereas it depicted apparent ves-
sels in an ampullary carcinoma, a biliary-duct carcinoma,
and a gallbladder polyp. Furthermore, intermittent imaging
revealed a stronger contrast between the fluid and the solid
regions than the contrast revealed by B-mode EUS or CED-
EUS imaging. Because EUS is superior to transabdominal US
and CTwith respect to spatial resolution, contrast-harmonic
technology in the field of EUS should be the most useful
tool for depicting small tumors, as well as for differentiating
them from sludge balls in gallbladders, biliary ducts, and
pancreatic cysts.

Contrast-enhanced US was shown to be useful for eval-
uating the malignant potential of GISTs.22 The report indi-
cated that the vascularity of GISTs, as evaluated by

contrast-enhanced US imaging, may be closely correlated
with the final diagnosis: the richer the vascularity, the
higher the malignant grade. EUS more precisely depicts
gastroduodenal submucosal tumors than transabdominal
US. In this study, we were able to observe the microvessels
of 4 gastroduodenal tumors (a carcinoma, a carcinoid, and
2 GISTs). Real-time continuous imaging revealed diffuse
rich vessels in 2 GISTs. Different patterns were seen in
the carcinoid tumor and the gastric carcinoma. These re-
sults suggest that CEH-EUS could play an important role
in differentiating gastroduodenal tumors and evaluating
their malignant potential.

CED-EUS was recently reported to be of use in differ-
entiating between metastatic and benign lymph nodes.9

In that report, a perfusion defect was identified as
a sign of malignant lymph nodes. In our study, the

Figure 7. Typical example of metastatic lymph node. A, CED-EUS. Vessel signals are only visualized in a section of the lymph node (arrow). B,

CEH-EUS (real-time imaging) 19 seconds after the infusion of SonoVue. Irregular vessels are clearly visualized in the swollen lymph node (arrow-

heads). C, CEH-EUS (intermittent imaging) 60 seconds after the infusion of SonoVue. The tumor is heterogeneously stained, with perfusion defects

(arrows).
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perfusion defect (heterogeneous enhancement) was ob-
served in 2 metastatic lymph nodes with intermittent im-
aging. In addition, irregular network-like vessels were
visualized in the 2 metastatic nodes with real-time contin-
uous imaging. Further study is needed to characterize
the vascular structure of the metastatic lymph nodes.

In conclusion, CEH-EUS successfully visualized perfu-
sion images and the vascular structures of pancreatic
and digestive diseases. Its ability to evaluate microcircula-
tion will also be helpful in determining the pathologic
state of some lesions. Additional studies will be required
to test its utility in diagnosing digestive diseases.
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Abstract Myofibroblasts are metabolically and morpho-

logically distinctive fibroblasts expressing a-smooth muscle

actin (a-SMA), and their activation plays a key role in

development of the fibrotic response. In an activated state,

myofibroblasts cease to proliferate and start to synthesize

large amounts of extracellular component proteins. The

expression of a-SMA correlates with the activation of

myofibroblasts. Decorin, a member of the small leucine-

rich proteoglycan gene family, has been implicated in the

negative control of cell proliferation primarily by upregu-

lating the expression of p21, a potent inhibitor of cyclin-

dependent kinase. In order to examine the effect of decorin

on myofibroblast cell growth, we rendered a human lung

myofibroblast cell line, MRC-5, quiescent by either cell–

cell contact or serum starvation, and examined the rela-

tionship between decorin and a-SMA expression in these

cells. The expression of decorin in cells made quiescent by

serum starvation was lower than that in cells made quies-

cent by cell–cell contact. In contrast, the expression of

a-SMA in cells made quiescent by cell–cell contact was

lower than that in cells made quiescent by serum starva-

tion. Furthermore, forced expression of decorin was

accompanied by a suppression of a-SMA expression,

whereas knocking down of decorin expression by RNA

interference increased the expression of a-SMA.

Keywords Decorin � a-smooth muscle actin �
Myofibroblast

Introduction

Differentiation and activation of myofibroblasts are critical

events in the pathogenesis of human fibrotic diseases [1].

Many humoral factors and extracellular matrix components

have been known to cause activation of myofibroblasts, of

which transforming growth factor-b (TGF-b) is the most

potent and most studied factor [2].

MRC-5 is a myofibroblast cell line derived from fetal

human lung fibroblasts [3]. In our previous study, we

purified decorin from the culture supernatant of MRC-5

cells and showed that the decorin protein isolated from the

medium could bind TGF-b in vitro by IaSys analysis [4].

Decorin, a member of the small leucine-rich proteo-

glycan gene family, has been implicated to have diverse

functions [5], of which binding to TGF-b and modulating

its activity were reported early on [6, 7]. In addition to its

effects on TGF-b, decorin plays a key role in the negative

control of cell proliferation. For example, this proteoglycan

is markedly upregulated during confluency-induced quies-

cence in human diploid fibroblasts [8, 9], and vascular

smooth muscle cells [10]. This decorin-induced growth

suppression is associated with an upregulation of p21, a

potent inhibitor of cyclin-dependent kinases [11]. During
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wound healing and fibrocontractive disease in adults, some

fibroblasts differentiate into myofibroblasts [12]. Gener-

ally, differentiation accompanies cessation of the cell

cycle. A well-known differentiation marker of the myofi-

broblast is a-SMA. In the present study, we used the human

lung myofibroblast cell line MRC-5, rendered quiescent

either by cell–cell contact or by serum starvation, as a

model of quiescent cells and examined the expression of

decorin and a-SMA in these cells.

Materials and methods

Cell culture

The MRC-5 cell line and WI-38 cell line were obtained

from the Riken Cell Bank, and were seeded in 60-mm

plastic dishes at a density of 2 · 104 cells/cm2 in Dull-

becco’s modified Eagle’s medium (DMEM) (Sigma)

supplemented with 10% fetal bovine serum (FBS) (JRH

Bioscience) at 37�C under 5% CO2/95% air. After 2 days,

the cells were washed twice with phosphate buffered saline

(PBS) and treated with DMEM supplemented with 0 or

10% FBS for 0, 3, 7, and 10 days.

Proliferation assay

Cell proliferation was measured by WST-8 assay (Dojin)

[13]. Cells were incubated in 96-well plates at a density of

2 · 104 cells/cm2 (100 ll/well), and 10 ll of WST-8

(5 mM) was added to each well. The reaction was stopped

after 1 h at 37�C and the optical density at 450 nm was

determined. After treatment with 0.25% trypsin-EDTA

solution, cells were stained with trypan blue and the

numbers of cells were counted. Good correlation between

the optical density and the cell count was observed.

Cell cycle analysis

Cells were washed with PBS, detached with 0.25% trypsin-

EDTA solution (Sigma), and fixed with 70% ethanol at 4�C
for 2 h. Samples were resuspended in PBS and stained with

propidium iodide in the dark for 30 min, and the DNA

content was measured by fluorescence-activated cell sort-

ing on a Becton–Dickinson FACScan flow cytometry

system. The data were analyzed using Modifit LT software.

RNA extraction and real-time RT-PCR

Total RNA was isolated from the harvested cells by the

method of Chomczynski and Sacchi [14] using an Isogen

kit (Nippon Gene). After digestion with DNase (Gibco

BRL), total RNA was converted to cDNA, according to the

manufacturer’s recommendation (Perkin–Elmer). The

reaction mixture contained 1· TaqMan buffer, 5.5 mM

MgCl2, 500 lM each dNTP, 2.5 mM oligo d(T)16, 0.4 U/ml

RNase inhibitor, and 1.25 U/ml Multiscribe reverse trans-

criptase. The reaction was performed at 25�C for 10 min,

48�C for 30 min, and 95�C for 5 min. Quantitative

RT-PCR was performed in 96-well plates using a sequence

detection system (ABI Prism 7700; Perkin–Elmer) [15, 16].

Pairs of primers and TaqMan probes were designed by a

computer program (Primer Express software; Perkin–Elmer)

to amplify specific small fragments from human decorin

and a-SMA cDNA (Table 1). In addition, a pair of primers

and a TaqMan probe designed for human glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) (Perkin–Elmer)

were used as an internal standard of mRNA integrity within

the experiment. The final reaction mixture contained

1· TaqMan Universal PCR Master Mix (AmpliTaq Gold,

AmpErase UNG, dNTP and dUTG, and optimized buffer)

(Perkin–Elmer), 900 nM each primer, 200 nM TaqMan

oligoprobe, and 1· Control (GAPDH) Mix (Perkin–Elmer).

The cycling conditions comprised an initial phase of 50�C
for 2 min, 10 min at 95�C, and then 15 s at 95�C and 1 min

at 60�C for 40 cycles. The results were analyzed by Stu-

dent’s t-test for statistically significant differences.

Cell lysate preparation and Western blot analysis

Cells were released from the plate with 0.25% trypsin-

EDTA solution, suspended in growth medium and col-

lected by centrifugation at 700 · g for 5 min. The pellets

were resuspended in lysis buffer (0.1% SDS, 1% Triton

X-100, 1% sodium deoxycholate, 20 mM Tris–HCl

(pH 7.4)) on ice and clarified at 4�C for 30 min in a

microcentrifuge. Protein concentration was determined by

a BCA protein assay kit (Pierce). Cell lysates were sus-

pended in SDS electrophoresis sample buffer and boiled for

5 min. Samples (2.5 lg of protein per lane) were separated

on 10% polyacrylamide gels and then transferred to an

Immobilon P membrane (Millipore) Antibody binding was

detected by ECL Plus (Amersham). Monoclonal antibodies

against a-SMA (Sigma) and vimentin (Immunotech) were

used in this study.

Transfection of decorin cDNA

Full-length coding sequences were amplified by means of

PCR from decorin cDNA inserted in pBluescript [17] with

KOD polymerase using primers containing BamHI

restriction sites. The PCR products were then digested with

202 Mol Cell Biochem (2008) 308:201–207
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BamHI and gel-purified prior to ligation into the unique

BamHI site of eukaryotic expression plasmid pCEP4

(Invitrogen). The construct was verified by sequencing.

MRC-5 cells, grown to 50–70% confluence, were trans-

fected using Lipofectamine plus according to the

manufacturer’s instructions. The transfectants were grown

in DMEM containing 10% FBS. After 3 days, medium was

removed and the cells were transfected again in the same

manner described above. Cells were harvested 3 days after

the second transfection for RNA preparation.

Preparation and transfection of decorin siRNAs

The siRNAs for human decorin was designed with 30

overhanging thymidine dimers. The sense and antisense

siRNA sequences used were 50-UGACACGUGCUA
CUAGUGdTdT-30, and 50-CAUCUAGUAGCACAGUG
UCA-30, respectively. BLAST searches of the database

indicated that these siRNAs are specific for decorin, and

have no homology with other proteins. The siRNA was

transfected into MRC-5 cells using Lipofectamine. In brief,

12–16 h before siRNA transfection, MRC-5 cells were

trypsinized and seeded at 1 · 106 cells per 60-mm culture

dish with DMEM/10% FBS without antibiotics (1.5 ml/

dish). Transient transfection of siRNAs was performed

using Oligofectamine according to the manufacturer’s

recommendations. Seven days after the first transfection,

cells were transfected again in the same manner, and

3 days after the second transfection, cells were harvested.

Results

MRC-5 cells and WI-38 cells were seeded at a density of

2 · 104 cells/cm2 and cultured in DMEM containing 10%

FBS. The medium, supplemented with 0 or 10% FBS, was

changed after 2 days and the cells were cultured for 3, 7, and

10 days. The effect of FBS treatment on cell proliferation

was studied using WST-8 assay, and a representative

experiment is shown in Fig. 1a and b. Cell growth was

inhibited when the cells were cultured in DMEM without

FBS. The cell number had not increased markedly 3 days

after treatment and, when compared with the number of cells

cultured in the normal condition (DMEM with 10% FBS),

the cell number had not increased even after 7 or 10 days.

Thus, we consider these cells to be quiescent cells produced

by serum starvation. The shape of these cells became elon-

gated at low densities. In sharp contrast, the cells became

confluent after 3 days when cultured in 10% FBS and the

cell number remained almost unchanged at 3, 7, and

10 days. In an experiment using WI-38, another cell line

derived from human fetal lung fibroblasts, the same results

were observed (Fig. 1c, d). Thus, we regard these cells to be

quiescent cells produced by cell–cell contact. The growth of

MRC-5 cells cultured in DMEM containing 2.5 or 5% FBS

was similar to that of MRC-5 cells cultured in 10% FBS, and

growth in 1% FBS was intermediate between that in 0% and

that in 10% FBS (data not shown). Next, we performed flow

cytometric analysis to determine the cell cycle distribution.

As shown in Fig. 2, both serum starvation and cell–cell

contact induced G1 arrest.

Next, expression of decorin in these two types of qui-

escent cell produced by serum starvation and cell–cell

contact was measured by real-time RT-PCR. Figure 3

shows the time course of the expression of decorin mRNA

(n = 4) normalized to GAPDH expression. In cells grown

in medium without FBS, the expression of decorin mRNA

had increased about 16-fold on day 3 and about 50-fold on

days 7 and 10 relative to that on day 0. In cells grown in

medium with FBS, the level of decorin mRNA had

increased about 10-fold on days 3, 7, and 10. No differ-

ences in the levels of decorin mRNA were detected in

MRC-5 cells cultured with or without FBS on day 3. On the

other hand, the level of decorin mRNA in cells grown in

medium without FBS increased about 5-fold on days 7 and

10 in comparison to that in cells grown in medium without

FBS (P\ 0.0001 and P\ 0.0005, in comparison to 10%

FBS on days 7 and 10, respectively).

Table 1 Primers and TaqMan probes used in real-time PCR

Primer/probe Sequences Position (bp)

Decorin-F 50-GGACACAACACCAAAAAGGCTT Sense, 1,027–1,048

Decorin-R 50-TGGATGGCTGTATCTCCCAGT Antisense, 1,108–1,098

Decorin-probe 50-TGTGAGTCTTTTCAGCAACCCGGTCC Sense, 1,059–1,084

a-SMA-F 50-CACTGCCTTGGTGTGTGACAAT Sense, 68–89

a-SMA-R 50-CGTAGCTGTCTTTTTGTCCCATTC Antisense, 193–216

a-SMA-probe 50-TGTTTTCCCATCCATTGTGGGACGTC Sense, 41–166

PCR primers (F, forward; R, reverse) and probes were synthesized according to the human decorin (GenBank Accession No. M98263) and

a-SMA (GenBank Accession No. X13839) cDNA sequences, respectively. TaqMan probes contain FAM at the 50-end. All of the probes have a
quencher dye, TAMURA, at the 30-end
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Fig. 1 Growth curves and morphology of MRC-5 cells. Left: WST-8

assay of MRC-5 cells and WI-38 cells cultured in DMEM with or

without 10% FBS. MRC-5 cells (a) and WI-38 cells (c) were seeded

at a density of 2 · 104 cells/cm2 (96-well plates) in DMEM

containing 10% FBS. After 2 days, the medium was changed to

DMEM supplemented with or without 10% FBS. On each day, WST-

8 was added, as described, in Materials and methods. The results

shown are the means of 24 experiments, and the bars indicate S.E.M.

Right: Morphology of cells. MRC-5 cells (top) and WI-38 cells

(bottom) were plated at the same density as in a 2 · 104 cells/cm2 in

35-mm culture dishes. Photographs were taken on day 0, day 3, day 7,

and day 10 for cells cultured in 10% FBS and day 3, day 7, and day 10

for cells cultured without 10% FBS

Fig. 2 Analysis of cell proliferation in MRC-5 cells. MRC-5 cells cultured in DMEM with or without 10% FBS were stained with propidium

iodide and analyzed by flow cytometry

204 Mol Cell Biochem (2008) 308:201–207
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Western blot analysis revealed that lung myofibroblasts

cultured for 0, 3, 7, and 10 days expressed a-SMA, the

hallmark of the myofibroblast phenotype (Fig. 4). Whereas

the expression of a-SMA and vimentin protein was

apparent in all cells, the expression of desmin protein was

completely negative (data not shown). Since vimentin and

desmin are cytoskeletal markers for cells of myogenic and

mesenchymal origin, respectively, these data indicate that

MRC-5 cells exhibit a uniform pattern of cytoskeletal

protein expression characteristic of myofibroblasts. Next,

we investigated whether there was a difference in the

expression of a-SMA in cells cultured in 0% and 10% FBS

at 7 and 10 days. We found that the expression of a-SMA

protein in MRC-5 cells cultured in DMEM without FBS

was lower than that in cells cultured with FBS (Fig. 4).

However, the expression of vimentin was the same level on

each day in both types of cell.

Next, we examined the effect of decorin expression on

the expression of a-SMA. First, we transfected a decorin-

expressing plasmid into MRC-5 cells. As can be seen in

Fig. 5, after transfection, expression of decorin increased

by more than 30-fold, and expression of a-SMA

decreased to about 70%. Second, to suppress the expres-

sion of decorin, a short interfering RNA was transfected

into MRC-5 cells. As shown in Fig. 5, knockdown of

decorin by RNA interference resulted in a decrease in the

expression of decorin and a simultaneous increase in

a-SAM expression.

Discussion

Activation of myofibroblasts exerts a pivotal role in the

pathogenesis of fibrosis. Information on the quiescent status

of myofibroblasts is, therefore, thought to be of much

interest. Generally, there are two ways to stop the cell-cycle

engine of cultured cells: one is treatment with serum-

deprived medium, the other is so-called ‘contact inhibition’.

In the present study, quiescent models of human lung

myofibroblasts (MRC-5 cells) were produced by these two

different methods. The number of cells in both models, as

quantified by WST-8 assay, hardly changed on day 3 after

the medium was changed and thereafter. There was almost

no morphological change between cells on day 3 and those

on day 10. Consequently, we considered that these cells

were in quiescence. Myofibroblasts in the quiescent period

produce larger amounts of decorin than those in the pro-

liferation period. In addition, expression of decorin mRNA

increases in myofibroblasts in quiescence induced not only

by cell–cell contract but also by medium containing 0.1%

serum [18]. Forced expression of decorin in some types of

cancer cell, which by nature proliferate actively, results in

arrest of the cell cycle at the G1 stage [19]. Thus, expression

of decorin is closely related to cell growth.

As a-SMA has been known to be a specific marker

protein in myofibroblast differentiation, we examined the

relationship between expression of decorin and a-SMA.

Expression of decorin in MRC-5 cells rendered quiescent

by cell–cell contact was higher than that in MRC-5 cells

rendered quiescent by serum starvation. In addition,

a-SMA expression was lower in cells made quiescent by

cell–cell contact than in those made quiescent by serum

starvation. We tested, whether the expression of decorin

could affect the expression of a-SMA. Forced expression

of decorin suppressed the expression of a-SMA. On the

other hand, when decorin expression was silenced by RNA

interference, a-SMA expression was increased. In addition,

morphologically, individual cells rendered quiescent by

serum starvation were longer and narrower than those

made quiescent cells by cell–cell contact (Fig. 1). Cell

shape is highly dependent on cytoskeletal proteins, and

a-SMA expression changes markedly during quiescence.

As described before, decorin binds TGF-b [4], and could

modulate TGF-b action. In terms of tumor cell suppression,

it has been reported that decorin binds to the EGF receptor

and suppresses p21 expression and, as a result, the cell

cycle ceases. At present, it is not clear whether or not the

finding in our present study, namely, suppression of

a-SMA expression by decorin, relates to modulation of

TGF-b action or to a signal caused by EGF receptor

binding.

Several types of cells are known to differentiate into

myofibroblasts, including vascular smooth muscle cells,

Fig. 3 Quantitative RT-PCR analysis of expression of decorin

mRNA in MRC-5 cells cultured with or without 10% FBS. Total

RNA was isolated from cells harvested at 0, 3, 7, and 10 days after a

preconditioning period. RT-PCR was carried out using a TaqMan

real-time RT-PCR approach
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capillary pericytes, mesangial cells of kidney, and stellate

cells of liver and pancreas. These cells have been impli-

cated in the pathogenesis of some chronic diseases,

collectively known as myofibroblastosis, which occur as

the result of the transformation of cell populations into

myofibroblasts [20]. For example, it is thought that when

pulmonary injuries occur, myofibroblasts proliferate

actively and, at the same time, produce a large amount of

ECM such as collagen type I. A series of such changes is

known as ‘activation of myofibroblasts’.

Wu et al. reported that, in Mv1Lu cells, contact inhibi-

tion and TGF-b target the same molecules to negatively

regulate the cell cycle in G0/G1 [21]. The Mv1Lu cell line

is a lung epithelial cell of mink and is not of mesenchymal

origin as is MRC-5. So, although comparisons are not

straightforward, the quiescence state made by cell–cell

contact in MRC-5 cells may exploit the same signal

transduction pathway induced by TGF-b treatment. Factors

in serum stimulate cell growth; therefore, under conditions

of serum starvation, cells cannot proliferate and the cell

cycle stops. It is easy to imagine that genes that are acti-

vated or inactivated in cells made quiescent by serum

deprivation differ from those that are affected in cells made

quiescent by cell–cell contact, owing to different signal

transmission systems. Our findings suggest that regulating

the blood flow to reduce the local concentration of serum at

places where fibrosis occurs might have therapeutic

application.

In conclusion, the expression of decorin affects cell

morphology and a-SMA expression in myofibroblasts, as

well as participating in the inactivation of myofibroblasts.
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Fig. 4 Western blot analysis of

a-SMA and vimentin in MRC-5

and WI-38 cells Proteins from

equal numbers of cells were

resolved on 10% SDS

polyacrylamide gels and

transferred to polyvinylidene

difluoride (PVDF). a-SMA and

vimentin were detected by using

monoclonal antibodies against

a-SMA and vimentin

Fig. 5 Effects of decorin expression on the expression of a-SMA. (a)
MRC-5 cells were transfected with pCEP4-decorin or pCEP4. After

6 days, total RNA was recovered, and quantitative analysis of the

expression of decorin and a-SMAwas examined by real-time RT-PCR.

(b) MRC-5 cells were transfected with siRNA. After 10 days, total

RNA was recovered, and quantitative analysis of the expression of

decorin and a-SMA was examined by real-time RT-PCR
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Review Article

Molecular mechanisms of portal vein tolerance
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The liver has been considered as a tolerogenic organ in the
sense that favors the induction of peripheral tolerance. The
administration of antigens (Ags) via the portal vein causes
tolerance, which is termed portal vein tolerance and can
explain the occurrence of tolerogenic responses in the liver.
Here we discuss the fundamental mechanisms accounting
for portal vein tolerance. Antigen-presenting cells (APCs) in
the liver, especially dendritic cells and sinusoidal endothelial
cells, have limited the ability to produce pro-inflammatory
cytokines upon stimulation with endotoxin, an effect that

could be due to the continuous exposure to bacterial Ags
derived from intestinal microflora. Ag presentation by liver
APCs results in T cell tolerance through clonal deletion and
selection of regulatory T cells. Thus, APCs with immunosup-
pressive functions are associated with the achievement of
portal vein tolerance via the induction of clonal deletion and
generation of regulatory T cells.

Key words: apoptosis, cytokine, liver

INTRODUCTION

THE LIVER CONNECTS the portal and systemic cir-
culation. Portal blood, which perfuses the gut, is

rich in food antigens (Ags) and bacterial products
such as lipopolysaccharide (LPS).1 To these potentially
harmful Ags derived from food and intestinal microf-
lora, the liver establishes hypo-responsiveness called
portal vein tolerance,1 which explains several suppressive
immune reactions associated with the liver. First, for
example, patients with insulin-dependent diabetes have
been successfully treated with the transplantation of
islet cells via the portal vein, with long survival of the
transplanted cells.2 Secondly, the creation of a portosys-
temic shunt, whereby the portal venous flow is diverted
directly into the systemic circulation and impairs the
induction of systemic tolerance to dietary Ags.3 Thirdly,
the liver itself is such a tolerogenic organ that the rate of
spontaneous acceptance of the liver allograft is very high
in both humans and animals.4

Mechanisms proposed to account for the tolerogenic
properties of the liver have not been validated convinc-
ingly. However, recent studies reveal that several bio-
logical properties that distinguish the liver from the
other organs are involved in the induction of portal
vein tolerance. In this review, we will discuss cellular
and molecular mechanisms accounting for portal vein
tolerance.

ANTIGEN-PRESENTING CELLS

AG-PRESENTING CELLS (APCS) such as macroph-
ages and dendritic cells express Toll-like receptors

(TLRs)5 and NOD-like receptors (NLRs).6 Activation of
TLRs and NLRs by their respective ligands derived from
microbial components leads to the production of
pro-inflammatory cytokines by APCs. Thus, APCs play
critical roles in innate immune responses. Further-
more, cognate interactions between APCs and T cells
are absolutely required for efficient adaptive immune
responses mediated by the latter cells. Given the indis-
pensable roles of APCs in both innate and adaptive
immunity, increasing attention has focused on the
functions of APCs in the induction of portal vein tol-
erance. In this regard, four types of professional APCs
are residing in the liver: dendritic cells (DCs), liver
sinusoidal endothelial cells (LSECs), Kupffer cells
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(KCs), and hepatic stellate cells (HSCs). The tolero-
genic properties of the liver are due to unique func-
tions of these APCs (Fig. 1).

Dendritic cells
CD11c is a common marker for the detection of DCs.
CD11c+ cells are observed mainly in the periportal
region of the liver, suggesting a specific localization of
hepatic DCs around portal triads.7 In mice, two popu-
lations of DCs exist, which are distinguished by their
expression of CD8a. CD8a-negative DCs are termed
myeloid DCs, whereas CD8a-positive DCs are termed
lymphoid DCs. Both types of DCs are present in the
mouse liver.8 Interestingly, liver myeloid DCs exhibit
reduced production of IL-12, a pro-inflammatory T
helper type 1 (Th1) cytokine, upon stimulation with
CpG (TLR9 ligand) or Imiquimod (TLR7 ligand), as
compared with spleen myeloid DCs. This reduced pro-

duction of IL-12 is due to exposure of liver DCs to LPS
(TLR4 ligand), since attenuation of IL-12 production
was not seen in liver DCs isolated from TLR4-mutant
mice.9 This finding suggests that cross-tolerance to TLR
ligands induced by portal venous LPS can cause down-
regulation of immune responses in the liver. Indeed,
liver DCs fail to activate allogenic T cells, which is
caused by a deficiency in LPS response by low TLR4
expression in DCs.10 Thus, liver DCs exhibit hypo-
responsiveness to microbial Ags which activate TLRs
or NLRs. In the case of non-microbial Ags, hypo-
responsiveness occurs by a similar mechanism. Freshly
isolated liver CD11c+ DCs are less mature, capture less
Ags and induce less T cell stimulation than spleen DCs.11

These tolerogenic properties of liver DCs are augmented
upon capture of Ags in vivo. Liver DCs uptake soluble
Ags administered either via an oral or systemic route.12,13

Capture of Ags in vivo results in a deficiency in IL-12
secretion by liver DCs, but not by spleen DCs.12 This

Hepatocyte

LSEC

Space of Disse
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Activation of CD4, CD8, NKT cells
Apoptosis induction of T cells by B7-H1

Production of pro-inflammatory (IL-12, TNF, IL-18) cytokines to cause liver injury
Inhibition of T cell activation by IL-10 production and PD-1 signaling

Generation of anti-inflammatory Th2 cells due to limited production of IL-12 
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Inhibition of differentiation of effector CD8 T cells
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Figure 1 Antigen-presenting cells (APCs) residing in the liver. Dendritic cells (DCs) are localized in the periportal region whereas
liver sinusoidal endothelial cells (LSECs), Kupffer cells (KCs) and hepatic stellate cells (HSCs) are localized in the sinusoidal region.
LPS, lipopolysaccharide; TLR, toll-like receptors.
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deficiency in IL-12 production plays an important
role in the subsequent adaptive immune responses,
since liver DCs from mice fed an Ag generate anti-
inflammatory Th2 cells upon coculture with naïve
Ag-specific CD4+ T cells.12 Furthermore, the adoptive
transfer of liver DCs from mice fed an Ag leads to the
development of Th2 cells in the lymph nodes of the
recipient mice after subcutaneous immunization.12

Thus, not only microbial Ags, but also non-microbial
Ags in the portal vein can develop tolerogenic liver DCs
with limited ability to produce IL-12. This unique phe-
notype of liver DCs accounts for the generation of Th2
responses which are predominant in the steady state of
this organ. However, the molecular mechanism of how
portal Ags reduce IL-12 secretion by liver DCs is poorly
understood.

The liver is a hematopoietic organ that has regenera-
tive capacity and possesses unique immunological
microenvironments.14 The mouse liver has stem or pro-
genitor cells with capabilities to differentiate into DCs
in the presence of granulocyte macrophage colony
stimulating factor (GM-CSF).15 These liver-derived DCs
treated with GM-CSF are distinct in phenotype from
bone marrow (BM)-derived DCs. For example, Khanna
et al. found that in vivo administration of liver-derived
DCs to allogenic recipients results in a selective increase
of IL-10 production in secondary lymphoid tissue.16 In
contrast, BM-derived DCs elicit IFN-g production.
Another example is liver-derived DEC205+B220+CD19-

cells propagated in the presence of IL-3 and anti-
CD40 mAb. Liver-derived DEC205+B220+CD19- DCs
produce IL-10, but not IL-12, after LPS stimulation.17

Thus, both types of liver-derived DCs preferentially
produce IL-10, anti-inflammatory cytokine. Consistent
with these tolerogenic properties of liver-derived DCs,
Ag-presentation by these DCs leads to the generation of
regulatory T cells producing IL-10 (called Tr1 cells).17

Taken together, the immunosuppressive functions of
the liver can be explained by the unique phenotypes of
liver DCs, regardless of whether they are freshly isolated
or propagated in vitro.

Liver sinusoidal endothelial cells
Hepatic sinusoids are lined by LSECs that are fenes-
trated and lack basement membranes.18 Ags passing
through the hepatic sinusoids encounter LSECs since
the blood flow of the sinusoids is slow. Endothelial
cells from the other organs are considered as non-
professional APCs due to the lack of class II expression.
In contrast, human and mouse LSECs have constitutive

expression of class II and are defined as professional
APCs.18 Thus, LSECs have unique functions as APCs,
most of which are absent in endothelial cells isolated
from the other organs. Phenotypic analysis of LSECs
reveals that these cells have all the surface molecules
necessary for the efficient uptake of Ags, as well as the
efficient presentation of Ags to T cells.18 In fact, LSECs
can present exogenous Ags to T cells without requiring
stimulation by IFN-g or TNF-a.19 In contrast, endothe-
lial cells from the other organs fail to present Ags to
CD4+ T cells unless they are prestimulated with IFN-g
or TNF-a.18 Thus, there is no doubt that LSECs can
function as professional APCs in the liver. LSECs are
defective in IL-12 production in response to LPS stimu-
lation, despite their cell surface expression of TLR4.19,20

This hypo-responsiveness to LPS may be due to the
fact that LSECs are always exposed and tolerated to
microbial Ags, including LPS in the sinusoids. In fact,
LPS tolerance is easily induced in LSECs via downregu-
lation of NF-kB activation, which results in reduced in
leukocyte adhesion to the sinusoids following LPS
re-challenge both in vitro and in vivo. 20 Another report
has shown that LPS downregulates the function of
Ag-presentation in LSECs by reducing the cell surface
expression of CD80, CD86 and class II.21 Given the
fact that LPS derived from intestinal microflora is
trapped in hepatic sinusoids, these results suggest that
LPS tolerance in LSECs is involved in the local control
of inflammation in the liver.

Upon Ag-presentation by LSECs, naïve CD4+ T cells
fail to differentiate into Th1 cells, but instead regulatory
T cells producing IL-4 and IL-10.19 The mechanism of
how Ag-presentation by LSECs generates regulatory
T cells is under investigation. One possibility is, as
described above, that LSECs are deficient in the
secretion of IL-12 responsible for Th1 differentiation.
Another possibility is that Ag-presentation by LSECs
leads to Fas-mediated apoptosis of Th1 cells via Fas
ligand (FasL) expression of the former cells.22 In addi-
tion to the induction of CD4+ T cells with immunoregu-
latory functions, Ag-presentation by LSECs is associated
with the generation of tolerogenic CD8+ T cells. Ags
administered via an oral or systemic route are reported
to be colocalized with LSECs and LSECs isolated from
mice fed or injected with ovalbumin (OVA) are found
to cross-present this Ag to naïve CD8+ T cells.23,24 More
importantly, cross-presentation of Ags to naïve CD8+ T
cells by LSECs inhibits the differentiation of cytotoxic
effector T cells. Thus, it is likely that Ag-presentation by
LSECs contribute to hepatic T cell tolerance, similar to
liver DCs.
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Kupffer cells
KCs, which exist mainly in the sinusoidal lumen, are
resident macrophages in the liver. KCs are considered
to be professional APCs. In fact, activation of KCs is
associated with the development of experimental liver
injury. Injection of the lectin concanavalin A (ConA)
into mice causes T cell-dependent liver damage.1 Elimi-
nation of Kupffer cells by clodronate liposomes protects
mice from ConA-induced hepatitis.25 Ag-presentation
by KCs is also indispensable for the development
of Ag-specific hepatitis.26 Moreover, Tsutsumi et al.
reported that IL-18 production by KCs via Fas–FasL
interaction is responsible for liver injury induced by
systemic administration of Propionibacterium acnes.27

Thus, there is no doubt regarding the role played by KCs
in the progression of experimental liver injury.

In addition to the pro-inflammatory roles of KCs as
described above, immunoregulatory roles of KCs are
reported. A single injection of ConA induces tolerance
toward subsequent ConA-induced liver injury. Erhardt
et al. report that IL-10 produced by KCs is involved in
this tolerance.28 KCs constitutively express PD-L1, the
ligand for the immunoinhibitory receptor PD-1. PD1–
PDL1 interaction between KCs and activated T cells
results in the inhibition of proliferation of the latter
cells.29 This finding suggests that KCs can also mediate
hepatic T cell tolerance through a PD-1 signaling
pathway.

Hepatic stellate cells
HSCs (also called Ito cells) are located in the space of
Disse, which is situated between the endothelial layer
and hepatocytes. Although HSCs have been of major
interest for liver pathology,30 little attention has been
paid to the immunological functions of HSCs. Recently,
Winau et al. showed that HSCs activate NKT cells by
presenting lipid Ags in a CD1d-restricted manner and
enhance the proliferation of the latter cells by produc-
ing IL-15. Furthermore, they found that protection of
bacterial infection in the liver depends upon the activa-
tion of HSCs.31 Thus, in contrast to tolerogenic liver
APCs as described above, HSCs are identified as profes-
sional APCs activating T cells and NKT cells, and elicit-
ing a multitude of adaptive and effector immunity.
However, in an islet transplantation model, immuno-
modulation effects mediated by HSCs are also reported.
Chen et al. demonstrated that co-transplanted HSCs
effectively protect islet allograft from rejection by induc-
ible expression of B7-H1, an inhibitory molecule of the
B7 family.32

MECHANISMS OF PORTAL VEIN TOLERANCE

AGS INTRODUCED AT the gastrointestinal tract
elicit active inhibition of the systemic immune

responses to those Ags. This specific induction of tolero-
genic responses by administration of Ags via the gas-
trointestinal tract is known as oral tolerance. The
mechanisms accounting for oral tolerance have been
extensively studied. In mice, we now know that oral
tolerance occurs after either administration of a single
high dose of an Ag or repeated exposure to low doses.33

These two forms of oral tolerance are mediated by dis-
tinct mechanisms. Administration of Ags at a high dose
leads to clonal anergy or deletion of Ag-specific T cells.34

In contrast, low dose tolerance is mediated by active
suppression of immune responses by regulatory T cells.
Regulatory T cells involved in the induction of oral tol-
erance include CD4+CD25+ T cells,35 TH3 cells36 and Tr1
cells.37 Thus, clonal deletion of Ag-reactive T cells and
active suppression by regulatory T cells are two major
mechanisms responsible for oral tolerance. Interest-
ingly, these two mechanisms are simultaneously oper-
ating in the induction of portal vein tolerance. In
addition, liver APCs with unique properties mediate
these mechanisms.

Clonal deletion of CD8+ T cells
In ex vivo systems, Ag-stimulation via T cell receptor
(TCR) causes activation of naïve T cells followed by
apoptosis.1 This phenomenon is reproduced in vivo by
using TCR-transgenic mice; systemic injection of anti-
genic peptide to these mice induces initial activation of
TCR transgenic T cells followed by apoptosis. In mice
that contain Ag-specific TCR-transgenic CD8+ T cells and
are injected systemically with soluble antigenic peptide,
CD8+ TCR transgenic T cells undergo clonal expansion
in the lymph nodes (LNs), spleen and the liver. The
magnitude of clonal expansion is greatest in the
liver.38,39 In addition, the kinetics of clonal expansion is
delayed in the liver as compared with that of the spleen
or LNs. When the frequency of apoptotic cells was mea-
sured, the highest frequency of apoptosis cells was
detected in the liver.38,39 Crispe et al. interpreted that the
liver is the organ in which activated T cells are accumu-
lated from other lymphoid organs to die due to apop-
tosis.40 Thus, CD8+ T cell tolerance in the liver is
achieved due to the inhibition of the development of
effector CD8+ T cells via clonal deletion.

Ag-presentation in the liver itself is indispensable
for the induction of apoptotic cell death. Bowen et al.
addressed this issue by using two lines of transgenic
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mice. The expression of an MHC alloAg was restricted to
the liver of one transgenic mouse, whereas there was
also expression at extrahepatic sites including the lym-
phoid organs in the other transgenic mice. Injection
of allo-reactive CD8+ T cells into the mice with Ag
expressed only in the liver inhibited activation and apo-
ptosed injected T cells, which resulted in minimal liver
injury. In contrast, the mice that had alloAg expression
in the extrahepatic sites developed severe liver injury.41

This elegant study clearly shows the importance of local
Ag-presentations in the liver for the induction and
maintenance of CD8+ T cell tolerance. Furthermore,
recent studies indicate the involvement of TLR-signaling
in clonal deletion of CD8+ T cells. In TLR4-intact mice,
systemic activation by superantigen resulted in clonal
deletion of superantigen-reactive CD8+ T cells after
initial expansion in the liver. In contrast, initial clonal
expansion of CD8+ T cells was not seen in the liver of
TLR4-mutant mice.42 The kinetics of expansion and
deletion of peripheral LNs CD8+ T cells in TLR4-mutant
mice was comparable to that in TLR4-intact mice, sug-
gesting that intact TLR4 signaling is necessary for
Ag-specific CD8+ T cells to migrate to the liver to die.42

Given the fact that liver APCs are always exposed to LPS
(TLR4 ligand), these findings strongly suggest that LPS-
tolerance in liver APCs plays an important role in the
clonal deletion of CD8+ T cells.

As for clonal deletion of CD4+ T cells, the liver pref-
erentially eliminates CD4+ T cells producing IFN-g
and then, as a result, selects CD4+ T cells producing IL-4,
IL-10 and TGF-b1.43,44 Thus, clonal deletion of
Ag-specific CD4+ T cells is linked to the selection of
CD4+ T cells, producing anti-inflammatory cytokines in
the liver.

Active suppression by regulatory T cells
Regulatory T cells mediate active suppression by produc-
ing immunosuppressive cytokines such as IL-10 and
TGF-b1.35–37 Regulatory T cells are classified into two
types: naturally occurring regulatory T cells that origi-
nate in the thymus as CD4+CD25+ T cells expressing
transcription factor Foxp3; and induced regulatory T
cells that arise as a result of the activation of peripheral
T cells under immunosuppressive conditions.45 Both
types of regulatory T cells are likely to be involved in the
induction and achievement of portal vein tolerance.

Two recent studies including ours show that portal
venous Ags migrating to the liver preferentially generate
regulatory T cells in vivo. Oral administration of high
doses of OVA induced CD25+FasL+ regulatory T cells in
OVA-specific CD4+ T cells.44 Interestingly, clonal dele-

tion of OVA-specific CD4+ T cells proceeds generation of
CD4+FasL+ T cells. This finding highlights the impor-
tance of Ag-induced regulatory T cells in portal vein
tolerance, since a considerable dose of immunoreactive
OVA can be detected in the portal vein in this study.
Further evidence comes from the study of gene transfer
experiment using an adeno-associated virus (AAV)
vector expressing OVA. Hepatic gene transfer of an AAV
vector expressing OVA leads to the induction of
CD4+CD25+Foxp3+ regulatory T cells which suppress Ab
responses upon adoptive transfer.46 Similar to the first
study, selection of regulatory T cells is associated with
the clonal deletion of Ag-specific CD4+ T cells.47 The
studies described here support the notion that regula-
tory T cells are selected via the clonal deletion in vivo by
the application of Ags into the liver, and that generation
of regulatory T cells is associated with the induction of
portal vein tolerance.

Experimental studies that directly reveal the impor-
tance of naturally occurring regulatory T cells in portal
vein tolerance, as opposed to Ag-induced regulatory T
cells, are lacking. However, clinical studies support the
importance of naturally occurring regulatory T cells in
liver tolerance. The frequency of circulating CD4+CD25+

regulatory T cells was inversely correlated with the
disease activity in autoimmune hepatitis and primary
biliary cirrhosis.48,49 In the recipients of liver transplan-
tation, it is reported that donor-derived CD4+CD25+

regulatory T cells detaching from the liver graft and
migrating to the periphery suppress allo-specific
responses.50

PORTAL VEIN TOLERANCE AND
ORAL TOLERANCE

ALTHOUGH THE IDEA of oral tolerance is estab-
lished mainly in the gastrointestinal immune

responses, the liver may participate in the induction of
oral tolerance. In support of this notion, animals with a
porto-caval shunt show enhanced delayed-type hyper-
sensitivity responses to ingested Ags.3 In a similar
context, antibody titers to intestinal flora are usually
elevated in patients with chronic liver disease or porto-
caval shunts.51 Since a part of an Ag is absorbed in an
immunogenic form upon administration per oral route
at a high dose, we tested the possibility that the liver is
involved in the induction of high dose oral tolerance
(Fig. 2). For this purpose, we used OVA-TCR transgenic
mice. Liver DCs are found to take up oral Ags and
present these Ags to CD4+ T cells.12 Upon repeated oral
administration of OVA at a high dose, there is a clonal
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expansion of OVA-specific CD4+ T cells followed by a
reduction in T cell numbers in the liver of OVA-TCR
transgenic mice.44 OVA-specific CD4+ T cells isolated
from the liver of mice fed OVA at a high dose produced
large amounts of Th2 cytokines (IL-4, IL-10 and TGF-
b1). This selection of Th2 cells by oral OVA is due
to Fas-mediated apoptosis. Ag-specific CD4+ T cells
expressing FasL and producing IL-4, which eliminates T
cells expressing Fas and producing IFN-g, are finally gen-
erated in the liver. These CD4+FasL+ T cells have potent
immunoregulatory functions since adoptive transfer of
these cells reduces pro-inflammatory Th1 responses in
the recipient mice.44 Thus, clonal deletion of Ag-specific
Th1 cells via Fas–FasL interaction leads to the selection
and generation of regulatory CD4+FasL+ T cells in the
liver. The generation and selection of regulatory T cells is
due to the unique profiles of cytokines by liver DCs.
IL-12 secretion by liver DCs is markedly reduced by
oral administration of an Ag, whereas IL-18 secretion is
increased.12 Since lack of IL-12 renders Th1 cells more
susceptible to Fas-mediated apoptosis52 and IL-18 pro-
motes IL-4 production in the absence of IL-12,53 the
unique functional characteristics of liver DCs are
responsible for the induction of CD4+ T cells’ tolerance
to oral Ags. This idea is further supported by our recent

study, which shows that adoptive transfer of liver DCs
from mice fed an Ag suppress Th1-mediated liver
injury.7

Knolle et al. examined the roles of LSECs in the induc-
tion of oral tolerance and found that LSECs isolated
from mice within two hours after the Ag-feeding cross-
presented an Ag to CD8+ T cells24,54 (Fig. 2). Importantly,
CD8+ T cells in mice receiving LSECs from Ag-fed mice
exhibited reduced capacity to produce effector cytokines
such as IL-2 and IFN-g after stimulation with the same
Ag in vitro, suggesting that LSECs are actively involved in
the CD8+ T cells tolerance to oral Ags.24 Thus, uptake of
orally administered Ags by LSECs occurs in vivo and
cross-presentation of these Ags by LSECs to CD8+ T cells
results in the loss of cytotoxic functions.

As described above, liver DCs and LSECs seem to be
actively involved in the induction of oral tolerance.
However, it should be noted that regulatory CD4+FasL+

T cells are also generated in the liver after systemic
administration of an Ag.44 In addition, Ags administered
systemically are taken up by LSECs followed by CD8+ T
cell tolerance.23 Thus, these mechanisms are unlikely to
be operating only for the induction of oral tolerance.
Rather, they seem to function as a regulatory arm of the
immune responses in the liver.

Figure 2 Involvement of liver antigen-
presenting cells (APCs) and T cells in
the induction of oral tolerance. Presen-
tation of oral Ags by liver dendritic
cells (DCs) generates regulatory T cells
expressing FasL and producing IL-4.
Cross-presentation of oral Ags by liver
sinusoidal endothelial cells (LSECs)
reduces cytotoxic activity of CD8+ T
cells. CTL, cytotoxic T lymphocyte; Treg,
regulatory T cells.
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PORTAL VEIN TOLERANCE AND
FOOD ALLERGY

PRODUCTION OF AG-SPECIFIC IgE Ab underlies
the development of allergic reactions to food Ags.55

In spite of the development of animal models for hyper-
sensitivity to various food Ags,56,57 the induction site for
IgE helper T cells to those Ags has not been identified. As
described in the previous section, oral administration of
an Ag leads to the development of Ag-specific Th2 cells
producing a large amount of IL-4 in the liver.44 Since
production of IgE Ab is dependent upon IL-4,58 the liver
might be the induction site for food Ag-specific CD4+ T
cells. To test this hypothesis, naïve mice were transferred
with hepatic OVA-specific CD4+ T cells from OVA-TCR
transgenic mice fed OVA and then were systemically
challenged with OVA. In the recipient mice, serum
anti-OVA IgE Ab responses are remarkably increased,
whereas serum anti-OVA IgG, IgG1 and IgG2a Ab
responses are significantly reduced.59 No difference in
IgE responses was seen in the mice that received CD4+ T
cells from the spleen or Peyer’s patches. Liver DCs are
responsible for the generation of those Th2 cells, since
adoptive transfer of liver DCs from mice fed OVA leads
to an enhanced OVA-specific IgE Ab response in the
recipient mice.7 These data suggest that the liver might
function as a generator as well as a reservoir for food
Ag-specific Th2 cells. Compatible to this notion, Ito et al.
showed that DBA/2 mice fed a continuous casein diet
produced high level of casein-specific IgE accompanied
by an increase in Th2 cells in the liver.60 Furthermore,
mast cells that require IL-4 for their survival and play an
important role in IgE-mediated hypersensitivity develop
in the liver after feeding an Ag.61 More importantly, a
report has described a case in which a peanut allergy was
transferred to the recipient of a donor liver, but not to
the recipient of the kidney and pancreas of the same
donor.62 Thus, these experimental and clinical evidences
indicate that if a dietary Ag stimulates a significant
number of CD4+ T cells in the liver, then the Ag-primed
cells could be the helper cells to induce and maintain
IgE response to the food Ag.

CONCLUSION

THE LIVER PLAYS an important role in the induction
of hypo-responsiveness to oral Ags, supporting the

view that portal vein tolerance is linked to oral toler-
ance. Furthermore, breakdown of portal vein tolerance
may cause autoimmune liver disease. Analysis of the
mechanisms of portal vein tolerance provides new

insights into the understanding not only of basic liver
immunology, but also of immunopathogenesis of
autoimmune liver disease.
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Abstract
Background and Aim: Although various staging systems for hepatocellular carcinoma
(HCC) have been developed in recent years, there is no worldwide consensus which staging
system is best. The aim of the present study was to compare the performance of the
currently developed three staging systems: the Japan integrated staging (JIS) score, new
Barcelona Clinic Liver Cancer (BCLC) staging classification, and the Tokyo score.
Methods: A total of 290 consecutive patients with HCC before initial treatment at Kinki
University between January 1999 and December 2001 were included. The patients were
stratified according to the three staging systems, and the performance of the staging
systems was compared using survival time as the only outcome measure.
Results: There were significant differences between all stages in the JIS score, while no
significant difference was found between stages C and D in the BCLC staging classification
and between all the scores, except between scores 0 and 1 and 2 and 3 in the Tokyo score.
For all patients (n = 290), the radical treatment group (n = 208) and the non-radical treat-
ment group (n = 82), the likelihood ratio c2-test showed the highest value, and the Akaike
information criterion value was lowest in the JIS score.
Conclusion: The JIS score provided the best prognostic stratification in a Japanese cohort
of HCC patients who were mainly diagnosed at early stages and treated with radical
therapies.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world and is the third leading cause of death
from malignancies in Japan. To reliably predict the prognosis of
HCC patients and to determine treatment options, both liver func-
tion and tumor-related variables should be taken into account.
The Okuda classification was the first staging system to classify
patients into three different risk groups according to liver function
and tumor-related variables.1 Although this classification used to
be a fairly good staging system for advanced stage HCC cases,
it became inappropriate for the classification of early- to
intermediate-stage patients. Accordingly, several new clinical
staging systems for HCC have been developed in the last few
years.2–7 However, there is no worldwide consensus on which
staging system is the best.

The Cancer of Liver Italian Program (CLIP) score was devel-

oped in 1998.2 This staging system has been well validated exter-
nally, and the superiority to the Okuda classification has been
demonstrated.8–11 The CLIP score was endorsed by a consensus
conference on staging systems for HCC.12 However, some limita-
tions of the CLIP score have also been clarified when applied to
current HCC patients, many of whom are diagnosed in the early
stages of the disease.6,13–15 Some recent studies demonstrated the
stratification ability and prognostic predictive power of the CLIP
score were inferior to other staging systems, such as the Barcelona
Clinic Liver Cancer (BCLC) staging classification and the Japan
integrated staging (JIS) score.16–19

The BCLC staging classification was originally proposed in
1999 and was revised in 2003.20 The aim of this staging system is
not only to estimate the survival of patients with HCC, but also to
define a treatment strategy. The original BCLC staging classifica-
tion has recently been validated in American and Italian cohorts,
and was shown to be of better predictive power for survival than
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other staging systems for HCC.21,22 Although the revised BCLC
staging classification is promising, it remains to be validated. The
JIS score was proposed by Kudo et al. in 2003.6 This staging
system consists of the Child–Pugh stage and the tumor node
metastasis (TNM) stage established by the Liver Cancer Study
Group of Japan (LCSGJ).23–25 The JIS score demonstrated better
stratification ability and prognostic predictive power than the CLIP
score in a multicenter, large cohort study of Japanese patients with
HCC, despite its simplicity for use.18 The Tokyo score is a new
staging system developed to classify early-stage HCC patients
requiring curative treatment, such as surgery and medical abla-
tion.7 The prognostic predictive power of the Tokyo score was
equal to the CLIP score and was better than the original BCLC
staging classification.

The aim of this study was to compare the ability of these three
promising, new staging systems: the revised BCLC staging clas-
sification, the JIS score, and the Tokyo score in predicting survival
in a Japanese cohort of patients with HCC from a single institution.

Methods

Patients

A total of 290 consecutive patients diagnosed with HCC before
treatment at the Department of Gastroenterology and Hepatology,
Kinki University School of Medicine (Osaka–Sayama, Japan)
from 1999 to 2001 were included in this study. The study protocol
was approved by the Institutional Ethics Review Board. The
patients were diagnosed with HCC based on histological or reli-
able clinical criteria fulfilling the following conditions: compatible
clinical background (association with liver cirrhosis or viral hepa-
titis) with typical imaging findings and increased HCC-related
tumor markers, such as serum alpha-fetoprotein and des-g-
carboxyprothrombin level. Typical imaging findings for HCC
include a high-density mass in the arterial phase and a low-density
mass in the portal phase on dynamic computed tomography (CT)

or magnetic resonance imaging (MRI). In case they did not show
typical imaging findings or no increases of tumor markers, biopsy
was performed to confirm HCC diagnosis. Several therapeutic
strategies were selected following our treatment algorithm
(Fig. 1).

Data were collected to classify patients according to the revised
BCLC staging classification (Fig. 2), JIS score (Table 1), and
Tokyo score (Table 2) at the time of HCC diagnosis and before
treatment. To assess tumor characteristics and TNM stage defined
by the LCSGJ (Table 3), several imaging modalities were used for
all the cases as described later. The maximum diameter of the
tumor was defined using ultrasonography. The number of tumors
and vascular invasion was assessed via ultrasonography and
dynamic CT. Lymph node invasion and distant metastasis were
assessed via routine screening, such as ultrasonography, dynamic
CT, and chest X-ray. Bone scintigraphy or brain CT was performed
if suggestive symptoms were present. The performance status
grade of the patients, one of the variables included in the BCLC
staging classification, had not been routinely registered in our
database and was retrospectively assessed from the clinical records
regarding physical status and cancer-related symptoms.

Statistical analysis

Survival was the only measure for assessing the performance of
the different staging systems. Survival was defined as the time
interval between HCC diagnosis and death or the last follow up.
Follow up was censored on 30 September 2005. Univariate sur-
vival curves were estimated using the Kaplan–Meier method, and
differences in survival between groups were compared by the log
rank test. The likelihood ratio (LR) c2-test was calculated by the
Cox regression model to evaluate the homogeneity of each staging
system; small differences in survival among patients classified into
the same group within each system. The LR c2-test was also used
to estimate the monotonicity of gradients; the survival time of
patients classified into earlier stages is longer than that of patients
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Figure 1 Treatment algorithm for hepatocel-
lular carcinoma at Kinki University and the
number of patients according to the treat-
ments actually performed. BSC, best sup-
portive care; RCT, randomized controlled trial;
TACE, transcatheter arterial chemoemboliza-
tion.
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classified into more advanced stages within each system. In addi-
tion, the Akaike information criterion (AIC) was calculated to
evaluate the discriminatory ability and complexity of each staging
system; the smaller the AIC value, the more informative and the
simpler the model. Furthermore, a separate analysis was per-
formed for subsets of patients who received radical treatment
(surgery or percutaneous ablation) and other non-radical treatment
to assess the rigidity of each staging system and to reduce the
treatment-related confounding effect on survival. All analyses
were performed with S-PLUS 2000 (Insightful Corporation,
Seattle, WA, USA) or spss (version 11.5; SPSS, Chicago, IL,
USA).

Results

Patient characteristics

Baseline patient characteristics are shown in Table 4. The majority
of the patients were men (74%), and the median age was 67 years.

The most common cause of HCC was hepatitis C. In total, 191
patients (66%) were at Child–Pugh stage A, and more than half
(54%) of all patients were classified into the early TNM stage
(stage I or II). Accordingly, radical treatments were performed in
the majority of patients; 39 (13%) and 169 patients (58%) received
surgery and percutaneous ablation therapy (ethanol injection, 21
patients; microwave coagulation, two patients; and radiofrequency
ablation, 146 patients), respectively. Vascular invasion was present
in 41 patients (14%), and 24 patients (8%) received only support-
ive care.

Survival

At the end of follow up, 175 patients (60%) had died. The overall
median survival of the entire cohort was 37.2 months (95% con-
fidence interval 27.9–46.4 months) and the estimated survival
rates at 1, 3, and 5 years were 76%, 51%, and 33%, respectively.
Survival curves according to the Child–Pugh and TNM stages
showed significant differences between all stages in both staging
systems, except between TNM stages IVA and IVB (Fig. 3).

Comparison of the three staging systems

Patient distribution, estimated survival rates at 1, 3, and 5 years
according to the three staging systems are shown in Table 5.
Patients were classified into five, six, and eight groups according
to the revised BCLC staging classification, JIS score, and Tokyo
score, respectively. As shown in Figure 4, the JIS score demon-
strated best stratification of survival compared with other staging
systems. Significant differences in survival curves were found
between all JIS scores, whereas no significant difference was
found between revised BCLC stages C and D, and between Tokyo
1 and 2, 3 and 4, 4 and 5, 5 and 6, and 6 and 7–8. In addition, the
JIS score demonstrated the highest value of LR c2-test and the
lowest AIC value, not only in all patients, but also in subsets of
patients according to the curability of the treatment. This indicates
that the JIS score is the best model of prognostic prediction in our
cohort, regardless of the treatment applied (Table 6).

PST 0
Child–Pugh A
Okuda1

Stage 0

Stages A–C
Okuda 1–2
PST 0–2
Child–Pugh A–B

Okuda 3
PST >2
Child–Pugh C

Stage D

Very early stage (0)

Terminal stage (D)

Intermediate stage (B)

Early stage (A)

Advanced stage (C)

One HCC <2cm carcinoma in situ

One HCC or three nodules <3cm, PST 0

Multinodular, PST 0 

Portal invasion or N1 or M1, PST 1-2

Figure 2 Barcelona Clinic Liver Cancer
(BCLC) staging classification. HCC, hepatocel-
lular carcinoma; PST, performance status

Table 1 Definitions of the Japan integrated staging score

Variable Score

0 1 2 3

Child–Pugh stage A B C
TNM stage by LCSGJ I II III IV

LCSGJ, Liver Cancer Study Group of Japan; TNM, tumor node
metastasis.

Table 2 Definitions of the Tokyo score

Variable Score

0 1 2

Albumin (g/dL) >3.5 2.8–3.5 <2.8
Bilirubin (mg/dL) <1 1–2 >2
Tumor size (cm) <2 2–5 >5
Tumor no. �3 >3
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Survival and treatment allocation

The survival curves according to the treatment, including radical
treatment (surgery or percutaneous ablation), transcatheter arterial
chemoembolization, transcatheter arterial chemolipiodolization or
other treatments, and supportive care are shown in Figure 5a. The
survival curves were quite similar with those according to the
BCLC staging classification: stage 0 and A, B, C, and D (Fig. 5b).

Discussion

Clinical staging systems for HCC should not only serve to provide
accurate information for easy classification of patients into differ-
ent risk groups, but should also be generally applicable to external
HCC patients with different clinical backgrounds. Although
several new staging systems, including the CLIP score,2 BCLC
staging classification,3 French scoring system,4 Chinese University
prognostic index (CUPI),5 JIS score,6 and Tokyo score7 have been
proposed around the world in the last few years, there is no world-
wide consensus on which is the best. The principal reason for the
lack of reproducibility is that these new staging systems were
developed on the basis of different patient populations, tumor
characteristics, and treatment strategies.26

In recent years, a close screening program for patients with
chronic hepatitis and cirrhosis, including periodic ultrasonogra-
phy, has increased the frequency of the early detection of HCC,
and curative treatment has become possible in a growing number
of cases. Therefore, it is especially necessary to classify early-
stage patients with potentially longer survival in the clinical man-
agement of current patients with HCC. Among the staging systems
recently developed, the French scoring system and CUPI are con-
sidered to be unsuitable for current HCC patients because of some
critical shortcomings. First, these staging systems were developed
based on mainly advanced cases with a smaller number of
curatively-treated patients, and this explains why even patients at
supposedly early stages achieved a poor outcome. The estimated
survival rates of their best prognostic subgroups are 51% at 2 years
(French scoring system stage A)4 and 48% at 1 year (CUPI low
risk).5 Second, even if these staging systems can clearly stratify
patients at mainly advanced stages, they consist of only three risk
groups that are insufficient to provide precise information in the
assessment of both survival and treatment for current HCC
patients. In addition, the main HCC etiologies in the patient popu-
lations of the French scoring system and CUPI were alcohol-
related cirrhosis and hepatitis B, respectively.

Table 3 Definitions of tumor node metastasis stage by the Liver Cancer Study Group of Japan

T factor I. Single II. <2 cm III. No vascular invasion

T1 Fulfilling 3 factors
T2 Fulfilling 2 factors
T3 Fulfilling 1 factors
T4 Fulfilling 0 factors
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage IVA T4 N0 M0 or any T N1 M0
Stage IVB Any T N0-1 M1

Table 4 Characteristics of all patients (n = 290)

Variable n %

Age (year)
Median 67
Range 42–87

Sex
Male 215 74.1
Female 75 25.9

Etiology
HCV 220 75.9
HBV 39 13.4
HCV + HBV 7 2.4
NonBnonC 24 8.3

Child-Pugh stage
A 191 65.9
B 82 28.3
C 17 5.8

Number of nodules
Single 128 44.1
2–3 102 35.2
>3 60 20.7

Maximum tumor size
<2 cm 73 25.2
2–5 cm 160 55.2
>5 cm 57 19.6
Vascular invasion 41 14.1

TNM stage by LCSGJ
I 54 18.6
II 102 35.2
III 91 31.4
IVA 32 11.0
IVB 11 3.8

Initial treatment
Surgery 39 13.4
Percutaneous ablation 169 58.3
TACE 29 10.0
Chemolipiodolization 25 8.6
Other 4 1.4
None 24 8.3

HBV, hepatitis B virus; HCV, hepatitis C virus; LCSGJ, Liver Cancer Study
Group of Japan; TACE, transcatheter arterial chemoembolization.
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The original BCLC staging classification was developed based
on the results of several cohort studies and randomized controlled
trials. The variables used in this system were related to tumor
stage, Child–Pugh stage as liver functional stage, performance
status, and cancer-related symptoms. The main difference in the
BCLC staging classification is that it links the staging system with
a treatment algorithm. This staging system was recently externally
validated in cohorts of Italian and American patients with HCC,
and these studies demonstrated that the stratification ability of this
system was superior to the other staging systems, including the
CLIP score, French scoring system, CUPI, and JIS score.16,17,21,22 In
addition, the BCLC group refined their staging system in 2003 to

improve the stratification ability of the system, especially in early-
stage patients. They added the ‘very early stage’ for a subgroup of
patients with a single tumor less than 2 cm in size and Child–Pugh
stage A.20 The definition of very early stage is identical to JIS 0:
TNM stage I and Child–Pugh stage A. Although the recent Ameri-
can Association for the Study of Liver Disease practice guideline
for HCC endorsed the BCLC staging classification as currently the
best staging system,27 the revised version of the staging system
remains to be validated.

The present study demonstrated that the JIS score was supe-
rior in discriminating the survival of patients in different stages
and had the greatest homogeneity of survival among patients
within the same stage in the radical and non-radical treatment
groups. Patients were stratified clearly according to the BCLC
staging classification from BCLC 0 to C, whereas there was no
significant difference in survival between BCLC C and D.
Although this study included a small number of terminal-stage
(D) patients (22/290, 7.6%), the same result was also demon-
strated in a large cohort study of Japanese patients with HCC.19

The definition of BCLC D is probably responsible for these
results; BCLC D includes all patients at Child–Pugh stage C,
regardless of tumor progression. This allocation of the BCLC
staging classification seems reasonable in terms of treatment
assignment, that is, patients at BCLC D deserve symptomatic
treatment, while the survival of these patients differs widely
according to tumor stages. There was a significant difference in
the survival of BCLC D patients between the subgroup, includ-
ing TNM stages I and II, and the subgroup, including TNM stage
III and IV (data not shown). Liver transplantation has been rec-
ommended as a most effective option for patients with early
HCC and impaired liver function, because it cures not only
tumor itself, but also the neoplastic potential of underlying cir-
rhosis, leading to a remarkable improvement of survival in these
patients. However, only a limited number of liver transplanta-
tions have been performed in Japan, where living donor liver
transplantation still remains a major option, and deceased liver
donations are rarely available.28,29 In fact, our patient population
included five patients with tumors corresponding to the Milan
criteria and Child–Pugh stage C, and none underwent liver trans-
plantation. As determined by the BCLC group, these optimal
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Figure 3 Estimated survival curves accord-
ing to the Child–Pugh stage (a) and tumor
node metastasis (TNM) stage by the Liver
Cancer Study Group of Japan (b). Significant
differences were found between all stages in
both staging systems, except between TNM
stages IVA and IVB.

Table 5 Patient distribution and estimated survival rates according to
the three staging systems

Stage n (%)

Survival rate (%)

1 year 3 years 5 years

BCLC 0 39 13 97 89 78
A 131 45 91 65 41
B 63 22 71 33 18
C 35 12 35 6 3
D 22 8 32 16 0

JIS 0 39 13 97 89 78
1 80 28 97 78 47
2 98 34 75 42 25
3 46 16 55 13 5
4 20 7 25 10 0
5 7 2 0 0 0

Tokyo 0 25 9 100 92 81
1 49 17 98 77 52
2 75 26 87 66 44
3 60 21 74 35 10
4 33 11 56 27 20
5 24 8 55 14 0
6 12 4 28 14 14
7–8 12 4 17 8 0

BCLC, Barcelona Clinic Liver Cancer; JIS, Japan integrated staging.
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candidates for liver transplantation might warrant special consid-
eration for staging, because the survival of these patients obvi-
ously depends on the availability of liver transplantation.30

All the staging systems for HCC, except for the BCLC staging
classification, are scoring systems that stratify patients into differ-
ent stages according to the total score allocated for each variable
given different weights. Therefore, the different backgrounds of
patient subgroups (i.e. patients with small tumors and impaired
liver function and patients with advanced tumors and good liver
function) can be classified together in the same stage. For example,
JIS 1 consists of two subgroups: TNM stage I and Child–Pugh
stage B, TNM stage II and Child–Pugh stage A. JIS 2 and 3 consist
of three subgroups and JIS 4 of two subgroups. A limitation of the
scoring system has been recognized when it is used as a treatment
allocation because of heterogeneity in the backgrounds of each
stage. However, it is noteworthy that our previous report, using a
large Japanese cohort, demonstrated that the survival for sub-
groups within the same JIS score were quite similar, while signifi-
cant differences in the survival between the Child–Pugh stage A
and B and the subgroups of BCLC stage A, B, and C regarding
liver function, were demonstrated even in the homogenous tumor
stages.18 The BCLC staging classification stratifies patients into
major categories according to tumor stage, liver function, and
physical condition and has been a single-staging system that can
link tumor staging with treatment strategy. In the present study, the
BCLC staging classification showed quite similar survival curves
with those according to the treatment performed based on our
treatment algorithm. Although the BCLC staging classification can
also be used as a prognostic prediction system, the major contri-
bution of this system in clinical practice is stressed when it is used
as a treatment algorithm.

The Tokyo score was developed based on a Japanese cohort of
patients treated by percutaneous ablation at the University of
Tokyo (Tokyo, Japan) and was internally validated in patients who
underwent surgery.7 This staging system was proposed as a useful
tool in assessing the prognosis for patients with HCC requiring
radical treatment. Although the variables used in this staging
system, serum albumin, bilirubin, and size and number of tumors,
are included in the Child–Pugh and the TNM stages, the present
study demonstrated that the ability of the Tokyo score was inferior
to the JIS score, even in the subset of patients who received radical
treatment, indicating a limited usefulness of this system. The
Tokyo score consists of nine stages, and the number of patients
included in the present study might be too small. Further external
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Figure 4 Estimated survival curves according to the Barcelona Clinic
Liver Cancer staging classification (BCLC) (a), Japan integrated staging
score (JIS) (b), and Tokyo score (c). Significant differences were found
between all JIS scores, whereas no significant difference was found
between revised BCLC stages C and D, and between Tokyo 1 and 2, 3
and 4, 4 and 5, 5 and 6, and 6 and 7–8.

Table 6 Comparison of performance of the three staging systems

Model LR (c2) test AIC

All patients (n = 290)
JIS 138.0 1635.6
BCLC 111.0 1661.0
Tokyo 108.0 1671.4

Radical treatment (n = 208)
JIS 43.6 963.5
BCLC 32.6 972.4
Tokyo 37.9 975.1

Non-radical treatment (n = 82)
JIS 43.7 474.2
BCLC 35.7 480.2
Tokyo 28.8 495.1

AIC, Akaike information criterion; BCLC, Barcelona Clinic Liver Cancer;
JIS, Japan integrated staging; LR, likelihood ratio.
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validation studies using a larger cohort will be necessary to evalu-
ate the actual performance of the staging system.

Performance status and cancer-related symptoms, important
parameters in identifying end-stage patients where aggressive
treatment should be avoided for those with poor performance
status, have not been included in the JIS and Tokyo score because
most Japanese patients were initially diagnosed at the asymptom-
atic stage of the disease. A nation-wide screening program for
hepatitis B and C for the general population and a close medical
follow-up and screening program for high risk groups for HCC
have been established in Japan and have resulted in increasing
numbers of HCC patients at the early, asymptomatic stage. On the
other hand, there were some patients with poor performance (per-
formance status >2) included in the present study, and all those
patients were classified into Child–Pugh stage C or Okuda 3,
defined as BCLC stage D.

There are some limitations to the present study. First, this is a
single-institution study, mainly including tumors at the early stage
with well-preserved liver function, and the results may not be
generalizable, although our series was possibly more homogenous
in terms of quality of diagnosis, treatment, and follow up. Second,
our patients were not always treated following the BCLC treat-
ment schedule, possibly deteriorating the ability of the staging
system. Third, the performance status of the patients had not been
routinely registered in our database and was retrospectively
assessed from clinical records, possibly leading to the inaccurate
allocation of BCLC stages; this might have also deteriorated the
ability of the staging system.

In conclusion, the JIS score provided the best prognostic strati-
fication among the three new promising staging systems for our
cohort of patients regardless of the curability of the treatment.
Although further external validation studies on larger multicenter
cohorts are necessary, we consider the JIS score to currently be the
best staging system for prognostic prediction that can be applied to
all HCC patients from early to end stages of the disease.
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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) has been a second choice when 
surgical techniques have been precluded, although PEI has 
been used as a first-line treatment option in some centers 
in Italy and Japan. Over the past few years, several methods 
for thermal tumor destruction through localized heating 
or freezing, including radiofrequency ablation (RFA), laser 
ablation, microwave ablation, and cryoablation, have been 
developed and clinically tested. Among these, RFA has 
recently emerged as a real competitor to PEI. 

At this point, there are no unequivocal data to back 
up percutaneous ablation as a replacement for resection 
as first-line treatment for patients with early-stage HCC. 
Therefore, whether percutaneous ablation replaces 
resection as first-line option for very early HCC will be 
resolved by launching a large international randomized 
controlled trial.

In this study, early-stage HCC (< 15 mm diameter) is 
referred to as minimum-sized HCC[5]. The present study 
is a long-term follow-up of  minimum-sized HCC treated 
with PEI.

MATERIALS AND METHODS
Subjects
We analyzed the clinical features of  consecutive patients 
treated with PEI in the 1990s at Kobe Asahi Hospital. 
The diagnosis of  HCC was made by imaging, including 
US and computed topography (CT) and confirmed by 
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Abstract
AIM: To evaluate long-term follow-up of minimum-sized 
hepatocellular carcinoma (HCC) treated with percutaneous 
ethanol injection (PEI).

METHODS: PEI was applied to 42 lesions in 31 patients 
(23 male and eight female) with HCC < 15 mm in 
diameter, over the past 15 years. 

RESULTS: Overall survival rate was 74.1% at 3 years, 
49.9% at 5 years, 27.2% at 7 years and 14.5% at 10 
years. These results are superior to, or at least the 
same as those for hepatic resection and radiofrequency 
ablation. Survival was affected only by liver function, but 
not by sex, age, etiology of Hepatitis B virus or Hepatitis 
C virus, α-fetoprotein levels, arterial and portal blood 
flow, histological characteristics, and tumor multiplicity or 
size. Patients in Child-Pugh class A and B had 5-, 7- and 
10-years survival rates of 76.0%, 42.2% and 15.8%, and 
17.1%, 8.6% and 0%, respectively (P = 0.025).

CONCLUSION: Treatment with PEI is best indicated for 
patients with HCC < 15 mm in Child-Pugh class A. 

© 2008 WJG. All rights reserved.
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tumor-targeted biopsies. Thirty-one patients with liver 
cirrhosis and HCC were treated with PEI as the first-line 
anticancer treatment. The characteristics of  the patients 
are summarized in Table 1. The criteria for treatment 
with PEI were as follows: (1) Uninodular HCC ≤ 15 mm 
in diameter, or multinodular HCC lesions ≤ 15 mm in 
diameter (in one or both hepatic lobes); (2) absence of  
portal vein thrombosis and extra-hepatic metastases; (3) 
age < 75 years; (4) liver cirrhosis of  Child-Pugh class A or 
B; and (5) prothrombin time ratio (normal/patient) > 40% 
and platelet count > 40000/μL. The number of  tumorous 
nodules and portal vein patency were established by US 
and CT. Maximum tumor diameter was measured by US. 
The absence of  extrahepatic metastases was ascertained by 
chest X-ray, and abdominal CT and US.    

L iver c i r rhos i s was d iagnosed h i s to log ica l l y, 
radiologically or clinically. Serum hepatitis B surface 
antigen (HBsAg) was positive in two patients, and anti-
hepatitis C virus antibody (anti-HCV) was positive in 29. 
Arterial blood flow was confirmed by CO2 US-angiography 
or CT during arteriography (CTA); portal blood flow was 
confirmed by CT during arterial portography (CTAP) 
(Table 1). Surgery was contraindicated in most patients 
because of  liver dysfunction, presence of  lesions in 
locations that made hepatic resection inappropriate, 
advanced age, coexistence of  another disease, or a 
combination of  these factors. However, during the past 
few years, some patients, including possible candidates 
for surgery, were treated with PEI. Informed consent 
was obtained from all patients after the nature of  the 
procedure had been fully explained.

The diameter of  the tumors ranged between 8 and 
15 (mean 11.9 ± 2.4) mm. The diagnosis of  HCC was 
established by histological biopsy with the needle guided 
by sonography in 31 patients.

Treatment schedule and follow-up protocol
PEI[6] was administered to each patient (3-6 sessions; 
once or twice weekly) by one or two injections of  95% 
sterile ethyl alcohol (1.6-73.9 mL, mean 17.6 ± 16.7 mL) 
delivered to each lesion with a multiple-side-hole 21-gauge 
needle (Et-hanoject, TSK, Tokyo, Japan), depending on 
the size of  the lesion and the distribution of  the injected 
ethanol within the tumor.

One month after the end of  PEI treatment, the 
α-fetoprotein (AFP) level was measured, CT was repeated, 
and multiple percutaneous biopsies of  the treated lesions 
were carried out to evaluate treatment outcome. Lesions 
appearing as hypoattenuated, non-enhanced areas on CT 
scans were diagnosed as necrotic, whereas enhanced areas 
were suspected of  being persistent tumors. The biopsies 
under US guidance were carried out by placing the needle 
in the enhanced areas of  the tumor. Histological samples 
were obtained from all of  the patients.

The treatment was terminated and the patients entered 
the follow-up protocol in the absence of  residual tumors, 
confirmed by CT and biopsies, and of  suspected persistent 
tumors, confirmed by AFP levels. Such patients were given 
additional PEIs targeted in areas where viable tumors had 
previously been observed, and were examined again by CT 

and biopsies after 1 mo. The follow-up protocol included 
clinical assessment, measurement of  hepatic functional 
serum indexes and AFP levels, and US examinations 
conducted at 3-mo intervals. The duration of  the follow-
up was calculated from the beginning of  PEI and lasted 
for 2-167 (mean ± SD, 57.5 ± 37.7) mo.

Statistical analysis
Student’s t test and χ2 test were used to identify differences 
in patient characteristics in the various subgroups with 
prognostic factors. The Kaplan-Meier method was used 
to analyze the factors associated with post-PEI survival 
of  patients with HCC and distant intrahepatic recurrence 
of  HCC, and the difference was determined by log rank 
test. Stepwise regression analysis was used to identify 
factors that affected the survival rate of  post-PEI patients. 
P < 0.05 was considered to indicate a statistical ly 
significant difference. 

RESULTS
All patients completed the planned treatment course. No 
major treatment-related complication had occurred by 
the end of  the study. Overall survival rate was 74.1% at 
3 years, 49.9% at 5 years, 27.2% at 7 years and 14.5% at 
10 years. The longest survival period was 13 years 11 mo, 
and three patients lived longer than 10 years after PEI 
treatment. Up to December 2003, 23 post-PEI patients 
died: Four from cancer (17.4%), 15 from hepatic failure 
(65.2%) and four from other causes (17.4%). According 
to the Child-Pugh classification, two (20%) died from 
cancer and seven (70%) from hepatic failure (class A), and 

Table 1  Characteristics of 31 patients with liver cirrhosis and 
small HCC

Parameter

Sex (male:female) 23:8
Age (yr) (mean ± SD) 63.8 ± 8.9
Cause of cirrhosis
   HCV 29
   Non-HCV   2
Liver dysfunction
   Child-Pugh A 17
   Child-Pugh B 14
AFP level (μg/L)
≤ 20 15

   > 20 16
Tumor multiplicity
   Uninodular 21
   Multinodular 10
Tumor diameter (mm) (mean ± SD) 11.9 ± 2.4
≤ 10 12

   11-15 19
Histological characteristics
   Well-differentiated 18
   Well to moderately differentiated 13
Arterial blood flow
   Positive   9
   Negative 13
Portal blood flow
   Positive 12
   Negative   9
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two (15.3%) from cancer and eight (61.5%) from hepatic 
failure (class B) (Table 2).

Prognostic factors
The influence of  patient- and tumor-related factors on 
survival is shown in Table 3. Survival was affected by liver 
function, but not by sex, age, etiology of  cirrhosis (HCV 
or non-HCV), AFP level, arterial blood flow, portal blood 
flow, histological characteristics, and tumor multiplicity or 
size. The final step of  stepwise variable showed function 
was significantly associated with survival rate. Child-Pugh 
class A patients showed a higher survival rate than Child-
Pugh class B (P = 0.011, Table 4). The 5-, 7- and 10-years 

survival rates of  76.0%, 42.2% and 15.8%, respectively, 
for patients in Child-Pugh class A were significantly higher 
than those for patients in Child-Pugh class B (17.1%, 
8.6% and 0%, respectively) (P = 0.025, Figure 1). Patient 
characteristics by Child-Pugh classification showed that 
prognosis of  class A and class B patients was affected by 
sex and not by any other patient- and tumor-related factors 
(Table 5). The two groups were similar with respect to the 
other patient- and tumor-related factors. 

Lesions in intrahepatic areas other than the site 
treated by PEI were observed in 25 patients (81.8%), 
and cumulative recurrence rates at 1, 3, 5, 7 and 10 years 
after PEI were 47.0%, 73.4%, 87.7%, 87.7% and 87.7%, 
respectively (Figure 2). The frequency of  initial recurrence 
according to segment was 32.0% in segments other than 
the initially treated segment (other segments), 32.0% in the 
same segment as the initially treated segments, and 28.0% in 
both the same and other segments. The tumor diameter of  
recurrent lesions was < 20 mm in 84.0% of  cases, 21-30 mm 
in 8.0%, and no tumor was > 30 mm at detection (Table 6). 
The recurrent lesions that occurred in 25 post-PEI patients 
after initial treatment were managed as follows: PEI in 15 

Table 2  Cause of death of post-PEI patients with small HCC, 
according to Child-Pugh classification and number of treatment 
sessions

Child-Pugh classification Number of treatment sessions

A (n  = 10) B (n  = 13) 1st 2nd 3rd 4th 5th

Cancer growth 2 2 0 3 0 0 0
Hepatic failure
   Cancer (+) 7 6 3 2 2 1 5
   Cancer (–) 0 2
Other 1 3 3 0 0 0 0

Table 3  Analysis of the prognostic value of patient- and tumor-
related factors

 Probability of survival (%)

Factor n 3-yr 5-yr 7-yr 10-yr P  value

Sex 0.595
   Male 23 73.7 59.5 29.7 11.1
   Female   8 62.5 33.3 0   0.0
Age (yr) 0.475
≤ 65 18 77.4 59.5 29.8   9.9

  > 65 13 61.5 35.9 23.9   0.0
Cause of cirrhosis
   HCV 29 72.2 46.2 23.1 15.4
   Non-HCV   2 - - - -
Liver dysfunction 0.025
   Child-Pugh A 17 76.0 76.0 42.2 15.8
   Child-Pugh B 14 64.3 17.1   8.6   0.0
AFP level (g/L) 0.139
≤ 20 15 79.4 56.9 42.6 21.3

  > 20 16 62.5 37.5 18.7   0.0
Tumor multiplicity 0.751
   Uninodular 21 75.9 50.6 36.1 13.5
   Multinodular 10 60.0 37.5 12.5 12.5
Tumor diameter (mm) 0.336
≤ 10 12 74.1 64.8 32.4 21.6

  11-15 19 68.4 40.9 24.6 12.2
Histological characteristics 0.119
  Well-differentiated 18 83.3 58.0 33.2 22.1
  Well to moderately 
  differentiated

13 61.5 38.5 19.2   0.0

Arterial blood flow 0.269
   Positive   9 64.8 38.9 38.9 38.9
   Negative 13 61.5 30.8 10.2   0.0
Portal blood flow 0.458
   Positive 12 58.3 33.3 16.7   0.0
   Negative   9 64.8 38.9 38.9   0.0

Table 4  Factors affecting survival of patients with HCC treated 
by PEI, determined by stepwise regression analysis

Factors Hazard ratio 95% CI P value

Child-Pugh class 
   A 1
   B      5.89 1.50-23.15 0.011

Table 5  Characteristics of patients according to Child-Pugh 
class

Parameter Class A
(n  = 17)

Class B
(n  = 14)

P  value

Sex (male:female) 16:1 7:7 0.017
Age (yr) (mean ± SD) 61.2 ± 8.3 66.9 ± 8.9 NS
Cause of cirrhosis
   HCV 15 14 NS
   Non- HCV   2   0
AFP level
≤ 20 g/L   9   6 NS

   > 20 g/L   8   8
Tumor multiplicity
   Uninodular 11 10 NS
   Multinodular   6   4
Tumor diameter (mm) (mean ± SD)
≤ 10   7   5 NS

   11-15 10   9
Histological characteristics
   Well-differentiated   9   9 NS
   Well to moderately differentiated   8   5
Arterial blood flow
   Positive   5   4 NS
   Negative   5   8
Portal blood flow
   Positive   7   5 NS
   Negative   4   5

NS: Not significant.
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(60.0%); transcatheter chemoembolization (TACE) in two 
(8.0%); TACE + PEI in four (16.0%); transcatheter arterial 
infusion chemotherapy in one (4.0%); and other methods in 
two (8.0%). One patient (4.0%) was untreatable because of  
severe liver dysfunction or poor general condition. Second, 
third, fourth and fifth recurrent lesions were treated with 
PEI in eight (42.1%), five (41.6%), two (25.0%) and three 
(42.8%) patients, respectively (Figure 3).

DISCUSSION
In a multicenter trial conducted in Italy[7], the 3-, 5- and 
7-years survival rates after PEI in patients with a single 

HCC ≤ 30 mm in diameter have been reported as 78%, 
54% and 28%, respectively; those in patients with a single 
HCC 30.1-50 mm as 61%, 32% and 16%, respectively; and 
those in patients with multiple lesions as 51%, 21% and 0%, 
respectively. In a series of  270 patients in Japan with fewer 
than three small lesions (≤ 30 mm in diameter) of  HCC, 
overall 3- and 5-years survival rates after PEI were 81.6% 
and 60.3%, respectively, but the rates were higher, 87.3% and 
78.3% in Child-Pugh class A patients with a solitary tumor 
≤ 20 mm in diameter[8]. The overall 3-, 5-, 7- and 10-years 
survival rates after PEI in the present study were 74.1%, 
49.9%, 27.2% and 14.5%, respectively, in our population 
with minimum-sized HCC. Patients of  Child-Pugh class A 
had 5-, 7- and 10-years survival rates of  76.0%, 42.2% and 
15.8%, respectively. The outcome in this study was superior, 
or at least equal to that reported in other studies. 

The superiority or equality of  our results, including 
those for multinodular HCC, compared with other studies 
can be explained by tumor size alone. Generally speaking, 
the therapeutic effect of  PEI is largely dependent on 
tumor size[9]. Strictly speaking, the difference between 
tumors 15 and 16-20 mm in diameter is very important. 
Pathological events identified in 106 small resected 
HCCs < 20 mm in diameter have demonstrated local 
metastases (located ≤ 10 mm from the nodule), and 
microscopic portal invasion among the most frequently 
occurring tumors (the so-called distinctly nodular types). 
The frequency of  portal invasion has been reported as 
significantly higher in HCC 16-20 mm in diameter (40%) 
than in HCC 11-15 mm in diameter (25%, P < 0.01)[9,10]. In 
the current study, survival was not influenced by sex, age, 
HBsAg positivity, anti-HCV positivity, AFP levels, arterial 
blood flow, portal blood flow, histological characteristics, 
tumor multiplicity, or tumor size. However, a statistically 
significant difference was observed in long-term survival 
probability attributed only to liver dysfunction.

PEI-treated patients of  Child-Pugh class A had longer 
survival than those of  class B, which was comparable with 
the Italian and Japanese studies[7,8,11]. Generally speaking, 
in treating HCC, prognosis depends not only on the grade 
of  cancer spread (tumor stage)[12], but also on the grade 
of  residual liver function (liver disease stage). Kudo et al[13]

have proposed a prognostic staging system for HCC called 

Table 6  Recurrence of HCC initially treated by PEI (n  = 25)

Location of recurrence
   Same segment 8 (32.0%)
   Same and other segments 7 (28.0%)
   Other segments 8 (32.0%)
   Others1 2 (8.0%)
Tumor diameter at detection (mm)
≤ 10 8 (32.0%)

   11-15 9 (36.0%)
   16-20 4 (16.0%)
   21-30 2 (8.0%)
  ≥ 31 0
   Others 2 (8.0%)

1In two cases, tumor thrombus was seen in portal vein and HCC metastasizing 
to distant site (sacrum and lumbar vertebra), respectively.
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Figure 1  Survivial of patients with HCC treated by PEI according to Child-Pugh 
classification.
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Figure 2  Recurrence of HCC treated by PEI at remote site from initial treated site.
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by PEI.
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the Japan Integrated Staging Score (JIS score), and have 
suggested that the prognosis of  stageⅠHCC (solitary, 
< 20 mm in diameter, no vascular invasion) depends on 
liver function. Here, the long-term results of  PEI were 
equivalent to those achieved with patients treated by 
hepatic resection. According to the Liver Cancer Study 
Group of  Japan[14], the 5- and 7-years survival rates among 
3674 patients with single, clinical stageⅠHCC lesions < 
20 mm in diameter, treated by hepatic resection, reached 
65.4% and 47.1%, respectively. In our study, the respective 
rates of  77.3% and 43.0% were obtained by restricting 
the final analysis to a selected group of  20 patients with 
single or multiple HCC nodules ≤ 15 mm in diameter 
and with Child-Pugh class A cirrhosis. Hence, although 
no prospective randomized trials comparing PEI versus 
surgery have been conducted, the long-term results of  the 
two treatments seem to be quite similar.

Recently, new thermal therapeutic techniques for HCC 
have been developed, including RFA, laser microwaves 
and cryotherapy. Among these, RFA has attracted much 
international interest and is now widely used in clinical 
practice. In a comparison of  PEI and RFA in 86 patients 
with 112 HCCs[15], a complete response was reached in 
90.3% by RFA and 80% by PEI, with an average of  1.2 
sessions for RFA and 4.8 sessions for PEI. However, more 
complications arose by RFA: one severe (hemothorax 
that required drainage) and four minor (intraperitoneal 
bleeding, hemobilia, pleural effusion and cholecytitis), 
compared with none by PEI.

Recently, three randomized studies which compared 
RFA versus PEI for first-line treatment of  early-stage HCC 
have been published[16-18]. European groups have failed to 
show a statistically significant difference in overall survival 
between patients who received RFA and PEI[16]. On the 
other hand, survival advantages have been identified in 
studies in Japan and Taiwan[17,18]. In Japan, Shiina et al[17]

have described 232 patients, 118 treated by RFA and 112 
by PEI. Four-year survival rate was 74% (95% CI: 65-84) 
for RFA and 57% (95% CI: 45-71) for PEI. RFA had 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% CI: 0.41-0.80), 
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] than PEI. Similarly, benefits in survival were also 
suggested in a subgroup analysis of  a trial in Taiwan[18].

Most trials comparing RFA and PEI for treatment of  
small HCC have yielded better survival, local efficacy, local 
recurrence and duration of  treatment in favor of  RFA; the 
only advantage in favor of  PEI being a slightly lower rate 
of  complications[16]. In the present study, the frequency 
of  HCC recurrence was considered to be high, with new 
lesions appearing in 25 of  the 31 patients. However, after 
PEI, almost all recurrence was caused by the emergence 
of  new nodular lesions in hepatic segments other than at 
the locations of  the treated tumors, and were therefore 
probably unrelated to the original tumor. Repeat PEI alone 
was feasible for recurrence in 60.0%, 42.1%, 41.6%, 25.0% 
and 42.8% of  these cases at detection of  the first to fifth 
recurrence, respectively. As the number of  lesions also 

increases whenever a tumor recurs, local treatment such 
as PEI is of  limited value, and PEI must be replaced by 
another form of  treatment such as TACE or transcatheter 
infusion chemotherapy. 

All the studies mentioned above confirm the high 
efficacy of  PEI in the treatment of  minimum-sized HCC. 
In conclusion, to achieve the best possible prognosis in its 
treatment, early detection of  HCC < 15 mm in diameter 
by imaging and histological diagnoses, and early treatment 
by PEI are essential.

COMMENTS
Background
In treatment of hepatocellular carcinoma (HCC), only 20%-30% of patients 
are candidates for surgery. Thus, various non-surgical therapies, such as 
percutaneous ethanol injection (PEI), microwave coagulation and radiofrequency 
ablation (RFA) have been widely used for small HCC. Although PEI was used as 
first-line treatment in some Japanese and Italian centers in the 1980s and 1990s 
when surgical techniques were precluded, RFA has recently emerged as a real 
competitor to PEI. At this time, there are no unequivocal data to back up PEI as 
a replacement for resection as a first-line treatment for patients with early-stage 
HCC. 

Research frontiers
PEI is a standard therapy. However, there has been a drastic shift from PEI to 
RFA since the introduction of the latter into clinical practice, because efficacy 
seems more reproducible in RFA than in PEI and microwave coagulation. Most 
trials comparing RFA and PEI for the treatment of small HCC have yielded not 
only local efficacy but also survival in favor of RFA. In addition, RFA requires 
shorter hospitalization than PEI, which improves quality of life. However, severe 
complications arise with RFA, such as hemothorax, intraperitoneal bleeding, liver 
abscess, liver infarction and diaphragmatic hernia, compared with none with PEI.

Innovations and breakthroughs
PEI can be safely performed. In fact, severe complications such as intraperitoneal 
bleeding, liver abscess, liver infarction and diaphragmatic hernia did not occur in 
our study. After PEI however, almost all recurrence was caused by the emergence 
of new nodular lesions in hepatic segments other than at the locations of the 
treated tumors. In those cases, PEI was used not only for the initial treatment of 
small HCC, but also for recurrent lesions at untreated sites after treatment. The 
post-PEI survival rates in our patients with Child-Pugh class A cirrhosis were at 
least equal to those in the post-surgery group. Tumor size (< 15 mm in diameter) 
and liver function (Child-Pugh class A cirrhosis) were significant survival predictors, 
and such patients were the best candidates for percutaneous ablation. PEI is 
considered not to compete with but to be complementary to RFA in the treatment 
of small HCC, because of its excellent safety and efficacy.   

Applications
RFA is superior to PEI in the treatment of small HCC from the viewpoint of 
treatment response and long-term survival. PEI however, seems feasible, 
efficacious and is very safe. RFA is difficult with tumors located near the gall 
bladder, bile ducts and diaphragm. Therefore, the usefulness and importance 
of PEI for HCC, especially for small-sized (< 15 mm in diameter) HCC, should 
be emphasized. Early detection of HCC < 15 mm by imaging and histological 
diagnosis and early treatment by PEI are essential.

Terminology
Small HCC: < 15 mm in diameter. Local ablation therapy: non-surgical imaging-
guided therapy (using US and/or CT) such as PEI, microwave coagulation and 
RFA. PEI: absolute ethanol is injected directly into lesions through 21-22-G 
needles, which are inserted under US guidance. It can destroy a considerably 
large volume of tissue in one session. RFA: electrodes are inserted into the tumor 
under imaging guidance. Radiofrequency energy is emitted from the exposed 
portion of the electrode, which is converted into heat and causes necrosis of 
the tumor. Child-Pugh class A liver cirrhosis: Cirrhosis with relatively good liver 
function (bilirubin < 2 mg/dL, albumin > 3.5 g/dL, and prothrombin time > 80%), 
without ascites and encephalopathy. 
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Peer review
This study reported a small cohort of 31 patients with HCC < 15 mm in diameter 
treated by PEI. Overall survival of the patients was equal or possibly slightly 
superior to that with treatment by hepatic resection or radioablation. Although a 
small number of patients was analyzed, it represents an interesting and potentially 
important clinical finding.
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practice of hepatology as the result of devel-
opment of 2D multiplanar reconstruction 
(MPR) and a magnetic navigation system. 
Advances in volumetric image acquisition 
capabilities with MDCT and computer 
graphics have led to remarkable improve-
ments in spatial resolution and interactive 3D 
image-processing techniques [8–14]. Cross-
sectional MPR images of the liver from al-
most isovoxel volume data can be used for 
virtual sonographic visualization [15–17]. 
With the magnetic navigation system, a mag-
netically enabled wire tip can be pointed in 
any orientation [18–22], producing 3D im-
ages and integrating information with that 
from MDCT. This 3D information can be su-
perimposed on electrophysiologic results [18, 
19], used in neurosurgery [20, 21], and used 
in interventional cardiology [22]. Virtual CT 
sonography with magnetic navigation can show 
any cross-sectional image of CT volume data 
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P
atients with liver tumors that 
cannot be resected may benefit 
from minimally invasive treat-
ment that provides good pallia-

tion or cure. Radiofrequency ablation is 
widely performed as a percutaneous local 
treatment under real-time sonographic guid-
ance developed for this purpose [1–4]. How-
ever, multiple sessions of radiofrequency ab-
lation therapy are often needed to manage 
malignant hepatic tumors, including hepatic 
nodules poorly defined with B-mode sonog-
raphy alone [5]. CT fluoroscopy can be used 
for accurate tumor localization, intraproce-
dure monitoring, and procedure control [6, 
7]. This method, however, increases expo-
sure to radiation because multiple CT scans 
are obtained and is invasive because of the 
angiographic procedures involved.

A virtual CT sonographic visualization 
system has been introduced to the clinical 
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 Virtual CT sonography with magnetic navigation yields cross-sectional 
images of CT volume data that correspond to the angle of the transducer in the magnetic field 
in real time. The purpose of this study was to evaluate the efficiency and feasibility of virtual 
CT sonography for radiofrequency ablation of hypervascular hepatocellular carcinoma poor-
ly defined on B-mode sonography.

 One hundred one patients enrolled in the study were 
separated into two groups. Fifty-one patients with 65 hepatocellular carcinomas underwent 
prospective virtual CT sonography as guidance for radiofrequency ablation. Fifty patients 
with 63 hepatocellular carcinomas managed with B-mode sonographic guidance were retro-
spectively selected under the same conditions as the virtual CT sonography group to act as a 
historical control group.

 In the virtual CT sonography group, technically successful ablation was 
achieved in a single session in 92% (47/51) of the patients and in two sessions in 8% (4/51). 
In the B-mode sonography group, technical success was achieved in a single session in 72% 
(36/50) of the patients, in two sessions in 24% (12/50), and in three sessions in 4% (2/50). 
Treatment analysis showed that the technical success rate after a single treatment session was 
significantly (p = 0.017) higher for the virtual CT sonography group. The number of treatment 
sessions was significantly (p = 0.021) lower for the virtual CT sonography group (mean, 1.1 ± 
0.1 vs 1.3 ± 0.3 sessions).

 Virtual CT sonographically assisted radiofrequency ablation is an ef-
ficient treatment of patients with hepatocellular carcinoma that is poorly defined on B-mode 
sonography.

Minami et al.
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in real time corresponding to the angle of the 
transducer in the magnetic field. In this study, 
we evaluated the value of virtual CT sonog-
raphy for radiofrequency ablation of hepato-
cellular carcinoma not clearly visualized 
with B-mode sonography.

The ethics committee of our institution approv-
ed the study protocol. Written informed consent 
was obtained at enrollment from all patients or a 
family member.

Patients
All patients met the following criteria for 

treatment with percutaneous radiofrequency 
ablation: presence of a viable hepatocellular carci-
noma in the liver with a maximum diameter not 
greater than 3 cm, percutaneous accessibility of 
the tumor, absence of portal venous and extra-
hepatic metastasis, presence of liver cirrhosis 
(Child-Pugh A or B), prothrombin time ratio 
greater than 50%, total bilirubin concentration 
less than 3.0 mg/dL, and platelet count greater 
than 50,000/µL. We diagnosed hepatocellular 
carcinoma on the basis of the findings on three-
phase contrast-enhanced CT. Hepatocellular car-
cinomas became enhanced in the arterial phase, 
and washout occurred in the portal venous or 
equilibrium phase of contrast-enhanced CT. All 
patients underwent contrast-enhanced CT 1 month 
before radiofrequency ablation.

Between September 2005 and February 2006, 
51 patients with 65 hepatocellular carcinomas, the 
nodules of which became enhanced in the arterial 
phase of dynamic CT but were not well visualized 
with conventional B-mode sonography, were pro-
spectively enrolled in this study. The patient pop-
ulation included 42 men and nine women (mean 
age, 66.2 ± 7.2 [SD] years; range, 45–82 years). 
The mean maximal diameter of the tumors was 
1.6 ± 0.6 cm (range, 1.0–3.0 cm) on dynamic CT. 
Fifty-eight (89%) of the hepatocellular carcinoma 
nodules had not been previously treated. The other 
seven (11%) nodules were local tumor progression 
after various therapies (percutaneous radiofre-
quency ablation in three cases, percutaneous 
ethanol injection in two cases, transcatheter chemo-
embolization in two cases). Forty-three patients 
with hepatocellular carcinoma had cirrhosis of the 
liver, Child-Pugh class A; the other eight patients 
had Child-Pugh class B cirrhosis.

We retrospectively analyzed the cases of a his-
torical control group of 50 patients who had been 
treated with radiofrequency ablation before the 
introduction of real-time virtual CT sonography 
to our hospital. These patients had 63 hepato-
cellular carcinoma nodules and were treated with 

radiofrequency ablation between January 2005 
and July 2005. The recruitment conditions were 
the same as those for the virtual CT sonography 
group. This control patient population included 42 
men and eight women (mean age, 66.6 ± 7.0 years; 
range, 50–80 years). The mean maximal tumor 
diameter was 1.7 ± 0.6 cm (range, 1.0–3.0 cm) on 
dynamic CT. Fifty-five (87%) of the hepatocel-
lular carcinomas had not been previously treated. 
The other eight (13%) nodules were local tumor 
progression after various percutaneous therapies 
(percutaneous radiofrequency ablation in four 
cases, transcatheter chemoembolization in four 
cases, percutaneous ethanol injection in two 
cases). These 63 nodules were managed under 
sonographic guidance with the conventional 
radiofrequency ablation method. Forty-five pa-
tients with hepatocellular carcinoma had liver 
cirrhosis, Child-Pugh class A; the other five 
patients had Child-Pugh class B cirrhosis.

Equipment and Techniques
B-mode sonography (EUB 8500 unit, Hitachi 

Medico) was performed with a 3.5-MHz curved-
array transducer. The virtual CT sonographic 
system was composed of a main unit (EUB 8500), 
the body of the magnetic location detector unit, a 
magnetic field generator, and a magnetic sensor 
attached to the sonographic transducer. This 
generator produced an interacting magnetic field 
yielding an approximately spherical 70-cm uniform 
magnetic field of 0.03 T.

All radiofrequency ablations were performed 
percutaneously by one of five experienced hepa-
tologists, each of whom had more than 6 years of 
experience in sonographically guided inter-
ventional procedures and radiofrequency ablation. 
The treatments were performed with local 
anesthesia and conscious sedation. Conscious 
sedation was induced with 5–20 mg of diazepam. 
Local infiltration anesthesia was induced with 
5–15 mL of 1% lidocaine (Liduokayin, Yimin). 
The patients were conscious when the electrode 
was placed. Vital signs, including blood pressure, 
heart rate, and oxygen saturation, were contin-
uously monitored during the procedure.

Patients in both groups were treated with a 
cooled-tip needle radiofrequency ablation system 
(Cool-tip, Covidien), which is a 480-kHz alter-
native current generator that can produce a maxi-
mum power of 180 W through a 17-gauge 
monopolar cooled-tip needle electrode. A thermo-
couple embedded in the electrode ensures that the 
temperature at the tip of the needle is constantly 
monitored. The radiofrequency electrode temper-
ature was maintained at less than 18°C by 
application of circulating chilled (0°C) saline 
solution to the cannula sheath [23]. We selected a 
single 2-cm exposed tip for nodules smaller than 
2 cm in diameter and a single 3-cm exposed tip for 
larger nodules.

CT images were obtained with a 4-MDCT 
scanner (Aquilion, Toshiba) at 3.0-mm slice 
thickness, 15-mm table speed per rotation, and 

Fig. 1—Diagram shows virtual CT sonography system composed of main unit, body of magnetic location 
detector unit, magnetic field generator, and magnetic sensor attached to sonographic transducer. In magnetic 
field, spatial information from transducer is only relative relation between magnetic generator and magnetic 
sensor. Common point between sonographic image and CT volume data can be set, and virtual CT sonography 
shows image corresponding to movement of transducer in magnetic field. MPR = multiplanar reconstruction; X, 
Y, and Z = axes.
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0.5-mm/s gantry rotation time with inspiration 
breath-hold. Triple-phase contrast-enhanced CT 
scans were obtained 45, 60, and 180 seconds after 
initiation of contrast injection for acquisition of 
the hepatic arterial, portal venous, and equilibrium 
phase images. A total of 100 mL of nonionic con-
trast material containing 300 mg I/mL (iomeprol, 
Iomeron, Eisai) was injected IV with an automatic 
power injector at a rate of 3 mL/s.

Virtual CT Sonography with Magnetic 
Navigation

The magnetic generator was set up on the left 
side of the patient’s trunk (Fig. 1). The magnetic 
sensor was attached to the sonographic transducer 
connected to the body of the magnetic location 
detector unit. After the virtual sonography 
software (Real-Time, Hitachi Medico) was started, 
CT volume data from the late arterial phase within 
1 month before the radiofrequency ablation pro-
cedure were entered in the sonography unit in 
DICOM standard via the local area network at our 
hospital. We selected a CT image obtained at the 
caudal level of the xiphoid and placed the center of 
the transducer attached to a magnetic sensor 
lengthwise on the skin at the caudal level of 
xiphoid. We thereby set a common point in the 
workstation as the position of the transducer at the 
xiphoid level on the skin (Fig. 2).

Virtual CT sonography displayed the image 
corresponding to the movement of the transducer 
in the magnetic field. Thus we saw synchronous 
images from virtual CT sonography and B-mode 
sonography side by side on the sonographic 
monitor (Fig. 3). A smooth virtual CT sonographic 
image was obtained with a display of 256 × 256 
pixel at 10 frames/s. If the images showed a gap 
between virtual CT sonography and B-mode 
sonography, we adjusted the view. We searched 

the view of the umbilical portion or the right 
portal vein on virtual CT sonography using the 
sonographic transducer. After we had fixed this 
image, we released the virtual CT sonographic 
image with the corresponding B-mode sonogra-
phic image. As the procedures were repeated, we 
adjusted the virtual CT sonographic images to the 
B-mode sonographic images.

Virtual CT sonography showed enhanced 
hepatocellular carcinoma nodules if the tumor 
was not clearly visualized with B-mode sono-
graphy. We then identified the target for insertion 
of a radiofrequency electrode. After the radio-
frequency electrode penetrated the tumor along 
the track on B-mode sonographic images, ablation 
was performed for 12 minutes, as recommended 
by the manufacturer.

Assessment of Treatment Response
A few days after treatment, the technical 

success of ablation was assessed on the basis of 
findings on three-phase contrast-enhanced CT 
scans. A tumor was considered successfully 
ablated when no enhanced region was detected 
either within the entire tumor in the arterial phase 
or in a 0.5- to 1.0-cm margin of apparently normal 
hepatic tissue surrounding the tumor in the portal 
phase. Part of the tumor was diagnosed as 
remaining viable when images of the ablated area 
showed nodular peripheral enhancement [23]. 
The residual portion was managed with additional 
radiofrequency ablation within a few days of 
posttreatment CT assessment. We repeated radio-
frequency ablation therapy until technical success 
was achieved in a single hospital stay.

Statistical Analysis and Follow-Up
Data were expressed as mean ± SD. Differences 

in clinical characteristics between the two groups 

were compared by use of chi-square and unpaired 
Student’s t tests. For assessment of therapeutic 
efficacy, the number of treatment sessions was 
compared between the two groups by use of 
unpaired Student’s t tests. A value of p < 0.05 was 
considered significant. If 1-month follow-up CT 
images showed successful ablation and no new 
tumors, three-phase contrast-enhanced CT scans 
were repeated at 3-month intervals. All patients 
participated in follow-up for at least 6 months 
after radiofrequency ablation and underwent at 
least two follow-up CT examinations. Various 
complications were recorded.

Age, sex, size of viable hepatocellular car-
cinoma, and previous treatments did not dif-
fer significantly between patients in the vir-
tual CT sonography and B-mode sonography 
groups (Table 1). Among 65 hepatocellular 
carcinomas in the virtual CT sonography 
group, 53 nodules were unclear on B-mode 
sonography and 12 nodules were not detected 
because many large regenerated nodules 
were visible in cirrhotic liver. Among 63 he-
patocellular carcinomas in the conventional 
B-mode sonography group, 52 nodules were 
unclear on B-mode sonography, and 11 nod-
ules were not detected in cirrhotic liver.

Between September 2005 and February 
2006, 159 patients with 198 hepatocellular 
carcinoma nodules were treated by radiofre-
quency ablation at our hospital. Virtual CT 
sonographically assisted radiofrequency ab-
lation for hepatocellular carcinoma account-
ed for 32.1% (51/159) of the overall cases of 
radiofrequency ablation. Rates of technically 
successful ablation after a single session 
were significantly higher for the virtual CT 
sonography group than for the B-mode 
sonography group (p = 0.017, Fisher’s exact 
test). In the virtual CT sonography group, 
technically successful ablation was achieved 
in a single session in 47 (92%) of 51 patients; 
two sessions were needed for four (8%) of 
the patients. The average number of treat-
ment sessions was 1.1 ± 0.3. In the B-mode 
sonography group, complete tumor necrosis 
was achieved in a single session in only 36 
(72%) of 50 patients; two sessions were need-
ed for 12 (24%) and three sessions for two 
(4%) of the patients. The average number of 
treatment sessions was 1.3 ± 0.6. Among four 
patients with four hepatocellular carcinomas 
in the virtual CT sonography group who re-
ceived incomplete treatment at the first ses-
sion, two tumors were located in segment 
VII of the liver and one each in segments VI 

Fig. 2—53-year-old 
man with hepatocellular 
carcinoma. Screen 
shot shows setting 
windows for virtual 
CT sonography. 
Main window shows 
transverse CT image at 
xiphoid level. Broken 
lines and cross-point in 
main window indicate 
axial, coronal, or 
sagittal central axes 
and center point. In 
workstation, positions 
of caliper cursor and 
transducer are aligned 
as common point at 
xiphoid level on skin. 
When user chooses OK, 
virtual display begins.
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and VIII. Two nodules were local tumor pro-
gression after percutaneous radiofrequency 
ablation and transcatheter chemoemboliza-
tion, and the other two nodules had not been 
previously treated.

The mean follow-up time was 10.7 ± 4.2 
months (range, 2–18 months) for the virtual 
CT sonography group and 10.8 ± 6.6 months 
(range, 3–22 months) for the B-mode sonog-
raphy group. During the follow-up period, 
two (3%) of the patients in the virtual CT 
sonography group and two (3%) in the B-
mode sonography group had local tumor pro-
gression. There was no significant difference 
in local tumor progression between the 
groups (p = 0.98, Fisher’s exact test). No se-
rious side effects or procedure-related com-
plications (hemorrhage, infection, needle 
track seeding, hepatic failure, or death) oc-
curred in the CT sonography group. One 
case of pleural hemorrhage occurred in the 
B-mode sonography group.

The virtual CT sonography system inte-
grates MPR with magnetic navigation. The 

images are viewed synchronously in real 
time side by side with B-mode sonographic 
images. Oshio and Shinmoto [24] reported 
the first use of virtual sonographic imaging 
in 1996. Helical CT images were used to re-
construct 3D images. The MPR images re-
sembled conventional B-mode sonographic 
images after reconstruction, but the virtual 
sonographic MPR images had low resolution 
and could not be acquired as quickly as sono-
graphic images. The development of MDCT 
afforded the opportunity to rapidly scan large 
longitudinal volumes and a wide range of 
volumes within a short time in thin slices, 
and the images are obtained quickly with a 
powerful PC. In clinical applications, how-
ever, navigation with adjustable magnetic 
fields requires precise direction of wires and 
equipment [18–22].

Magnetic guidance was first used in hu-
mans in 1991 for neonatal heart catheteriza-
tion for the diagnosis of anomalous congenital 
cardiac drainage [25]. The procedure was 
based on 3D reconstruction of the vessel lu-
men from standard angiographic images. 
Knowledge of the positions of the table and 

image intensifier during angiography allowed 
calculation of the vessel coordinates in real 
space within the patient’s chest. As a result, 
the current magnetic navigation system re-
ceived regulatory approval for human clinical 
use in cardiac electrophysiology and interven-
tional cardiology [18].

Our results indicate that percutaneous ra-
diofrequency ablation assisted by virtual CT 
sonography is a safe procedure and is effec-
tive in patients with hepatocellular carcinoma 
even though the nodules are poorly defined 
on B-mode sonography. An overall complete 
tumor response was achieved in all of the pa-
tients in an average of 1.1 treatment sessions. 
A single radiofrequency ablation led to com-
plete tumor response in 90.2% of the patients. 
Treatment analysis showed a statistically high-
er success rate in the first treatment session 
with virtual CT sonographic assistance than 
with conventional B-mode sonographic guid-
ance. These results reflect correct targeting of 

A

C

Fig. 3—67-year-old man with 1.4-cm distant 
recurrence of hepatocellular carcinoma after 
transcatheter arterial chemoembolization and 
radiofrequency ablation.
A, Transverse arterial phase CT scan shows viable 
hepatocellular carcinoma (arrow) in segment VI of 
liver between portal vein and inferior vena cava and 
iodized oil accumulated on lesions (arrowheads).
B, Virtual CT sonographic image (left) displayed 
with corresponding B-mode sonogram (right) shows 
enhanced hepatocellular carcinoma nodule (arrow), 
iodized oil accumulated on lesions (arrowhead), and 
hepatocellular carcinoma as isoechoic area (star). 
D1 = first distance. Inset showing transducer angle in 
plane of body trunk indicates images were obtained 
from subcostal view.
C, B-mode sonographic image shows radiofrequency 
electrode needle inserted into isoechoic area, which 
is behind right portal vein.
D, Portal phase dynamic CT scan obtained after 
radiofrequency ablation shows that tumor and 
surrounding area are not enhanced, indicating 
complete necrosis of lesion.
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did not show images coincident with the B-
mode sonographic images, making view ad-
justment difficult. Imaging incompatibility 
might have occurred because the depths of 
breath-holds at CT and sonographic exami-
nation varied. The difference also increases 
with an increase in distance between the 
magnetic sensor attached to the transducer 
and the magnetic generator. Therefore, in-
complete first ablation might have been the 
result of a large distance between the trans-
ducer and the magnetic generator during in-
tercostal examination of patients with hepa-
tocellular carcinoma in the right lobe.

Virtual CT sonography is expected to be 
useful to patients with hepatic metastasis. 
The borders of metastatic nodules in the liver 
frequently are not clear on B-mode sonogra-
phy because of the lack of a tumor capsule 
[26] and because of cellular infiltration of 
metastatic lesions [27]. In many cases, it is 
difficult to differentiate viable metastatic he-
patic tumors from necrotic tissue on B-mode 
sonography after local ablation therapy. 
Therefore, local progression of metastatic 
hepatic tumors after ablation therapy may be 
effectively targeted with this method. In pa-
tients with metastatic hepatic tumors, late 
arterial phase CT scans can show pale tumor 
enhancement and clear tumor borders on 
liver tissue. As for hepatocellular carcinoma, 
late arterial phase CT scans may be available 
for MPR of virtual CT sonographic images 
during radiofrequency ablation of metastatic 
hepatic tumors.

The sonography unit in the virtual sonog-
raphy system is standardized in the DICOM 
format, which is a standard format for clini-
cal CT, MRI, and sonography and is the pro-
tocol for communication between clinical 
imaging machines. With the DICOM stan-
dard, digital images from multiple tech-
niques performed by multiple units in a hos-
pital can be transmitted through the local 
area network. Therefore, not only CT but 
also MRI can be used for virtual sonography 
if formatted with DICOM. Virtual sonogra-
phy with MRI might be available for patients 
with an allergy to CT contrast medium. The 
contrast enhancement of tissue on MRI can 
be visualized more clearly than that of CT 
without contrast medium. For example, MRI 
can be used to differentiate viable hepatic 
malignant tumors with necrosis due to previ-
ous ablation therapy. On T2-weighted MRI, 
there has been a significant association be-
tween hypervascular hepatocellular carcino-
ma and nodule signal intensity [28, 29].

Carcinoma (n

Characteristic
Virtual CT 

Sonography Group
B-Mode 

Sonography Group p

No. of patients 51 50

No. of lesions 65 63

Age (y)

Mean ± SD 66.2 ± 7.2 66.6 ± 7.0 0.84

Range 45–82 50–80

Sex ratio (M/F) 42/9 42/8 1.00

Child-Pugh class of hepatic cirrhosis 0.86

A 43 45

B 8 5

C 0 0

Albumin concentration (g/dL)a 3.7 ± 0.5 3.6 ± 0.6 0.36

Bilirubin concentration (mg/dL)a 0.9 ± 0.4 0.9 ± 0.4 0.38

Prothrombin time ratio (%)a 82.5 ± 14.0 81.4 ± 9.5 0.40

Diameter of viable hepatocellular carcinoma (cm)

Mean ± SD 1.6 ± 0.6 1.7 ± 0.6 0.47

Range 1.0–3.0 1.0–3.0

Tumor location in liver subsegments 0.85

Left lateral 4 6

Left medial 3 6

Right medial 37 34

Right lateral 21 17

Previous treatments 0.93

None 58 53

Radiofrequency ablation 3 4

Percutaneous ethanol injection 2 2

Transcatheter arterial chemoembolization 2 4
aMean ± SD.

ablation with the imaging technique, even 
though the conditions for percutaneous abla-
tion of hepatocellular carcinoma nodules 
were difficult in that the nodules were not 
clearly demarcated with B-mode sonography. 
Therefore, virtual CT sonography assistance 
can improve the technical success of radio-
frequency ablation of hepatocellular carcino-
ma nodules not well visualized with conven-
tional B-mode sonography.

Virtual CT sonography with magnetic 
navigation has three important features for 
clinical application in radiofrequency abla-
tion therapy. The first is compatibility. We 
easily compared the virtual CT sonographic 
images with B-mode sonographic images be-
cause the sonographic monitor showed them 
side by side. The second feature is swift re-
sponse. With a powerful computer, any MPR 

cross sections can correspond in real time to 
the angle of the transducer in the magnetic 
field. Therefore, enhanced tumors and portal 
veins on virtual CT sonography can be dis-
played smoothly for each movement of the 
transducer. The third feature is synchronic-
ity. This guidance technique is based on im-
mediate feedback to point out small hepato-
cellular carcinoma nodules that cannot be 
clearly visualized with B-mode sonography. 
Therefore, assisted by virtual CT sonogra-
phy, we were able to insert the radiofrequen-
cy electrode into these small nodules seen on 
B-mode sonography.

In four hepatocellular carcinomas in four 
patients in the virtual CT sonography group, 
tumor ablation was incomplete after the first 
treatment session. Ablations might have been 
incomplete because virtual CT sonography 
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Contrast harmonic sonography with an IV 
contrast agent has depicted intratumoral mi-
croscopic flow sensitively and accurately 
[30]. It also has been recognized [31, 32] as 
useful for assessing the therapeutic response 
to transcatheter arterial chemoembolization 
and radiofrequency ablation therapy in pa-
tients with hepatocellular carcinoma. Small 
hypervascular hepatocellular carcinomas 
can be evaluated with contrast-enhanced 
harmonic sonography even when tumors are 
not adequately characterized with B-mode 
sonography. It has been reported [33] that 
contrast-enhanced harmonic sonography 
with SH U 508A (Levovist, Bayer Schering 
Pharma AG) is useful guidance of percuta-
neous local ablation therapy for hepatocellu-
lar carcinoma poorly depicted with conven-
tional B-mode sonography. However, mi-
crobubble-based contrast agents such as SH 
U 508A can collapse easily when exposed to 
the sonographic pulse.

Maintaining real-time imaging during 
contrast-enhanced harmonic sonography for 
guidance of radiofrequency ablation should 
shorten the enhancement period. Skill is re-
quired because the imaging time of contrast 
harmonic sonography is too short for a search 
for the enhanced hepatocellular carcinoma 
nodule and insertion of a radiofrequency 
electrode. On the other hand, second-genera-
tion sonographic contrast agents, such as 
aqueous suspension of phospholipid-stabi-
lized microbubbles filled with sulfur hexaflu-
oride (SonoVue, Bracco) and perfluorobu-
tane microbubbles (Sonazoid, Amersham) 
consist of shelled microbubbles and are 
strongly echogenic in a wide range of fre-
quencies and acoustic pressures [34, 35]. 
They can be used with conservative contrast 
bubble–specific imaging methods. The ther-
apeutic effects of radiofrequency ablation 
performed with CT sonographic guidance 
should be compared with those of ablation 
performed with contrast-enhanced harmonic 
sonographic guidance with a second-genera-
tion contrast medium.

The virtual CT sonography system has po-
tential for other clinical uses, such as evaluat-
ing therapeutic response to radiofrequency 
ablation and transcatheter arterial chemoem-
bolization. Axial CT images are often used 
for this purpose [36, 37], and MPR images 
can show multiple cross sections. With virtual 
CT sonography, it may be straightforward to 
show the sagittal or coronal view of MPR im-
ages according to the angles of the transducer. 
Virtual sonographic images with installed 

CT images obtained after radiofrequency ab-
lation may be useful for more accurate evalu-
ation of treatment response than can be per-
formed with axial CT images alone.

The principal limitation of this study was 
the nonrandomized and retrospective design, 
which inherently decreased the statistical 
strength. Another limitation was the prelimi-
nary nature and therefore the relatively small 
number of patients. Further prospective ran-
domized studies of this technique with a 
large number of patients are warranted.

Real-time virtual CT sonography can 
show the 3D relations between the hepatic 
vasculature and tumors. The results of this 
study show the safety and feasibility of real-
time virtual CT sonographic guidance of 
percutaneous radiofrequency ablation in pa-
tients with hepatocellular carcinoma even 
though the nodules are poorly defined on B-
mode sonography.
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imaging parameters (irregular or nodular liver surface, blunt 
liver edge, liver parenchymal abnormalities, liver morpho-
logical changes and manifestations of portal hypertension) 
using a severity scale. The diagnostic imaging impression 
score was also calculated. Patients were histologically classi-
fied into chronic hepatitis (CH; n = 54), liver cirrhosis (LC; n = 
71) and pre-cirrhosis (P-LC; n = 17) by three pathologists, in-
dependently, who reviewed the resected liver specimens. 
The results of the three imaging methods were compared to 
those from histological diagnoses, and a multivariate analy-
sis (stepwise forward logistic regression analysis) was per-
formed to identify independent predictive signs of cirrhosis. 
The diagnostic efficacies for LC and early cirrhosis were also 
compared among CT, MRI and US using a receiver-operating 
characteristic (ROC) curve analysis.  Results:  The differences 
in the five imaging parameters evaluated by CT, MRI and US 
between LC and CH were statistically significant (p  !  0.001) 

 Key Words 
 CT  �  Diagnostic accuracy  �  Diagnostic imaging  �  Imaging 
modalities  �  Liver cirrhosis  �  MRI  �  Multicenter study  �  
Ultrasonography  �  Receiver-operating characteristic 
analysis 

 Abstract 
  Objective:  To evaluate the diagnostic accuracy of liver cir-
rhosis by imaging modalities, including CT, MRI and US, com-
pared to results obtained from histopathological diagnoses 
of resected specimens.  Materials and Methods:  CT, MRI and 
US examinations of 142 patients with chronic liver disease 
who underwent surgery for complicated hepatocellular car-
cinoma ( ! 3 cm in diameter) in 10 institutions were blindly 
reviewed in a multicenter study by three radiologists expe-
rienced in CT, MRI and US. The images were evaluated for five 
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except for the manifestations of portal hypertension on US. 
Irregular or nodular surface, blunt edge or morphological 
changes in the liver were selected as the best predictive 
signs for cirrhosis on US whereas liver parenchymal abnor-
malities, manifestations of portal hypertension and mor-
phological changes in the liver were the best predictive 
signs on MRI and CT by multivariate analysis. The predictive 
diagnostic accuracy, sensitivity and specificity in discrimi-
nating LC from CH based on the best predictive signs were 
71.9, 77.1 and 67.6% by CT; 67.9, 67.5 and 68.3% by MRI, and 
66.0, 38.4 (lower than CT and MRI, p =   0.001) and 88.8% 
(higher than CT and MRI, p =   0.001)   by US. According to the 
imaging impression scoring system, diagnostic accuracy, 
sensitivity and specificity were 67.0, 84.3 and 52.9% by CT; 
70.3, 86.7 and 53.9% by MRI, and 64.0, 52.4 (lower than CT 
and MRI, p =   0.0001) and 73.5% (higher than CT and MRI, p  !  
0.003) by US. ROC analysis showed that MRI and CT were 
slightly superior to US in the diagnosis of LC but no statisti-
cally significant difference was found between them. For the 
pathological diagnosis of P-LC, cirrhosis was diagnosed in 
59.5, 46.7 and 41.7% of the P-LC cases by US, CT and MRI, re-
spectively, with no significant difference among these meth-
ods.  Conclusion:  US, CT and MRI had different independent 
predictive signs for the diagnosis of LC. MRI and CT were 
slightly superior to US in predicting cirrhosis, especially re-
garding sensitivity. Noninvasive imaging techniques play an 
important role in the diagnosis of cirrhosis, especially in the 
evaluation of P-LC.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Liver cirrhosis (LC), which is defined as a diffuse pro-
cess of architectural disorganization histologically char-
acterized by fibrosis and regenerative nodules  [1] , has a 
tendency to progress to portal hypertension, hepatocel-
lular dysfunction and hepatocellular carcinoma (HCC). 
In addition, progression from compensated to decom-
pensated cirrhosis finally results in life-threatening com-
plications such as liver failure or massive gastrointestinal 
hemorrhage  [2, 3] . In the management of liver diseases, 
an accurate diagnosis is a prerequisite for effective treat-
ment since proper medical treatments such as interferon 
therapy may slow disease progression.

  Although laparoscopy-guided liver biopsy has been 
the standard method for the diagnosis of LC, it is invasive 
and not practical for the subsequent follow-up of patients. 
Furthermore, it is well known that even biopsy diagnosis 
fails to correctly differentiate between chronic hepatitis 

(CH) and LC. Biochemical and imaging examinations 
have been commonly used for the noninvasive clinical 
diagnosis of LC. The need for liver biopsy is reduced, if 
either or both of these approaches provide a correct diag-
nosis of LC, which is the main purpose of current inves-
tigations. Imaging modalities including ultrasonography 
(US), computed tomography (CT) and magnetic reso-
nance imaging (MRI) play important roles in the clinical 
diagnosis of chronic liver diseases, the follow-up of the 
disease course and progression of the disease, as well as 
the detection of potential complications, e.g. HCC  [4–7] . 
These methods seem especially crucial in patients with 
compensated LC and normal biochemical values show-
ing no active inflammation.

  The imaging characteristics of LC have been well de-
scribed in previous studies  [5–15] . The roles of different 
imaging modalities in the diagnosis of LC have also been 
discussed separately  [8–13, 15–18]  or as combinations of 
two imaging methods  [14, 19, 20] . However, only a few 
studies reported the diagnosis of compensated LC  [17,
21] . To the best of our knowledge, studies comparing dif-
ferent imaging techniques (CT, US and MRI) with mac-
roscopically and histopathologically diagnosed LC and 
pre-cirrhosis (P-LC) have not been published yet.

  The aim of this retrospective multicenter study was to 
evaluate the accuracy of three imaging modalities in the 
diagnosis of LC and P-LC, and to identify independent 
predictive imaging signs of cirrhosis by multivariate 
analysis.

  Patients and Methods 

 Study Design 
 This study is a cross-over multicenter retrospective trial in-

volving 10 Japanese hospitals and university centers. The study 
protocol was proposed by the Research Group of Diagnosis and 
Treatment of Liver Cirrhosis (Japanese Society of Gastroenterol-
ogy) and approved by the institutional review boards of each cen-
ter.

  Patients 
 Information from   157 cases of HCC who underwent surgical 

treatment for tumor resection was collected within a 3-year pe-
riod from 1997 to 2000 as part of a multicenter study, and only 
142 cases were included in this study. Inclusion criteria were as 
follows: (a) histological manifestations of diffuse liver disease ex-
cept for HCC and a clinical history of chronic liver disease based 
on persistent abnormalities in liver function tests, and (b) the 
main tumor nodule being  ! 3 cm in diameter (lesions  ! 3 cm neg-
ligibly affect liver morphology, hemodynamics and function).

  There were a total of 104 men and 38 women, aged between 42 
and 82 years (mean age, 64 years), with chronic liver disease 
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caused by hepatitis B viral infection (n = 23), hepatitis C viral in-
fection (n = 97), alcohol damage (n = 2), other causes (n = 2) and 
unclear causes (n = 16). Clinical staging of cirrhosis was per-
formed according to the Child-Pugh classification (grades A–C) 
based on a scoring system using variables for ascites, encepha-
lopathy, bilirubin, albumin values and prothrombin time  [22, 
23] .

  Pathological Diagnosis 
 The resected liver specimens were used for histological diag-

nosis. The areas where there was no tumor lesion within the spec-
imens were evaluated ( fig. 1 ) macroscopically and microscopical-
ly with hematoxylin and eosin (HE), and Masson and Azan stains 
by three pathologists (K.S., M.K. and M.K.) in the Department of 
Pathology, Kurume University, independently and blindly with-
out knowledge of clinical data except for the presence of liver tu-
mors. The final diagnosis was determined when consensus was 
reached by at least two pathologists for each patient’s specimen. 
In this study, there was no situation where all three pathologists 
disagreed on the same patient. Liver fibrosis stages were assessed 
according to the criteria of the international classification for the 
histological assessment of CH  [24] , in which fibrosis was classi-
fied from F 0  to F 3  with varying degrees of fibrosis ( fig. 2 a), and 
cirrhosis developed from CH was expressed as F 4  ( fig. 2 b). Name-
ly, F 0  represented no fibrosis; F 1  was characterized by fibrous por-
tal expansion; F 2  showed bridging fibrosis (portal-portal or por-
tal-central linkage); F 3  was bridging fibrosis with lobular distor-
tion (disorganization), and F 4  meant cirrhosis. Some cases of F 3  
with progressing lobular architecture distortion and a tendency 
to form regenerative nodules but with no complete fibrotic septa 
and no obvious regenerative nodules in the liver were defined as 
P-LC ( fig. 2 c), and were excluded from both groups of LC and CH 
when making pathological diagnosis.

  Imaging Interpretation 
 Imaging examinations including US, CT and MRI were retro-

spectively reviewed and scored independently in a random order 
by three blinded readers who were unaware of the patients’ path-
ological and clinical data apart from HCC. Namely, three radi-
ologists (N.U., M.K. and K.I.) specialized in liver imaging re-
viewed both CT and MRI scans, and three ultrasound experts 

a

b

c

  Fig. 1.  Resected specimen showing HCC and background liver 
disease. 

  Fig. 2.   Histopathological specimens showing mild fibrosis (F 1 ; 
a ), regenerative nodular formation, suggesting LC (F 4 ;  b ) and 
findings of P-LC ( c ). 
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(T.I., Y.O. and H.I.) evaluated US data. All imaging examinations 
were performed according to routine clinical protocols within 2 
weeks before the patients underwent surgery.

  The imaging data were evaluated for the following five param-
eters: presence or absence of irregular or nodular liver surface, 
blunt liver edge, liver parenchymal abnormalities (coarseness, 
heterogeneity and regenerative nodules), liver morphological 
changes (including subitems of atrophy of the right lobe and the 
medial segment, hypertrophy of the lateral segment and the cau-
date lobe, widened pericholecystic space and enlargement in the 
periportal space), manifestations of portal hypertension (includ-
ing subitems of splenomegaly, dilatation of the splenic vein, asci-
tes and collaterals which presented at gastroesophageal and para-
esophageal, paraumbilical, splenorenal shunt and other locations 
such as retroperitoneal and perisplenic mesenteric collaterals). 
The assessment of irregular and nodular surfaces, blunt edges, 
parenchymal abnormalities, splenomegaly, splenic vein dilata-
tion, ascites and each subitem of liver morphological changes, i.e. 
atrophy of the right lobe and left medial segments, hypertrophy 
of the left lateral segment and caudate lobe, except for the enlarge-
ment of the pericholecystic space and periportal vein space (which 
were recorded as no = 0, yes = 1), was performed using a severity 
scale (none = 0, subtle = 1, definite = 2). Each subitem of the man-
ifestations of portal hypertension was also scored (no = 0, yes = 
1). With regard to the parameters of liver morphological changes 
and manifestations of portal hypertension, if one of the above-
mentioned subitems of these two parameters was positive (name-
ly had a score of 1 or 2), then liver morphological changes or man-
ifestations of portal hypertension existed and the scores of all the 
subitems were summed to give a combined score made of these 
two parameters.

  Collateral circulation at gastroesophageal and paraesopha-
geal, paraumbilical, splenorenal and other locations was not fully 
evaluated by US because most patients were examined to evaluate 
liver tumors, and US pictures were not taken to show the collat-
erals.

  Imaging diagnostic impressions for each method were also in-
dependently made by the three blinded observers mentioned 
above based on a 5-point grading scale (definitive LC = 5, prob-
able LC = 4, undetermined = 3, probably not LC = 2, definitively 
not LC = 1) according to the unified impression for the whole im-
aging manifestations.

  Analysis of Items and Statistical Analysis 
 The methods of analysis of the items and statistics were as fol-

lows. (a) Univariate analysis was used to compare the various im-
aging findings between CH and LC using the Mann-Whitney U 
test. p  !  0.05 was considered statistically significant. (b) Multi-
variate analysis was applied to assess independent effects of imag-
ing parameters predicting the diagnosis of LC using a stepwise 
forward logistic regression analysis. (c) The  �  2  test was used to 
compare the efficacy of the three imaging methods (including 
diagnostic accuracy, sensitivity and specificity) in the diagnosis 
of LC based on significant predictive variables of imaging find-
ings and imaging diagnostic impression scores. (d) The receiver-
operating characteristic (ROC) analysis was applied to compare 
the diagnostic impression scores among the three imaging meth-
ods. The ROC curve was expressed with sensitivity plotted against 
specificity. The discrimination capacity was revealed by the loca-
tion of the ROC curve (it was better that the curve was located 

more upward and left, and far from the chance line). The areas 
under the ROC curve were expressed as A z . The diagnostic value 
was defined as low (A z  = 0.50–0.70), moderate (A z  = 0.70–0.90) 
and high (A z  = 0.90–1.0)  [25] . (e) The  �  2  test was also performed 
to calculate and compare the frequency of possible cirrhosis in P-
LC cases using the three imaging modalities.

  Only cases in whom all imaging data of US, CT and MRI were 
available were included in the multivariate analysis and the com-
parison of diagnostic efficacies among the three imaging meth-
ods. 

  All patients had three records of each imaging finding score 
and imaging diagnostic impression score. When it was difficult 
to determine a score, the corresponding record was considered
as a missing value and was not counted in the later statistical anal-
ysis.

  For the assessment of interobserver variability of categorical 
imaging findings, a  �  analysis was performed. The levels of agree-
ment were defined as: no agreement ( �   !  0), poor agreement ( �  = 
0–0.4), fair agreement ( �  = 0.41–0.60), good agreement ( �  = 0.61–
0.80) and excellent agreement ( �  = 0.81–1.00)  [15] .

  Results 

 Pathological and Imaging Diagnosis 
 The pathological diagnostic results of the 142 cases 

were: CH in 54 cases, LC in 71 cases and P-LC in 17 cases 
(these cases did not take part in the statistical analysis for 
the diagnosis of LC). The results of the histological as-
sessment of fibrosis stages were as follows: F 0  in 3 cases, 
F 1  in 8 cases, F 2  in 24 cases, F 3  in 36 cases and F 4  in 71 
cases. In the 71 cases of LC, the Child-Pugh grade clas-
sification was: grade A in 65 cases (91.5%), grade B and 
grade C in 1 patient (1.4%) and undetermined grade in 4 
cases (5.6%) because of missing laboratory data.

  CT, MRI and US data were available for 132, 89 and 
124 cases, respectively. Seventy-two cases (CH in 28 cas-
es and LC in 34 cases) underwent all three imaging ex-
aminations before operation.

  With regard to the interobserver variability in cate-
gorical imaging findings,  �  values demonstrated fair 
agreement in CT and MRI (0.52 and 0.59, respectively), 
being poor in US (0.39).

  Distinction between LC and CH 
 Univariate Analysis 
 The differences in the five imaging parameters (i.e. ir-

regular and nodular liver surface, blunt liver edge, liver 
parenchymal abnormalities, liver morphological changes 
and manifestations of portal hypertension) evaluated by 
CT, MRI and US were statistically significant between LC 
and CH (p  !  0.001) except for the manifestations of por-
tal hypertension on US. Comparing the subitems of liver 
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morphological changes and manifestations of portal hy-
pertension, the imaging manifestations of ascites on CT, 
MRI and US indicated no significant difference between 
LC and CH. Furthermore, collaterals at splenorenal and 
other locations on MRI, and enlargement of the peripor-
tal space and dilatation of the splenic vein on US also 
showed no significant differences whereas the differenc-
es in other subitems of liver morphological changes and 
portal hypertension were statistically significant between 
LC and CH (p  !  0.05;  table 1 ;  fig. 3 ).

  Multivariate Analysis 
 The results of the stepwise forward logistic regression 

analysis with the pathological diagnosis of LC and CH as 
dependent variables and the five imaging parameters as 
independent variables are shown in  table 2 . Irregular and 
nodular liver surface, blunt liver edge and liver morpho-
logical changes were selected as the best predictive signs 
(significant independent variables) on US whereas liver 
parenchymal abnormalities, manifestations of portal hy-
pertension and liver morphological changes were the best 
predictive signs on MRI; the results of CT were similar to 
those of MRI with one more variable (irregular and nod-
ular liver surface). The predictive diagnostic accuracy, 
sensitivity and specificity that discriminated LC from 

CH based on the best predictive signs were 71.9, 77.1 and 
67.6% by CT, respectively; 67.9, 67.5 and 68.3% by MRI, 
respectively, and 66.0, 38.4 (lower than CT and MRI, p  = 
 0.001) and 88.8% (higher than CT and MRI  ,  p  =  0.001) 
by US ( table 3 ), respectively.

  Diagnostic Impression 
 According to the diagnostic imaging impression 

scores, LC corresponded to a score  6 4, and CH corre-
sponded to a score  ! 4. The diagnostic accuracy, sensitiv-
ity and specificity values were 67.0, 84.3 and 52.9% by CT; 
70.3, 86.7 and 53.9% by MRI, and 64.0, 52.4 (lower than 
CT and MRI, p  =  0.0001) and 73.5% (higher than CT and 
MRI ,  p   ̂    0.003) by US, respectively ( table 3 ).

  ROC Analysis 
 The ROC curves of the three imaging modalities in 

the diagnosis of LC are shown in  figure 4 . MRI and CT 
were slightly superior to US with moderate A z  values of 
0.788, 0.770 and 0.716, respectively, but no significant dif-
ference was found among these modalities.

  Evaluation of P-LC 
 For the pathological diagnosis of P-LC as early cirrho-

sis, the imaging materials in cases of early cirrhosis avail-

Table 1. Comparison of imaging finding categories between LC and CH using different imaging modalities

Imaging finding parameters CT MRI US

f Z p f Z p f Z p

Irregular and nodular surface 350 –9.037 0.000 231 –6.276 0.000 329 –6.078 0.000
Blunt edge 350 –6.511 0.000 231 –3.998 0.000 300 –5.522 0.000
Parenchymal abnormalities 351 –4.629 0.000 231 –6.008 0.000 328 –6.527 0.000
Morphological changes 351 –6.450 0.000 231 –5.517 0.000 327 –6.177 0.000

Atrophy of the right lobe 351 –3.913 0.000 231 –6.511 0.000 303 –5.046 0.000
Atrophy of the medial segment 347 –5.239 0.000 231 –3.248 0.001 168 –4.021 0.000
Hypertrophy of the lateral segment 347 –4.534 0.000 231 –5.760 0.000 281 –3.640 0.000
Hypertrophy of the caudate lobe 347 –3.350 0.001 231 –2.418 0.016 198 –4.153 0.000
Widened pericholecystic space 346 –4.453 0.000 231 –3.934 0.000 206 –2.563 0.000
Enlarged periportal space 348 –3.414 0.001 231 –2.467 0.014 20 –1.780 NS

Manifestations of portal hypertension 351 –7.990 0.000 231 –5.634 0.000 317 –0.315 NS
Splenomegaly 345 –7.585 0.000 231 –5.351 0.000 212 –2.019 0.044
Splenic vein dilatation 346 –5.757 0.000 231 –4.114 0.000 115 –1.627 NS
Ascites 351 –1.223 NS 231 –1.698 NS 313 –0.784 NS
Gastro- and esophageal varices 346 –2.783 0.005 231 –2.363 0.011
Paraumbilical collaterals 346 –4.137 0.000 231 –3.344 0.001
Splenorenal shunt 347 –2.733 0.006 230 –0.370 NS
Other sites of collaterals 350 –2.901 0.004 231 –1.389 NS

f = Frequency for which the imaging scores were available; Z = statistical value of the non-parametric test; NS = nonsignificant.
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  Fig. 3.  Differences in the five imaging finding categories on US, CT and MRI compared to pathological diag-
nosis between LC and CH.           

Table 2. Results of logistic regression: imaging finding categories versus pathological diagnosis for LC and 
CH

Selected independent variables B Odds ratio 
(95% confidence intervals)

p value

US
Irregular and nodular surface 1.039 2.827 (1.123–7.118) 0.027
Blunt edge 0.985 2.677 (1.004–7.138) 0.049
Morphological changes 0.292 1.333 (0.996–1.799) 0.053

MRI
Parenchymal abnormalities 1.003 2.726 (1.469–5.060) 0.001
Manifestations of portal hypertension 0.486 1.626 (1.119–2.363) 0.011
Morphological changes 0.280 1.323 (1.094–1.599) 0.004

CT
Irregular and nodular surface 1.979 7.238 (2.572–20.369) 0.000
Parenchymal abnormalities 1.331 3.786 (1.288–11.129) 0.016
Manifestations of portal hypertension 0.321 1.379 (1.050–1.811) 0.021
Morphological changes 0.212 1.236 (1.043–1.465) 0.015
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able in CT, US and MRI were 15, 14 and 12, respectively. 
The frequencies of imaging impression scores  6 4, which 
suggested cirrhosis by CT, US and MRI, were 46.7 (21/45, 
representing the scoring records), 59.5 (25/42) and 41.7% 
(15/36), respectively. There was no statistically significant 
difference in the frequencies of the three methods.

  Discussion 

 Cross-sectional imaging is important in the detection 
of intra- and extrahepatic features of LC  [5–7] . Altera-
tions in liver morphology such as atrophy of the right lobe 
and left medial segment, hypertrophy of the left lateral 
segment and caudate lobe, enlargement of the perichole-
cystic and periportal spaces, nodular liver surface, abnor-
mal hepatic texture at US and inhomogeneous attenua-
tion at CT or inhomogeneous signal intensity at MRI 
have been documented as an indication of regenerative 
nodules. Furthermore, blunt liver edge, collateral circula-
tion, splenomegaly and ascites were described as impor-
tant imaging findings of LC in previous studies  [4–21, 
26–30] .

  In this study, we used three methods to evaluate imag-
ing parameters, and integrated the results into five cate-
gories which were compared between LC and CH. The 
results showed that there were significant differences in 
the presence of irregular or nodular liver surface, blunt 
liver edge, liver parenchymal abnormalities and liver 
morphological changes among these imaging modalities. 
With respect to ascites, there was no significant differ-
ence because most of the patients included in this study 
had compensated LC and were suitable candidates for 
surgery. Significant differences existed for portal hyper-
tension with CT and MRI, but not with US. One of the 
possible reasons for this difference was that the evalua-
tion of the collaterals was rarely available by US due to the 
retrospective design of this study. In addition, the results 
showed that significant differences existed in all sites of 

collaterals on CT, but only in two sites on MRI. This 
might be explained by the fact that gradient echo se-
quences of MRI, which were considered more sensitive 
than spin echo sequences in detecting collateral circula-
tion  [5, 16] , were not routinely used in this retrospective 
study.

  In multivariate analysis, liver morphological change 
was one of the best predictive signs in all the three imag-
ing methods while liver parenchymal abnormalities and 
manifestations of portal hypertension were the best pre-
dictive signs for both CT and MRI; the presence of an ir-
regular or nodular liver surface was one of the best pre-
dictive signs of LC for both CT and US. These results 
suggest that the assessment of liver morphological chang-
es and manifestations of portal hypertension by imaging, 
which is an advantage of cross-sectional imaging tech-
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  Fig. 4.  ROC analysis shows no statistical difference between MRI, 
CT and US in the differentiation of LC from CH.           

Table 3. Diagnostic accuracy, sensitivity 
and specificity of LC by different imaging 
modalities based on selected independent 
variables and imaging impression scores

By selected independent variables, % By imaging impression scores, %

accuracy sensitivity specificity accuracy sensitivity specificity

US 66.0 38.4a 88.8a 64.0 52.4b 73.5c

CT 71.9 77.1 67.6 67.0 84.3 52.9
MRI 67.9 67.5 68.3 70.3 86.7 53.9

a p = 0.001; b p = 0.0001; c p = 0.003, vs. CT and MRI.
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niques, is important for the diagnosis of LC. The results 
also indicated that MRI and CT were superior to US in 
the detection of parenchymal abnormalities and mani-
festations of portal hypertension. In previous studies, pa-
renchymal nodules surrounded by reticulated low inten-
sity network of fibrosis, i.e. direct features of LC, were 
better visualized by MRI than US or CT  [31, 32] . CT is 
more sensitive than arterial portography for depicting a 
patent paraumbilical vein  [33]  and is efficient for deter-
mining shunt patency in cases inaccessible by sonogra-
phy  [31] .

  The diagnostic accuracy rates of the three imaging 
modalities based on both diagnostic impression scores, 
which was the simple way of estimating cirrhosis, and 
significant independent predictive signs were relatively 
low, especially in US, compared to previous reports  [8–10, 
13, 18, 27] . Furthermore, the diagnostic sensitivity of US 
was lower, but specificity was higher than for CT and 
MRI in the same patient groups. Differences in these re-
sults may be attributable, firstly, to the fact that most of 
our patients who could tolerate surgical treatments for 
the resection of complicated HCC had CH and compen-
sated liver disease (91% cases were graded as Child A), 
namely, disease severity was relatively mild; therefore, 
the cirrhotic features of these cases were not so striking 
by imaging. Secondly, the majority of the patients includ-
ed in this study underwent US to check for liver tumors, 
and an insufficient number of pictures of every section of 
the liver was stored for later retrospective reviews. Be-
cause real-time scanning and monitor-depending diag-
nosis are important in ultrasonography, diagnosis based 
on stored ultrasonographic pictures was relatively diffi-
cult. Thirdly, poor interobserver agreement of US due to 
subjectivity and the above-mentioned reasons might re-
sult in a decreased diagnostic accuracy because there was 
a correlation between diagnostic accuracy and interob-
server agreement in a previous study  [34] . Finally, the in-
tercenter variability derived from the different techniques 
applied might also affect the diagnostic accuracy of US.

  In spite of its relative low accuracy, US is still consid-
ered the method of choice for the examination of sus-
pected hepatobiliary diseases, and it is valuable in the fol-
low-up of patients with LC because of its low costs, easy 
performance, high patient compliance and its high sensi-
tivity in the detection of small nodular lesions  [35, 36] .

  Although percutaneous liver biopsy is considered as 
the conventional and important method for the diagnosis 
of LC and assessment of disease severity of chronic liver 
diseases, it has some limitations in addition to its inva-
siveness. The first one is the sampling error. It is well 

known that liver parenchymal damage in LC and CH is 
not uniform, i.e. there is a discordance of 50% on repeat-
ed liver biopsy specimens  [37]  and 24% of false-negative 
results in a series of blind liver biopsies  [38] . Further-
more, the specimen size may influence the accuracy of 
the pathological diagnosis  [39] , and inadequate frag-
mented biopsy samples may fail to ensure proper evalua-
tion  [40] . In addition, in cases of macronodular cirrhosis, 
which is common in viral-induced cirrhosis, needle bi-
opsy specimens may not suffice to sample the entire pa-
renchymal nodules or fibrous septum, which are key 
components in establishing the diagnosis of cirrhosis. As 
a result, even advanced LC may result in nonspecific fi-
brotic changes and may not be correctly diagnosed as LC 
 [6] . This situation may sometimes be encountered even in 
laparoscopic-guided biopsy.

  In our study, resected liver specimens, which should 
be the gold standard for LC diagnosis, were used to assess 
pathological changes and make the diagnosis of LC when 
sample size was large enough and the sample error was 
reduced to a minimum, therefore providing much supe-
rior information than needle biopsy.

  Interestingly, regarding P-LC, although histological 
diagnosis did not accurately match the LC criteria, ap-
proximately 50% of P-LC cases were diagnosed as LC by 
imaging. According to the criteria of the international 
classification of CH  [24] , cases with progressing lobular 
architecture distortion and a tendency to form regenera-
tive nodules but with no complete fibrotic septa and no 
definite regenerative nodules were classified as F 3  al-
though from a clinical point of view, the damage in liver 
hemodynamics and the incidence of liver cancer in these 
cases were similar to those of cirrhosis  [41] , which is re-
garded as P-LC (or early cirrhosis). In nearly half of our 
P-LC cases, LC was diagnosed using the imaging modal-
ities, indicating that the imaging techniques could be im-
portant supplementary methods for the evaluation of 
early cirrhosis. Imaging allows the detection of the gross 
morphological features of cirrhosis and assessment of the 
intra- and extrahepatic vasculature; in some cases, imag-
ing was able to establish a diagnosis of cirrhosis even 
though the histological diagnosis could not be ascer-
tained  [6, 17] , which is one of the important roles of im-
aging diagnosis. However, the diagnostic accuracy and 
sensitivity of imaging techniques in the evaluation of ear-
ly cirrhosis have to be confirmed in future studies.

  There are several limitations of this study. Firstly, due 
to the retrospective design of the study, imaging interpre-
tation criteria could not be standardized in detail, so in-
terobserver variability was relatively high especially in 
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US. Controlled prospective studies using more standard-
ized imaging interpretation criteria may be necessary for 
further analysis. Secondly, collateral circulation was not 
evaluated by US due to the above-mentioned reasons, 
which might affect the results, too. Thirdly, the majority 
of the LC patients had compensated LC with good liver 
function, and the major causes of CH and LC were hepa-
titis C or hepatitis B viral infection; decompensated cir-
rhosis and cirrhosis due to other causes may have differ-
ent features. Finally, there was considerable overlap be-
tween CH and compensated cirrhosis; however, disease 
progression from CH to LC was continuous, which ren-
dered it difficult to precisely distinguish between these 
two conditions. Furthermore, identification of the tran-
sitional stage (or P-LC) remains a great challenge for the 
imaging techniques. Further advances in US, CT and 
MRI and the development of new contrast agents and ra-
diopharmaceuticals should lead to improved imaging ac-
curacy for LC in the future  [5] .

  In conclusion, US, CT and MRI had different indepen-
dent predictive signs for the diagnosis of LC including 
irregular and nodular liver surface, blunt liver edge, liver 

morphological changes for US, and liver parenchymal 
abnormalities, manifestations of portal hypertension and 
liver morphological changes for MRI and CT (in addition 
to irregular or nodular liver surface). ROC analysis 
showed that MRI, CT and US did not statistically differ 
in predicting cirrhosis. These cross-sectional imaging 
techniques play an important role in the noninvasive di-
agnosis of cirrhosis. Most interestingly, 50% of the P-LC 
cases were identified as LC by imaging, suggesting that 
P-LC should be regarded as early-stage LC in terms of fi-
brosis, circulatory disturbance and incidence of HCC. 
Therefore, imaging modalities play a very important role 
in the noninvasive diagnosis of histologically proven
P-LC.
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measured by real-time tissue elastography correlated well 
with liver stiffness (p  !  0.05).  Conclusion:  Serum fibrotic mark-
ers and FibroScan are useful for distinguishing liver cirrhosis 
(F 4 ) from chronic hepatitis (F 1 –F 3 ). In addition, real-time tissue 
elastography is a novel and promising method to determine 
the stage of hepatic fibrosis.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The prognosis of patients with chronic liver disease is 
related to the progression of hepatic fibrosis due to the 
increased risk of complications such as portal hyperten-
sion, liver failure or hepatocarcinogenesis. The major eti-
ologies of liver fibrosis include viral hepatitis, alcoholic 
liver disease, non-alcoholic steatohepatitis and autoim-
mune diseases for example. Once liver cirrhosis develops, 
liver transplantation is the only curative therapy to avoid 
a fatal outcome.

  Liver biopsy is the gold standard to assess the grade of 
liver fibrosis  [1–3] . However, liver biopsy has several lim-
itations because of its invasive nature, including physical 
and mental discomfort that may lead to patient refusal, 
nonnegligible morbidity and occasional mortality  [3–7] . 
In addition, the accuracy of liver biopsy may be contro-

 Key Words 
 Biopsy  �  Collagen  �  Elastography  �  FibroScan  �  Hyaluronic 
acid  �  Real-time tissue elastography  �  Serum fibrotic 
markers  �  Type III procollagen-N-peptide  �  Type IV collagen 
7S domain 

 Abstract 
  Objective:  The aim of this study was to investigate the accu-
racy of noninvasive tests, e.g. serum fibrotic markers, transient 
elastography and real-time tissue elastography, in the diagno-
sis of hepatic fibrosis, and to determine whether they can re-
place liver biopsy.  Methods:  119 patients with chronic liver 
disease were included in this study. Serum fibrotic markers 
including hyaluronic acid, type IV collagen, type IV collagen 
7S domain and type III procollagen-N-peptide were mea-
sured. Aspartate aminotransferase (AST) and platelet counts 
were also measured to calculate the AST to platelet ratio index 
(APRI). Liver stiffness was measured using FibroScan and real-
time tissue elastography.  Results:  The fibrotic stage, deter-
mined by histopathological diagnosis of a liver biopsy sample, 
did not correlate as well with serum fibrotic markers although 
it was useful to diagnose liver cirrhosis. However, the stage of 
hepatic fibrosis correlated well with liver stiffness measured 
by FibroScan. FibroScan was also a much better predictor of 
liver cirrhosis than APRI. Furthermore, the levels of liver strain 
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versial because of sampling error and interobserver vari-
ability  [8–11] .

  Therefore, there is an increasing need for alternative 
noninvasive methods to estimate the stage of liver fibro-
sis  [12–21] . Transient elastography and real-time tissue 
elastography are recently developed technologies, which 
are safe and noninvasive techniques to evaluate fibrosis 
in chronic liver disease.

  The aim of this study was to assess the usefulness of 
fibrotic markers for the diagnosis of liver fibrosis; liver 
stiffness measured by FibroScan, and liver strain mea-
sured by real-time tissue elastography. 

  Patients 

 A total of 125 patients with chronic liver disease who under-
went liver biopsy, FibroScan (Echosens, Paris, France) and real-
time tissue elastography (Hitachi Medical, Tokyo, Japan) were in-
cluded in this study from November 2005 to August 2007. Pa-
tients with ascites were excluded from the study because FibroScan 
cannot be applied to such cases.

  Clinical parameters of the patients including age, gender and 
past history of viral infection were also investigated.

  Methods 

 Serum Fibrotic Markers 
 Platelet counts, aspartate aminotransferase (AST) level and fi-

brotic markers were measured in the serum. Liver fibrotic mark-
ers, e.g. type IV collagen, type IV collagen 7S, type III procol lagen-
N-peptide and hyaluronic acid that are composed of the extracel-
lular matrix metabolism-related substances, were also measured. 
The AST to platelet ratio index (APRI) was obtained using the fol-
lowing formula: AST/ULN  !  100/platelet counts ( ! 10 9 /l), with 
ULN being the upper limit of normal. The accuracy of APRI for 
estimating the fibrotic stage was compared with that determined 
by FibroScan using receiver-operating characteristic curve (ROC) 
analysis. Fibrotic markers and APRI were compared with the fi-
brotic stage based on international criteria  [22] .

  Liver Stiffness Measurement 
 FibroScan 
 FibroScan was performed in all patients, and the principle of 

elastography using a FibroScan (Echosens) has been described 
elsewhere  [13, 16] . Measurements are totally noninvasive and per-
formed on the right lobe of the liver through the right intercostal 
spaces at a depth of 25–45 mm from the skin surface. For each 
patient, the obtained elasticity value was determined as the me-
dian of several measurements (usually 10 times) and results are 
expressed in kilopascals.

  Tissue elasticity was acquired through pulse echo ultrasound, 
which measured the speed of the low-frequent elastic shear wave. 
In brief, the faster the wave travels, the greater the loss of elastic-
ity or increase in stiffness. Obesity, ascites, liver atrophy, space 

occupying lesions in the liver and narrow intercostal spaces are 
physiological limitations that hamper this method.

  Real-Time Tissue Elastography 
 Real-time tissue elastography (Hitachi Medical Corporation, 

Tokyo, Japan) is a recently developed device that visualizes tissue 
elasticity distribution and calculates the strain and the stress of 
the examined structures.

  Hitachi EUB-8500 and HI VISION 900 were used for ultraso-
nography with the EUP-L54M Linear (13-6 MHz) and EUP-L53 
Linear (10-5 MHz) probes, respectively. After examination in B-
mode, the mode was switched to elastography, and the probe 
scanned vertically from the epigastrium to observe a sagittal sec-
tion of the left or right hepatic lobe from the right intercostals 
space. An identical area was set as the region of interest (ROI) for 
all subjects, with the liver surface at the top. Because heartbeats 
distort the liver, observations were made using a freehand tech-
nique, keeping the probe in position by applying slight manual 
pressure while the subject briefly held his or her breath. This 
equipment displays real-time tissue elasticity images showing the 
ROI as a semitransparent, colored area, juxtaposed with B-mode 
images. The colors in the ROI range from blue to red to show the 
relative hardness and softness of areas inside the ROI.

  The measurement procedure was as follows. The probe was 
pressed against the body surface that causes the deformation of 
the liver. By calculating the relative hardness, the degree of the 
hardness can be obtained on the monitor in color in a real-time 
fashion. However, since it is usually difficult to press the liver di-
rectly, the vibration of the heartbeat was used alternatively in this 
study. For example, in soft tissue, the deformation is large, where-
as it is small in hard tissue. Measurements were performed in the 
right lobe of the liver through the right intercostal spaces, and 
were also performed in the left liver at the epigastric region.

  Tissue elasticity was calculated using real-time tissue elastog-
raphy as follows. First, numerical values were determined from 0 
to 255 (256 stepwise grading) according to color mapping from 
blue (0) to red (255). Second, means  8  SD were calculated in the 
ROI. Third, the percentage of the blue area in the ROI was calcu-
lated. Finally, a numerical value was determined using calculation 
of complexity (length squared divided by blue area) and inverse 
difference moment.

  Liver Histology and Quantification of Liver Fibrosis 
 Percutaneous liver biopsy was performed using an 18-gauge 

needle with samples taken from the right lobe. The liver biopsy 
specimen was fixed in formalin and embedded in paraffin. Expe-
rienced pathologists diagnosed the fibrosis stage using the Euro-
pean classification  [22] .

  Results 

 Patient Characteristics 
 The patients’ characteristics are summarized in  ta-

ble 1 . There were 65 males, with a mean age of 57.0  8  12.2 
years. HCV infection was diagnosed in 102 patients, HBV 
in 3, and non-B, non-C in 20. Liver stiffness was mea-
sured at the time of liver biopsy. The stage of fibrosis was 
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classified as follows: 2 patients were classified as F 0 , 53 as 
F 1 , 18 as F 2 , 18 as F 3  and 34 as F 4 .

  Correlation between Serum Fibrotic Markers and 
Fibrotic Stage 
  Figure 1  shows plots of serum fibrotic markers in each 

fibrotic stage. In the serum hyaluronic acid ( fig. 1 a), type 
IV collagen ( fig. 1 b) and type IV collagen 7S domain 
( fig. 1 c), there was a significant difference between F 3 

and F 4 . However, type III procollagen-N-peptide levels 
( fig. 1 d) showed no significant difference between F 3  and 
F 4  in each fibrotic stage. When type IV collagen was 
 6 120.6 ng/ml or type IV collagen 7S domain was  6 4.4 
ng/ml, most of the fibrotic stages were  1 F 2 . When hyal-
uronic acid was  6 135.6 ng/ml, type IV collagen  6 199.5 
ng/ml or type IV collagen 7S domain  6 7.4 ng/ml, the fi-
brotic stage of cirrhosis could be diagnosed.
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  Fig. 1.  Correlation between several serum fibrotic markers including hyaluronic acid ( a ), type IV collagen ( b ), 
type IV collagen 7S domain ( c ) and type III procollagen-N-peptide ( d ) and fibrotic stage determined by biopsy. 
Medians are indicated as horizontal bars in the box. The vertical bars indicate the ranges and the horizontal 
boundaries of the boxes represent the first and third quartiles. NS = Nonsignificant. F 0 : n = 2; F 1 : n = 53; F 2 :
n = 18; F 3 : n = 18; F 4 : n = 34. 
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  Fig. 2.   a  Elastomeric measurement of liver stiffness (kPa) by FibroScan according to each fibrotic stage deter-
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  Fig. 3.  AUROC to compare the diagnostic accuracy of liver cir-
rhosis assessed by FibroScan and APRI. FibroScan was signifi-
cantly more useful in the diagnosis of cirrhosis than APRI.                       

Table 1. Characteristics of the patients included in the study

Variable Patients (n = 125)

Age, years 57.0812.2 (26–76)
Gender Male 65

Female 60
Background HBV 3

HCV 102
Non-B, non-C 20

Fibrosis F0 2
F1 53
F2 18
F3 18
F4 34
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  Elastometric Measurement by FibroScan 
 We identified two threshold values using FibroScan 

for liver stiffness:  1 10.1 kPa for severe fibrosis (F  6  3) and 
liver stiffness  1 18.8 kPa for liver cirrhosis.

  Correlation between Elastomeric Measurement by 
FibroScan and APRI and Fibrotic Stage 
  Figure 2  shows plots of FibroScan values ( fig. 2 a) and 

APRI ( fig. 2 b) for each fibrotic stage. There were signifi-
cant differences between F 2  and F 3 , and F 3  and F 4  when 
measured by FibroScan. On the other hand, there was no 
significant difference between each fibrotic stage when 
measured by APRI.

  ROC Analysis of FibroScan and APRI 
 The area under the ROC (AUROC) was calculated to 

compare the diagnostic accuracy of liver cirrhosis by Fi-

broScan and APRI ( fig. 3 ). The AUROC using FibroScan 
was higher than with APRI. Therefore, FibroScan has a 
high ability for discriminating F 4  from the other fibrotic 
stages.

  Real-Time Tissue Elastography 
  Figure 4  shows examples of real-time tissue elastogra-

phy expressed in color. Soft tissue is expressed in green-
red color (F 1 ), whereas hard tissue is expressed in a rela-
tively blue color (F 4 ). Tissue elasticity can be calculated 
based on this image and expressed as a simple numerical 
value only.

  Correlation between FibroScan and Real-Time Tissue 
Elastography 
  Figure 5  shows a linear regression analysis comparing 

the levels of elastomeric measurement by FibroScan with 

F1

F3

F2

F4

 Fig. 4.  Representative images of real-time 
tissue elastography: at each fibrotic stage, 
the intensity of blue color indicates regions 
where  fibrosis is more advanced.                       
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that by real-time tissue elastography. There was a nega-
tive correlation between liver stiffness assessed by Fi-
broScan and real-time tissue elastography.

  Discussion 

 In this study, we found that fibrotic markers, FibroScan 
and real-time tissue elastography were, to some extent, 
correlated with fibrotic stage. With type III procollagen-
N-peptide and APRI the diagnostic accuracy for differ-
entiating F 1 , F 2  or F 3  was poor.

  On the other hand, it was possible to differentiate F 4  
from F 1–3  using hyaluronic acid, type IV collagen and type 
IV collagen 7S domain. In this study, due to the low diag-
nostic accuracy of type III procollagen-N-peptide and 
APRI, differentiation of cirrhosis was not possible using 
both markers. Although APRI can be calculated by the 
aminotransferase platelet ratio index  [23–29] , APRI did not 
correlate with fibrotic stage. Thus, to reliably diagnose liv-
er fibrosis, serum fibrotic markers alone have limitations, 
probably because serum fibrotic markers may also increase 
in various fibrotic diseases other than liver fibrosis.

  Recently, transient elastography (FibroScan) has been 
developed for the noninvasive evaluation of tissue elastic-
ity in the livers of patients with hepatic fibrosis, and its 
usefulness has been reported. This technique involves the 
generation of a probe of audible external vibrations and 
the measurement of the speed at which these vibrations 

are propagated through the liver. Nevertheless, there are 
technical limitations that may prevent accurate measure-
ment in very obese patients, patients with ascites, patients 
with severe hepatic atrophy and patients with narrow in-
tercostal spaces.

  In our study, we identified two threshold values using 
FibroScan for liver stiffness:  1 10.1 kPa for severe fibrosis 
(F  6  3) and liver stiffness  1 18.8 kPa for liver cirrhosis. 
FibroScan was found to be useful for the diagnosis of cir-
rhosis.

  On the other hand, real-time tissue elastography, a re-
cently developed noninvasive method used for the assess-
ment of liver fibrosis, is a simple method, and skill is un-
necessary.

  In our study, real-time tissue elastography showed a 
negative correlation with fibrotic stage and FibroScan 
findings ( fig. 4 ,  5 )  [30] , suggesting that real-time tissue 
elastography is a better test than FibroScan with fewer 
limitations.

  Elastography enabled observation and evaluation even 
in patients with these unfavorable conditions, and verifi-
cation of position was easy because the images were jux-
taposed with B-mode reference images. Since elastogra-
phy is an application preinstalled in the ultrasonography 
equipment, it is not necessary to purchase any other spe-
cial equipment for the evaluation of hepatic fibrosis. 
Adopting the equipment for clinical application is, there-
fore, relatively easy.

  With respect to future clinical applications, elastogra-
phy could be used to screen chronic hepatic disease dur-
ing medical examinations or for visually explaining the 
risk of cancer when obtaining informed consent from a 
patient considered suitable for interferon therapy. It is 
also expected that it will be used to determine the stage 
of hepatic disease amongst patients who refuse biopsy, for 
the evaluation of stages during and after interferon treat-
ment (for the evaluation of improvement of fibrosis), for 
understanding the stages in patients not treated with IFN 
and for evaluating patients with diseases other than viral 
hepatitis (e.g. non-alcoholic steatohepatitis).

  In conclusion, real-time tissue elastography is a novel 
and promising method to assess hepatic fibrosis and, 
thus, it may replace liver biopsy in the future. However, 
more data should be collected to verify our findings.
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with globular or cotton wool-like pooling, which continue to 
the late vascular phase (sensitivity, 90.0%; specificity, 99.6%), 
was typical. In dysplastic nodules, the presence of portal en-
hancement without arterial supply in the early vascular 
phase and the presence of intratumoral uptake in the Kupffer 
phase (sensitivity, 83.3%; specificity, 100%) were the most 
typical patterns. In FNHs, the presence of a spoke-wheel pat-
tern in the early vascular phase with dense staining in the 
late vascular phase, and positive uptake within the nodule in 
the Kupffer phase (sensitivity, 100%; specificity, 100%) were 
the most typical patterns.  Conclusion:  Contrast-enhanced 
harmonic US with Sonazoid allowed intimate vascular and 
Kupffer imaging and, therefore, is useful for the differential 
diagnosis of hepatic tumors.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The evaluation of intranodular hemodynamics is im-
portant for the diagnosis of hepatic malignancies because 
the pathological findings of hepatic malignancies are 
closely related to intranodular hemodynamics. B-mode 
ultrasonography (US) is useful for the screening of liver 
diseases but cannot demonstrate tumor vascularity. Color 
Doppler imaging reveals the arterial pulsating flows such 

 Key Words 
 Contrast-enhanced harmonic ultrasonography  �  Hepatic 
tumors  �  Intranodular hemodynamics  �  Intratumoral 
perfusion  �  Sonazoid  �  Ultrasonography 

 Abstract 
  Objective:  To clarify the value of contrast-enhanced har-
monic ultrasonography (US) with Sonazoid, a second-gen-
eration US contrast agent, in the differential diagnosis of liv-
er tumors compared to dynamic CT.  Methods:  A total of 249 
hepatic nodules in 214 patients were studied; these included 
177 hepatocellular carcinomas (HCCs), 42 liver metastases, 20 
liver hemangiomas, 6 dysplastic nodules and 4 focal nodular 
hyperplasias (FNHs). After the injection of Sonazoid, nodules 
were scanned using real-time contrast-enhanced harmonic 
US in the vascular phases, i.e. the early and late vascular 
phases, and the Kupffer phase.  Results:  Six enhancement 
patterns were identified to be significant for the differential 
diagnosis of hepatic tumors. In HCCs, the presence of intra-
tumoral vessels supplied from the periphery and fast wash-
out (sensitivity, 96.6%; specificity, 94.4%) were the most typ-
ical characteristics. In metastases, the presence of rim-like 
enhancement with peripheral tumor vessels (sensitivity, 
88.1%; specificity, 100%) was the typical pattern. In heman-
giomas, the presence of intratumoral hypoperfusion images 
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as a basket pattern flow and a ‘spot’ pattern flow for he-
patic tumor differentiation  [1, 2] . However, color Doppler 
US does not detect pulsatile flow in some hepatocellular 
carcinomas (HCCs). The reasons for this are as follows. 
First, color Doppler US cannot detect flows that are per-
pendicular to the sound field  [3] . Second, the technique 
uses an estimate of the mean Doppler frequency shift at a 
particular position. On the contrary, power Doppler im-
aging measures the Doppler energy, which is based on the 
integrated power of the Doppler signal instead of its mean 
Doppler frequency shift. Some studies reported that pow-
er Doppler sonography was more sensitive for the depic-
tion of blood vessels than color Doppler imaging  [3, 4] . 
These techniques are noninvasive and inexpensive; how-
ever, they have some limitations including a low sensitiv-
ity of detecting the microflow in the nodules.

  Efforts have been made to improve both sonography 
instruments and contrast agents to detect flow in tumors 
with more sensitivity  [5, 6] . Sonography with an intraar-
terial CO 2  microbubble contrast agent enabled the detec-
tion of intratumoral hemodynamics, and the differential 
diagnosis of hepatic tumors has become possible with 
contrast-enhanced harmonic US from the information 
obtained from tumor vascularity  [7] . Contrast-enhanced 
US using Levovist involved the use of the non-linear 
backscatter property of the resonant microbubbles pro-
duced by an intravenously administered contrast agent; 
it allows microflow imaging of nodules and eliminates 
clutter signals. However, Levovist bubbles easily collapse 
by US emission because of its fragile property. Therefore, 
Levovist-enhanced harmonic US images are basically ob-
tained intermittently, and real-time images are obtained 
within a short period of time at an early vascular phase, 
and Kupffer imaging in the post-vascular phase can be 
performed by a single sweep scan of the liver.

  With the development of the second-generation con-
trast media such as Sonazoid, which are made of a hard 
shell containing bubbles within them, contrast-enhanced 
harmonic US has entered a new era. Sonazoid produces 
stable non-linear oscillations in the low-power acoustic 
field (i.e. low mechanical index), and supplies great de-
tails of the second harmonic signals in real time. This 
contrast agent provides detailed perfusion features of the 
microvascular bed of the liver parenchyma and tumor 
during the vascular phase. Moreover, Kupffer imaging in 
the post-vascular phase, which is stable for at least up to 
3 h after injection and tolerable for multiple scanning, 
can be obtained in the low-power acoustic field because 
Sonazoid microbubbles are phagocytosed by Kupffer 
cells  [8] .

  The purpose of this study was to assess the value of 
contrast-enhanced harmonic US using Sonazoid for the 
differential diagnosis of liver tumors.

  Patients and Methods 

 The Ethics Committee of our institution approved the study 
protocol. Written informed consent was obtained from all pa-
tients at enrollment.

  Patients 
 Between January 2007 and August 2007, 251 consecutive pa-

tients with 382 liver tumors detected on screening US were as-
sessed with contrast-enhanced US using Sonazoid. Of the 382 he-
patic tumors, 133 pretreated hepatic tumors were excluded. No 
other exclusion criteria were considered. Thus, 214 patients with 
249 liver tumors were included in this study: 134 men and 80 
women, ranging in age from 32 to 83 years (mean  8  SD, 68  8  9.6 
years).

  The final diagnoses of the hepatic tumors were HCC in 177 
nodules, liver metastasis in 42 nodules (14 from colon cancer, 6 
from pancreatic cancer, 5 from gastric cancer, 5 from cholangio-
cellular carcinoma, 3 from gallbladder cancer, 2 from uterine can-
cer, 2 from ovarian cancer, 1 from breast cancer, 1 from acute 
myeloid leukemia, 1 from renal cancer, 1 from lung cancer and 1 
melanoma), hemangioma in 20, dysplastic nodule in 6 and focal 
nodule hyperplasia (FNH) in 4. Intranodular vascularity was 
evaluated in the 249 nodules.

  The maximal diameters of the 249 hepatic nodules were as fol-
lows: HCCs, 6–100 mm (mean  8  SD, 22.6  8  16.3 mm); metasta-
ses, 5–96 mm (mean  8  SD, 33.6  8  24.4 mm); hemangiomas, 7–
180 mm (mean  8  SD, 29.4 mm  8  40.3); dysplastic nodules, 10–19 
mm (mean  8  SD, 13.5  8  3.6 mm), and FNH, 20–35 mm (mean 
 8  SD, 23.0  8  8.1 mm). Histological diagnosis was obtained fol-
lowing sonographically guided percutaneous biopsy or surgery in 
9 HCCs, 4 metastases, 2 hemangiomas, 6 dysplastic nodules and 
4 FNHs. The other 226 nodules were diagnosed on the basis of 
tumor markers and a combination of imaging findings such as 
contrast-enhanced CT, superparamagnetic iron oxide-enhanced 
MRI, and/or CT hepatic angiography and arterial portography 
 [9] , and patients were followed up  1 6 months.

  Multidetector raw CT with a 64-channel (Aquilion; Toshiba, 
Tokyo, Japan) was used for diagnosis. In addition to plain CT, 
triple-phase contrast-enhanced CT scans were performed 30, 60 
and 180 s after the initiation of the injection of the contrast me-
dium with a 5.0-mm slice thickness, to obtain hepatic arterial, 
portal venous and equilibrium phase images, respectively. A total 
of 100 ml of non-ionic contrast material containing 300 mg io-
dine/ml (iomeprol; Eisai, Tokyo, Japan) was injected intravenous-
ly at a rate of 3 ml/s using an automatic power injector.

  US Contrast Medium 
 Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Healthcare, Mil-

waukee, Wisc., USA) is a second-generation microbubble agent of 
US. Sonazoid consists of perfluorobutane microbubbles with a 
median diameter of 2–3  � m  [10] . It was reconstituted with 2 ml 
sterile water for injection. The recommended clinical dose for the 
imaging of liver lesions is 0.015 ml encapsulated gas per kilogram 
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body weight. Sonazoid was injected as a bolus at a speed of 1 ml/s 
via a 22-gauge cannula placed in the antecubital vein, and flushed 
with 10 ml normal saline. Diluted formulations were used within 
1 h of reconstitution.

  Imaging 
 To minimize variation between operators, the contrast-en-

hanced harmonic US studies were performed by either of two op-
erators (K.H. and K.M.) using the same examination protocol.

  The B-mode sonographic scans were obtained using a GE 
LOGIQ 7 (GE Medical Systems, Milwaukee, Wisc., USA) with a 
4-MHz convex transducer or a 6.5-MHz transducer. The acoustic 
power of contrast-enhanced US was set at the default settings with 
a mechanical index of 0.2; the dynamic range was fixed at 60–65 
dB. A single focus point was set 10 cm deep.

  After injection of Sonazoid, when the first microbubble signal 
appeared in the liver parenchyma, the patient was requested to 
hold his/her breath. The images of the ideal scanning plane were 
displayed in real-time mode for all phases. The vascular findings 
on phase-inversion harmonic sonography were shown as tumor 
vessel flow in the early vascular phase (about 15–40 s after the 
injection of Sonazoid). The real-time replenishing images were 
obtained during the early vascular phase ( ! 2 min after the injec-
tion of Sonazoid) by release burst imaging, a method combining 
multiple high-frequency and broadband detection pulses with a 
separate release burst. Parenchymal findings were obtained as 
Kupffer imaging in the post-vascular phase at least 10 min after 
the intravenous injection of Sonazoid.

  Statistical Analysis 
 The images were stored as a cine clip with GE exclusive raw-

data format files in a LOGIQ 7 computer. The cine clip images of 
B-mode and contrast-enhanced US were played back, and at least 
three observers evaluated the intratumoral hemodynamics and 

classified them into seven patterns without knowing the patho-
logic or clinical data. When there were discrepancies, the cine 
clips were discussed and reassessment was performed to reach 
agreement. The intratumoral vascularity on contrast-enhanced 
US was assessed as hyperperfusion, isoperfusion or hypoperfu-
sion by comparing the staining patterns of the intratumoral ves-
sels and parenchyma with those of the surrounding liver paren-
chyma. The enhancement patterns in each phase were evalu-
ated.

  The indication of hyperperfusion and isoperfusion was de-
fined as a positive depiction of intratumoral vascularity. Data 
were expressed as means  8  SD. Differences in clinical character-
istics between the two groups were compared using the  �  2  and 
unpaired t tests. p  !  0.05 was considered significant.

  Results 

 Enhancement Patterns 
 Of the 216 patients, 158 showed liver cirrhosis or 

chronic hepatitis. Of the 177 HCCs in 147 patients, 118 
were hypoechoic, 28 had a mosaic pattern, 22 were hy-
perechoic and 9 had isoechoic lesions on B-mode sonog-
raphy. Of the 42 metastases, 17 were hypoechoic, 8 had 
cluster characteristics, 7 had a bull’s eye pattern, 5 were 
hyperechoic and 5 had isoechoic lesions on B-mode so-
nography.

  The intranodular hemodynamic patterns of the nodu-
lar hepatic lesions were classified as follows ( fig. 1 ): pat-
tern 1 (HCC pattern), abundant tumor vessels appeared 
as a basket-like or irregular branching image from the 

HCC 
pattern

Metastasis pattern

Hemangioma pattern

Dysplastic nodule 
pattern

FNH
pattern

Hypovascular pattern

(after 20 min)(3–8 min)(0–90 s)

lateearly 

Post-vascular phase
(Kupffer)

Vascular phase

  Fig. 1.  Diagram of the intranodular hemo-
dynamic patterns of hepatic tumors in the 
early, late and post-vascular phases. 
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periphery penetrating the center, followed by dense tu-
mor staining in the early vascular phase and fast washout 
in the late vascular phase with complete Kupffer defect; 
pattern 2 (metastasis pattern), straight tumor vessels in 
the marginal and central areas with peripheral parenchy-
mal staining or rim-like enhancement with complete 
Kupffer defects in the post-vascular phase; pattern 3 
(hemangioma pattern), globular pooling or a cotton 
wool-like imaging with a gradual fill-in over time that 
continued until 5 or 10 min; pattern 4 (dysplastic nodule 

pattern), no tumor vessel and portal perfusion without 
arterial perfusion with real-time scanning in the early 
vascular phase and no apparent Kupffer defect; pattern 5 
(FNH pattern), centrifugal spoke-wheel arterial supply 
with continuing dense parenchymal staining in the vas-
cular phase with no Kupffer defect; pattern 6 (atypical 
pattern), various tumor vessels and various parenchymal 
perfusions from those described above, and pattern 7 
(hypovascular pattern), no tumor vessel and no paren-
chymal perfusion in all phases.

a

b

c d e f

g h

  Fig. 2.  HCC.  a  B-mode US revealing the hypoechoic nodule (ar-
rows).  b  Color Doppler US showing the hepatic tumor with retro-
grade constant flow accompanying pulsatile blood flow.  c ,  d  On 
contrast-enhanced US, intratumoral vessels (arrowheads) are 
shown within the tumor (arrows) in the early vascular phase.

 e ,  f  Contrast-enhanced US reveals tumor parenchymal staining 
(arrows) in the vascular phase.  g  Contrast-enhanced US shows 
the tumor (arrows) as a defect on the gray-scale background in the 
Kupffer phase.  h  The tumor is shown as a hypervascular mass (ar-
rows) with a fast washout on dynamic CT. 
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edcba

  Fig. 3.  Metastasis.  a  B-mode US shows the hepatic tumor (arrows) 
with a bull’s eye pattern.  b  Contrast-enhanced US shows intratu-
moral and peritumoral linear vessels (arrows) in the early vascu-
lar phase.  c  Contrast-enhanced US shows rim-like enhancement 

(arrows) in the vascular phase.  d  Contrast-enhanced US shows 
the tumor (arrows) as a defect on the gray-scale background in the 
Kupffer phase.  e  The tumor is shown as a rim-like enhancement 
(arrows) on dynamic CT.       

a b c

d e

Intratumoral
vascularity

Hepatic artery

  Fig. 4.  Dysplastic nodule.  a  B-mode US shows the hypoechoic 
nodule (arrows).  b  Contrast-enhanced US shows no blood signal 
within the hypoechoic nodule (arrows) in the early vascular 
phase.  c  After 5 s, contrast-enhanced US shows isoperfusion with-

in the nodule (arrows).  d  On the time intensity curve, contrast-
enhanced US clearly shows the tumor with no arterial vascularity 
and portal flow.  e  The tumor reveals isoperfusion (arrows) on the 
gray-scale background in the Kupffer phase.       
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  Hepatocellular Carcinoma 
 Intranodular vascularity was detected in 99.4% 

(176/177) of HCCs on contrast-enhanced harmonic US. 
In the remaining 0.6% (1/177) of HCCs, no blood signal 
was detected. In contrast, 98.9% (175/177) of HCCs 
showed hyper- or isoperfusion on dynamic CT.

  Of 176 HCCs, a total of 171 (97.2%) were classified as 
pattern 1 (HCC perfusion pattern;  fig. 1 ,  2 ) on contrast-en-
hanced harmonic US, 2.3% (4/176) of HCCs were classified 
as the atypical perfusion pattern (pattern 6) and 0.6% 
(1/176) of HCCs showed the hypoperfusion pattern (pat-
tern 7). Twenty of 171 HCCs (11.7%) depicting pattern 1 
perfusion nodules had small tumor vessels; however, dense 
intranodular perfusion was present, followed by fast wash-
out in the late vascular phase. Sixty-nine of 171 (40.3%) 
pattern 1 HCCs showed moderate tumor vessels while 
48.0% (82/171) of pattern 1 HCCs showed abundant tumor 
vessels in the early vascular phase on contrast-enhanced 
harmonic US. In 2.3% of pattern 1 HCCs (4/171), tumor 

parenchymal staining was detected only in parts of the 
nodule. Of the 171 pattern 1 perfusion-type HCCs, 2.3% 
(4/171) showed partial perfusion defects and 97.7% (147/171) 
showed entire perfusion defects in the Kupffer phase.

  Most of the HCCs showed HCC perfusion patterns on 
contrast-enhanced harmonic US. The sensitivity and 
specificity of the hepatocellular carcinoma pattern were 
96.6 (171/177) and 94.4% (68/72), respectively. The posi-
tive and negative predictive values of this pattern were 
97.7 (171/175) and 91.9% (68/74), respectively.

  Metastasis 
 In 37 nodules of 42 metastases, contrast-enhanced US 

showed linear tumor vessels and marginal rim-like pa-
renchymal staining. Although the other 5 metastases had 
small tumor vessels and weak parenchymal perfusion, all 
metastases showed clear Kupffer defects in the post-vas-
cular phase. Most of the metastases showed a type 2 per-
fusion pattern ( fig. 1 ,  3 ) on contrast-enhanced US. The 

a b c

d e f

  Fig. 5.  Hemangioma.  a  B-mode US shows the hypoechoic nodule 
(arrows).  b  Contrast-enhanced US shows peripheral spotty pool-
ing (arrowhead) within the nodule (arrows) in the early vascular 
phase.  c ,  d  Contrast-enhanced US shows typical globular tumor 
parenchymal staining (arrowheads) within the nodule (arrows) in 

the late vascular phase.  e  Gradual fill-in persisted until the late 
vascular phase within the nodule (arrow).  f  The tumor is shown 
as iso- or hypoperfusion (arrows) on the gray-scale background 
in the Kupffer phase.     
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sensitivity and specificity of the metastasis pattern were 
88.1 (37/42) and 100% (207/207), respectively. The posi-
tive and negative predictive values of this pattern were 
100 (37/37) and 97.6% (207/212), respectively.

  Hemangioma 
 On contrast-enhanced harmonic US, all hemangio-

mas revealed hypervascularity, and pattern 3 perfusion 
( fig. 1 ,  4 ) hemangiomas were present in 18 nodules. Grad-
ual fill-in and globular parenchymal enhancement in the 
late vascular phase persisted until the post-vascular 
phase. The sensitivity and specificity of the hemangioma 
pattern were 90.0 (18/20) and 99.6% (228/229), respec-
tively. The positive and negative predictive values of this 
pattern were 94.7 (18/19) and 99.1% (228/230), respective-
ly. Two hemangiomas showed tumor vessels and dense 
parenchymal pooling in the early vascular phase, which 
was difficult to distinguish from the hemodynamic pat-
tern of HCC. However, the intranodular pooling contin-

ued to the late vascular phase, leading to a correct diag-
nosis of hemangioma.

  Dysplastic Nodules 
 Contrast-enhanced US showed no tumor vessels and 

portal perfusion without arterial perfusion in all of the 5 
dysplastic nodules in the early vascular phase. In the late 
vascular and post-vascular phases, contrast-enhanced 
harmonic US showed isoperfusion in 4 tumors and hy-
perperfusion in 1 tumor. The remaining nodule showed 
no tumor vessel and hypovascular perfusion in the three 
phases. The sensitivity and specificity of pattern 4 ( fig. 1 , 
 5 ) were 83.3 (5/6) and 100% (244/244), respectively. The 
positive and negative predictive values of this pattern 
were 100 (5/5) and 99.6% (244/245), respectively.

  Focal Nodular Hyperplasia 
 All 4 FNHs showed a central arterial supply with a 

centrifugal radiating flow to the periphery (spoke-wheel 

a b c d

e f

g

  Fig. 6.  FNH.  a  B-mode US shows an isoechoic nodule (arrows).  b , 
 c  On contrast-enhanced US, central arterial supply (arrowheads) 
with a centrifugal radiating flow to the periphery is present with-
in the nodule (arrows) in the early vascular phase.  d  Contrast-en-
hanced US accompanied by dense parenchymal staining (arrows) 
in the early vascular phase.  e  The tumor is shown as isoperfusion 
(arrows) on the gray-scale background in the Kupffer phase.  f  He-
patic angiography shows central arterial supply with a centrifugal 
radiating flow to the periphery.  g  Dynamic CT shows a hypervas-
cular tumor.   
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pattern) and dense parenchymal staining in the late vas-
cular phase (type 5) with no Kupffer defect ( fig. 1 ,  6 ). The 
sensitivity and specificity of the FNH pattern were 100 
(4/4) and 100% (4/4), respectively. On dynamic CT, the 
spoke-wheel pattern was not detected in any of the 4 
FNHs, and only hyperperfusion was observed.

  Discussion 

 Various gases or shells have been studied for their use 
as sonographic contrast agents  [8–11] , and contrast-en-
hanced harmonic US using various media has been pos-
sible  [6, 12–14] . Sonazoid has been licensed from January 
2007 exclusively in Japan. Gas carrier contrast agents 
consist of microbubbles that are small enough to pass 
through the pulmonary circulation, and these microbub-
bles are sufficiently stable to pressure to circulate through 
the left ventricle after intravenous administration. Be-
cause Sonazoid microbubbles are phagocytosed by Kupf-
fer cells, and Kupffer imaging, which is extremely stable 
and tolerable for multiple scanning at least up to 180 min, 
in the post-vascular phase, is feasible. Once Sonazoid is 
administered to the patient via a vein, both blood vessel 
imaging and liver parenchymal imaging (Kupffer imag-
ing) can be obtained. These properties are completely 
different from SonoVue and Definity.

  Levovist-enhanced harmonic US can demonstrate im-
ages under high sound pressure, and only intermittent im-
aging is obtained. However, Sonazoid-enhanced harmon-
ic US demonstrates images under a low acoustic pressure, 
producing much clearer real-time images. Therefore, it is 
much easier to scan the intratumoral hemodynamics re-
peatedly using Sonazoid-enhanced harmonic US.

  Compared to dynamic CT, Sonazoid-enhanced US re-
quires no radiation exposure and a smaller amount of 
contrast agent. Although there is one contraindication 
for patients who are allergic to eggs, patients with renal 
dysfunction or iodine-allergic patients can also be exam-
ined using this technique unlike CT. Moreover, Sonazoid 
is taken up by the Kupffer cells, which is different from 
other contrast agents, and the information of Kupffer 
function provides essential information compared to 
other contrast agents  [8, 15] .

  D’Onofrio et al.  [14]  reported that SonoVue-enhanced 
US detected hepatic malignancy as defects in the sinusoi-
dal phase with a sensitivity of 85%, specificity of 88%, 
positive predictive value of 92% and negative predictive 
value of 77%. In our study, Sonazoid-enhanced harmon-
ic US detected hepatic malignancy as defects on the sinu-

soidal phase with a sensitivity of 95% (208/219), specific-
ity of 93.3% (28/30), positive predictive value of 99% 
(208/210) and negative predictive value of 97.4% (38/39). 
These favorable results can be attributed to the beautiful 
features of Kupffer imaging.

  The evaluation of the deeply located nodules was dif-
ficult using contrast-enhanced harmonic US using Levo-
vist in previous reports  [6, 13, 16] . In this study, 8.4% 
(21/249) of hepatic tumors were located 10 cm beneath 
the skin surface. However, contrast-enhanced US with 
Sonazoid allowed sufficient imaging to evaluate the in-
tratumoral vascularity, which is another favorable point 
compared to Levovist.

  On angiography, CO 2  sonographic angiography and 
CT arteriography, HCC shows hypervascularity with an 
arterial supply and dense tumor perfusion  [5, 7, 12, 16, 
17] . In our study, Sonazoid-enhanced harmonic US 
showed that 96.6% of HCCs (171/177) have arterial supply 
from the periphery, homogeneous or heterogeneous 
dense hyperperfusion, and fast washout with clear Kupffer 
defect. On contrast-enhanced harmonic US, the forma-
tion of homogeneous or heterogeneous staining in the 
early vascular phase and the formation of washout in the 
late vascular phase were similar to dynamic CT. Evaluat-
ing the perfusion imaging at all three phases may allow 
to assess the intranodular hemodynamic features of 
HCCs more precisely.

  Using contrast-enhanced harmonic US, 88.1% (37/42) 
of metastases were shown to have peripheral linear tumor 
vessels with rim-like enhancement between the non-en-
hanced portion of the lesion and the enhanced surround-
ing parenchyma. This perfusion pattern was never seen in 
other liver tumors, and was similar to the pattern obtained 
with dynamic CT. All metastases were demonstrated as 
clear defects in the Kupffer phase. Only 4 nodules of me-
tastasis showed an atypical pattern which might be caused 
by the different characteristics of the primary cancer.

  On contrast-enhanced harmonic US, typical spotty 
pooling in the vascular phase followed by globular or cot-
ton wool pooling was detected in the hemangiomas. This 
perfusion pattern was not seen in any other hepatic tu-
mors. Small-sized hemangiomas occasionally showed 
early tumor vessels and parenchymal perfusion in the 
vascular phase. However, this intratumoral perfusion 
continued to the Kupffer phase, leading to the correct di-
agnosis of hemangioma.

  Many studies have described the hemodynamic char-
acteristics of dysplastic nodules as portal supply and arte-
rial hypovascularity  [4, 17–19] . In this study, contrast-
enhanced US demonstrated 5 dysplastic nodules with ar-
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terial hypovascularity and portal supply in the early 
vascular phase. The positive uptake in the Kupffer phase 
might also have been attributed to the presence of the 
Kupffer cells in the nodules. The diagnostic criteria of the 
dysplastic nodules have a high specificity and positive 
predictive value but low sensitivity.

  Previous studies reported that the spoke-wheel ap-
pearance is a pathognomonic finding for FNHs  [7, 20] . In 
this study, all FNHs had the typical arterial supply of the 
spoke-wheel appearance. The sensitivity and specificity 
of the FNH pattern were both 100%. Contrast-enhanced 
harmonic US could directly show the depiction of tumor 
vessels, this is superior to dynamic CT or Levovist-en-
hanced US for the diagnosis of FNHs.

  There were some limitations in this study. First, the 
criterion for diagnosis was not applied prospectively. A 
prospective study is needed to confirm the accuracy for 

differential diagnosis of hepatic nodules. Second, the 
proportion of HCC tumors in our study appeared to be 
relatively higher than that in Western countries. Another 
limitation is the preliminary nature of the study, with a 
relatively small number of patients. Further studies in 
larger patient cohorts are warranted.

  In conclusion, Sonazoid-enhanced harmonic US is a 
promising technique for the noninvasive characteriza-
tion of hepatic tumors based on the sensitive and specific 
presence/absence of the characteristic features of each tu-
mor type.
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(7/11) with PRs, and 88.9 (16/18) and 55.6% (10/18) of patients 
with SVR, respectively. The 1- and 2-log reductions 4 weeks 
after the start of therapy were not a defining   condition for 
PR and SVR. The amount of HCV core antigen was signifi-
cantly different between SVR and PR patients on days 1 and 
7, and between patients with NR and SVR at all points of time. 
In conclusion, this new IRM assay is useful in predicting viro-
logical response during PEG-IFN/RBV therapy. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Recently, global consensus has been reached that a 
combination of interferon (IFN) or pegylated IFN plus 
ribavirin (PEG-IFN/RBV) is the treatment of choice for 
chronic hepatitis C. Even with this treatment regimen, 
however, sustained virological response (SVR) for those 
infected with the most resistant genotypes, hepatitis C 
virus (HCV)-1a and -1b, still hover at  � 50%  [1, 2] . Thus, 

 Key Words 
 Chronic hepatitis  �  HCV core antigen  �  HCV RNA genotype 
1b  �  Immunoradiometric assay  �  PEG-IFN/RBV combination 
therapy  �  Prediction, virological response 

 Abstract 
 We investigated the clinical usefulness of a new immunora-
diometric (IRM) assay of hepatitis C virus (HCV) core antigen 
in predicting virological response during pegylated interfer-
on plus ribavirin (PEG-IFN/RBV) combination therapy for 
chronic hepatitis with high viral loads of serum HCV RNA 
genotype 1b. Thirty-nine patients received a regimen of 
PEG-IFN � -2b (1.5  � g/kg/week s.c.) in combination with RBV 
(600–1,000 mg/day). Of the 39 patients, 18 (46.2%) achieved 
sustained virological response (SVR), 11 (28.2%) attained 
partial response (PR) and 10 (25.6%) showed no response 
(NR). Four weeks after the start of therapy, 1- and 2-log re-
ductions in the amount of HCV core antigen were observed 
in 20 (2/10) and 0% (0/10) showing NR, 91 (10/11) and 63.6% 
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it is worthy to identify the predictive factors that allow 
the selection of patients who would achieve the eradica-
tion of HCV RNA either before or during therapy, espe-
cially since IFN/RBV combination therapy is costly and 
has several side effects  [3] .

  Predictors of IFN-based therapy can be classified into 
pre- and on-treatment factors. Pre-treatment factors 
comprise (1) host factors, such as age, gender, obesity, al-
cohol consumption, hepatic iron overload, fibrosis, im-
mune responses and co-infection with other viruses, and 
(2) viral factors that mainly include viral genotypes, par-
ticular amino acid sequence variations in the NS5A re-
gion  [4, 5]  and in the core protein region of HCV  [6]  with-
in a given genotype and the   viral load. On-treatment fac-
tors are mainly related to viral kinetics within the first 
few weeks of treatment  [7] .

  Although the detection of HCV RNA by reverse tran-
scription-polymerase chain reaction (RT-PCR) repre-
sents the most sensitive method for determining persis-
tent HCV infection, the assay is time-consuming, costly 
and technically demanding. In contrast, enzyme immu-
noassays (EIAs) for detecting HCV core antigen are sim-
ple and relatively inexpensive. A number of reports have 
demonstrated the utility of measuring HCV core antigen 
using EIAs  [8–11] . Moreover, a new immunoradiometric 
(IRM) assay for detecting HCV core antigen has recently 
been developed  [12] .

  In this study, we assessed the usefulness of the new 
IRM assay for HCV core antigen in efficiently predicting 
SVR, based on virological dynamics at 24 h, and 1, 2 and 
4 weeks after the start of PEG-IFN/RBV combination 
therapy, in patients with HCV-1b  6 100 KIU/ml.

  Patients and Methods 

 Between December 2004 and July 2006, 39 patients included in 
this study demonstrated high viral loads ( 1 100 KIU/ml) of serum 
HCV RNA of genotype 1b; they had been diagnosed with chronic 
hepatitis C on the basis of abnormal serum alanine aminotrans-
ferase persisting for at least 6 months and positive HCV RNA as-
sessed by RT-PCR. None of the patients was positive for hepatitis 
B surface antigen or other liver diseases (autoimmune hepatitis or 
alcoholic liver disease). All the patients received a regimen of PEG-
IFN � -2b (Peg-Intron; Schering-Plough, Kenilworth, N.J., USA; 
1.5  � g/kg/week, s.c.) in combination with RBV (Rebetol; Scher-
ing-Plough; 600–1,000 mg/day) for 48 weeks. RBV was adminis-
tered at a dose of 600 mg/day (three capsules) to patients weighing 
 ! 60 kg, 800 mg/day (four capsules) to those weighing  ! 80 kg, and 
1,000 mg/day (five capsules) to those weighing  6 80 kg.

  The efficacy of the combination therapy was evaluated by 
HCV RNA negativity based on qualitative RT-PCR analysis at the 
end of therapy (end of therapy response) and 6 months after the 

completion of therapy (SVR). The amount of HCV RNA was mea-
sured quantitatively by RT-PCR (Amplicor HCV monitor; version 
2.0; Roche, Basel, Switzerland) before therapy. The lower detec-
tion limit of the assay was 5 KIU/ml. Samples collected during and 
after therapy were also checked by qualitative RT-PCR (Amplicor, 
Roche), which has a higher sensitivity than quantitative analysis, 
and the results were labeled as positive or negative. The lower 
limit of the assay was 50 KIU/ml.

  SVR was defined as undetectable serum HCV RNA 24 weeks 
after cessation of treatment, partial response (PR) as undetectable 
HCV RNA at the end of treatment, but positive 24 weeks after 
discontinuation of treatment, and no response (NR) as detectable 
HCV RNA at the end of treatment. Informed consent was ob-
tained from all patients enrolled in the study after a thorough 
explanation of the aims, risks and benefits of the therapy.

  The amount of HCV core antigen was assessed by the IRM as-
say (Ortho Clinical Diagnostics, Tokyo, Japan). The HCV core 
antigen assay has a detection limit of 20 fmol/l, as established by 
the manufacturer. HCV core antigen was measured on days 0, 1, 
7 (1 week), 14 (2 weeks) and 28 (4 weeks).

  Statistical Analysis 
 Differences between the groups were assessed by non-para-

metric tests (Mann-Whitney test,  �  2  test and Fisher’s exact test). 
p   !   0.05 was considered statistically significant.

  Results 

 Of the 39 patients treated with combination therapy, 
18 (46.2%) achieved SVR and 21 were still HCV RNA pos-
itive 6 months after therapy. Of the latter, 11 (28.2%) re-
lapsed after the end of therapy (PR) and 10 (25.6%) showed 
NR. Patient characteristics ( table 1 ) showed no signifi-
cant differences among the three groups (NR, PR and 
SVR) except for the degree of fibrosis.

  A good correlation was observed between the amount 
of HCV core antigen and the amount of HCV RNA in 39 
samples at the start of therapy (r 2  = 0.648;  fig. 1 ).

  The time course of HCV RNA eradication during 
therapy showed no significant difference between PR and 
SVR ( fig. 2 ). In the NR, PR and SVR groups, the amounts 
of HCV core antigen during the initial 4 weeks of therapy 
( fig. 3 ) were as follows: 12,781  8  18,444, 7,875  8  3,418 
and 5,809  8  5,919 fmol/l, at the start of therapy; 3,382  8  
4,903, 681  8  721 and 426  8  698 fmol/l, on day 1; 6,177 
 8  6,682, 1,540  8  2,376 and 393  8  469 fmol/l, on day 7; 
7,048  8  10,323, 525  8  953 and 135  8  166 fmol/l, on day 
14, and 3,543  8  5,363, 168  8  395 and 29  8  19 fmol/l, on 
day 28, respectively. On days 1 and 7, there was a signifi-
cant difference between SVR and PR (p   !   0.05). At all 
points of time, the difference in the amount of HCV core 
antigen was significant between NR and SVR (p   !   0.05), 
but not between PR and NR.
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  Four weeks after the start of therapy, the following re-
ductions in the amount of HCV core antigen were ob-
served: a 1-log reduction in 20% (2/10) of the NR group, 
in 91% (10/11) of the PR group and in 88.9% (16/18) of the 
SVR group, and a 2-log reduction in 0% (0/10) of the NR 
group, in 63.6% (7/11) of the PR group and in 55.6% (10/18) 
of the SVR group ( table 2 ).

  Discussion 

 HCV core antigen, first detected in the circulation of 
HCV-infected hosts by EIA-based methods  [13] , had 
some limitations, in that levels under 20 fmol/l of HCV 
RNA could not be detected. Consequently, the methods 
were limited to the monitoring of late events during and 
after antiviral treatment. A modified version of the EIA 
developed for HCV core antigen  [11]  easily exposes the 
epitope of HCV core antigen, and the binding by anti-
HCV core antibody in the serum can be reduced by incu-
bation with three types of detergents. Since the modified 
EIA requires only one pretreatment step, it is simpler 
than the first-generation versions; moreover, it is 100-fold 
more sensitive. The second-generation EIA for HCV core 
antigen is useful in the diagnosis of acute and chronic 
hepatitis C and in predicting and monitoring the effect of 
IFN treatment  [14] .

  Recently, a new IRM assay-based test for detecting 
HCV core antigen, a further modification of the EIA 
method of Aoyagi et al.  [11] , overcomes the effects of the 
serological HCV genotype group at the level of HCV core 
antigen detectable by EIA in serum. The sensitivity and 
specificity of the   IRM assay are 96.4 and 100%, respec-
tively. The sensitivity is similar between HCV serotype I 
(HCV genotypes 1a and 1b; 97.6%) and HCV serotype II 
(HCV genotypes 2a and 2b; 94.0%)  [12] .

  Furthermore, the cost of the IRM assay kit is less than 
one third of the RT-PCR assay. Thus, this new IRM assay 
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  Fig. 2.  Time course of HCV RNA eradication during PEG-IFN/
RBV combination therapy. No significant difference was ob-
served between SVR ( –––––  ) and PR (– – –). 
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  Fig. 3.  Amount of HCV core antigen during PEG-IFN/RBV com-
bination therapy.  –––––  = SVR; – – – = PR; – -- – -- – = NR.  *  p  !  
0.05, SVR vs. PR;  *  *  p  !  0.05, SVR vs. NR, and  *  *  *  p  !  0.05, NR 
vs. PR. 
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  Fig. 1.  Correlation between the amount of HCV core antigen and 
the amount of HCV RNA at the start of PEG-IFN/RBV combina-
tion therapy. There was a significant positive correlation (r 2  = 
0.648, p = 0.0002. y = 4.48x + 1,470). 
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is an economically valuable option for monitoring the 
amount of HCV in patients with chronic HCV infection. 
Indeed, in our study, there was a strong correlation be-
tween the amount of HCV core antigen in serum by the 
IRM assay and the amount of HCV RNA in serum mea-
sured by quantitation RT-PCR (r 2  = 0.648).

  Although some studies have suggested that quantita-
tive HCV RNA determinations allow earlier assessment 
of treatment response, the assays were not generally avail-
able commercially, and they were not standardized. 
Therefore, we used the   IRM assay to predict virological 
response during PEG-IFN/RBV therapy in patients with 
HCV-1b  6 100 KIU/ml.

  To be able to assess whether long-term response is at-
tainable as early as possible during the treatment course, 
and to have the option of discontinuing treatment in cas-
es where virological response is not expected, is desirable. 
This strategy has the potential of making a trial more 
 appealing to patients by providing a limited ‘test’ period 
of treatment before committing to a full course of thera-
py  [6] .

  The accuracy of the degree of viral inhibition, during 
the early weeks of treatment (early virological response: 
EVR) with PEG-IFN � -2b/RBV, has been examined to 
identify patients who would not respond to therapy. The 
best definition of EVR is a reduction in HCV RNA by at 
least 2 log after the first 12 weeks of treatment compared 
with baseline. Depending on the treatment regimen, be-
tween 69 and 76% of patients have achieved this thresh-
old, with SVR attained in 67–80%  [15] .

  The importance of EVR has been emphasized in pre-
dicting SVR and non-SVR: patients who do not reach 
EVR are not responsive to further therapy. Discontinua-
tion of treatment in patients not reaching EVR would re-
duce drug costs by  1 20%; consequently, early confirma-

tion of viral reduction after initiating antiviral therapy 
for chronic hepatitis C is worthwhile  [16] .

  Treatment with IFN results in a decline in HCV RNA 
levels, which can be resolved mathematically into two 
phases. The first-phase decline is usually measured at 24 
or 48 h, and probably reflects direct inhibition of intra-
cellular HCV production and release  [17] , with IFN effi-
cacy ranging from about 70% (approximately 0.7 log 
units) for standard IFN given three times a week to more 
than 90% (1 log units) for high daily doses of standard 
IFN or PEG-IFN once a week  [18, 19] . The second-phase 
decline begins after 24–48 h, is slower and more variable 
than the first phase, and is thought to reflect continued 
inhibition of replication and the gradual elimination of 
virus-infected cells  [17] . The decay correlates less with the 
IFN dose than the first phase, but is more rapid with 
PEG-IFN as compared with standard IFN preparations 
 [16] .

  Lowering HCV RNA during the first phase is essential 
for efficient elimination of HCV during the second phase. 
Decreases in HCV RNA titers within the first 24–48 h 
after the start of IFN, therefore, would be dependable es-
timates of antiviral efficacy  [18, 19] .

  As observed with the first phase, RBV does not appear 
to influence second-phase kinetics  [16] . Four weeks after 

Table 2. Reduction in the amount of HCV RNA 4 weeks after the 
start of PEG-IFN/RBV therapy

Reduction NR PR SVR

1 log 20% (2/10) 91% (10/11) 88.9% (16/18)
2 log 0% (0/10) 63.6% (7/11) 55.6% (10/18)

Table 1. Host-dependent, virus-related profile

NR PR SVR p

Gender, males/females 6/4 7/4 9/9 NS
Age, years 59.889.9 63.587.3 55.589.4 NS
HCV RNA level, KIU/ml 1,18581,154 2,09381,355 1,32881,321 NS
HCV core antigen, fmol/l 12,781818,444 7,87583,418 5,80985,919 NS
Body weight, kg 61.2811.2 60.8814.5 57.589.6 NS
Treatment history (retreatment/naïve) 6/4 4/7 7/11 NS
Body mass index 23.783.7 22.783.7 22.489.6 NS
F0–1/F2–3 3/6 1/6 14/3 0.003
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the start of therapy, a   1-log reduction was observed in 
20% (2/10) of NR patients, 91% (10/11) of PR and 88.9% 
(16/18) of SVR, and a 2-log reduction in 0% (0/10) of NR, 
63.6% (7/11) of PR and 55.6% (10/18) of SVR patients. 
These results indicate that the reduction of 1 and 2 log in 
the amount of HCV core antigen 4 weeks after therapy is 
not a defining condition for PR and SVR. There are two 
kinds of non-SVR (PR and NR): PR is defined as HCV 
RNA undetectable at the end of treatment and positive 24 
weeks after the discontinuation of therapy; NR is defined 
as HCV RNA detectable at the end of treatment.

  At all points of time, a significant difference was ob-
served in the amount of HCV core antigen between SVR 
and NR. Accordingly, SVR can easily be differentiated 
from NR by IRM assay during therapy. With regard to 
the time course of HCV RNA eradication, however, there 
is no difference between PR and SVR. The prediction of 
SVR and PR by the earliest possible use of the   IRM assay 
is desirable.

  In our study, 1 and 7 days after the start of therapy, 
there was a significant difference in the amount of HCV 
core antigen between SVR and PR. Our finding that SVR 
and PR could be differentiated by the   IRM assay during 
the first and second phases is very useful for clinicians 
engaged in the treatment of C-type hepatitis, because PR 
patients should be treated for 72 weeks in order to maxi-
mize the probability of SVR  [20, 21] .

  Taken together, our results demonstrate that early vi-
ral dynamics, such as changes in the amount of HCV core 
antigen detected by the   IRM assay in the first and second 
phases during PEG-IFN � -2b/RBV therapy, predict out-
come not only between SVR and NR but also between 
SVR and PR. Since the number of patients was small in 
our study, further studies including larger patient cohorts 
are needed to confirm the promising potential of the   IRM 
assay.

  In conclusion, this new IRM assay is useful in predict-
ing virological response during PEG-IFN/RBV combina-
tion therapy administered for chronic hepatitis C with 
high viral loads of HCV RNA genotype 1b.
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Elevated  Serum ALT Levels during 
Pegylated Interferon Monotherapy May 
Be Caused by Hepatic Iron Overload 
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correlated after 24 weeks. The liver specimens revealed that 
TIS and fibrosis progressed during  therapy.  Conclusion:  Our 
findings suggest that the elevation in serum ALT levels dur-
ing therapy is caused by iron overload which may be induced 
by PEG-IFN � -2a.  Copyright © 2008 S. Karger AG, Basel

 

 Introduction 

 Interferon therapy has become standard care for 
chronic hepatitis C (CHC) patients, and many forms of 
interferon are commercially available. Persistently elevat-
ed serum alanine aminotransferase (ALT) levels have 
been observed in CHC patients receiving pegylated inter-
feron (PEG-IFN) therapy  [1, 2] .   However, the reason for 
this elevation has yet to be elucidated.

  PEG-IFN � -2a (40 kDa) was developed through the 
process of pegylation, whereby a large, 40-kDa, branched-
chain polyethylene glycol (PEG) molecule is attached to 
the base IFN � -2a molecule to produce a drug with a pro-
longed half-life. The attachment of the branched PEG 
moiety results in a drug with a once weekly dosing regi-
men  [3, 4] .  

 Iron overload has been reported to cause elevated se-
rum ALT levels in CHC patients  [5] . The pathogenesis 
caused by iron overloading in hepatitis C virus (HCV) 

 Key Words 
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 Abstract 
  Objective:  Persistently elevated serum alanine aminotrans-
ferase (ALT) levels have been observed in chronic hepatitis C 
(CHC) patients during pegylated interferon (PEG-IFN) thera-
py. We investigated whether elevated serum ALT levels dur-
ing PEG-IFN therapy are associated with iron overload.  Meth-
ods:  Sixty-three CHC patients treated with PEG-IFN � -2a 
monotherapy were evaluated. The associations between el-
evated serum ALT levels ( 6 70 IU/l) were investigated before 
and 24 weeks after therapy. We classified patients as follows: 
patients with no elevated serum ALT levels (group NE: n = 
35), patients with elevated serum ALT levels (group E: n = 28), 
and patients with no elevated serum ALT level and negative 
HCV RNA (group NE–: n = 24), and patients with elevated se-
rum ALT level and negative HCV RNA (group E–: n = 19). We 
also compared total iron score (TIS) and fibrosis stage in liver 
specimens obtained before and during therapy from 3 pa-
tients with elevated serum ALT levels.  Results:  Serum ferritin 
levels were significantly increased after 24 weeks compared 
to baseline levels in group E (218  8  273 vs. 438  8  308 ng/ml; 
p  !  0.0001) and group E– (146  8  152 vs. 410  8  291 ng/ml;
p  !  0.0001). Serum ALT and ferritin levels were significantly 
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infection has not been characterized. A recent report sug-
gests that iron abnormality in HCV infection is regulated 
by hepcidin  [6, 7] . Excess free iron can produce reactive 
oxygen species that can cause hyperoxidation of lipids 
and contributes to cellular injury  [8–10] .

  In the present study, we investigated whether elevated 
serum ALT levels are associated with some background 
factors including serum ferritin levels, which reflect iron 
overload in the liver, since iron overload might be related 
to elevated serum ALT levels during PEG-IFN � -2a ther-
apy. 

  Patients and Methods 

 Patients 
 Sixty-three CHC patients (33 males and 30 females) were treat-

ed with PEG-IFN � -2a monotherapy once a week at a daily dose of 
90 or 180  � g for 48 weeks between January 2004 and February 
2006.   The diagnosis of HCV infection was established by the pres-
ence of anti-HCV antibodies, detection of serum HCV RNA and 
a negative result for hepatitis B surface antigen. Patients self-re-
ported complete abstinence from alcohol. CH was diagnosed ei-
ther clinically on the basis of laboratory data, ultrasonography 
and computed tomography findings, or histologically based on 
results of liver biopsy performed within 3 months before initiation 
of the therapy. Twenty-four weeks after the initiation of therapy, 
serum ALT levels that exceeded twice the normal level ( 6 70 IU/l) 
were considered elevated. We classified CHC patients 24 weeks 
after initiation of therapy as follows: patients with elevated serum 
ALT levels 24 weeks after initiation of the therapy were in group 
E and patients with no elevated serum ALT levels at 24 weeks were 

in group NE. NE Patients who were HCV RNA negative 24 weeks 
after initiation of therapy were classified as group NE–, and E pa-
tients who were HCV RNA negative 24 weeks after initiation of 
therapy were classified as group E– ( fig. 1 ). The associations be-
tween elevated serum ALT levels and other laboratory parameters 
(serum ferritin, iron, peripheral blood eosinophils, platelet counts 
and viral titer) and the fibrosis stage of the liver specimens were 
investigated before and 24 weeks after initiation of therapy in all 
groups. Moreover, we investigated the difference in serum ALT 
and ferritin levels at the end of therapy and 24 weeks after comple-
tion of therapy in patients with and without sustained viral re-
sponse (SVR). Patients with high serum ALT and ferritin levels 24 
weeks after initiation of therapy underwent phlebotomy during 
the therapy. This study was approved by the Ethics Committee of 
the Kinki University School of Medicine, and all patients gave in-
formed consent before entering into the study.

  Biochemical and Virological Assay  
 Laboratory tests, including serum ALT levels, iron, ferritin 

and complete blood cell counts, were measured by an automated 
analyzer. HCV antibodies were assayed by enzyme immunoassay 
(Sysmex, Kobe, Japan).   Serum HCV RNA levels were analyzed by 
reverse transcriptase (RT)-PCR using a commercial kit (Roche 
Diagnostics, Branchburg, N.J., USA), and HCV genotyping was 
performed by RT-PCR (Roche Diagnostics).

  Liver Biopsy and Assessment of Histology  
 Thirty-four patients underwent percutaneous liver biopsy 

under ultrasonographic guidance within 3 months before the 
therapy, and 3 patients with elevated serum ALT and ferritin lev-
els 24 weeks after initiation of therapy underwent percutaneous 
liver biopsy during the therapy. The liver specimens were embed-
ded in paraffin and stained with hematoxylin and eosin, and 
Pearls’ Prussian blue. The degree of fibrosis and inflammatory 

HCV patients
(n = 63) 

24 weeks after initiation
of therapy

No elevation in serum ALT levels
(group NE)

(n = 35)

Elevated serum ALT levels
(group E)
(n = 28)

HCV RNA negative
(group E–)

(n = 19)

HCV RNA negative
(group NE–)

(n = 24)

HCV RNA positive
(n = 11)

HCV RNA positive
(n = 9)

  Fig. 1.  The classification of patients with 
HCV infection. HCV patients (n = 63) 
were classified as follows: group NE (n = 
35; patients with no elevation in serum 
ALT levels 24 weeks after initiation of 
therapy); group E (n = 28; patients with el-
evated serum ALT levels 24 weeks after 
initiation of therapy); group NE– (n = 24; 
patients with normalized serum ALT lev-
els who were HCV RNA negative 24 weeks 
after initiation of therapy), and group E– 
(n = 19; patients with elevated serum ALT 
levels who were HCV RNA negative 24 
weeks after initiation of the therapy). 
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activity was assessed on the basis of a 5-stage scale according to 
the Metavir system (stages 0–4 for fibrosis and grade 0–4 for in-
flammatory activity)  [11] . Histological liver iron content was 
evaluated and graded semiquantitatively by the method de-
scribed by Deugnier et al.  [12] . Iron deposits were assessed using 
three different scores: hepatocytic iron score (HIS), 0–36; sinu-
soidal iron score (SIS), 0–12, and portal iron score (PIS), 0–12. 
The total iron score (TIS), 0–60, was defined as the sum of these 
three scores (TIS = HIS + SIS + PIS) by a single histopathologist 
who was unaware of the patients’ data.

  Statistical Analysis 
 Continuous data are reported as means  8  SD. Differences be-

tween groups were determined by Wilcoxon’s signed rank test, 
and then confirmed by the non-parametric Mann-Whitney U test 
between the groups. For discrete variables like histology and gen-
otypes, the  �  2  test with Yates’ correction was used. Correlations 
between data were tested using the non-parametric Spearman 
rank correlation analysis.

  Differences were considered statistically significant at all p 
values  ! 0.05. Statistical calculations were performed using SPSS 
software (version 11.5; SPSS, Chicago, Ill., USA).

  Results 

 Groups NE and E 
 The clinical laboratory parameters before and 24 

weeks after initiation of the therapy in both groups are 

shown in  table 1 . Of 63 patients, 35 patients (17 males and 
18 females) were in group NE and 28 patients (19 males 
and 9 females) were in group E. Hemoglobin and platelet 
counts decreased significantly 24 weeks after initiation of 
therapy in both groups ( table 1 ). However, serum ferritin 
levels significantly increased at 24 weeks only in group E 
(before vs. at 24 weeks; 218  8  273 vs. 438  8  308 ng/ml, 
p  !  0.0001). Moreover, 24 weeks after initiation of thera-
py, serum ferritin levels were significantly higher in group 
E compared with group NE (438  8  308 vs. 164  8  183 
ng/ml, respectively; p  !  0.0001), while there were no sig-
nificant differences before therapy (218  8  273 vs. 191  8  
279 ng/ml, respectively; p = 0.619). Regarding other clin-
ical laboratory data (sex, age, total dose, Hb, platelet 
count, eosinophil counts, ALT, iron and viral titer) be-
tween group NE and group E, there were no significant 
differences before and 24 weeks after therapy. The fibro-
sis stage in the liver specimens obtained before the ther-
apy was significantly higher in group E compared with 
group NE (p = 0.031). 

  Serum ALT levels and other clinical laboratory data 
did not significantly correlate before or 24 weeks after 
initiation of therapy in group NE (data not shown). How-
ever, in group E, serum ALT levels and serum ferritin 
levels correlated positively and significantly 24 weeks af-

Table 1. Clinical laboratory parameters in groups NE and E before and 24 weeks after initiation of therapy

Group NE Group E Group NE vs. E

before 24 weeks p value before 24 weeks p value before 24 weeks

Patients 35 28 NS
Male 17 19 NS
Female 18 9 NS

Age, years 59813(21–67) 54813 (16–60) NS
Total dose, �g 5,09881,408 4,8758938 NS
Hb, g/dl 14.084.1 (10.1–16.1) 11.981.5 (9.1–16.3) 0.001 14.184.5 (10.9–16.9) 12.781.4 (10.8–15.7) <0.0001 NS NS
Platelets, 104/ml 15.387.3 (8.4–36.9) 11.385.8 (5.2–27.4) <0.0001 15.385.9 (10–31.2) 10.484.9 (5.3–22.8) <0.0001 NS NS
Eosinophils, % 3.282.6 (0.4–9.9) 2.882.8 (0.2–13.5) NS 2.582.4 (0–10) 2.382.0 (0–9) NS NS NS
ALT, IU/l 63.3862.8 (13–320) 35.0831.0 (13–47) 0.002 55.9831.9 (15–140) 111856.1 (46–263) 0.001 NS <0.0001
Iron, �g/dl 124866 (15–234) 117.5859.6 (33–244) NS 112852 (45–247) 116.7855.7 (74–251) NS NS NS
Ferritin, ng/ml 1918279 (10–1,524) 1648183 (5–850) NS 2188273 (8–1,536) 4388308 (19–1,301) <0.0001 NS <0.0001
Viral titer, kIU/ml 6708546 (3–2,070) 4498711 (4.9–2,140) NS 6478630 (4.9–3,510) 5238921 (0–2,610) NS NS NS
Genotype

1 20 15 0.769
2 11 11
Unknown 4 2

Fibrosis
0/1 13 7 0.031
2/3/4 3 11

Values are means 8 SD (range). Hb = Hemoglobin; NS = not significant.
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ter initiation of therapy (r = 0.427, p = 0.017), whereas this 
correlation could not be demonstrated before therapy
(r = 0.301, p = 0.100,  fig. 2 )

  HCV RNA-Negative Groups 
 The clinical laboratory parameters before and 24 

weeks after initiation of the therapy in both groups are 
summarized in  table 2 . Forty-three patients were HCV 
RNA negative at 24 weeks; 24 patients (11 males and 13 

females) were in group NE– and 19 patients (10 males and 
9 females) were in group E–. Thus, 44% (19/43) of patients 
had elevated serum ALT levels despite being HCV RNA 
negative 24 weeks after initiation of therapy. Hemoglobin 
and platelet counts decreased significantly 24 weeks after 
initiation of therapy in both groups. However, serum fer-
ritin levels significantly increased at 24 weeks only in 
group E– (before vs. at 24 weeks; 146  8  152 vs. 410  8  291 
ng/ml, p  !  0.0001). Moreover, 24 weeks after initiation of 
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  Fig. 2.  Correlation between serum ALT and ferritin levels in group E. Serum ALT levels and serum ferritin lev-
els correlated significantly 24 weeks after initiation of therapy ( b ; r = 0.427, p = 0.017), although no significant 
correlation was found before therapy ( a ; r = 0.301, p = 0.100) in group E. 

Table 2. Clinical laboratory parameters in groups NE– and E– before and 24 weeks after initiation of therapy

Group NE– Group E– Group NE– vs. E–

before 24 weeks p value before 24 weeks p value before 24 weeks

Patients 24 19 NS
Male 11 10 NS
Female 13 9 NS

Age, years 57816 (21–67) 55814 (16–60) NS
Total dose, �g 5,00281,301 4,6978501 NS
Hb, g/dl 14.284.9 (10.1–16.1) 11.981.3 (9.8–14.2) 0.004 14.281.3 (11.4–16.9) 12.681.4 (10.8–15.7) <0.0001 NS NS
Platelets, 104/ml 15.787.1 (8.4–36.9) 11.285.5 (5.2–24.6) <0.0001 16.186.2 (10–31.2) 9.484.3 (5.3–22.8) <0.0001 NS NS
Eosinophils, % 2.882.4 (0.4–9.9) 3.083.3 (0.2–13.5) NS 2.782.7 (0–10) 2.782.0 (0–10) NS NS NS
ALT, IU/l 61.4872.1 (13–320) 26.6811.3 (13–37) 0.009 54.5832.6 (15–140) 105856.1 (46–263) <0.0001 NS <0.0001
Iron, �g/dl 129866 (15–234) 99.8843.5 (33–157) NS 117857 (45–247) 112853.8 (74–250) NS NS NS
Ferritin, ng/ml 1608327 (10–1,524) 1948327 (8–850) NS 1468152 (5–620) 4108291 (19–1,301) <0.0001 NS <0.0001
Viral titer, kIU/ml 5768552 (4.9–2,070) – – 6478630 (4.9–3,510) – – 0.685
Genotype

1 13 11 0.979
2 9 7
Unknown 2 1

Fibrosis
0/1 7 5 0.719
2/3/4 10 12

Values are medians 8 SD (range). N = Normal; H = high; Hb = hemoglobin; NS = not significant.
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therapy, serum ferritin levels were significantly higher in 
group E– compared to group NE– (group NE– vs. group 
E–; 194  8  327 vs. 410  8  291 ng/ml, p  !  0.0001), while 
there were no significant differences before therapy 
(group NE– vs. group E–; 160  8  327 vs. 146  8  152 ng/ml, 
p = 0.787). Regarding other clinical laboratory data (sex, 
age, total dose, Hb, platelet count, eosinophil counts, 
ALT, iron and viral titer) and the liver fibrosis stage be-
tween group NE– and group E–, there were no significant 
differences before and 24 weeks after therapy. Serum 
ALT levels and other clinical laboratory data did not sig-
nificantly correlate before or 24 weeks after initiation of 
therapy in group NE– (data not shown). However, in 
group E–, serum ALT levels and serum ferritin levels cor-
related positively and significantly 24 weeks after initia-
tion of the therapy (r = 0.505, p = 0.014), whereas this 

correlation could not be demonstrated before the therapy 
(r = 0.410, p = 0.052,  fig 3 ).

  Histological Comparison of Liver Specimens before 
and 24 Weeks after Initiation of Therapy 
 Three patients who showed elevated serum ALT and 

ferritin levels underwent liver biopsy 24 weeks after ini-
tiation of therapy. HCV RNA remained negative at the 
time of liver biopsy in the 3 patients. We compared speci-
mens obtained before therapy with specimens obtained 
during therapy. The liver specimen obtained from 1 of the 
3 patients, case 1, is shown in  figure 4 . The extent of iron 
storage and the grading of fibrosis progressed during the 
therapy in the 3 patients ( table 3 ). However, progression of 
degeneration, apoptosis, necrosis and fatty changes in he-
patocytes were not observed in liver specimens. 
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  Fig. 3.  Correlation between serum ALT and ferritin levels in group E–. Serum ALT levels and serum ferritin 
levels were significantly correlated 24 weeks after initiation of therapy ( b ; r = 0.505, p = 0.014), although no 
 significant correlation was found before therapy ( a ; r = 0.410, p = 0.052) in group E–. 

a b

  Fig. 4.  Liver biopsy specimens before ( a ) 
and during therapy ( b ) stained with Prus-
sian blue ( ! 100). The extent of iron stor-
age progressed during therapy, with TIS 
amounting to 31 before and 40 during 
therapy. 
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  Fig. 5.   a  Comparisons of serum ALT and 
ferritin levels in patients with SVR (n = 9). 
There were significant increases in serum 
ALT and ferritin between levels before and 
at the end of therapy (48 weeks). There 
were significant decreases in serum ALT 
and ferritin between levels at the end of 
therapy (48 weeks) and 24 weeks after 
completion of therapy. Serum ferritin lev-
els and ALT levels returned to normal lev-
els 24 weeks after completion of therapy. 
 *  p  !  0.05.  b  Comparisons of serum ALT 
and ferritin levels in relapsed patients (n = 
8). There were significant increases in se-
rum ALT and ferritin between levels be-
fore and at the end of therapy (48 weeks). 
Serum ALT levels 24 weeks after comple-
tion of therapy were not normalized. How-
ever, serum ferritin levels significantly de-
creased to within the normal range 24 
weeks after completion of therapy.  *  p  !  
0.05.   
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  Serum ALT and Ferritin Levels 24 Weeks after 
Completion of Therapy  
 Seventeen patients in group E– completed the 48 weeks 

of therapy. Among them, 9 patients achieved SVR and 
their serum ferritin levels and ALT levels returned to nor-
mal 24 weeks after completion of therapy ( fig. 5 a).

  On the other hand, 8 patients who relapsed after com-
pletion of therapy maintained elevated serum ALT levels 
24 weeks after completion of therapy. However, serum 
ferritin levels in these patients returned to normal levels 
24 weeks after completion of therapy (p = 0.0012;  fig. 
5 b).

  Effect of Phlebotomy 
 There were 9 patients with serum ALT levels  1 100

IU/l who were HCV RNA negative during the therapy. 
Among them, 2 patients received phlebotomy since their 
serum ferritin levels were also elevated during therapy. 
Serum ALT and ferritin levels decreased soon after initia-
tion of phlebotomy in both patients, and 2,200 and 2,000 
ml of blood, respectively, were removed in total. Both pa-
tients could continue therapy since serum ALT levels nor-
malized after serum ferritin levels dropped to normal lev-
els ( fig. 6 ). In patient 2, HCV RNA relapsed 12 weeks after 
completion of therapy and serum ALT levels re-elevated 
to 124 IU/l, without re-elevation of serum ferritin levels.
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  Fig. 6.   a  Clinical course of patient 1 (48 
years old) who received phlebotomy. She 
received phlebotomy (a total blood volume 
of 2,200 ml was removed) from 8 to 36 
weeks after initiation of therapy. Serum 
ferritin was 532 ng/ml 8 weeks after initia-
tion of therapy and changed to 112 ng/ml 
at the end of phlebotomy. Serum ALT de-
creased from 230 IU/dl to 25 IU/dl without 
HCV RNA relapse.  b  Clinical course of pa-
tient 2 (68 years old) who received phle-
botomy. He received phlebotomy (a total 
blood volume of 2,000 ml was removed) 
from 14 to 30 weeks after initiation of ther-
apy. Serum ferritin was 653 ng/ml 14 weeks 
after initiation of therapy and decreased to 
196 ng/ml at the end of phlebotomy. Se-
rum ALT decreased from 102 to 24 IU/dl. 
However HCV RNA relapsed 12 weeks af-
ter completion of therapy and serum ALT 
levels re-elevated to 124 IU/l without re-
elevation of serum ferritin levels.              
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  Discussion 

 Serum ALT levels frequently increase in chronic hepa-
titis B patients during IFN �  therapy even among patients 
who achieved seroconversion. It is considered to be the 
result of the stimulatory action of IFN to remove virus-
infected hepatocytes on the immune system  [13] . Serum 
ALT levels increased in CHC patients during IFN �  ther-
apy  [14] , which is reportedly due to the toxic effects of 
IFN �  itself on hepatocytes, and not due to hepatitis activ-
ity. Increased serum ALT levels were found in CHC pa-
tients with autoimmune hepatitis provoked by IFN �  ther-
apy  [15] .   However, in the present study, we did not expect 
autoimmune hepatitis to develop, since all patients with 
elevated serum ALT levels were found to be negative for 
anti-nuclear antigen, and had low IgG serum levels. 

  In the present study, we demonstrated a significant in-
crease in serum ferritin levels in patients with elevated 
serum ALT levels as well as a significant correlation be-
tween serum ALT and ferritin levels 24 weeks after ini-
tiation of therapy, although there were no correlations 

before therapy. Similar results were observed even among 
patients who became HCV RNA negative, indicating that 
the virus itself was not responsible for the elevation in 
serum ALT during therapy. The fibrosis stage in the liver 
specimens obtained before therapy was significantly 
higher in group E than in group NE. The cause of this 
finding remains to be elucidated. Phlebotomy was effec-
tive in the patients with high serum ferritin levels during 
therapy. In patients who achieved SVR, serum ferritin 
and ALT levels returned to normal 24 weeks after com-
pletion of therapy. However, in relapsed patients, serum 
ALT levels re-elevated after completion of therapy, but 
this elevation was not associated with an elevation in se-
rum ferritin. These findings suggest that the re-elevation 
in serum ALT levels after completion of therapy was not 
associated with iron overload but with HCV propagation. 
Serum ferritin levels were not increased due to the acute 
phase of inflammation for any reason that might have oc-
curred during the study, since we ensured that patients 
had no infections, alcohol abuse or rapid body weight 
gain. Additionally, there were no significant differences 
or correlations between serum ALT levels and other fac-
tors, such as viral titer or eosinophils, which suggests that 
neither HCV nor drug-induced hepatitis is responsible 
for the elevation in serum ALT levels. We conducted liv-
er biopsies in the 3 patients with high serum ALT and 
ferritin levels during the therapy. The extent of iron stor-
age progressed during therapy in these patients. Although 
the number of patients who underwent liver biopsy was 
too small to prove our hypothesis, this finding also sup-
ports the relationship between elevated serum ALT levels 
and enhanced iron overload during therapy. In addition, 
these 3 liver specimens obtained during therapy demon-
strated the progression of fibrosis compared with those 
obtained before therapy, indicating that enhanced hepat-
ic iron accumulation during therapy is responsible for 
progression of fibrosis in patients with elevated serum 
ALT and ferritin levels. These findings support the hy-
pothesis that PEG-IFN therapy induced hepatic iron 
overload, which led to elevated serum ALT levels at 24 
weeks in a representative group. Further, the elevated fer-
ritin and ALT levels were reversed after iron reduction 
therapy. Normalization of serum ALT levels 24 weeks af-
ter completion of the therapy also suggests a therapy-in-
duced adverse effect. However, direct demonstration of 
increased hepatic iron content was possible only in 3 pa-
tients showing a progressive rise in hepatic iron content. 
Undoubtedly, a histological correlation in a larger num-
ber of patients is needed to more definitely support this 
hypothesis.

Table 3. Histological examination of the liver

Score Before therapy During therapy 

Case 1
HIS 24 30
SIS 6 6
PIS 1 4
TIS 31 40
A 2 2
F 2 3

Case 2
HIS 0 9
SIS 1 1
PIS 0 2
TIS 1 12
A 1 2
F 1 2

Case 3
HIS 21 9
SIS 0 9
PIS 0 6
TIS 21 24
A 2 3
F 2 4

The TIS was defined as the sum of these three scores (TIS = 
HIS + SIS + PIS). HIS = Hepatocytic iron score; SIS = sinusoidal 
iron score; PIS = portal iron score; TIS = total iron score; A = ac-
tivity; F = fibrosis.
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  How PEG-IFN induces iron overload remains un-
known, although IFN therapy-induced iron overload and 
fibrosis have been reported previously  [16, 17] . CHC has 
been associated with increased hepatic iron content which 
is probably a secondary effect of increased protein ex-
pression of transferrin receptor-2 (TfR-2)  [18] . Accord-
ingly, the viral clearance brought about by IFN therapy 
should be associated with a reduction in hepatic iron con-
tent. However, in the present study, ALT and ferritin lev-
els remained elevated even after viral clearance 24 weeks 
after initiation of therapy. One potential mechanism for 
the increased serum ferritin levels observed during PEG-
IFN therapy is the association of IFN with a polyethylene 
glycol of high molecular weight. This large molecule – al-
though being generally considered inert – may in some 
way be responsible for inducing iron overload. In in vitro 
studies, 5% polyethylene glycol, which reduces gycocalyx 
viscosity, enhanced the uptake of iron by isolated frag-
ments of rat small intestine at low iron concentrations 
 [19] . Another way to confirm this association is to com-
pare hepatic iron storage before therapy in liver biopsies 
from patients who received conventional IFN with pa-
tients who received PEG-IFN, making sure that the pa-
tients are matched for age, sex, body mass index, serum 
ferritin levels and alcohol consumption at baseline.

  While the combination therapy of PEG-IFN and riba-
virin has become a standard therapy for CHC patients, 
we focused on the PEG-IFN � -2a therapy in the present 

study  [20–22] .   Due to potential adverse effects, the com-
bination therapy cannot be applied to elderly patients or 
to patients with anemia or renal dysfunction, and IFN 
monotherapy remains a valuable alternative for these pa-
tients. Investigation of maintenance PEG-IFN therapy in 
virological non-responders and in patients with advanced 
fibrosis is under way, and low-dose, long-term IFN mono-
therapy has been suggested to prevent recurrence of he-
patocellular carcinoma  [23, 24] . Based on the results of 
our study and the fact that the oxidative stress caused by 
iron overload promotes carcinogenesis  [25] , discontinua-
tion of IFN therapy or phlebotomy should be considered 
in cases with persistently elevated serum ALT and ferri-
tin levels. 

  In conclusion, PEG-IFN � -2a therapy may induce he-
patic iron overload, which may be associated with in-
creased serum ferritin and ALT levels and progression of 
liver fibrosis during therapy regardless of viral response. 
Since serum ALT and ferritin levels are indispensable in-
dices, they must be monitored during PEG-IFN � -2a 
therapy in addition to HCV RNA positivity.
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For the conventional JIS scores of 0, 1, 2 and 3, the survival 
curves differed greatly according to the bm-JIS score (p  !  
0.0001). The independent homogenizing ability and the 
stratification value of the JIS score and the bm-JIS score de-
termined by the likelihood ratio test using the Cox propor-
tional hazard regression model showed the bm-JIS score to 
have a higher value   ( �  2  = 717.348) than the JIS score ( �  2  = 
668.91).  Conclusions:  The bm-JIS score showed superior 
stratification ability and thus was found to be a better pre-
dictor of the prognosis than the conventional JIS score, es-
pecially for the patients with good prognosis. 
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in the world, and it is the third 
leading cause of cancer-related death in Japan. A clinical 
staging system for cancer patients is very important for 
selecting the optimal treatment strategies. It is also useful 
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 � -Fetoprotein  �  Japan Integrated Staging score  � 
 Lens culinaris   

 Abstract 
  Objectives:  The Japan Integrated Staging (JIS) score has 
been reported to have good stratification ability in patients 
with hepatocellular carcinoma (HCC). However, the JIS score 
could not estimate malignant grade of HCC. The aim of this 
study was to evaluate the performance of a new staging sys-
tem: the biomarker combined JIS (bm-JIS) which includes 
three tumor markers:  � -fetoprotein (AFP),  Lens culinaris  ag-
glutinin-reactive AFP and des- � -carboxy prothrombin with 
the conventional JIS score.  Methods:  A total of 1,924 HCC 
patients were included in this study. We compared their 
overall survival, the stratification ability and suitability as a 
prognostic model according to the bm-JIS score and the 
conventional JIS score.  Results:  There were significant dif-
ferences between the survival curves for all bm-JIS scores. 
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when deciding whether or not to treat patients aggres-
sively while avoiding the overtreatment of patients who 
would either not tolerate it or whose life expectancy may 
rule out any chance of treatment response. Clinical stag-
ing is also an essential tool for comparisons between 
groups in therapeutic trials and between different stud-
ies. Kudo et al.  [1]  proposed the Japan Integrated Staging 
(JIS) score as being a better prognostic staging system for 
HCC than the Cancer of Liver Italian Program (CLIP) 
score in 2004  [2] . This staging system consists of the 
Child-Turcotte-Pugh staging system  [3]  and the TNM 
staging system by the Liver Cancer Study Group of Japan 
(LCSGJ) that was revised as of the fourth edition  [4, 5] . 
Especially in patients with HCC who were mainly diag-
nosed at the early stages and treated with radical thera-
pies, the conventional JIS score provided better prognos-
tic stratification. However, despite radical treatment, ear-
ly tumor recurrence of HCC, either local tumor recurrence 
or new tumor formation, remains a significant problem.

  Three tumor markers specific for HCC, namely,  � -fe-
toprotein (AFP),  Lens culinaris  agglutinin-reactive AFP 
(AFP-L3) and des- � -carboxy prothrombin (DCP) are 
commonly used in daily practice in Japan. In addition, it 
has been reported that these tumor markers were signif-
icant predictors of prognosis in patients with HCC. A 
positive finding for such tumor markers would have clin-
ical implications for the prognosis and appropriate man-
agement of patients with HCC  [6–10] . However, the JIS 
score does not include tumor markers as biological fac-
tors. Meanwhile the CLIP score includes biology mark-
ers, however, only AFP is one of the three biology mark-
ers, which is obviously inappropriate.

  A new staging system, the Biomarker combined JIS 
(bm-JIS) score, is based on a combination of the conven-
tional JIS score and three tumor markers. The aim of this 
study was to evaluate the bm-JIS score regarding its strat-
ification ability, prognostic predictive power and suit-
ability as a prognostic model in comparison to the con-
ventional JIS score.

  Patients and Methods 

 Patients 
 Out of 4,525 consecutive patients who were diagnosed to have 

HCC before treatment at five institutions from 1990 to 2002, anal-
yses were performed on 1,924 patients fulfilling the following in-
clusion criterion: three tumor markers of HCC (AFP, AFP-L3 and 
DCP) were measured at the time of diagnosis. The study protocol 
was approved by the institutional ethics review board at each in-
stitution.

  Diagnosis of HCC 
 The patients were diagnosed to have HCC based on the histo-

logical confirmation of tumor tissue taken from either resected or 
biopsied samples in 1,058 cases ( table 1 ). In the remaining 866 
patients, the diagnosis was made according to reliable clinical cri-
teria fulfilling the following conditions: a compatible clinical 
background (association with liver cirrhosis or viral hepatitis) 
with typical imaging findings and a rising trend of increased 
HCC-related tumor markers, namely serum AFP, AFP-L3 and 
DCP levels  [10] . The typical imaging findings for HCC include: a 
high-density mass in the arterial phase of dynamic computed to-
mography (CT) with a low-density mass in the portal phase of 

Table 1. Patient characteristics (n = 1,924)

Variable n %

Age, years
Mean 8 SD 68.088.9
Range 27–97

Sex
Male 1,383 71.9
Female 541 28.1

Modality of diagnosis
Histology 866 44.7
Imaging + tumor markers
(AFP, DCP and AFP-L3) 1,058 55.2

Cause of parenchymal disorder
HCV 1,334 69.3
HBV 242 12.6
HCV + HBV 53 2.8
Non-B, non-C 208 10.8
Unknown 87 4.5

Child-Pugh stage
A 1,285 66.8
B 462 24.0
C 177 9.2

TNM stage by LCSGJ
I 323 16.8
II 663 34.5
III 622 32.3
IV 316 16.4

Initial treatment modality
No 98 5.1
Yes

Surgery 454 23.6
Percutaneous ablation therapy 438 22.8

PEIT 161 8.4
PMCT 73 3.8
RFA 204 10.6

TACE 667 34.7
Chemolipiodolization 257 13.3
Other 10 0.5

PEIT = Percutaneous ethanol injection therapy; PMCT = per-
cutaneous microwave coagulation therapy; RFA = radiofrequen-
cy ablation; TACE = transcatheter arterial chemoembolization.
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dynamic CT or magnetic resonance imaging (MRI)  [10–12] . In 
cases that did not show typical imaging findings or an increase in 
any tumor marker, a biopsy was performed to confirm the diag-
nosis of HCC.

  The bm-JIS Score 
 Several data were collected to classify patients according to the 

conventional JIS score and the bm-JIS score. The definition of 
TNM stage by LCSGJ is shown in  table 2 , and the Child-Turcotte-
Pugh stage is shown in  table 3 . To assess tumor characteristics, 
several imaging modalities were used for all cases, as described 
later. The maximum diameter of the tumor was defined using B-
mode ultrasonography. Vascular invasion was assessed via dy-
namic CT and angiography. Lymph node and distant metastases 
were assessed via routine screening, e.g. ultrasonography, dy-
namic CT and chest X-ray. Bone scintigraphy or brain CT was 

performed if suggestive symptoms were present. The convention-
al JIS score was obtained via summation of the TNM stage score 
(stage I: 0; stage II: 1; stage III: 2, and stage IV: 3) and the Child-
Turcotte-Pugh stage score (score A: 0; score B: 1, and score C: 2; 
 table 4 ).

  The bm-JIS score is based on a combination of the conven-
tional JIS score and the values of three tumor markers. We de-
fined the cutoff level of the three tumor markers as follows: AFP: 
400 ng/ml, AFP-L3: 15% and DCP: 100 mAU/ml  [13] . Regarding 
these tumor markers, a score of 0 was allocated if none of the AFP, 
AFP-L3 and DCP markers were positive. Similarly, a score of 1 
was assigned when any of the three tumor markers were positive 
and a score of 2 was given when any two of the three markers were 
positive ( table 5 ).

  Therefore, the bm-JIS sore consisted of eight categories (0–7) 
and 18 subgroups ( fig. 1 ). Namely, the bm-JIS score 1 of two sub-
groups: the conventional JIS score of 0 with one of three tumor 
markers positive or conventional JIS score of 1 with none of the 
tumor markers being positive. Similarly, the bm-JIS scores of 2, 3, 
4 and 5 consist of three subgroups, and the bm-JIS score of 6 con-
sists of two subgroups, respectively.

  Statistical Analysis 
 For all values, medians and standard deviations are shown. 

Overall survival was the only endpoint used in the analysis. Sur-
vival was defined as the time interval between HCC diagnosis and 
death or the last follow-up. Univariate survival curves were esti-
mated using the Kaplan-Meier method  [14]  and the differences in 
the survival rates between the groups were compared via the log 
rank test  [15] . The stratification ability between each curve ac-
cording to the conventional JIS score and the bm-JIS score was 

Table 2. Definition of the TNM stages by the LCSGJ

T1 fulfilling 3 factors
T2 fulfilling 2 factors
T3 fulfilling 1 factor
T4 fulfilling 0 factors

Stage I T1N0M0
Stage II T2N0M0
Stage III T3N0M0
Stage IV-A T4N0M0 or any TN1M0
Stage IV-B any TN0–1M1

T factor: I = Single; II = <2 cm; III = no vascular involve-
ment.

Table 3. Definition of the Child-Turcotte-Pugh stage classifica-
tion

A B C

Encephalopathy none mild coma
Ascites none responsive unresponsive
Serum bilirubin, mg/dl <2.0 2.0–3.0 >3.0
Serum albumin, g/dl >3.5 2.8–3.5 <2.8
Prothrombin activity, % >70 40–70 <40

Table 4. Definition of the JIS score

Variable Score

0 1 2 3

Child-Pugh stage A B C
TNM stage by LCSGJ I II III IV

JIS 0 JIS 1 JIS 2 JIS 3 JIS 4 JIS 5

2

2

2

1

10 3

3

3 4

4

4

5

5

5

6

6

7

Tumor markers

JIS score

Score 2
Fulfilling
2 or 3 positive
markers

Score 1
Fulfilling
1 positive
marker

Score 0
Fulfilling
0 positive
marker

  Fig. 1.  Definition of the bm-JIS scoring system (score 0–7). The 
bm-JIS score can be obtained by combining the TNM stage score 
(stages I, II, III and IV are allocated to score 0, 1, 2 and 3, respec-
tively), the Child-Turcotte-Pugh stage score (Child-Pugh stage  A , 
 B  and  C  are allocated to score 0, 1 and 2, respectively) and three 
tumor markers (0, 1 and 2 or 3 of tumor markers positive are al-
located 0, 1, and 2, respectively). 
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compared. Furthermore, survival data of the best prognostic sub-
group (i.e. score 0) were compared between the conventional JIS 
score and the bm-JIS score. The Bonferroni correction for mul-
tiple comparisons was applied. The likelihood ratio test was per-
formed to measure homogeneity, i.e. whether or not the difference 
in survival was small among the patients classified into the same 
group by that system. The likelihood ratio test can also estimate 
the monotonicity of the gradient; the mean survival time for a 
group classified as favorable by that system is always longer than 
the survival times noted in the less favorable groups. The infor-
mation criteria of Akaike  [16]  were also used to evaluate the dis-
criminatory ability of a given model. All analyses were performed 
using the SAS statistical software program (R-2.4.1, Comprehen-
sive R Archive Network) or the SPSS Medical Pack for Windows 
(version 10.0; SPSS, Chicago, Ill., USA).

  Results 

 Patient Characteristics 
  Table 1  shows the patient characteristics of the 1,924 

patients collected from five institutions. The patients 
were predominantly males (72%), and the median age 
was 68 years. The majority of patients were infected with 
HCV (69.3%). An HBV infection was observed in 12.6%, 
and the absence of any hepatitis viral infection was ob-
served in 4.5%. In addition, 1,285 patients (66.8%) were 
classified as Child-Pugh stage A, and more than half 
(51.3%) of all patients were classified into the early TNM 
stage (stage I or II). Accordingly, radical treatments were 
performed in the majority of patients; 454 (23.6%) and 
438 patients (22.8%) received surgery and percutaneous 
ablation therapy (ethanol injection, 161 patients; micro-
wave coagulation, 73 patients, and radiofrequency abla-
tion, 204 patients).

  Patient distribution according to the conventional JIS 
score and the bm-JIS score is shown in  table 6 . Approxi-
mately 40.4% (778 of 1,924) of all patients were catego-
rized into the early stage according to the conventional 
JIS score (score 0 or 1), whereas only 23.3% (448 of 1,924) 
of the patients were categorized into the early stage ac-
cording to the bm-JIS score (score 0 or 1). Especially in 
the best prognostic subgroup, 11.7% of the patients were 

categorized as having a conventional JIS score of 0, where-
as only 8.4% of the patients were categorized as having a 
bm-JIS score of 0.

  Stratification Ability of the Conventional JIS Score 
and the bm-JIS Score 
 According to the conventional JIS score, statistically 

significant differences were observed between the sur-
vival curves for all JIS scores from 0 to 5 ( fig. 2 a). In ad-
dition, according to the bm-JIS score, statistically signif-
icant differences were observed between the survival 
curves for all bm-JIS scores from 0 to 7 ( fig. 2 b). However, 
when accounting for both the conventional JIS score and 
the bm-JIS score, for conventional JIS scores of 0, 1, 2 and 
3, the survival curves differed greatly according to the 
bm-JIS score (p  !  0.0001), even in the same conventional 
JIS score groups. For example, for a conventional JIS score 
of 0, 162 of 225 patients (72%) had the bm-JIS score of 0 
and 27 of 225 patients (12%) had the bm-JIS score of 2 

Variable Score

0 1 2 3

Child-Pugh stage A B C
TNM stage by LCSGJ I II III IV
Tumor marker 0 marker 1 marker 2–3 markers

(AFP, AFP-L3, DCP) positive positive positive

Table 5. Definition of the bm-JIS score

Table 6. Patient distribution according to the conventional JIS 
score and the bm-JIS score (n = 1,924)

Staging system n %

Conventional JIS score
0 225 11.7
1 553 28.7
2 585 30.4
3 364 19.0
4 129 6.7
5 68 3.5

bm-JIS score
0 162 8.4
1 286 14.9
2 355 18.5
3 361 18.8
4 311 16.2
5 248 12.9
6 139 7.2
7 62 3.1
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( fig. 3 ). In addition, when accounting for both of the sub-
groups, the survival curves differed significantly even 
with the same conventional JIS score of 0 (p  !  0.0001). In 
addition, there were no significant differences between a 
bm-JIS score of 2 with a conventional JIS score of 0 and a 

conventional JIS score of 1 (p = 0.0789;  fig. 4 a). The same 
tendency was observed between a bm-JIS score of 3 with 
a conventional JIS score of 1 and a conventional JIS score 
of 2 ( fig. 4 b), and between a bm-JIS score of 2 with a con-
ventional JIS score of 2 and a conventional JIS score of 1 
( fig. 4 c).

  Prognostic Factors 
 In  table 7 , the independent homogenizing ability and 

the stratification value of the conventional JIS score and 
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  Fig. 2.  The overall survival rates according to the conventional JIS 
score ( a ) and the bm-JIS score ( b ) in 1,924 patients. Statistically 
significant differences were observed for both the conventional 
JIS score and the bm-JIS score. The log rank test with the Bonfer-
roni correction for multiple comparisons was applied. 
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  Fig. 3.  Patient distribution according to the bm-JIS score in the 
conventional JIS score subgroup. Although 225 of 1,924 patients 
were classified as having a conventional JIS score of 0, 36 of 225 
patients (16%) were positive for one of the three tumor markers 
(bm-JIS score 1), and 27 of 225 patients (12%) were positive for two 
or three of these three tumor markers (bm-JIS score 2).     

Table 7. Evaluation of prognostic stratification and homogeneity 
in the JIS score and the bm-JIS score

Model LR
�2

AIC

All patients (n = 1,924)
Conventional JIS score 668.91 10,808.874
bm-JIS score 717.348 10,764.436

Regarding the discriminatory ability, homogeneity and the 
monotonicity of gradients, the model with the higher �2 value by 
the likelihood ratio (LR) test was considered as the better model. 
Furthermore, the lower value of Akaike information criteria (AIC) 
is considered to be the better model for discriminatory ability.
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the bm-JIS score determined by the likelihood ratio test 
using the Cox proportional hazard regression model 
showed the bm-JIS score to have a higher value   ( �  2  = 
717.348) than the JIS score ( �  2  = 668.91). Furthermore, 
the Akaike information criterion value was lower for the 
bm-JIS score (10,764.436) than for the JIS score 
(10,808.874), thus proving the bm-JIS score to be a better 
prognostic model than the conventional JIS score.

  Discussion 

 In HCC, the prognostic assessment and choice of 
treatment options are important but extremely compli-
cated, unlike carcinomas arising in other organs: The 
prognosis of HCC depends not only on the grade of can-
cer (e.g. tumor staging: number of tumors, tumor size, 
vascular involvement, metastasis and tumor markers), 
but also on the grade of the residual liver function (i.e. 
liver disease stage and Child-Turcotte-Pugh stage)  [17–
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20] . Therefore, to reliably estimate the prognoses of pa-
tients with HCC, several staging systems, e.g. the CLIP 
 [21]  and JIS scores, have been proposed, which combine 
residual liver function, tumor-related factors and other 
factors (e.g. performance status and portal hyperten-
sion).

  The conventional JIS score that was proposed by Kudo 
et al.  [1]  in 2003 demonstrated a better stratification abil-
ity and prognostic predictive power than the CLIP score 
according to a multicenter study in a large cohort of Jap-
anese patients with HCC, despite its simplicity of use. 
Furthermore, comparing the individual usefulness of the 
JIS score, the CLIP score and the Barcelona Clinic Liver 
Cancer staging classification  [22] , Toyoda et al.  [23]  dem-
onstrated that the JIS score was the most suitable staging 
system of the three regarding the prognostic predictabil-
ity. However, there is one problem that should be im-
proved in regard to the conventional JIS score, namely 
that the conventional JIS score did not combine the tu-
mor markers as a biological factor. It has been report-
ed that some HCC patients – even patients at an early 
stage – demonstrate a poor prognosis due to rapidly pro-
gressive disease. Although these patients might be a mi-
nority, a quick and accurate diagnosis is mandatory.

  Tumor-related factors such as tumor diameter, num-
ber of tumors and vascular invasion were assessed by so-
nography, CT, MRI and angiography. However, there are 
some cases that do not reflect the malignancy of the tu-
mor based on the imaging findings alone. In addition, 
Nakashima et al.  [24]  reported that microscopic portal 
venous invasion and intrahepatic metastases can be 
found even if HCCs were  ! 2 cm in diameter; however, it 
was also difficult to accurately diagnose minimal intra-
hepatic metastasis, microscopic portal invasion and dis-
tant metastasis using imaging modalities alone when 
HCCs were small. For these reasons, and also in order to 
obtain a useful index for the evaluation of malignancy, 
the measurement of tumor markers is considered neces-
sary to add new factors indicating the malignant poten-
tial to the conventional JIS score.

  In Japan, three tumor markers of HCC are measured 
in daily practice; AFP, AFP-L3 and DCP. AFP is the tu-
mor marker that is routinely and most widely used for 
monitoring the surveillance of HCC, treatment efficacy 
and malignancy  [6, 25, 26] . An AFP elevation is known 
to indicate a high risk of recurrence of HCC. On the oth-
er hand, a transient and persistent elevation in AFP is also 
found in patients with chronic active liver disease with 
elevated ALT level. Conversely, even if the AFP level is 
negative, there are still some patients in whom increased 

AFP-L3 and/or DCP levels are noted, which may help to 
detect HCC.

  AFP-L3 is a variant of AFP, based on the sugar chain 
structure. AFP-L3 has an additional  �  1–6 fucose residue 
appended to N-acetylglucosamine at the reducing end, 
and AFP-L3 production is mainly observed in malignant 
cells, i.e. AFP-L3 is a highly specific test for HCC. AFP-L3 
is considered to be an independent prognosticator in pa-
tients with HCC  [27, 28] . However, the measurement of 
AFP-L3 is not always reliable when serum AFP concen-
trations are low. Accordingly, the limited usefulness of 
AFP-L3 at low AFP concentrations has been reported. On 
the other hand, Kobayashi et al.  [29]  reported AFP-L3 to 
be an indicator of an unfavorable prognosis in HCC, even 
at very low serum AFP concentrations. In addition, Tada  
 et al.  [30]  recently stressed the relationship between AFP-
L3 positivity and the pathological features of HCC. They 
concluded that AFP-L3-positive HCC had several patho-
logical features of advanced HCC, thus, suggesting AFP-
L3 to be a useful indicator of a poor prognosis for HCC 
patients.

  DCP is an abnormal prothrombin protein that is gen-
erated as a result of an acquired defect in the posttrans-
lational carboxylation of the prothrombin precursor in 
HCC cells. The DCP level has recently been reported to 
correlate closely with both tumor progression and prog-
nosis, and HCC with high serum levels of DCP and low 
levels of AFP is indicative of a large tumor size  [31, 32] . In 
addition,   several studies reported portal vein invasion to 
be found more frequently in patients with positive serum 
DCP levels than in patients with negative serum DCP 
levels  [33] . In a study by Koike et al.  [34] , the DCP level at 
the time of the initial HCC diagnosis was significantly 
correlated with the later development of portal vein inva-
sion, thus suggesting the presence of microscopic portal 
invasion at the time of HCC diagnosis.

  Therefore, the utility of these three tumor markers not 
only for the detection but also for the evaluation of tumor 
progression and the prognosis of patients with HCC in 
comparison to the use of each marker alone has previ-
ously been proposed in several reports  [35, 36] . Thus, it is 
favorable that all these three tumor markers are taken 
into account to predict the prognosis of patients with 
HCC, which is in contrast to the CLIP score, which only 
includes AFP. In this study, DCP was the only positive 
marker in 302 patients (15.6%), while AFP-L3 was only 
positive in 65 patients (3.4%).

  In this study, both the conventional JIS score and the 
bm-JIS score showed a fairly good ability to differentiate 
the prognosis among the different score categories. How-
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ever, even with the same conventional JIS score, signifi-
cant differences were observed according to the bm-JIS 
score; particularly at an early stage, this tendency was 
striking. In a conventional JIS score of 0, significant dif-
ferences were observed between a bm-JIS score of 0 and a 
bm-JIS score of 2 (p = 0.0000). Furthermore, no signifi-
cant differences were observed between a bm-JIS score of 
2 with a conventional JIS score of 0 and a conventional 
JIS score of 1. The same tendency was observed for a con-
ventional JIS score of 1 or 2 ( fig. 4 ). This result shows that 
an early stage according to the conventional JIS score 
does not exclude a poor prognosis. As a consequence of 
these favorable characteristics, the best prognostic sub-
group was more clearly identified according to the bm-JIS 
score than the conventional JIS score (i.e. a bm-JIS score 
of 0 was much better than a conventional JIS score of 0).

  The results of the likelihood ratio and Akaike infor-
mation criteria also confirmed the fact that the bm-JIS 
score was definitely a better staging model than the con-
ventional JIS score in this large patient cohort comprising 
1,924 patients.

  In conclusion, the bm-JIS scoring system showed a 
better stratification ability than the conventional-JIS 
score, especially for the subgroup of patients with early 
HCC.
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Abstract
AIM: To investigate the therapeutic usefulness of 
leukocytapheresis (LCAP; Cellsoba) in steroid-naive 
patients with moderately active ulcerative colitis (UC).
METHODS: Eighteen steroid-naive patients with 
moderately active UC received one LCAP session every 
week for five consecutive weeks.
RESULTS: The remission rate 8 weeks after the last 
LCAP session was 61.1% (11/18). All three patients 
with deep ulcers showed worsening after LCAP. For 
the remaining 15 patients, who had erosions or 
geographic ulcers, the average clinical activity index 
(CAI) score dropped significantly from 9.4 to 3.8 
eight weeks after the last LCAP session (t  = 4.89, P
= 0.001). The average C-reactive protein (CRP) levels 
before and after LCAP were 1.2 mg/dL and 1.0 mg/dL, 
respectively. Of the patients with erosions, geographic 
ulcers, and deep ulcers, 100% (9/9), 33.3% (2/6), and 
0% (0/3) were in remission 8 weeks after the last LCAP 
session, respectively (χ2 = 7.65, P  < 0.005). Forty-
eight weeks after the last LCAP session, the remission 
rates for patients with erosions and geographic ulcers 
were 44.4% (4/9) and 16.7% (1/6), respectively. Only 
one patient suffered a mild adverse event after LCAP 
(nausea).
CONCLUSION: LCAP is a useful and safe therapy 

for steroid-naive UC patients with moderate disease 
activity. Moreover, the efficacy of the treatment can be 
predicted on the basis of endoscopic findings.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Although the etiology of  ulcerative colitis (UC) is still 
unknown, it is believed that an immune abnormality may 
be involved in its development[1,2]. It is characterized by 
chronic over-activation of  the colonic mucosal immune 
system. Consequently, if  remission cannot be achieved 
by salazosulfapyridine or mesalazine treatment, the 
second line of  treatment has conventionally been to 
administer steroids[2-6]. However, steroid administration 
can increase susceptibility to infections, diabetes mellitus 
and osteoporosis. Recently, it was reported that steroid-
refractory or steroid-dependent patients with UC can 
be effectively treated by cytapheresis[7-10]. To determine 
whether leukocytapheresis (LCAP) may also be useful 
with other UC patients, we administered LCAP to 18 
steroid-naive UC patients. We also assessed whether 
the efficacy of  LCAP can be predicted on the basis of  
endoscopic findings.

MATERIALS AND METHODS
From January 2005 to April 2007, 33 UC patients were 
treated with LCAP at our hospital. All patients were 

— 452 — — 453 —



www.wjgnet.com

Umehara Y et al . Leukocytapheresis for steroid-naive UC patients                                                                 5317

examined by colonoscopy before treatment and UC was 
diagnosed on the basis of  established endoscopic and 
histological criteria[11]. At the time of  diagnosis, infectious 
colitis (Salmonella, Campylobacter, Vibrio, Yersinia and
Shigella spp.) was ruled out by stool culture and Clostridium 
difficile toxin testing. Moreover, we excluded Crohn’s 
disease, ischemic colitis, radiation colitis and intestinal 
Behçet disease. None of  patients were receiving drugs, 
including non-steroidal anti-inflammatory drugs or 
antibiotics. Patients with severe cardiovascular disease, 
severe cerebral disease, severe anemia (hemoglobin; less 
than 8 g/dL) and hypotension (less than 80 mmHg) 
were excluded. Of  the 33 patients, 15 had severe activity 
and were treated with steroids along with LCAP. These 
patients were excluded from the study. The remaining 18 
steroid-naive patients had moderate activity, as defined 
by a Lichtiger’s clinical activity index (CAI) score[12] of  
< 12. These patients were enrolled in the study. Their 
characteristics are summarized in Table 1.

For all patients, LCAP sessions were performed once 
a week for five consecutive weeks by using Cellsorba 
(Asahi Medical Co., Ltd, Tokyo, Japan). Leukocyte 
removal in LCAP is effective because of  its adherence 
to fibers in the filter. The throughput was 2-3 L of  
whole blood and the flow rate was 30-50 mL/min for 
approximately 60 min. The access and return lines were 
connected to cubital veins. Heparin was used as an 
anticoagulant for the extracorporeal circulation.

Patients were 46.1 ± 18.4 years old; there were 11 
males and 7 females. Their duration of  disease was 
6.0 ± 8.5 years. With regard to their clinical course, 
four patients presented the “first attack” type, six 
the “relapse-remitting” type, and eight the “chronic 
continuous” type. We defined patients presenting with 
an activity phase lasting for 6 mo or longer from the 
first attack as belonging to the “chronic continuous” 
type. Fifteen patients had total colitis, two had left-sided 
colitis and one had proctitis. We performed endoscopy 
before and after LCAP. For the present study, we 
classified the patients into three groups on the basis 
of  the endoscopic findings before LCAP treatment, 
namely, those with erosions, geographic ulcers, or deep 

ulcers (Figure 1). Nine patients had erosions in the large 
intestine, six had geographic ulcers, and three had deep 
ulcers. All patients were concomitantly treated with 
mesalazine (2250 mg/d) for at least 4 weeks prior to 
the initiation of  LCAP therapy. There was no change in 
the dosage of  mesalazine. Immunomodulators such as 
azathioprine, 6-mercaptopurine and cyclosporine were 
never administered.

Disease activity was evaluated before and after LCAP 
by measuring the CAI. A CAI less than 4 indicates 
remission. Relapses were also identified when the patient 
needed another therapy, such as steroid or cyclosporine 
treatment and/or LCAP.

The endpoint of  this study was to determine the 
factor related to remission by LCAP.

Statistical analysis
The Wilcoxon test was used to compare CAI scores 

Table 1  Steroid-naïve UC patient characteristics (mean ± SD)

Characteristics Data

Male/Female 11/7
Age (yr) 46.1 ± 18.4
Duration of disease (yr) 6.0 ± 8.5
Clinical course
   First attack   4
   Relapse-remitting   6
   Chronic continuous   8
Extent of disease
   Entire 15
   Left sided   2
   Rectum   1
Endoscopic findings
   Erosions   9
   Geographic ulcers   6
   Deep ulcers   3

A

B

C

Figure 1  The patients were divided before LCAP into three groups according 
to whether their endoscopic findings revealed erosions (A), geographic ulcers 
(B), or deep ulcers (C). Representative findings are shown. and C-reactive protein (CRP) levels before and after 

treatment. The Mann-Whitney U-test was used to 
compare the age, duration of  disease, pre-CAI, post-
CAI, pre-CRP and post-CRP levels of  two groups, while 
the χ2 test was used to test the effect of  sex. χ2 test was 
used to compare the clinical course, extent of  disease 
and endoscopic findings of  two groups. P < 0.05 was 
considered to indicate statistical significance. Results 
were presented as mean ± SD.

RESULTS
Efficacy of LCAP
For all 18 patients, the remission rates 8 and 48 wk after 
the last LCAP session were 61.1% (11/18) and 27.7% 
(5/18), respectively. At 48 wk after remission, the relapse 
rate was 54.5% (6/11), and the duration to relapse was 
8.7 ± 4.2 mo. Three patients with deep ulcers worsened 
during LCAP and required additional treatments such as 
steroids. However, the remaining 15 patients showed a 
significant drop in the CAI score from 9.4 ± 1.9 to 3.8 ± 

4.8 eight weeks after the last LCAP session (P = 0.001) 
(Figure 2). The CRP levels before (1.2 ± 0.8 mg/dL)
and after (1.0 ± 2.0 mg/dL) LCAP did not differ 
significantly (Figure 2). When the endoscopic findings 
obtained before LCAP were considered, we found that 
all nine patients with erosions had entered remission 
(100%) 8 wk after the last LCAP session. However, 
only two of  six (33%) and none of  three of  the patients 
with geographic ulcers and deep ulcers, respectively, had 
entered remission at this time point (P < 0.005) (Table 2).
The remission rates dropped over time as of  the patients 
with erosions and geographic ulcers who were in 
remission at the 8-wk timepoint, 44.4% (4/9) and 16.7% 
(1/6) remained in remission 48 wk after LCAP.

Clinical characteristics of the patients who entered
remission
Table 2 shows how the responders compare to the 
non-responders 8 wk after LCAP. These two groups 
did not differ significantly in patient characteristics 
(i.e., sex, age, duration of  disease, pre-CAI levels and 
pre-CRP levels). However, all first attack and relapse-
remitting type patients entered remission while seven of  
the eight chronic continuous type patients did not (P < 
0.001). Whether there was total colitis, left-sided colitis, 
or proctitis was not significantly associated with the 
ability of  the patient to enter remission after LCAP. As 
indicated above, with regard to the endoscopic findings, 
all patients with erosions entered remission after LCAP 
but it was more difficult to induce remission in patients 
with geographic ulcers or deep ulcers (P < 0.005).

Clinical characteristic of the patients who entered 
remission and then relapsed
Of  the 11 patients who entered remission 8 wk 
after LCAP, six relapsed. Table 3 summarizes the 

Figure 2  Change in average CAI score (A) and CRP levels (B) 8 wk after 
the last LCAP session. The data of the three patients with deep ulcers whose 
conditions worsened during LCAP are not included. The average CAI dropped 
from 9.4 ± 1.9 to 3.8 ± 4.8 (P = 0.001) while the average CRP levels before and 
after LCAP were 1.2 ± 0.8 mg/dL and 1.0 ± 2.0 mg/dL, respectively, and did not 
differ significantly.
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Table 2  Comparison of responders and non-responders 8 wk 
after the last LCAP session (mean ± SD)

Responders
(n  = 11)

Non-responders
(n  = 7)

P

Patient characteristic
   Male/Female 7/4 4/3 NS
   Age (yr) 39.7 ± 15.9 56.1 ± 17.5 NS
   Duration of disease (yr) 5.7 ± 7.7 6.3 ± 9.7 NS
   Pre-CAI 9.0 ± 2.0 11.1 ± 0.9 NS
   Pre-CRP 1.0 ± 0.8 2.4 ± 2.7 NS
Clinical course
   First attack 4 0
   Relapse-remitting 6 0
   Chronic continuous 1 7 < 0.001
Extent of disease
   Entire 8 7
   Left sided 2 0
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 9 0
   Geographic ulcers 2 4
   Deep ulcers 0 3 < 0.005

LCAP: Leukocytapheresis; CAI: Clinical activity index; CRP: C-reactive 
protein levels (mg/dL).
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characteristics of  the five patients who remained in 
remission 48 wk after LCAP and the six relapsed 
patients. The two groups only differed significantly in 
terms of  the post-CAI scores (P < 0.05). None of  the 
other parameters, namely, the clinical course, extent of  
disease, or endoscopic findings, correlated with relapse.

Course of the cases who worsened during LCAP
Table 4 summarizes the courses of  the three cases 
with deep ulcers that worsened during LCAP. As a 
result, two cases were given steroids and one case 
received cyclosporine. Two patients became infected 
with cytomegalovirus and received ganciclovir. After 
a transient improvement, two patients relapsed and 
underwent surgery. The remaining patient, who 
developed interstitial pneumonitis, died of  aspiration 
pneumonitis. Aspiration pneumonitis developed 3 mo 
after LCAP, and therefore the two events were probably 
unrelated to each other. We think that interstitial 
pneumonitis was a cause of  the development of  
aspiration pneumonitis.

Adverse effects
None of  the patients experienced any severe adverse 
effects from LCAP. Only one patient reported a mild 
adverse event (nausea). However, this patient did not 
suffer from the same problem after subsequent LCAP 
sessions.

DISCUSSION
When UC pat ients fa i l to enter remiss ion after 
salazosulfapyridine or mesalazine treatment, the 
conventional second-line therapy involves administration 
of  steroids[13,14]. However, steroids can cause severe side 
effects in some patients[15,16]. When patients with severe 

activity fail to respond to steroids, they must undergo 
a colectomy, although cyclosporine can sometimes 
induce remission in these cases[17-20]. In 1995, Sawada 
et al[21] introduced LCAP therapy for patients with UC. 
This therapy is now a widely used treatment option for 
UC[22,23]. LCAP is a method where the blood is passed 
though a leukocyte removal filter before being returned 
to the body. On average, 1.6 × 1010 leukocytes are 
removed during one session. These leukocytes include 
granulocytes, lymphocytes and monocytes. Almost 
100% of  granulocytes and monocytes and 60% of  
lymphocytes are removed by removal filter[24,25]. It has 
been reported that 73.3% of  steroid-refractory patients 
with UC enter remission after LCAP[26]. It is likely that 
this treatment is effective because it reduces the number 
of  leukocytes available for transmigration and infiltration 
into the colonic mucosa.

In this study, we found that 61.1% of  steroid-naive 
UC patients (11/18) had entered remission 8 wk after 
the last LCAP session. At this time point, the average 
CAI score had dropped significantly from 9.4 ± 1.9 to 
3.8 ± 4.8 (P = 0.001) (the three cases who worsened 
during LCAP were excluded from this calculation). 
Since steroids can induce remission in 45% to 90% of  
salazosulfapyridine or mesalazine non-responders[15,27-29],
it appears that LCAP is as efficacious as steroids as a 
second-line treatment. Given the low rate of  adverse 
events suffered by patients treated with LCAP, we 
propose that patients with moderately active UC should 
be treated with LCAP before steroids are considered. It 
should be noted, however, that 54.5% of  the patients 
in remission (6/11) relapsed 48 wk after the last LCAP 
session, and that the average duration to relapse was 
8.7 mo. Thus, while LCAP is useful for inducing 
remission in steroid-naive UC patients, it does not 
maintain remission.

Analysis of  the endoscopic findings of  the patients 
revealed that while all nine patients with erosions had 
entered remission 8 wk after the last LCAP session, 
only two of  six (33%) and none of  three patients 
with geographic ulcers and deep ulcers, respectively, 
entered remission. Indeed, the three cases with deep 
ulcers worsened during LCAP and had to be given 
steroids (2 cases) or cyclosporine (1 case). Two of  these 
cases became infected with cytomegalovirus and were 
administered ganciclovir. These observations suggest 
that patients with geographic ulcers and deep ulcers tend 
to be refractory to LCAP, particularly the latter. Indeed, 

Table 3  Comparison of the remission and relapse groups 48 
wk after the last LCAP session (mean ± SD)

Remission (n  = 5) Relapse (n  = 6) P
Patient characteristic
   Male/Female 2/3 5/1 NS
   Age (yr) 45.4 ± 13.5 35.0 ± 16.1 NS
   Duration of disease (yr) 3.5 ± 3.2 7.6 ± 9.6 NS
   Pre-CAI 8.8 ± 1.7 9.1 ± 2.2 NS
   Post-CAI 0.6 ± 0.4 1.8 ± 1.0 < 0.05
   Pre-CRP 1.0 ± 0.9 1.0 ± 0.8 NS
   Post-CRP 0.18 ± 0.14 0.32 ± 0.39 NS
Clinical course
   First attack 3 1
   Relapse-remitting 2 4
   Chronic continuous 0 1 NS
Extent of disease
   Entire 3 5
   Left sided 1 1
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 4 5
   Geographic ulcers 1 1
   Deep ulcers 0 0 NS

CAI: Clinical activity index; CRP: C-reactive protein levels (mg/dL).

Table 4  Course of cases whose condition worsened during LCAP

Case 1 Case 2 Case 3

Additional therapy PSL PSL CsA
GCV GCV

Complication - CMV CMV
Aspiration pneumonitis

Result Operation Operation Dead

PSL: Prednisolone; CsA: Cyclospoline; GCV: Ganciclovir; CMV: 
Cytomegalovirus.
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LCAP may not improve the situation for patients 
with deep ulcers given their higher risk of  developing 
cytomegalovirus infections[30]. Such patients should 
perhaps be treated with an intensive therapy such as 
cyclosporine at a more early stage[31]. However, since all 
patients with erosion entered remission 8 wk after LCAP 
and many (44.4%) remained in remission at the 48-wk 
time point, LCAP is strongly recommended for patients 
with erosion.

The post-CAI was the only factor that predicted 
a relapse. In other words, if  the post-CAI could be 
maintained at < 1 by LCAP, it may be possible to 
maintain long duration remission.

In conclusion, LCAP is a useful and safe therapy 
for steroid-naive UC patients with moderate activity. 
Moreover, endoscopic findings help to predict the 
efficacy of  this treatment.

COMMENTS
Background
An immune dysfunction is believed to be involved in the development of 
ulcerative colitis (UC). For a long time, steroids have represented the second 
line therapy for the induction to remission in UC, if remission cannot be 
achieved by salazosulfapyridine or mesalazine treatment. However, steroid 
administration can cause several side effects. Leukocytapheresis (LCAP) have 
been reported to be effective for steroid-refractory or steroid-dependent patients 
with UC; however, the data of LCAP for steroid-naïve patient with UC is limited.
Research frontiers
To determine whether LCAP may also be useful in steroid-naive UC patients, 
these authors administered LCAP to steroid-naive UC patients. They also 
assessed whether the efficacy of LCAP can be predicted on the basis of 
endoscopic findings.
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The authors found that 61.1% of steroid-naive UC patients (11/18) had 
entered remission 8 wk after the last LCAP session. Since steroids can induce 
remission in 45% to 90% of salazosulfapyridine or mesalazine non-responders, 
it appears that LCAP is as efficacious as steroids as a second-line treatment. 
Analysis of the endoscopic findings of the patients revealed that the remission 
rate of the patients with erosion was extremely high after LCAP, compared to 
the extremely low rate observed in patients with geographic ulcers and deep 
ulcers. None of the patients experienced any severe adverse effects from 
LCAP.
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Given the low rate of adverse events suffered by patients treated with LCAP, 
authors propose that patients with moderately active UC should be treated with 
LCAP before steroids are considered.
Terminology
LCAP is a treatment procedure where leukocytes are removed through their 
adherence to fibers in the filter.
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LCAP is a useful and safe therapy for steroid-naive UC patients with moderate 
activity. Moreover, endoscopic findings help to predict the efficacy of this 
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Endoscopic ultrasonography (EUS) is now
a widely accepted modality for visualiz−
ing pancreatic lesions, and EUS−guided
fine−needle aspiration (EUS−FNA) appears
to be a safe and effective method for es−
tablishing the histological diagnosis of
pancreatic tumors [13]. However, it is
sometimes difficult to obtain samples
fromvery small targets, especially tumors
of 1 cm or less. We report a case in which
EUS−FNA was useful for the diagnosis of

in situ carcinoma of the pancreas. A 65−
year−old patient was admitted to our hos−
pital because of dilatation of the main
duct in the pancreatic body as seen on
transabdominal ultrasonography. Serum
carcinoembryonic antigen and carbohy−
drate antigen 199 levels were within
normal limits. Computed tomography
and magnetic resonance cholangiopan−
creatography (MRCP) revealed mild dila−
tation of the main pancreatic duct
(l" Fig. 1). During endoscopic retrograde
pancreatography, deep cannulation
proved impossible due to severe stricture
of the pancreatic duct, and therefore no
adequate sample of pancreatic juice could
obtained. EUS showed an echogenic
structure 3mm in diameter and 5mm in
length in the stenotic duct of the pancreas
(l" Fig. 2). EUS−FNA was performed for a
histological diagnosis of the echogenic
structure in the pancreatic duct. The cyto−
logical examination demonstrated clus−
ters of atypical cells consistent with ade−
nocarcinoma (l" Fig. 3). The histopatho−
logical examination of the pancreas
achieved by pancreatic duodenectomy

In situ carcinoma of pancreas diagnosed by
EUS−FNA

Fig. 1 Magnetic resonance cholangiopan−
creatography (MRCP) showing a stricture of
the pancreatic duct and a dilatation of the
distal duct.

Fig. 2 EUS showing an echogenic structure
3 mm in diameter in the pancreatic duct (in−
side white dashed outline). This lesion is con−
sistent with the ductal stenosis observed by
MRCP. MPD: main pancreatic duct.

Fig. 3 Cytology of the samples obtained by
EUS−FNA. A cluster of atypical cells is evident
(Papanicolaou’s stain,  1250).

Fig. 4 Histopathologi−
cal examination of sur−
gical specimen reveals
intraductally spreading
carcinoma in the main
duct of the pancreatic
head. Red areas: in−
flammatory changes in
the pancreas; arrows:
pancreatic ducts (main
and branch).

Fig. 5 Distribution of
the carcinoma. Blue
area: pancreas par−
enchyma; red areas:
pancreatic ducts (main
and branch); red circle:
carcinoma in the main
duct.

Fig. 6 Histopathological examination shows
intraductally spreading carcinoma in the main
duct of the pancreatic body (H & E,  250).
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showed an intraductally spreading carci−
noma that was 8mm inmaximum length,
3mm in diameter, in the main duct of the
pancreatic body. The histopathological
diagnosis was in situ carcinoma of the
pancreas (l" Fig. 4 6).
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 Hepatocellular Carcinoma 2009 and 
Beyond: from the Surveillance
to Molecular Targeted Therapy 

   Masatoshi Kudo  

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama,
 Osaka , Japan

stage HCC) or a high-grade dysplastic nodule with high ma-
lignant potential. Empirically, intrahepatic arterial infusion 
chemotherapy using implanted reservoir port is known to 
be effective for advanced HCC with vascular invasion; how-
ever, no randomized study exists to prove its efficacy. Fur-
ther controlled study is necessary to establish this treatment 
option as a standard of care in a treatment algorithm for 
HCC. In contrast, sorafenib was established as the first choice 
of treatment as a standard of care in advanced HCC patients 
with preserved liver function and vascular invasion/extrahe-
patic spread. Furthermore, global clinical trials are now on-
going using sorafenib as an adjuvant setting after resection, 
ablation or TACE. Efficacy of combined use of sorafenib with 
TACE or intra-arterial infusion chemotherapy is not clear. In 
order to clarify this issue a randomized clinical trial for inter-
mediate and advanced HCC comparing sorafenib alone ver-
sus sorafenib combined with maintenance TACE/intra-arte-
rial infusion chemotherapy and/or intra-arterial infusion 
chemotherapy is scheduled to be initiated in Japan in 2009. 
If positive results are obtained by these trials, its impact on 
treatment strategy for HCC will be drastically changed. 

 Copyright © 2008 S. Karger AG, Basel 
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 Abstract 
 Hepatocellular carcinoma (HCC) is a malignant tumor which 
is becoming more prevalent worldwide. Patients at high risk 
of developing HCC, namely hepatitis B- and C-related liver 
cirrhosis patients, should be entered into surveillance pro-
grams, which should be performed using both ultrasonog-
raphy and 3 tumor markers (AFP, PIVKA-II, AFP-L3). The sur-
veillance interval needs to be shortened for patients at 
higher risk of HCC. Therefore, super-high-risk patients should 
be screened at 3- to 4-month intervals based on their risk of 
developing HCC. Sonazoid-enhanced US is extremely useful 
to characterize hepatic tumors when compared with multi-
detector-row computed tomography (MDCT). Moreover, 
Sonazoid-enhanced US with defect reperfusion imaging is a 
breakthrough approach in the treatment of HCC. This tech-
nique will markedly change the therapeutic strategy for liver 
cancer. Furthermore, diagnostic capability using the new 
imaging technique Gd-EOB-DTPA MRI is promising. A re-
duced uptake (low intensity) in the hepatobiliary phase of 
Gd-EOB-DTPA MRI strongly suggests HCC (including early-
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 Introduction 

 Hepatocellular carcinoma (HCC) is a malignant tu-
mor responsible for approximately 600,000–700,000 
deaths worldwide, and is becoming more prevalent not 
only in South-East Asia and Africa but also in western 
countries  [1] ; therefore, interest in HCC has developed in 
recent years in the west, where little or no interest was 
evident 10–20 years ago.

  The 5th Japan-Korea Liver Symposium (JKLS) was 
held in Osaka, Japan, on August 30, 2008. This sympo-
sium focused on recent progress in various fields of HCC, 
entitled ‘Hepatocellular Carcinoma: Present and Beyond’. 
This supplemental issue is a special volume exhaustively 
covering the latest progress in the diagnosis and treat-
ment of HCC. We hope that readers gain deep insight into 
the latest progress and updated diagnosis and treatment 
of HCC.

  This review article covers the recent advances and 
practices in the management of HCC from the surveil-
lance to molecular targeted therapy for HCC as a preface 
as well as a summary of this supplemental issue.

  Surveillance of HCC: New Insight 

 Definition of the Population at High Risk for HCC 
 Persistent infections with hepatitis B and C viruses 

(HBV and HCV, respectively) are the highest risk factors 
for liver carcinogenesis. The carcinogenesis risk for HBV 
carriers is about 200 times higher than that for noncarri-
ers, and the risk is higher in patients with type C liver 
cirrhosis than in those with hepatitis B-related cirrhosis. 
The HCV-associated risk is about 5 times higher than 
that associated with HBV. The characteristics of HCV-as-
sociated carcinogenesis are fibrosis stage 4 in which liver 
cirrhosis is complete in most cases and age of 60 years or 
older. The yearly carcinogenesis rate of cirrhosis type C 
is 7–8% in Japan, which is higher than in Europe (4–5%/
year) and North America (2–3%/year); this difference 
might be attributed to the mean age of carriers.

  Liver cirrhosis induced by causes other than HBV and 
HCV is also a risk for liver carcinogenesis. Since carcino-
genesis occurs in some cases of liver cirrhosis associated 
with nonalcoholic steatohepatitis, alcoholic liver disease, 
primary biliary cirrhosis, and autoimmune hepatitis, the 
course of the disease should be followed with close atten-
tion to carcinogenesis, particularly in viral liver cirrhosis. 
Alcohol increases the risk of chronic hepatitis B- and C-
associated liver carcinogenesis.

  Based on the above, patients with chronic hepatitis B 
and C and nonviral liver cirrhosis are defined as high-
risk populations for HCC in both Evidence-Based Prac-
tice Guidelines  [2]  proposed by the Japan Society of 
Hepatology (JSH) and the Consensus-Based Clinical 
Practice Manual  [3]  in Japan and Practice Guideline 
published by the American Association of Study of the 
Liver Diseases (AASLD)  [4] . Patients with liver cirrho-
sis types B and C are defined as a super-high-risk popu-
lation  [2, 3] .

  Surveillance Protocol for Early Detection of HCC 
 For HCC screening, the HCC detection sensitivity of 

ultrasonography is higher than that of  � -fetoprotein 
(AFP) measurement alone, but the specificities are not 
markedly different. For liver cirrhosis, a combination of 
the 2 methods has been reported to increase the detec-
tion rate compared to detection by ultrasonography or 
AFP measurements alone  [2] .

  No clear evidence is available to determine the opti-
mal interval for periodic screening, but HCCs detected 
in periodic screening by AFP, a protein induced by vita-
min K absence or antagonist II (PIVKA-II), AFP lectin 
fraction (AFP-L3) measurement, and ultrasonography 
are solitary and small in many cases, as compared to 
those detected in symptomatic patients. Thus, the Japa-
nese Evidence-Based Clinical Practice Guidelines  [2]  
and Consensus-Based Clinical Practice Manual  [3]  pro-
pose ultrasonography and tumor marker measurements 
every 3–4 months in the super-high-risk population and 
every 6 months in high-risk populations. Based on HCC 
doubling times, these intervals appear to be appropriate 
in Japan, other than in western countries, where screen-
ing is done every 6–12 months  [4] . At present, all 3 tumor 
markers, including AFP, PIVKA-II, and AFP-L3, are 
covered under the Japanese national health insurance as 
HCC tumor markers. Measurement of 2 or more tumor 
markers increases the sensitivity, while minimizing the 
specificity reduction, for small liver cancer. For patients 
with liver parenchyma with a very rough background 
because of cirrhosis or obesity, which is difficult to eval-
uate ultrasonographically, periodic imaging screening 
by dynamic CT (MDCT) or dynamic MRI every 6–12 
months is proposed by the JSH  [3] ; this agrees with the 
protocol in the Japanese Evidence-Based Clinical Prac-
tice Guidelines  [2] .
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  Summary Statements 
 (1) Patients at high risk of developing HCC should be 

 entered into surveillance programs. Hepatitis B- and 
C-related liver cirrhosis patients represent the super-
high-risk population. 

 (2) HCC should be surveyed using both ultrasonography 
and tumor markers. 

 (3) In countries such as Japan, where 3 tumor markers 
(AFP, PIVKA-II, AFP-L3) are commercially available, 
all 3 tumor markers should be measured in routine 
clinical settings for HCC surveillance. 

 (4) Super-high-risk patients should be screened at 3- to 4-
month intervals based on their risk of developing 
HCC. 

 (5) The surveillance interval needs to be shortened for pa-
tients at higher risk of HCC. 

 Newly Introduced Diagnostic Techniques 

 Contrast-Enhanced US with a New Contrast Agent, 
Sonazoid 

 Clinical Significance of Contrast-Enhanced US 
 In the management of HCC, despite advances in diag-

nostic imaging techniques such as US, CT or MRI, there 
remain many limitations, such as screening, staging, 
evaluation of treatment response, treatment guidance, lo-
calization of local recurrence after radiofrequency abla-
tion, and the detection of recurrence after ablation. 
Among these problems, Levovist-enhanced US has made 
a certain contribution to differential diagnosis  [5–7] , 
evaluation of malignancy grade  [8] , evaluation of thera-
peutic response to transcatheter arterial chemoemboliza-
tion (TACE)  [9–11] , and needle insertion guidance  [12, 
13] ; however, there are still remarkable limitations in the 
evaluation of the therapeutic response to radiofrequency 
ablation  [14] , screening or staging.

  Sonazoid (GE HealthCare, Piscataway  , N.J  ., USA) is a 
newly introduced second generation ultrasound contrast 
agent exclusively approved in Japan in 2007. The main 
characteristics of Sonazoid are that it facilitates real-time 
blood flow images at low acoustic power and stable 
Kupffer phase imaging from 10 to 120 min after its injec-
tion. Sonazoid is considered to be more effective than 
 Levovist in vascular imaging, easy to use, and allows vi-
sualization, even using non-high-end equipment, and 
therefore, dependence on the operator’s skills/equipment 
is decreased, which may facilitate the widespread use of 
contrast-enhanced US. As stated earlier, Sonazoid-en-

hanced US provides very stable postvascular phase im-
ages for up to 60–120 min  [15] , which resulted in the in-
vention of the breakthrough method, defect reperfusion 
imaging. Sonazoid-enhanced US with defect reperfusion 
imaging is an innovative technology that will greatly 
change the daily practices of HCC management.

  Development of Defect Reperfusion Imaging
(Dual Phase Fusion Imaging) 
 We recently developed defect reperfusion imaging 

 [16–18]  using the properties of very stable Kupffer im-
ages and real-time fine blood flow images obtained with 
Sonazoid for typical HCC, which is depicted by CT but 
not by B mode scanning. This method is a breakthrough 
for accurate localization and treatment guidance  [17] . 
Until recently, diagnosis in dynamic studies has usually 
been based on enhancing patterns according to a time 
sequence or phase; however, by introducing the novel 
idea of dual phase imaging with the reinjection method, 
both Kupffer and arterial phase images are obtained at 
the same slice of ultrasound phase, which is really an 
innovative technique. Namely, this method is performed 
as follows: reinjection of Sonazoid is performed into ar-
eas that show defects in the postvascular phase  [15–18] . 
The introduction of this method has led to dramatic so-
lutions of many limitations in the diagnosis and treat-
ment of HCC, such as detection of small HCCs  [19] , 
evaluation of treatment response  [20] , or needle inser-
tion guidance. Detection is even more sensitive than 
MDCT  [19] .

  Summary Statements 
 (1) Sonazoid-enhanced US is extremely useful to charac-

terize hepatic tumors when compared with MDCT. 
 (2) Sonazoid-enhanced US with defect reperfusion imag-

ing is a breakthrough approach in the treatment of 
HCC. This innovative technique was developed based 
on the two major favorable properties of Sonazoid: 
real-time blood flow images due to low acoustic power 
and stable Kupffer images in the postvascular phase. 

 (3) Defect reperfusion imaging will markedly change the 
therapeutic strategy for liver cancer. 

 (4) Defect reperfusion imaging is not possible with Sono-
Vue or Definity approved in Europe or China, but only 
with Sonazoid. 

 (5) In this respect, Sonazoid should be more widely used 
worldwide. 
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 MR Imaging Using a New Contrast Agent in the 
Diagnosis of Early HCC 

 The imaging diagnosis of HCC by CT/MRI has been 
made by dynamic acquisition (hemodynamic diagnosis) 
using extracellular contrast medium, gadolinium-dieth-
ylenetriaminepentaacetic acid (GD-DTPA; Bayer Health-
Care, Leverkusen, Germany). This procedure utilizes the 
biological characteristic of HCC: HCC receives blood 
supply solely from arterial flow, not portal blood flow. In 
contrast, the other MRI contrast agent, superparamag-
netic iron oxide (SPIO; Bayer HealthCare), specifically 
taken up by Kupffer cells, has been used as a liver-spe-
cific contrast agent since 1997. This imaging utilizing an-
other biological characteristic of HCC (Kupffer cells are 
not present in overt HCC) has been clinically applied 
(Kupffer cell imaging).

  A newly introduced contrast agent, Gd-EthOxyBenzl-
DTPA (Gd-EOB-DTPA; Bayer HealthCare), approved in 
Japan in 2008, is a hepatocyte-specific MRI contrast me-
dium with a different mechanism, not utilizing both dy-
namic and Kupffer cell imaging. This new contrast me-
dium is useful to diagnose cases which would have been 
difficult using previous techniques such as dynamic MRI 
or SPIO-MRI.

  Gd-EOB-DTPA consists of the extracellular contrast 
medium, Gd-DTPA, and the lipid-soluble EOB group. 
Acquisition of both water and lipid solubility increases 
cell membrane permeability and the medium is taken up 
by hepatocytes. Although the hepatocyte uptake mecha-
nism has not been fully clarified, transfer into cells is con-
sidered to be due to passive diffusion, involving organic 
anion transporting polypeptide (OATP1). For transfer 
from hepatocytes to capillary blood vessels, the involve-
ment of active transport by the canalicular membrane 
organic anion transporting polypeptide system is consid-
ered. Active transport is more likely because of the high 
biliary excretion rate of Gd-EOB-DTPA (approximately 
50%). Imaging diagnosis of HCC can be made within ap-
proximately 10–20 min after Gd-EOB-DTPA injection.

  Typical HCC shows high intensity of Gd-EOB-DTPA 
in the arterial-dominant phase and low intensity in the 
portal-dominant phase and thereafter. In the arterial-
dominant phase in which the first pass is observed, Gd-
EOB-DTPA is not taken up by normal hepatocytes, and 
thus, HCC nodules are intensely stained in the arterial 
dominant phase. In the portal-dominant phase and, 
thereafter, Gd-EOB-DTPA is gradually taken up by nor-
mal hepatocytes, increasing the clear contrast between 
normal liver parenchyma and HCC nodules  [20, 21] . Af-

ter 20 min, in the hepatobiliary phase, the liver/tumor 
contrast is as high as that in CTAP.

  In well-differentiated HCC, some nodules may not be 
completely defective, but Gd-EOB-DTPA uptake is ap-
parently lower than that in the surrounding normal liver 
parenchyma, being imaged as a low-intensity nodule. 
Well-differentiated HCC having Kupffer cells with en-
hanced SPIO uptake and receiving portal blood flow has 
been difficult to characterize; however, it can be imaged 
clearly as defective regions using Gd-EOB-DTPA in many 
cases due to differences in the biological characteristics, 
indicating that this contrast agent may lead to a break-
through in the diagnosis of early HCC  [21, 22] , which has 
been clinically difficult even when a biopsy sample is 
used.

  Summary Statements 
 (1) Hemodynamic diagnosis using Gd-EOB-DTPA is 

comparable with dynamic CT or MRI. 
 (2) Reduced uptake (low intensity) in the hepatobiliary 

phase strongly suggests HCC (including early-stage 
HCC). 

 (3) A defective region (low-intense nodule) in the hepato-
biliary phase in hypovascular nodules is also very like-
ly to be early-stage HCC or a high-grade dysplastic 
nodule with high malignant potential. 

 (4) Attention should be paid to diagnosis of 5% of typical 
liver cancer because HCC with bile production, so-
called ‘green hepatoma’, is not imaged as a defective 
region in the hepatobiliary phase. 

 (5) Gd-EOB-DTPA may replace the current MRI contrast 
media, Gd-DTPA and SPIO-MRI, in the diagnostic 
and treatment algorithm of HCC including early 
HCC. 

 Advances of Integrated Staging System 

 The staging system integrating the TNM and liver 
damage stage is very important. Various staging systems, 
such as (1) Okuda stage  [23] , (2) BCLC stage  [24, 25] , (3) 
CLIP score  [26] , (4) JIS score  [27, 28] , and (5) Tokyo score 
 [29] , have been proposed and used in the different regions 
of the world. The JIS score, utilizing both the LCSGJ 
TNM  [30]  and Child-Pugh stages, is considered to be the 
most useful score for integrated staging of HCC in Japan. 
In contrast, the CLIP score has several disadvantages: 
specification of the tumor-spreading degree is rough, 
only AFP is used as a biological malignancy marker, and 
stratification ability is also poor in advanced cases (many 
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cases cluster to a score of 0–2). By contrast, the JIS score 
is superior for score stratification.

  The original JIS score employs Child-Pugh staging, 
but the modified JIS score employing liver damage stag-
ing instead of Child-Pugh staging is frequently used in 
the surgical field  [31] . The modified JIS score may be use-
ful for hepatectomy cases because LCSGJ liver damage is 
more strictly classified. The original and modified JIS 
scores may be differentially used in accordance with the 
clinical objectives, as with Child-Pugh and liver damage 
staging.

  Recently, new staging systems for predicting progno-
sis have been developed; for example, the BALAD score 
 [32] , which consists of the albumin level, bilirubin level, 
and 3 tumor markers (AFP, AFP-L3, PIVKA-II). The 
BALAD score is reportedly advantageous since it does 
not require a tumor-spreading stage. The second method 
is the biology marker-combined JIS score  [33] , which is a 
combination of the original JIS score and 3 tumor mark-
ers (AFP, PIVKA-II, AFP-L3). This staging system seems 
to be superior to the original JIS score and BALAD score 
 [34] .

  Globally, CLIP scores and BCLC stage are used in Eu-
rope and North America as staging systems; however, 
these stagings have different characters: the BCLC stage 
is basically a treatment selection system for deciding on 
a therapeutic strategy, whereas CLIP and JIS scores are 
prognostic prediction stagings. The CLIP score and 
BCLC stage are useful in European and North American 
systems that tend to detect only large HCCs, but the JIS 
score is most useful for countries like Japan, where many 
small liver cancers are detected. At present, the JIS score 
or bm-JIS score is appropriate in Japan, while the CLIP or 
BCLC score is suitable for Europe and North America.

  Attention needs to be paid to the fact that the BCLC 
stage corresponds to the Japanese treatment algorithm, 
but is not a prognostic prediction staging system. For 
countries incapable of detecting HCC early or in develop-
ing countries with insufficient screening systems and di-
agnostic instruments, the CLIP score may provide good 
stratification as a prognostic prediction system. The JIS 
score may be used worldwide in the future when surveil-
lance systems for early detection of HCC become more 
common and early detection of HCC reaches the same 
level as found in Japan.

  Various liver cancer staging systems have been pro-
posed; however, for practical purposes, the following 
conditions are essential for comprehensive analysis or 
staging of all liver cancer cases: the system should (1) be 
simple, (2) have no missing data, (3) be able to be used by 

anyone anywhere, (4) be easy to memorize, and (5) be su-
perior for stratifying early, intermediate, advanced, and 
terminal groups. Considering these conditions, the JIS 
score or bm-JIS score may be the most appropriate system 
among currently available systems for the overall strati-
fication of liver cancer cases in Japan.

  Summary Statements 
 (1) The TNM stage proposed by the Liver Cancer Study 

Group of Japan is ideal for use in countries like Japan, 
where many small HCCs of less than 2 cm in diameter 
are found based on an established nationwide surveil-
lance system. Similarly, the JIS score or bm-JIS score 
appears to be the best prognostic staging system for 
use in countries where small HCCs can be detected. 

 (2) BCLC staging proposed by EASL and AASLD is a 
treatment selection staging, but not a prognostic pre-
dictive staging; therefore, comparisons between treat-
ment selection staging (BCLC) and prognostic predic-
tive staging (CLIP or JIS score) are inappropriate. This 
should be kept in mind. 

 (3) Biomarker-combined JIS score seems to play a role in 
the more accurate prediction of patients’ prognosis. 

 (4) BALAD score is unique because it does not use tumor 
spreading factors. 

 New Treatment Option: Molecular Targeted Agent, 
Sorafenib 

 Drugs which identify differences between cancer and 
normal cells at the gene and molecular levels and spe-
cifically inhibit molecules involved in cancer growth and 
metastasis are designated as molecular-targeted drugs. 
Previous anticancer drugs also have various targets, but 
molecular-targeted agents are different in that target 
molecules are determined from the research and devel-
opment step or drug design. The earliest successful agents 
are imatinib, trastuzumab, and gefitinib, and all are 
breakthrough agents developed by the accumulation of 
basic studies on tyrosine kinase-mediated intracellular 
signal transduction.

  Although HCC is the third cause of cancer death 
worldwide, research on the molecular mechanism of its 
growth and progression has not been fully clarified. HCC 
is known to be a hypervascular tumor similar to renal cell 
carcinoma, and it is the sole cancer for which arterial em-
bolization is positioned as the standard of care treatment. 
Until recently, it has been considered that the efficacy of 
treatment with angiogenesis inhibitors alone is limited. 
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However, since the multikinase inhibitor, sorafenib, has 
been clearly proved to prolong the overall survival in ad-
vanced HCC patients by 44%  [35] , it was approved for 
advanced HCC in western countries in 2007. It was the 
first systemic chemotherapeutic agent that significantly 
improved the survival of HCC patients. Based on this 
data, sorafenib became a standard of care treatment op-
tion for advanced HCC with or without vascular inva-
sion/extrahepatic metastasis. More molecular targeted 
agents are being under phase II or phase III global clini-
cal trials ( table 1 ).

  Sorafenib, being developed by Bayer HealthCare (Ger-
many), is a low-molecular-weight compound discovered 
by screening inhibitors of Raf kinase, an important mol-
ecule in the MAP kinase cascade located downstream of 
the growth factor receptor. Sorafenib exhibits strong in-
hibitory activity for not only c-Raf, the wild-type, and 
V600E mutant b-Raf, but also receptor tyrosine kinases 
involved in angiogenesis and cell growth, such as vascu-
lar endothelial growth factor receptor-2 (VEGFR)-2, 
VEGFR-3, platelet-derived growth factor receptor (PDG-
FR), Fms-related tyrosine kinase-3 (Flt-3), and c-Kit.

  The positive results of a phase III study for HCC 
(SHARP trial)  [35]  had a strong impact on the treatment 
strategy of HCC. This study was performed as a random-
ized double-blind placebo-controlled multicenter study 
initiated in March 2005. The subjects were advanced 
HCC patients at ECOG PS 0–2 with Child-Pugh A liver 
function without previous systemic chemotherapy. Re-
garding the study design, two groups, sorafenib (400 mg 
b.i.d.) and placebo treatment, were established, and the 
primary endpoint was overall survival. The secondary 
endpoint was time to progression.

  602 patients met the inclusion criteria, and 299 and 
303 were randomly allocated to the sorafenib and placebo 
groups, respectively. There was no difference in patient 
background between the two groups. On final analysis, 
the median overall survival was 10.7 months in the 
sorafenib group and 7.9 months in the placebo group, 
showing 44% improvement (hazard ratio: 0.69, p = 
0.0006). Time to progression was 5.5 months in the 
sorafenib group and 2.8 months in the placebo group, 
showing 73% prolongation (hazard ratio: 0.587, p = 
0.000007). Grade 3 and 4 adverse events for which a caus-

Table 1. Molecular targeted agents in development for HCC

Agent Antiangiogenic targets Antiproliferative targets Antiepigenetic targets Developmental 
status

Company

VEGF FGF VEGFR PDGFR FGFR EGFR Raf MEK mTOR RAR RXR HDAC hepa-
ranase

Sorafenib1 (Nexavar) I I I approved Bayer
Sunitinib1 (Sutent) I I phase III ongoing Pfizer
NIK-333 (acyclic retinoid) I I phase II/III ongoing Kowa
BMS-582664 (Brivanib) I I phase II recruiting Bristol-Myers 

Squibb
TSU-68 I I I phase II ongoing Taiho
TAC-101 I phase II ongoing Taiho
Erlotinib (Tarceva) I phase II complete Roche
Bevacizumab (Avastin) I phase II ongoing Genentech
Cediranib I phase II recruiting AstraZeneca
Gefitinib (Iressa) I phase II complete AstraZeneca
Lapatinib I phase II ongoing GlaxoSmith

Kline
Thalidomide I phase II ongoing TTY BioPharm
ZD6474 (Zactima) I I phase II ongoing AstraZeneca
AZD6244 I phase II ongoing AstraZeneca
PI-88 I I I phase II complete Progen
Cecuximab I phase II complete Merck
RAD001 I phase I/II recruiting Novartis
PXD101 (Belinostat) I phase I/II ongoing Curagen

Sources: Trial Trove, ClinicalTrials.gov (NCI), Evaluate Pharma, IMS Knowledge Link, Esplcom, IDdB3, BioPharm Insight, MedTrack.
1 Sorafenib and sunitinib also have antiproliferative effects through multityrosine kinase inhibition.
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al relationship with sorafenib could not be ruled out were 
diarrhea and skin reaction.

  In August 2007, it was reported that sorafenib also 
prolonged the overall and progression-free survival in 
the phase III study performed in HCC patients in the Asia 
Pacific region. A randomized double-blind placebo-con-
trolled study was performed in 226 Chinese, Korean, and 
Taiwanese patients with no previous systemic chemo-
therapy. Data demonstrated the efficacy and safety of 
sorafenib in HCC in the Asia-Pacific area, similar to the 
SHARP study.

  In Japan, a phase I study has been completed, and a 
phase III study in HCC patients following TACE is cur-
rently underway.

  A global phase III trial of sorafenib as an adjuvant 
therapy after surgery or ablation is now ongoing and a 
global phase II trial of sorafenib as a maintenance thera-
py with a combination of TACE is also ongoing. These 
results are awaited to confirm its usefulness in the daily 
clinical practice. A paradigm shift in HCC treatment may 
be induced by these currently ongoing sorafenib trials.

  Summary Statements 
 (1) Sorafenib is a multikinase inhibitor, which is the first 

approved molecular targeted agent for HCC as a sys-
temic chemotherapeutic agent, which confirms sur-
vival benefit in advanced HCC even with or without 
vascular invasion/extrahepatic spread. 

 (2) Global clinical trials are now ongoing using sorafenib 
as an adjuvant setting after resection, ablation or 
TACE. 

 Primary and Secondary Inhibition of 
Hepatocarcinogenesis 

 To inhibit hepatocarcinogenesis, the primary preven-
tion is virus eradication by interferon (IFN) treatment for 
hepatitis C patients. In patients with chronic hepatitis C, 
a marked reduction of the cancer incidence rate has been 
reported in patients who achieved sustained viral re-
sponse with IFN treatment.

  As secondary prevention, IFN treatment to eradicate 
the virus following curative resection and ablation, and 
maintenance IFN treatment  [36]  are known to signifi-
cantly reduce the cancer recurrence rate and to improve 
the prognosis  [37] . The direct growth inhibitory action of 
IFN to the HCC cells has also been proved in vitro  [38] .

  In patients with chronic hepatitis B, reduction of the 
cancer incidence rate by administration of nucleic acid 

analogs, such as lamivudine, entecavir, and adefovir, and 
IFN, has previously been reported  [39] .

  A global clinical trial using sorafenib as an adjuvant 
therapy following curative treatment, such as resection or 
ablation, is ongoing and its outcome is awaited. In Japan, 
a large-scale clinical study of retinoid  [40]  is also under-
way, in which it is being investigated whether retinoid 
contributes to the inhibition of recurrence as an adjuvant 
setting following curative treatment. A preliminary in vi-
tro study on retinoid for HCC was reported and showed 
apoptotic effects on HCC cells  [41] .

  Summary Statements 
 (1) IFN therapy is effective as a primary and secondary 

prevention of HCC. 
 (2) Sorafenib and/or retinoid is expected to be useful as 

an adjuvant therapy after curative treatment of HCC, 
such as resection or ablation. However, clear evidence 
is still awaited to confirm this statement. 

 Systemic and Intra-Arterial Infusion Chemotherapy 
for Advanced HCC 

 No effective anticancer drug for advanced liver cancer 
has been demonstrated, except for sorafenib. Highly ad-
vanced liver cancer represents stage IVa liver cancer ac-
companied by vascular invasion and stage IVb liver can-
cer accompanied by distant metastasis, for which intra-
arterial infusion chemotherapy such as low-dose FP 
therapy (5FU and  cis -platinum)  [42]  and intra-arterial 
infusion of 5FU in combination with IFN treatment  [43]  
have been established as an effective treatment option in 
Japan. However, the intra-arterial infusion procedure is 
complex because establishment of a reservoir port for ar-
terial infusion is necessary.

  Recently, the maintenance of the blood IFN level using 
pegylated IFN (PEG-IFN), and its efficacy in combina-
tion with an oral 5FU prodrug, S-1 (PEG-IFN + S-1 com-
bination therapy)  [44] , have been demonstrated to some 
extent, but further investigation, including a prospective 
randomized study, is necessary. Moreover, hepatic intra-
arterial infusion chemotherapy is not recommended in 
the AASLD guidelines  [4] ; therefore, although the re-
sponse rate is high, the efficacy, especially survival ben-
efit of intra-arterial infusion chemotherapy using an in-
tractable delivery port system, should be confirmed by 
further randomized studies. In order to answer this im-
portant question, a randomized controlled phase II study 
comparing 3 arms – low-dose FP, sorafenib alone, and 
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  Fig. 1.  Consensus-based treatment algorithm for HCC proposed 
by JSH (modified from its original version). 1  Treatment should 
be performed as if extrahepatic spread is negative when extrahe-
patic spread is not regarded as a prognostic factor. 2 Systemic che-
motherapy is sometimes performed when liver function is pre-
served; however, there is no evidence of its survival benefit. 
Sorafenib is the first choice of treatment in this setting as a stan-
dard of care. 3 Follow-up observation is recommended for hypo-
vascular nodules by Evidence-Based Clinical Practice Guidelines; 
however, local ablation therapy is frequently performed in the 
 following cases: (1) when the nodule is diagnosed pathologically 
as early HCC, (2) when the nodules show decreased uptake on 
SPIO-MRI, or (3) when the nodules show decreased portal flow 
by CTAP, since these nodules are known to frequently progress to 
typical advanced HCC. 4 Even for HCC nodules exceeding 4 cm 
in diameter, combination therapy of TACE and ablation is fre-
quently performed when resection is not indicated. 5 Resection is 
sometimes performed even when there are more than 4 nodules. 
Furthermore, ablation is sometimes performed in combination 
with TACE. 6 Milan criteria: tumor size  ̂  3 cm and tumor num-
ber  ̂  3 cm, or solitary tumor  ̂  5 cm. Even when liver function is 

good (Child-Pugh A/B), transplantation is sometimes performed.
7 Sorafenib is the standard of care in this setting as monotherapy 
or in combination with transcatheter arterial infusion, TACE or 
resection. 8  TAI = Transcatheter arterial infusion chemotherapy 
or hepatic arterial infusion chemotherapy. Continuous arterial 
infusion chemotherapy using an implanted port is the first choice 
of treatment. The regimen for this treatment is usually low-dose 
FP (5FU + CDDP) or intra-arterial 5FU infusion combined with 
percutaneous IFN injection. 9 Resection and TACE are frequently 
performed when portal invasion is minimal such as Vp1 (portal 
invasion at the 4th portal branch) or Vp2 (portal invasion at the 
3rd portal branch). 10 Local ablation therapy or subsegmental 
TACE is performed when transplantation is not indicated and 
there is no hepatic encephalopathy, no uncontrollable ascites, and 
a low bilirubin level ( ! 3.0 mg/dl); however, it is regarded as an 
experimental treatment since there is no evidence of its survival 
benefit. A prospective study is necessary to clarify this issue.
11 Sorafenib is considered to be effective in an adjuvant setting 
after resection, ablation or TACE, although clear evidence will
not be established until the completion of ongoing global clinical 
trials.   
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low-dose FP combined with sorafenib – is scheduled
to be initiated in Japan in 2009 followed by a phase III 
trial.

  Summary Statements 
 (1) There is no established systemic chemotherapy for ad-

vanced HCC, except for sorafenib. 
 (2) Empirically, intrahepatic arterial infusion chemother-

apy using implanted reservoir port is known to be ef-
fective for advanced HCC with vascular invasion; 
however, no randomized study exists to prove its ef-
ficacy. Further controlled study is necessary to estab-
lish this treatment option as a standard of care in a 
treatment algorithm for HCC. 

 (3) A randomized controlled phase II study comparing 3 
arms – low-dose FP, sorafenib alone, and low-dose FP 
combined with sorafenib – is scheduled to be initiated 
in Japan in 2009 followed by a phase III trial. 

 Impact of Sorafenib on Treatment Algorithm of HCC 

 Evidence-Based Treatment Algorithm for HCC in 
Japan 
 The algorithm for the treatment of HCC was devised 

on the basis of three factors: degree of liver damage, num-
ber of tumors, and diameter of tumors in patients with 
liver damage severity categorized into classes A or B:
  (1) If there is only one tumor, hepatectomy is recom-

mended, irrespective of the diameter of the tumor. 
Percutaneous local therapy may also be recommended 
if the diameter of the tumor is not more than 2 cm. 

 (2) If there are 2 or 3 tumors and their diameters are no 
more than 3 cm, hepatectomy or ablation is recom-
mended. 

 (3) If there are 2 or 3 tumors and their diameters are 3 cm 
or more, hepatectomy or TACE is recommended. 
Sorafenib may be a choice of treatment as an adjuvant 
or maintenance treatment after TACE. 

 (4) If there are more than 4 tumors, TACE or hepatic arte-
rial infusion chemotherapy is recommended. In addi-
tion, sorafenib may be a standard of care as a mainte-
nance therapy after TACE or arterial infusion chemo-
therapy. 
 For patients with class C liver damage:

  (1) If there are not more than 3 tumors and their diame-
ters do not exceed 3 cm (or if there is a single tumor 
with a diameter that does not exceed 5 cm; within Mi-
lan Criteria), liver transplantation is recommended. 

 (2) If there are 4 or more tumors, palliative treatment is 
recommended. 
 For patients with class A liver damage accompanied by 

vascular invasion, hepatectomy may be selected, while for 
patients with extrahepatic metastasis, chemotherapy may 
be selected.

  Treatment Algorithm in the West 
 The treatment algorithms in Europe and North Amer-

ica were published in the  Journal of Hepatology  as the 
EASL Consensus in 2001  [24] , and then as the AASLD 
Clinical Practice Guidelines in  Hepatology  in 2005  [4] . 
Both were prepared based on BCLC staging. The BCLC 
staging classification consists of stages 0 to D. Palliative 
treatment only is specified for stage D, while stage 0 is 
defined as a very early stage, specifying 2 cm or smaller 
solitary liver cancers with carcinoma in situ, and corre-
sponds to early HCC in Japan. These are solitary, and re-
section is desirable when portal pressure and bilirubin 
levels are normal. When portal hypertension is present, 
other potentially curative treatments, such as liver trans-
plantation and local treatment, are recommended. For 
solitary or  ̂  3 HCC, and  ̂  3 cm lesions with mild portal 
hypertension, liver transplantation or local ablation is 
recommended. These are very strict criteria, and only 
stages 0 and A are indicated for radical treatments, i.e., 
resection, local ablation, and liver transplantation. The 
intermediate stage (stage B) specifies multinodular le-
sions, and the advanced stage (stage C) specifies cases 
with vessel invasion or extrahepatic spread. For stage B 
patients, TACE is recommended and for stage C patients 
sorafenib is recommended as a standard of care treat-
ment.

  A Consensus-Based Treatment Algorithm for HCC 
Proposed by the JSH 
 In consideration of the treatment algorithm in the Ev-

idence-Based Clinical Practice Guidelines established by 
LCSGJ and the BCLC treatment algorithm, a Japanese 
expert panel established a consensus-based treatment al-
gorithm based on therapeutic policies widely employed 
in Japan. Since sorafenib is proved as a standard of care 
treatment for advanced HCC with major vessel invasion 
or extrahepatic spread  [35] , a modified version of consen-
sus-based argorithm is being proposed ( fig. 1 ).

  The original algorithm first groups cases based on the 
presence or absence of extrahepatic lesions, liver func-
tion, vascular invasion, number of tumors, and tumor 
size. It also divides treatment options into curative treat-
ments (resection or local ablation), TACE, arterial infu-
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sion chemotherapy, liver transplantation, and palliative 
treatment. The algorithm essentially follows the algo-
rithm established by LCSGJ, but treatments widely per-
formed in Japan were included by consensus, even though 
evidence is not always present.

  As a concrete algorithm, resection or local ablation is 
performed for  ̂  3,  ̂  3 cm nodules with no extrahepatic 
lesion, good liver function, and no vascular invasion. In 
this group, local ablation or resection is potentially cura-
tive and a good prognosis can be expected. Although the 
number of nodules is  ̂  3, when the tumor exceeds 3 cm, 
hepatectomy or TACE is selected. Additional local abla-
tion following transarterial treatment (lipiodol TACE or 
transcatheter arterial infusion) may increase curability. 
IFN therapy after curative therapy has proved to be use-
ful for improving patient survival  [37] ; therefore, it is rec-
ommended to treat patients who can tolerate IFN thera-
py. In the future, even sorafenib may be a first choice of 
treatment for adjuvant therapy if positive results are ob-
tained by ongoing global clinical trials ( fig. 1 ).

  For patients with 4 or more lesions, TACE or arterial 
infusion chemotherapy is basically recommended. Local 
ablation in combination with TACE or arterial infusion 
chemotherapy may be more beneficial for  ̂  5–6 lesions. 
Sorafenib may be useful as a maintenance therapy be-
tween several procedures of TACE in order to reduce the 
numbers of TACE, thus avoiding the impaired liver func-
tion caused by repeated TACE. As a result, it may there-
fore be beneficial to improve patient survival.

  For patients with an extrahepatic lesion and good liv-
er functional reserve, sorafenib will be the standard of 
care in this setting.

  Establishment of an original Japanese treatment algo-
rithm was necessary because the situation in Japan, in-
cluding the availability of transplantation, is different 
from that in western counties. The algorithm established 
by the JSH is not necessarily based on scientific evidence; 
indeed, a consensus-based algorithm was combined with 
an evidence-based algorithm and opinions of JSH ex-
perts. Since it is also difficult to state whether the Euro-
pean or North American algorithm is strictly based on 
evidence, the JSH consensus-based treatment algorithm 
may be a valid guideline; thus, a treatment algorithm 
based on a large scale of specialists’ consensus and a treat-
ment strategy performed in real practice in Japan is im-
portant. However, this algorithm should be carefully re-
vised through prospective trials for issues lacking evi-
dence.

  As stated earlier, in order to clarify the usefulness of 
the combined use of sorafenib with intra-arterial infu-

sion chemotherapy, a randomized controlled phase II 
study for advanced HCC without extrahepatic spread, 
comparing 3 arms (low-dose FP, sorafenib alone, and 
low-dose FP combined with sorafenib) is scheduled to be 
initiated in Japan in 2009 followed by a phase III trial. 
Similarly, a randomized controlled phase II/III trial com-
paring TACE alone versus TACE combined with mainte-
nance sorafenib treatment is scheduled to be initiated in 
Japan in 2009.

  Summary Statements 
 (1) The treatment algorithm proposed by the Consensus-

Based Clinical Practice Manual was established based 
on an Evidence-Based Treatment Algorithm and Con-
sensus among an expert panel of the JSH. More details 
are described in the treatment algorithm proposed by 
the Consensus-Based Clinical Practice Manual. 

 (2) Sorafenib will be the first choice of treatment as a stan-
dard of care in advanced HCC patients with preserved 
liver function and vascular invasion/extrahepatic 
spread. 

 (3) Sorafenib may be of value as an adjuvant therapy after 
resection, ablation, or TACE or a combined use with 
intra-arterial infusion chemotherapy. A randomized 
trial for intermediate and advanced HCC comparing 
sorafenib alone versus sorafenib combined with main-
tenance TACE/intra-arterial infusion chemotherapy 
is scheduled to be initiated in Japan in 2009. 

 Conclusion 

 In this review, recent progress in 2008 and future per-
spectives, including issues from surveillance to molecu-
lar-targeted therapy for HCC, have been reviewed. It is 
hoped that this supplemental issue will enhance the most 
up-to-date knowledge on HCC of the readers of  Oncol-
ogy .
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in preventing the occurrence of HCC attributed to HCV and 
HBV infection, respectively, and that an aggressive vaccina-
tion program against the latter reduces the incidence of 
HCC. With the enormous efforts of researchers devoted to 
basic and clinical studies, the incidence of HCC is expected, 
in the near future, to gradually decline in both countries. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 In the Globocan 2002 database of the International 
Agency for Research on Cancer (IARC), the worldwide 
burden of liver cancer has been estimated at 671,000 new 
cases (474,000 men, 197,000 women) for the year 2005. 
Liver cancer is the sixth most frequently seen and, be-
cause of its poor prognosis, the third most common cause 
of cancer death. Hepatocellular carcinoma (HCC) ac-
counts for between 85 and 90% of primary liver cancers 
with several distinctive epidemiologic features: dynamic 
temporal trends, marked variations among geographic 

 Key Words 
 Hepatocellular carcinoma, Japan  �  Hepatocellular 
carcinoma, Korea 

 Abstract 
 The worldwide burden of liver cancer has been estimated at 
671,000 new cases for the year 2005. Hepatocellular carci-
noma (HCC) accounts for between 85 and 90% of primary 
liver cancer and is one of the most frequent malignancies in 
Asia. In both Japan and Korea, the incidence exceeds 25 cas-
es/100,000/year and ranks third in cancer deaths after stom-
ach and lung cancer. In Korea the number of deaths from 
liver cancer increased from approximately 5,789 in 1983 to 
9,966 in 1994, and then remained steady at 9,500/100,000 in 
2003. In Japan the number of deaths from HCC increased 
until 2002, and then decreased to 34,089 in 2003, up to 15% 
of HCC cases are caused by hepatitis B virus (HBV) and  � 80% 
by hepatitis C virus (HCV) infection; the corresponding fig-
ures in Korea are  � 70 and  � 20%. Recent clinical data have 
shown that interferon and lamivudine treatment is effective 
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regions, among racial and ethnic groups, and between 
men and women  [1] .

  The liver cancer burden is not evenly distributed 
throughout the world. Most cases of HCC ( 1 80%) occur 
in either sub-Saharan Africa or in Eastern Asia. China 
alone accounts for more than 50% of the world total (age-
standardized incidence rate: men 35.2/100,000; women 
13.3/100,000), other high rate ( 1 20/100,000) areas in-
clude Senegal (28.47/100,000; 12.2/100,000) and Gambia 
(39.67/100,000; 14.6/100,000). North and South America, 
Northern Europe, and Oceania are low rate ( ! 5.0/100,000) 
areas. Typically low-incidence rates are those of Canada 
(men 3.2/100,000; women 1.1/100,000), Colombia (2.2/
100,000; 2.0/100,000), the United Kingdom (2.2/ 100,000; 
1.1/100,000), and Australia (3.6/100,000; 1.0/100,000). 
Southern European countries, typified by rates in Spain 
(men 7.5/100,000; women 2.4/100,000), Italy (13.5/100,000; 
4.6/100,000), and Greece (12.1/100,000; 4.6/100,000), are 
medium-rate areas (5.0–20.0/100,000)  [2] .

  Chronic infection with hepatitis B virus (HBV) or 
hepatitis C virus (HCV) is the most common cause of 
chronic liver disease and of HCC, followed by alcoholic 
liver disease. Other causes are less frequent, but in certain 
areas of China and Africa, exposure to aflatoxin in asso-
ciation with viral hepatitis may be responsible for the ex-
traordinarily high risk of HCC  [1] .

  Here, the authors review the epidemiology of HCC in 
Japan and Korea, focusing on its occurrence and (1) inci-
dence and mortality, (2) factors related to the occurrence, 
and (3) treatment and prevention strategies for suppress-
ing its incidence.

  Incidence and Mortality 

 Japan 
 The total number of deaths from HCC was stable at 

fewer than 10,000/year until 1975 when the number 
showed a sharp increase over the ensuing years. The in-
crease in 1995 was caused by the change in International 
Classification of Diseases (ICD) codes from ICD-9 to 
ICD-10, which includes intrahepatic bile duct cancer (less 
than 5%). The highest number of deaths from HCC was 
among patients below the age of 69 years until 1999, when 
the highest age increased to over 70 years. Although the 
number of deaths from HCC increased until 2002, the 
total decreased to 34,089 in 2003.

  The rates were consistently higher in men than in 
women. A sharp rise in the rate of death from primary 
liver cancer among men began in 1975, with a more grad-

ual rise among women in 1980. The total age-adjusted 
death rate also increased until 2002 (27.5/100,000 in 
2002); however, it decreased to 27.0 in 2003. Thus, the 
number of deaths and the death rate from primary liver 
cancer decreased in 2003  [3] .

  Korea 
 The liver is the third most common site for cancer de-

velopment after the stomach and the lungs. To examine 
the incidence of and mortality attributed to HCC, sev-
eral Korean cancer registry databases were used. Nation-
al cancer incidence data were retrieved from the na-
tionwide cancer registry, the regional cancer registry
database, and certificates of death from cancer. The age-
standardized incidence rate from 1999 to 2001, expressed 
as the number of cases per 100,000 persons, was 45.0/
100,000 for men and 12.0/100,000 for women, and was 
more prevalent among men in their 6th to 7th decade. In 
men it was approximately 3–4 times higher than in wom-
en. In 2003, the liver cancer death rate was as high as 
33.6/100,000 for men and 8.8/100,000 for women  [4] . The 
number of deaths from liver cancer increased from ap-
proximately 5,789 in 1983 to 9,966 in 1994, and then re-
mained steady at 9,500/100,000 in 2003  [5] .

  Factors Related to HCC Occurrence 

 Japan 
 A nationwide survey of primary liver cancer has been 

conducted every 2 years since 1968 by the Liver Cancer 
Study Group of Japan  [6–11] . Five serologic surveys con-
ducted between 1990 and 2001 documented that most 
patients with HCC were positive for either hepatitis B 
surface antigen (HBsAg) or anti-HCV. Tests for HBsAg 
became available in 1975 and those for anti-HCV in 1990. 
HBsAg-positive cases of HCC constituted 42% in 1977–
1978, but only 15.5% in 2000–2001. In contrast, anti-
HCV-positive cases of HCC accounted for more than 70% 
of cases diagnosed over 10 years. HCC of unknown origin 
and other causes increased gradually and constituted 
12.7% of cases reported in 2000–2001.

  Korea 
 Chronic hepatitis B and C, as well as cirrhosis, irre-

spective of etiology, are recognized as major factors rais-
ing the risk of HCC. HBV is the leading cause for the de-
velopment of HCC. Approximately 65–75% of HCC pa-
tients are positive for HBsAg, and 10–20% for antibody 
to HCV (anti-HCV). Half of the HCC patients, negative 
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to both HBsAg and anti-HCV, are habitual and heavy al-
cohol drinkers  [12–14] . The high incidence rate of HCC 
is thought to be related to the high carrier rate of HBV in 
the general population. The mean HBsAg-positive rate 
among the Korean population was 5.1% in men and 4.1% 
in women according to a national health survey carried 
out in 1998  [15, 16] .

  Treatment and Prevention for Suppression of HCC 
Incidence 

 Japan 
 HCV infection is a major cause of HCC in Japan, in-

dicating that eradication of HCV would contribute to a 
decrease in the incidence of and death rates from HCC. 
A number of studies have described a moderate decrease 
in the risk of HCC among patients with chronic hepatitis 
C treated with interferon. Indeed, the reduction in the 
incidence of HCC is more convincingly shown in patients 
with sustained virological response than with nonre-
sponders and nontreated patients.

  Between 1992 and 2001, approximately 300,000 pa-
tients with chronic hepatitis C had received IFN mono-
therapy  [17–22] , and remarkably, the number of deaths 
and the death rate from HCC decreased in 2003, suggest-
ing that antiviral treatment reduces the risk of HCC in 
patients with HCV infection.

  Korea 
 Since chronic viral hepatitis is the main cause of HCC, 

effective control of hepatitis virus transmission is the key 
issue. Although HBV remains the most common cause of 
HCC because of widespread vertical transmission, it is 
now possible to prevent and eliminate its perinatal trans-
mission with nationwide vaccination programs. In a Tai-
wanese study, a national vaccination program helped to 
successfully decrease the development of HCC at a young 
age  [23] . For primary prevention, a nationwide HBV vac-
cination program has been conducted since the late 1980s 
in Korea and, 20 years later, the number of children pos-
itive for HBsAg has fallen substantially from 7–8 to 0.6%. 
Along with this decrease in the HBsAg carrier status, 
HCC development is expected to decrease in the near fu-
ture  [15, 24] . Secondary prevention is effected by interfer-
ing with the metabolism of the carcinogen, or by pre-
venting it from reaching its target. Tertiary prevention
is effected by preventing precancerous lesions from pro-
gressing to cancer. As cirrhosis is a major premalignant 
state, effective control of inflammation is crucial in pre-

venting progression from chronic hepatitis to cirrhosis. 
Cirrhotic patients treated with lamivudine are reported 
to develop HCC less frequently than those not treated 
with the drug  [25] . Antiviral drugs such as interferon, la-
mivudine, entecavir, clevudine and adefovir have been 
widely used for the effective management of chronic viral 
hepatitis in Korea.

  Conclusion 

 HCC is one of the most frequent malignances in Asia, 
and in both Japan and Korea, high-rate countries for liv-
er cancer, the incidence exceeds 25 cases/100,000/year 
and ranks third in cancer deaths after stomach and lung 
cancer. Therefore, gauging its occurrence is crucial, al-
though the underlying causes are different in each coun-
try. In Japan, up to 15% of the cases are attributed to HBV 
and  � 80% to HCV infection; the corresponding figures 
in Korea are  � 70 and  � 20%.

  Recent clinical data have shown that IFN and lamivu-
dine treatment is effective in preventing the occurrence 
of HCC attributed to HCV and HBV infection, respec-
tively, and that an aggressive vaccination program against 
HBV infection has been reported to reduce the incidence 
of HCC.

  With the efforts made in basic and clinical research, 
the incidence of HCC is expected to gradually decline in 
the near future in both countries. We, researchers and 
clinicians in Japan and Korea, look forward to substantial 
collaboration from now onward aimed at eradicating the 
incidence of HCC in both countries.
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 Impact of Interferon Therapy after 
Curative Treatment of Hepatocellular 
Carcinoma 

 Masatoshi Kudo  

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka-Sayama , Japan

than the non-IFN group. (5) Pegylated IFN (PEG-IFN) may be 
more beneficial than non-PEG-IFN products since IFN con-
centration is maintained in the body at a high level, which is 
favorable for its action as a direct anticancer agent. (6) It may 
be concluded that IFN treatment after curative treatment of 
HCC is beneficial at least in HCV-related HCC, since it lowers 
recurrence and improves survival. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common cancer in the world and its mortality has been 
increasing globally. The annual total number of deaths 
worldwide is estimated at around 0.4–0.6 million  [1–3] . 
The reason for the high mortality is the fact that HCC 
develops in the liver, whose function is often severely im-
paired by cirrhosis, thus limiting the possibilities for cu-
rative treatment. Furthermore, HCC is chemoresistant 
and the recurrence rate is very high  [4] , even after cura-
tive treatment, including surgical resection  [5]  and per-
cutaneous ablation [alcohol injection, microwave coagu-
lation and radiofrequency ablation (RFA)]  [6, 7] . For such 
approaches, survival rates are similar and satisfactory, 
when patient selection is optimal in terms of tumor size 
and liver function, particularly if the diagnosis is made at 

 Key Words 
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 Abstract 
 Primary and secondary prevention of hepatocellular carci-
noma (HCC) which has become endemic worldwide in re-
cent years are the most important issues in reducing mortal-
ity of HCC patients. Among several compounds previously 
reported for secondary prevention, treatment with interfer-
on (IFN) is widely applied and shows encouraging results. To 
date, there have been 8 published randomized control trials 
(RCTs) and 6 published non-RCTs on IFN therapy after cura-
tive treatment of HCCs. Positive results were shown in 6 of 8 
RCTs and in all of 6 non-RCT cohort studies regarding either 
recurrence rate or patient survival. The impact of IFN therapy 
after curative treatment of HCC can be summarized as fol-
lows: (1) HCC incidence of recurrence is reduced through vi-
ral clearance or long-term IFN treatment, even though HCV 
is not cleared. (2) Low-dose, long-term IFN (maintenance) 
therapy may suppress HCC recurrence through direct action 
of IFN on tumor cells. (3) Patient survival is improved through 
growth inhibition of recurrent tumors, as well as preserva-
tion of liver function. (4) According to the above 3 points, 
there is more chance to receive curative treatment in the IFN 

 Published online: December 17, 2008   
Oncology

 Masatoshi Kudo, MD, PhD 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama 589-8511 (Japan) 
 Tel. +81 72 366 0221, ext. 3149, Fax +81 72 367 2880, E-Mail m-kudo@med.kindai.ac.jp 

 © 2008 S. Karger AG, Basel
0030–2414/08/0755–0030$24.50/0 

 Accessible online at:
www.karger.com/ocl 

— 500 — — 501 —



 Interferon after Curative Treatment of 
HCC 

Oncology 2008;75(suppl 1):30–41 31

an early stage  [8] . Unfortunately, even with radical ther-
apy, HCC has a high tendency for local recurrence, which 
reduces survival, due to the progressive impairment of 
liver function, also partly by the repeated therapeutic in-
terventions  [9] .

  Intrahepatic recurrence of HCC is generally divided 
into early (within the first 2 years) and late (after 2 years) 
recurrence. Early recurrence is usually either microscop-
ic metastases of the primary cancer or local recurrence of 
previously treated cancer. Late recurrence is due to the 
multicentric carcinogenic process driven by underlying 
liver cirrhosis  [10] .

  Partial hepatectomy is a potent stimulant of liver re-
generation, and this can facilitate the growth of micro-
scopic foci of HCC already present at the time of surgery. 
In fact, in explanted livers of HCC patients, synchronous 
nodular lesions at high risk of malignant degeneration 
and microscopic nodules of HCC have been found  [11] . 
Other important risk factors for recurrence are the de-
gree of vascular invasion and histological differentiation, 
which are usually related to the primary nodule size. 
Imamura et al.  [12]  have analyzed specimens from 249 
liver resections and have found that approximately half 
of the early relapses occurred in cases of nonanatomical 
resection, if there was microscopic vascular invasion, and 
if the  � -fetoprotein level was high. Risk factors for late 
recurrence were severe histological activity of underlying 
hepatitis, presence of multiple nodules, and histological 
classification.

  Even when HCC is curatively treated, it recurs at an 
annual rate of 15–20%, a high rate not seen with other 
malignant neoplasms, which results in a high mortality 
 [13] . In order to reduce intrahepatic recurrence of HCC, 
several options have been attempted. The results of some 
studies need further confirmation, such as oral treatment 
with retinoic acid  [14] , vitamin K  [15]  or immunotherapy 
 [16] . On the other hand, treatment with interferon (IFN) 
is widely applied and shows encouraging results.

  Direct Action of IFN on Carcinogenesis: Implications 
of Experimental Studies 

 It has been reported that IFN has a dose-dependent 
growth inhibitory effect in human liver cancer cell lines 
in vitro  [17] . At clinical doses, IFN- �  reduced the volume 
of KLM-1 and HAK-1B tumors by 62 and 61%, respec-
tively. The number of apoptotic cells significantly in-
creased and the number of blood vessels significantly de-
creased in a dose-dependent manner. The same group 

also reported that IFN- �  receptor 2 (IFNAR2) expression 
in HAK-1B cells was significantly downregulated and in-
duced a dose-dependent decrease in tumor volume and 
weight, with a significant increase in apoptosis in the tu-
mor. Both basic fibroblast growth factor and blood vessel 
number in the tumor decreased  [18] . They also reported 
that, as a result of IFN- �  treatment, the number and av-
erage volume of preneoplastic foci were reduced. The 
proliferating cell nuclear antigen index and expression of 
G1 cyclins were also reduced in the preneoplastic foci in 
the IFN-treated group. Expression of p21, which is an in-
hibitor of cyclin-kinase complexes, was higher in the foci 
of the IFN-treated group, while p53 expression was not 
altered in this group compared with the control group 
 [19] . IFN- �  also suppressed tumor development at 40 
weeks after initiation. In the long-term IFN- � -treated 
group, tumor development was markedly more reduced 
than that in the short-term-treated group  [19] . Therefore, 
it was demonstrated that longer treatment with IFN- �  
was more effective compared with shorter-term treat-
ment. In summary, it was shown that IFN- �  directly pre-
vented and delayed he patocarcinogenesis through the 
suppression of pre neoplastic cell proliferation, and that it 
may partially depend on p21 induction through a p53-
independent pathway  [19] . 

  Wu et al.  [20]  reported that IFN- � -2a suppresses vas-
cular endothelial growth factor (VEGF) synthesis and se-
cretion by downregulating hypoxia-inducible factor 
(HIF)-1 �  expression via inhibition of phosphatidylinosi-
tol 3 kinase and/or mitogen-activated protein kinase in 
MHCC 97 cells in vitro. Therefore, they have clearly 
shown that IFN- � -2a downregulates VEGF expression, 
at both the mRNA and protein level, as well as HIF-1 �  
mRNA expression  [20] .

  Yano et al.  [21]  reported that pegylated IFN (PEG-
IFN)- � -2a inhibits the growth of liver cancer cell lines 
with apoptosis in a dose- and time-dependent manner. 
Continuous exposure to IFN by inducing PEG-IFN- � -2b 
induces time-dependent growth inhibition and down-
regulation of IFNAR2 expression. PEG-IFN- � -2b in-
duced a dose-dependent decrease in tumor volume and 
weight, a significant increase in apoptosis, and a decrease 
in IFNAR2 expression. The antitumor effect of clinical 
doses of PEG-IFN- � -2b is significantly stronger than 
that of regular IFN- � -2b in vivo  [21] .

  The same group also reported that the inhibitory ef-
fect of PEG-IFN on hepatocarcinogenesis might be in-
duced by Fas-related apoptosis in the surrounding tis-
sues, using a rat model  [22] . 
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  Another interesting study by Lim et al.  [23]  showed 
that IFN- � -based treatment reduces the number of he-
patic progenitor cells, which have been suggested as tar-
gets of malignant transformation in chronic liver injury 
 [24] , by moderating apoptosis, proliferation and differen-
tiation.

  In conclusion, the mechanism of direct antitumor ac-
tion of IFN on HCC cells may be summarized as follows 
( fig. 1 ):
  (1) IFN has an antiangiogenic effect. 
 (2) IFN reduces cell growth in HCC. 
 (3) IFN induces apoptosis, IFN- �  receptor expression, ba-

sic fibroblast growth factor, and blood vessel number. 
 (4) IFN reduces proliferating cell nuclear antigen and G1 

cyclin expression. 
 (5) IFN induces p21 but not p53 expression. 
 (6) Long-term treatment with IFN- �  is more effective 

compared with shorter-term treatment, both for re-
duction in tumor numbers and tumor size. 

 (7) IFN exerts its antiangiogenic activity through VEGF 
suppression, by downregulating HIF-1 �  expression 
and inhibition of the phosphatidylinositol 3 kinase 
and/or mitogen-activated protein kinase signaling 
pathway. 

 (8) PEG-IFN has a stronger effect on growth inhibition, 
downregulation of IFNAR2, and apoptosis than non-
PEG-IFN products. 

 Lessons from Primary Prevention of HCC by IFN 

 IFN Treatment for Hepatitis C Virus-Related Liver 
Disease 
 It has been argued that long-term suppression of viral 

replication can reduce hepatocyte turnover and decrease 
the risk of carcinogenesis. In 1995, a small randomized 
controlled trial (RCT) of IFN treatment showed a decrease 
in the incidence of HCC in patients with hepatitis C virus 
(HCV) cirrhosis compared with that in untreated controls 
 [25] . Following this study, several others, including con-
trolled trials  [26–42] , have been performed, mostly in pa-
tients with HCV infection. Other retrospective cohort 
studies of a relatively small size have shown a marked de-
gree of heterogeneity, making it difficult to assess the ac-
tual level of benefit obtained by IFN treatment.

  Craxi and Camma  [43]  and Camma et al.  [44]  have 
performed a systematic review of the available literature 
to evaluate whether IFN reduces the incidence of HCC in 
patients with viral cirrhosis. The effect of IFN on cancer 
incidence was evaluated in a total of 4,659 patients in 3 
RCTs and 17 non-RCTs. IFN seemingly decreased HCC 
rate in all but 1 of 20 evaluable studies, with a significant 
difference being observed in 13. The pooled estimate of 
the treatment effect was significantly in favor of a preven-
tive effectiveness of IFN (risk difference: –12.2; CI: –8.4 
to –16.1, p  !  0.00001)  [43] .
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  Fig. 1.  Hypothesis of the direct antitumor 
growth inhibition effect of IFN. 
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  Regarding HCV-related cirrhosis, the pooled data sug-
gest a slight preventive effect of IFN on HCC develop-
ment in patients with HCV cirrhosis. The magnitude of 
this effect was low, and the observed benefit might have 
been due to coincidental associations. The preventive ef-
fect was more evident among sustained biochemical re-
sponders to IFN, which represent a small proportion of 
all cirrhotic patients  [43] .

  IFN Treatment for Hepatitis B Virus-Related Chronic 
Liver Disease 
 The available evidence from studies of hepatitis B vi-

rus (HBV) cirrhosis is less encouraging compared with 
data obtained for HCV cirrhosis. Previous studies have 
shown a strong heterogeneity, which makes the reliabil-
ity of the conclusions of individual trials questionable 
 [43] . This inconsistency disappeared when the Asian 
studies were excluded from the analysis, making the 
overall preventive effect of IFN not significant. On this 
basis, there is no firm evidence to recommend IFN to 
prevent HCC in HBV cirrhosis. Obviously, IFN-induced 
viral clearance or low viral load (seroconversion) remains 
a major outcome for patients with HBV chronic liver dis-
ease, and indirectly reduces the risk of cancer. Many cas-
es of HBV-associated HCC are observed in the absence of 
cirrhosis (mostly young males with perinatal infection) 
in Asian countries, and have a very aggressive clinical 
course. No information on the effectiveness of IFN in 
preventing this subtype of HCC can be gathered from the 
available studies.

  Even though no serological evidence of HBV infection 
is present, occult HBV genomes can be found in the liver 
of subjects with chronic HCV  [33] , and may favor neo-
plastic transformation. Data from the meta-analysis of 
one of the studies  [29]  have highlighted the serology of 
HBV infection (anti-HBc positivity) as an additional risk 
factor for cancer development in HCV cirrhosis. In this 
study, the protective effect of IFN was much stronger in 
anti-HCV-positive patients who did not have occult HBV 
infection. Although interesting and biologically sound, 
this approach requires further confirmation through 
biomolecular techniques that are able to identify the ac-
tual presence of HBV genomes in these patients, before 
translating into practice any recommendation about the 
preventive use of IFN.

  In summary, regarding HBV cirrhosis, there is no 
sound evidence from trials and prospective cohort stud-
ies to support a recommendation for widespread use of 
IFN to prevent HCC in these patients. IFN treatment 
may help to delay or prevent disease decompensation 

and liver-related deaths, but further large-scale, multi-
center longitudinal studies are needed to prove this 
point. 

  Impact of IFN Therapy after Curative Treatment of 
HCC: Results of RCT 

 To date, there have been 8 published RCTs: 5 dealing 
with HCV-related HCC  [4, 45–48] , 2 with HBV- and 
HCV-related HCC  [49, 50] , and 1 with only HBV-related 
HCC  [51] .

  The rationale for postoperative IFN treatment came 
from several findings in HCV-related HCC. First, a  lower 
incidence of HCC was observed in many studies when 
IFN was used to clear HCV viremia  [44] . Second, recur-
rence after curative resection of HCC developed from 
multicentric origins, which was closely related to HCV 
viremia status  [45] . Third, IFN had an antineoplastic ef-
fect on the HCC cells, like micrometastatic lesions  [52] . 

  There is much heterogeneity in the treatment period, 
dose of IFN, follow-up period and endpoints, so that a full 
analysis is extremely difficult. Ikeda et al.  [4]  first report-
ed that IFN- �  at 6 MIU twice weekly for 36 months sig-
nificantly prevented recurrence compared to that in the 
control group. Kubo et al.  [46]  also showed that IFN- �  at 
6 MIU 3 times weekly lowered the recurrence rate and 
improved patient survival  [45, 46] . Shiratori et al.  [47]  
showed that, although the first recurrence after RFA was 
not suppressed by IFN therapy, the second and third re-
currences were reduced, which resulted in a better prog-
nosis with IFN- �  6 MIU 3 times/week for 48 weeks than 
in the control group. However, Mazzaferro et al.  [48]  
showed no significant difference in recurrence and sur-
vival between patients who received IFN- �  at 3 MIU 3 
times weekly for 48 weeks and control patients  [48]  in a 
relatively large-scale RCT (n = 150) after resection. How-
ever, they noted that late recurrence was suppressed in 
the case of pure HCV-related HCC, which suggests that 
IFN may suppress multicentric cancer occurrence. Al-
though Lin et al.  [49]  showed favorable results, Lo et al. 
 [50]  reported that IFN- �  at 10 MIU 3 times weekly for 4 
months did not reduce the recurrence rate compared 
with that in the control group. In hepatitis-B-related 
HCC, Sun et al.  [51]  reported that IFN- �  at 5 MIU 3 times 
weekly for 18 months successfully improved overall sur-
vival compared to the control groups. 

  From these data, long-term IFN therapy for  6 48 
weeks might be beneficial in the suppression of recur-
rence, which results in improved survival ( table 1 ).
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  Impact of IFN Therapy after Curative Treatment of 
HCC: Results of Nonrandomized Trials 

 There have been 6 published nonrandomized cohort 
studies. Five of these were on HCV-related HCC and the 
remaining 1 on HBV-related HCC. Similar to the RCT 
results, there were considerable variations in the dose of 
IFN, duration of treatment and follow-up period.

  Most of the trials were small cohorts and the duration 
of IFN treatment was  ! 48 weeks  [53–55] . Sakaguchi et al. 
 [56]  and Kudo et al.  [57]  treated relatively large numbers 
of patients for relatively long periods of 1.8 and 4.7 years, 
respectively. In the Sakaguchi trial, both recurrence-free 
and overall survival were better in the IFN-treated group 
than in the control group. Similarly, in the Kudo trial, in 

which maintenance IFN therapy with PEG-IFN was per-
formed for a median of 4.7 years, which is the longest 
period in the 9 RCTs and 9 non-RCTs, second and third 
recurrences were significantly reduced ( fig. 2–4 ). Fur-
thermore, overall survival was significantly improved
(p = 0.004) by low-dose, long-term maintenance IFN 
treatment ( fig. 5 ).

  With regard to HBV-related HCC, Someya et al.  [58]  
reported that, in consecutive cases, IFN- �  for 6 months 
significantly prevented recurrence during a median fol-
low-up of 16.2 years. They speculated that the effect of 
IFN on the suppression of recurrence may be partly 
caused by the direct antineoplastic action of IFN, in ad-
dition to its lowering the HBV viral load.

Table 1. Impact of IFN therapy on recurrence and survival in HCC patients after curative treatment for HCC: prospective randomized 
controlled trial

No. Authors Year Country Journal Curative
treatment

Patients
n

Patients, n Type, dose,
and mode
of IFN

Total
period
of IFN

Median follow-up
period

IFN control IFN control

1 Ikeda et al. [4] 2000 Japan Hepatology Resection/ 20 10 10 IFN-� 6 MIU 36 M 2 years 2 years
PEIT (HCV n = 20) (2/week) (25 M) (25 M)

2 Kubo et al. [45] 2001 Japan Ann Intern Resection 30 15 15 IFN-�, 6 MIU 26 M 3 years 2.5 years
Med (HCV n = 30) (3/week) (104 W) (36.2 M) (29.9 M)

3 Kubo et al. [46] 2002 Japan Br J Surg Resection 30 15 15 IFN-�, 6 MIU 26 M 5 years 4.1 years
(HCV n = 30) (3/week) (104 W) (60.6 M) (49.6 M)

4 Shiratori 2003 Japan Ann Intern PEIT 74 49 25 IFN-�, 6 MIU 12 M 7.1 years 7.1 years
et al. [47] Med (HCV n = 74) (3/week) (48 W)

5 Mazzaferro 2006 Italy Hepatology Resection 150 76 74 IFN-�, 3 MIU 12 M N/A N/A
et al. [48] (HCV n = 150) (3/week) (48 W)

6 Lin et al. [49] 2003 Taiwan Cancer PAI 30 20 10 IFN-�, 3 MIU 24 M 2.3 years 2.3 years
(HBV n = 14,
HCV n = 74)

(3/week) (27 M) (27 M)

7 Lo et al. [50] 2007 Hong Ann Surg Resection 80 40 40 IFN-�, 10 MIU 4 M 2.5 years 2.5 years
Kong (HBV n = 72,

HCV n = 3)
(3/week) (30 M) (30 M)

8 Sun et al. [51] 2006 China J Cancer Res Resection 236 118 118 IFN-�, 5 MIU 18 M 3 years 3 years
Clin Oncol (HBV n = 236) (3/week) (36.5 M) (36.5 M)

No. 1–5 have hepatitis C-related HCC, No. 6 and 7 hepatitis B- and C-related HCC, and No. 8 hepatitis B-related HCC. M = Months; N/A = not avail-
able; NS = nonsignificant; PEIT = percutaneous ethanol injection therapy; PAI = percutaneous acetic acid injection therapy; RR = risk ratio; W = 
weeks.
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  In short, in cohort studies, maintenance IFN therapy 
using PEG-IFN for long periods seems to have more fa-
vorable results compared with other studies  [57] . This 
implies that the longer IFN is administered, the longer is 
patient survival, through the continuous suppression of 
later recurrence.

  Jeong et al.  [55]  reported that, although the difference 
in the Child-Pugh classification score between the groups 
at initial treatment of HCC was not significant, the score 
was significantly worse at the time of data analysis in the 
non-IFN group than in the IFN group (p = 0.0008). Fur-
thermore, they reported that the cumulative rate of de-
viation in subjects treated for recurrent HCC was also 
higher in the non-IFN group than in the IFN group (27 
vs. 0% at 3 years, p = 0.048). These results strongly suggest 

that liver function is well preserved by IFN treatment, 
and that the probability of treatment success is higher 
because of the growth inhibition induced by the direct 
action of IFN on HCC cells.

  Summary of the Impact of IFN Therapy as Secondary 
Prevention of HCC 

 According to the above data, the impact of IFN thera-
py after curative treatment of HCC can be summarized 
as follows:
  (1) HCC recurrence is suppressed through viral clearance 

or long-term IFN treatment, even though HCV is not 
cleared. 

Primary endpoint Results Statistics Secondary endpoint Results/statistics

Recurrence rate IFN 0% (2 years) p = 0.0004 N/A N/A
Control 100% (1 year)

Recurrence rate Lower recurrence rate in IFN group p = 0.037 N/A N/A

Overall survival Better survival rate in IFN group p = 0.041 Albumin p = 0.052
Bilirubin p = 0.044
ALT p = 0.12

Overall survival IFN: 68% (5 years), 53% (7 years) N/A Recurrence rate 1st RR: NS
Control: 48% (5 years), 23% (7 years) 2nd RR: lower in IFN group

3rd RR: lower in IFN group

Recurrence-free survival No difference p = 0.499 Disease-specific survival p = 0.471
Overall survival NS
Late recurrence (purely HCV-related) p = 0.032

Recurrence rate Lower recurrence rate in IFN group p = 0.0135 N/A N/A

Recurrence-free survival No difference p = 0.311 Overall survival p = 0.137
Overall survival (pTNM III/IVA) p = 0.038

Overall survival Median overall survival p = 0.0003 Recurrence-free survival p = 0.1425
IFN group = 63.8 M

 Control = 38.8    
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Table 2. Impact of IFN therapy on recurrence and survival in HCC patients after curative treatment: nonrandomized cohort study

No. Authors Coun-
try 

Year Journal Study design Curative 
treatment

Patients, n
(HBV, HCV)

Patients, n Type, dose and mode
of IFN

Total period 
of IFN

IFN control

9 Suou Japan 2001 Hepatol Pilot study Resection 40 (HCV = 40) 18 22 IFN-α 6 MU 6 M
et al. [53] Res or PEIT (3/week)

10 Sakaguchi 
et al. [56]

Japan 2005 Inter-
virology

Matched case-control 
(age, PLT, tumor factor)

RFA 57 (HCV = 57) 24 33 IFN-α 3 MIU
(2/week)

Maintenance
(median
1.8 years)

11 Hung Taiwan 2005 J Gastro- Matched case-control PEIT/ 60 (HCV = 60) 20 40 IFN-α 3–5 MIU + Riv 6 M
et al. [54] enterol (age, sex, tumor factor, PMC T/ (2/week) (24–28 W)

Hepatol liver function) TACE

12 Jeong Japan 2007 World J Prospective case-control  PEIT/ 32 (HCV = 32) 16 16 IFN-α 3 MIU 12 M 
et al. [55] Gastroen- (age, sex, tumor factor, RFA (3/week) (48 W)

terol liver function)

13 Kudo
et al. [57]

Japan 2007 Oncology Matched case-control 
(age, sex, PLT)

RFA 127
(HCV = 127)

43 84 IFN-α 3 MIU (2/week) 
followed by
PEG-IFN-α-2a 90 μg
(1/1–2 week)

Maintenance
(median
4.7 years)

14 Someya
et al. [58]

Japan 2006 J Gastro-
enterol

Pilot (retrospective case 
study)

Resection/
ablation

80
(HBV = 80)
(consecutive)

11 69 IFN-α
(2–3/week)

6 M

C-P score = Child-Pugh score; M = months; N/A = not available; NS = nonsignificant; NR = no responder; PEIT = percutaneous ethanol injection ther-
apy; PLT = platelet; PMCT = percutaneous microwave coagulation therapy; RFA = radiofrequency ablation; Riv = ribavirin; RR = risk ratio; SVR = sustained 
viral response; TACE = transcatheter arterial chemoembolization; W = weeks.  
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  Fig. 2.  Kaplan-Meier analysis of the cumu-
lative first recurrence rate after curative 
RFA treatment in the IFN maintenance 
and control groups. The first recurrence 
rate of HCC was significantly lower in the 
IFN maintenance group than in the con-
trol group (p = 0.04). However, multivari-
ate analysis showed IFN is not an indepen-
dent factor [cited from 57 with permis-
sion]. 
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Median follow-up period Endpoint Results Statistics Multivariate analysis

IFN control

N/A N/A Recurrence rate (distant recurrence) IFN: 28% (5 years) p < 0.01 Only IFN (odds ratio = 
0.167, p < 0.01)Control: 82% (5 years)

Overall survival Better in IFN group p < 0.05

2.3 years 1.9 years (1) Median tumor-free period IFN: 3.4 years, control: 1.4 years p = 0.02
(2) Recurrence rate IFN: 14% (3 years), control: 73% p = 0.011 IFN (RR = 0.228,
(3) RR (log rank) (3 years) p = 0.021 p = 0.017)
(4) Overall survival Better in IFN N/A

N/A N/A (1) Recurrence-free survival Better in SVR patients p = 0.0141 (vs. NR) N/A
p = 0.0243 (vs. control)

(2) Overall survival Better in SVR patients p = 0.0691 (vs. NR)
p = 0.0554 (vs. control)

3.1 years 3.1 years (1) Recurrence rate 1st (NS), 2nd (NS) p = 0.45 N/A
(2) Overall survival No difference NS
(3) Preserving liver function Better C-P score in IFN p = 0.0008
(4) Cumulative rate to untreatable HCC Prolonged in IFN p = 0.048

5.1 years 4.9 years (1) Recurrence rate 1st (p = 0.04), 2nd (p = 0.001),
3rd (p = 0.017)

(p = 0.017) IFN (1st: NS,
2nd RR = 0.48, p = 0.03)

(2) Overall survival Better in IFN group p = 0.004 IFN (RR = 0.21, p = 0.26)

16.2 years 16.2 years Recurrence rate IFN: 16.7% (3 years) p = 0.0139 IFN (HR = 0.21,
Control: 83.4% (3 years) p = 0.037)
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  Fig. 3.  Kaplan-Meier analysis of the cumu-
lative second recurrence rate after curative 
RFA treatment in the IFN maintenance 
and control groups. The second recur-
rence rate of HCC was significantly lower 
in the IFN maintenance group than in the 
control group (p = 0.017). Multivariate 
analysis also showed that IFN is a signifi-
cant independent factor [cited from 57 
with permission]. 
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 (2) Low-dose, long-term IFN (maintenance) therapy may 
suppress HCC recurrence through direct action of 
IFN on tumor cells. 

 (3) Patient survival is improved through growth inhibi-
tion of recurrent tumors, as well as preservation of liv-
er function. 

 (4) According to the above 3 points, there is more chance 
to receive curative treatment in the IFN than the non-
IFN group. 

 (5) PEG-IFN may be more beneficial than non-PEG-IFN 
products since IFN concentration is maintained in the 
body at a high level, which is favorable for its action as 
a direct anticancer agent. 
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p = 0.001

  Fig. 4.  Kaplan-Meier analysis of the cumu-
lative third recurrence rate after curative 
RFA treatment in the IFN maintenance 
and control groups. The third recurrence 
rate of HCC was significantly lower in the 
IFN maintenance group than in the con-
trol group (p = 0.001). Multivariate analy-
sis also showed that IFN is a significant in-
dependent factor [cited from 57 with per-
mission]. 
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  Fig. 5.  Kaplan-Meier analysis of cumula-
tive survival rates after curative RFA in the 
IFN maintenance and control groups. Sur-
vival of the maintenance IFN group was 
significantly better than that of the control 
group (p = 0.004). Multivariate analysis 
clearly showed that maintenance IFN 
therapy is an independent prognostic fac-
tor [cited from 57 with permission]. 
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 Conclusions 

 The impact of IFN therapy after curative treatment of 
HCC has been systematically reviewed. We conclude that 
IFN is beneficial at least in HCV-related HCC, by lower-
ing recurrence and improving survival. Other agents, 
such as retinoic acid, and molecular targeting agents, 
such as VEGF inhibitor or Raf-MEK kinase inhibitor, are 
studied in an ongoing large-scale clinical trial in an ad-
juvant setting. Therefore, comparative studies between 
IFN and these agents, or even combination therapy of 
IFN and molecular targeting agents, are needed in the 
near future.
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contrast-enhanced CT for sensitivity and accuracy (both p  !  
0.05).  Conclusion:  Sonazoid-enhanced US has a higher sen-
sitivity and accuracy for the diagnosis of hepatic malignan-
cies than contrast-enhanced CT. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 B-mode ultrasonography (US) is useful for the screen-
ing of liver diseases; however, the sensitivity of conven-
tional US for hepatic tumors is relatively poor (53–76%) 
and inferior to that of contrast-enhanced CT and mag-
netic response imaging  [1–4] . Color Doppler imaging and 
power Doppler imaging can reveal the arterial pulsating 
flows  [5–7] . Nevertheless, these imaging methods have 
some limitations including a low sensitivity for detecting 
microflow in the tumors. Recently, contrast harmonic US 
with an intravenous contrast agent has been demonstrat-
ed to depict tumor vascularity sensitively and accurately 
by the developments of US instruments and contrast 
agents  [8–10] . Contrast-enhanced harmonic US with Le-
vovist, a so-called first-generation contrast agent, can de-
pict the microflow imaging of nodules and eliminate 
clutter signals. However, Levovist bubbles easily collapse 
under US emission owing to their fragile properties. 

 Key Words 
 Sonazoid  �  Sonazoid-enhanced ultrasonography  �  Hepatic 
malignancies  �  Defect reperfusion imaging 

 Abstract 
  Objective:  The purpose of this study was to assess the use-
fulness of Sonazoid-enhanced ultrasonography (US) in the 
diagnosis of hepatic malignancies in comparison with con-
trast-enhanced CT findings.  Methods:  A total of 74 patients  
with 113 hepatic tumors having or highly suspected of hav-
ing malignancies were enrolled. These hepatic nodules were 
diagnosed by typical findings of imaging such as contrast-
enhanced CT, dynamic MRI or Sonazoid-enhanced US, tu-
mor markers and histological examinations after surgical re-
section or biopsy.  Results:  108 nodules were diagnosed as 
malignant tumors (hepatocellular carcinoma: n = 90; metas-
tasis: n = 16; intrahepatic cholangiocarcinoma: n = 2) and the 
remaining five tumors were diagnosed as benign tumors 
(dysplastic nodules: n = 5). Sonazoid-enhanced US correctly 
depicted the presence or absence of tumors in 74 patients, 
with a sensitivity of 95.4%, an accuracy of 94.7%, and a posi-
tive predictive rate of 99%. Contrast-enhanced CT depicted 
the malignancies with a sensitivity of 85.2%, an accuracy of 
82.3%, and a positive predictive rate of 95.8%. There were 
significant differences between Sonazoid-enhanced US and 
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Therefore, Levovist-enhanced harmonic US images are 
basically obtained intermittently, and real-time images 
are obtained within only a short period of time. 

  NC100100 (Sonazoid; Daiichi-Sankyo, Tokyo, Japan) 
is a second-generation contrast agent and contains per-
flubutane within a hard shell. Sonazoid microbubbles 
can produce stable nonlinear oscillations in low-power 
acoustic fields (i.e. low mechanical index), and has been 
used to produce greater details of the second harmonic 
signals in real time. Under low-acoustic pressure, Son-
azoid-enhanced harmonic US can show vessel images in 
the vascular phase, and liver parenchymal images in the 
postvascular phase in real time because Kupffer cells 
phagocytose Sonazoid microbubble cells  [11, 12] . Son-
azoid-enhanced US is a promising technique for charac-
terization of hepatic tumors  [13] , and has made it possible 
to detect some liver tumors as defects in real time in the 
postvascular phase because hepatic malignancies gener-
ally do not involve Kupffer cells. 

  The purpose of this study was to assess the usefulness 
of Sonazoid-enhanced US for the diagnosis of hepatic 
malignancies in comparison with contrast-enhanced CT 
findings.

  Patients and Methods 

 The Ethics Committee of our institution approved the study 
protocol. Written informed consent was obtained from all pa-
tients or one of their family members at enrollment.

  Patients 
 Seventy-four patients with or highly suspicious of having he-

patic nodules after conventional US examinations were referred 
for hepatic US examination using intravenous contrast injection 
between June 2007 and May 2008. Patients who had previously 
undergone treatment for hepatic malignancies or who had more 
than 5 tumor nodules were excluded. The study population com-
prised 74 patients (47 men, 27 women; age range 49–86 years; 
mean age  8  SD 69.5  8  8.6 years) with 113 hepatic nodules. All 
patients were examined by Sonazoid-enhanced US as well as con-
trast-enhanced CT for reference in this study. All imaging studies 
were done within 1 week. Hepatic nodules were diagnosed by typ-
ical findings from contrast-enhanced CT, dynamic magnetic re-
sponse imaging or Sonazoid-enhanced US imaging, tumor mark-
ers and histological examination after surgical resection or bi-
opsy, as in previous reports  [14–18] . According to the diagnostic 
criteria, 108 nodules were diagnosed as malignant tumors and the 
remaining five tumors were diagnosed as benign tumors. Prima-
ry malignancies included hepatocellular carcinoma (HCC; n = 
90) and intrahepatic cholangiocarcinoma (ICC; n = 2). Secondary 
hepatic malignancies included patients with breast cancer (n = 5), 
pancreatic cancer (n = 4), colon cancer (n = 3), uterine cancer
(n = 3) and rectal carcinoid (n = 1). All benign tumors were dys-
plastic nodules. The maximum diameters of the entire tumors 

ranged from 0.5 to 6.2 cm (mean  8  SD, 1.7  8  1.0 cm) on US. The 
mean maximum diameter was 1.8  8  1.0 cm for the HCCs, 1.8  8  
1.3 cm for the metastases and ICC, and 0.8  8  0.7 cm for the dys-
plastic nodules. 

  Equipment 
 Sonazoid consists of perflubutane microbubbles with a me-

dian diameter of 2–3  � m  [19] . It was reconstituted with 2 ml ster-
ile water for injection. The dose of the first injection was 0.010 ml 
encapsulated gas per kilogram body weight. Sonazoid was inject-
ed as a bolus at a rate of 1 ml/s via a 22-gauge cannula placed in 
the antecubital vein, and flushed with 10 ml normal saline.

  The B-mode US scans were obtained using a GE LOGIQ 7 (GE 
Medical Systems, Milwaukee, Wisc., USA) with a 4-MHz convex 
transducer or a 6.5-MHz transducer. The acoustic power of con-
trast-enhanced US was set at the default setting with a mechanical 
index of 0.2; the dynamic range was fixed at 60–65 dB. A single 
focus point was set 10 cm deep. The images were stored as a cine 
clip with GE exclusive raw-data format files in the LOGIQ 7 com-
puter. Cine clip images of B-mode and contrast-enhanced US 
were played back.

  Multidetector CT (LightSpeed VCT; GE Medical Systems) was 
used for detection diagnosis. In addition to plain CT, triple-phase, 
contrast-enhanced CT scans were performed at 30, 60 and 180 s 
after the initiation of the injection of contrast media with a 5.0-
mm slice thickness, to obtain hepatic arterial, portal venous and 
equilibrium phase images, respectively. A total of 100-ml non-
ionic contrast material containing 300 mg iodine/ml (iomeprol; 
Eisai Co., Tokyo, Japan) was injected intravenously at a rate of 
3 ml/s using an automatic power injector.

  Sonazoid-Enhanced Harmonic Sonography Procedure 
 To minimize variation between operators, the Sonazoid-en-

hanced harmonic US studies were performed by either of two op-
erators (K.H., K.M.) using the same examination protocol.

  After injection of Sonazoid, when the first microbubble signal 
appeared in the liver parenchyma, the patient was requested to 
hold his/her breath. The images of the ideal scanning plane were 
displayed in real-time mode for all phases. The vascular findings 
on phase-inversion harmonic US were shown as tumor vessel flow 
in the early vascular phase (about 15–40 s after injection of Son-
azoid). The real-time replenishing images were obtained during 
the vascular phase ( ! 2 min after the injection of Sonazoid) by re-
lease burst imaging, a method combining multiple high-frequen-
cy and broadband detection pulses with a separate release burst. 
Liver parenchymal imaging was obtained as Kupffer imaging in 
the postvascular phase at least 10 min after the intravenous injec-
tion of Sonazoid. Hepatic malignances were visualized as defects 
in the postvascular phase. An additional contrast agent could be 
injected to confirm tumor vessel flow in the defect, an imaging 
technique known as defect reperfusion imaging  [20] . 

  Imaging Evaluation and Statistical Analysis 
 Two physicians (K.H., Y.M.) as well as the sonographer re-

viewed the clips of contrast-enhanced harmonic US off-line in a 
consensus manner. The responses were evaluated retrospectively 
without knowledge of the dynamic CT results.

  The images showing hyperperfusion and isoperfusion com-
pared with the surrounding liver parenchyma were defined as 
intratumoral vascularity. The imaging pattern of hepatic malig-
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nancies, so-called ‘stain and defect/washout’, was defined as ho-
mogeneous or heterogeneous intratumoral enhancement in the 
artery-dominant phase and washout or defect images in the late 
phase on dynamic CT or Sonazoid-enhanced US.

  Data are expressed as means  8  SD. The Wilcoxon test was 
used to correlate the performance of each method of nodule de-
tection. p  !  0.05 was considered significant.

  Results 

 All patients tolerated the Sonazoid administration, 
and all sonograms were of diagnostic quality within the 
range of the focal zones and at a depth up to approxi-
mately 10–13 cm from the skin surface. On Sonazoid-en-
hanced US, normal liver parenchyma was enhanced with 
an increased echogenicity owing to the microbubble con-
trast enhancer. Enhancement was strongest at around the 
level of the focal zone and gradually deceased from a 

depth of about 12 cm. Enhancement of the hepatic paren-
chyma also decreased at the surface band-like area at a 
depth of 1–2 cm by using convex prove. Except for these 
surface and deep areas, the normal hepatic parenchyma 
showed homogenous, bright contrast enhancement on 
Sonazoid-enhanced US in the postvascular phase after 
Sonazoid administration. The enhancement revealed the 
nodules of metastases, ICC and HCC, that is all malig-
nancies were shown as defects on Sonazoid-enhanced US 
compared with the surrounding normal liver parenchy-
ma. 

  A total of 113 nodules consisting of 90 HCC lesions, 16 
metastatic lesions, 2 ICC lesions and 5 dysplastic nodules 
were confirmed in 74 patients ( fig. 1–4 ). The presence of 
malignancies was correctly diagnosed for 108 hepatic 
nodules. The malignant imaging pattern on Sonazoid-
enhanced US revealed 103 true-positive nodules and 1 
false-positive nodule ( table 1 ). On the other hand, the 

a b c d e

a b c d

  Fig. 1.  76-year-old male patient with moderately differentiated 
HCC.  a  B-mode US revealed a hypoechoic nodule (arrow) of 18 
mm in diameter in segment 4.  b  Sonazoid-enhanced US shows 
intratumoral stain in the early vascular phase (13 s).  c  Sonazoid-

enhanced US shows a defect in contrast with the liver parenchyma 
in the postvascular phase (13 min).  d  Hyperattenuating nodular 
lesion observed in the arterial phase of CT.  e  Tumor shown as a 
washout in the late phase of CT.  

  Fig. 2.  55-year-old male patient with metastases originating from 
colon cancer. The lesion is well visualized by Sonazoid-enhanced 
US. The B-mode image shows a hypoechoic nodule (arrow) mea-
suring 25 mm ( a ). Sonazoid-enhanced US shows a rim-like en-

hancement in the early vascular phase (25 s) ( b ) and a defect in 
postvascular phase (16 min) ( c ). A hypoattenuating area can be 
identified in the delayed phase of CT ( d ). 
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malignant imaging pattern on contrast-enhanced CT re-
vealed 92 true-positive nodules and 4 false-positive nod-
ules. Sensitivity, specificity and accuracy for the presence 
of hepatic malignancies on a patient basis for each meth-
od was 95.4% (103/108), 80.0% (4/5), 94.7% (107/113) for 
Sonazoid-enhanced US and 85.2% (92/108), 20.0% (1/4), 
82.3% (93/113) for contrast-enhanced CT, respectively 
( table 1 ). There were significant differences between the 
two methods for sensitivity and accuracy (p = 0.037 and 
p = 0.032, respectively). The positive predictive value and 
the negative predictive value for the presence of hepatic 
malignancies were 99.0% (103/104) and 55.6% (5/9) for 
Sonazoid-enhanced US, and 95.8% (92/96) and 5.9% 
(1/17) for dynamic CT, respectively. 

  Sonazoid-enhanced US frequently showed false-nega-
tive nodules in the interior segment, while dynamic CT 
frequently showed false-negative nodules in the posteri-
or, anterior, and exterior segments ( table 2 ). The number 
of false-negative lesions was lower with Sonazoid-en-
hanced US than with contrast-enhanced CT. The mean 
size of the false-negative lesions identified using Son-
azoid-enhanced US and contrast-enhanced CT was 1.6 
 8  0.6 and 1.0  8  3.7 cm, respectively. 

  There were 5 false-negative nodules with Sonazoid-
enhanced US, of which 4 could not be detected as a nod-
ule, and the remaining nodule was diagnosed wrongly as 
a hemangioma. In contrast, of 16 false-negative nodules 
with dynamic CT, 12 (75%) were HCCs and the remain-
ing 4 (25%) were liver metastases. 

  Discussion 

 Sonazoid is classified as a second-generation contrast 
agent for US, as are SonoVue, Optison and Definity. The 
microbubbles of the second-generation contrast US 
agents have hard shells in contrast with Levovist, which 
consists of simple air microbubbles, and is classified as a 
first-generation contrast agent. Of particular interest, 

Table 1. Comparison of Sonazoid-enhanced US and dynamic CT for the presence of malignant imaging pattern of 113 hepatic nodules

 TP FP FN TN Sensitivity Specificity Accuracy

Sonazoid-enhanced US 103 1 5 4 95.4% 80.0% 94.7%
Dynamic CT 92 4 16 1 85.2%a 20.0% 82.3%b

a p = 0.037, b p = 0.032 vs. Sonazoid-enhanced US. TP = True positive; FP = false positive; FN = false negative; TN = true negative.

Table 2. Comparison of locations, tumor numbers and tumor siz-
es of false-negative lesions on Sonazoid-enhanced US and con-
trast-enhanced CT

Hepatic segments Sonazoid-enhanced US Contrast-enhanced CT

tumor 
number

average tumor 
size, cm

tumor 
number

average tumor 
size, cm

Posterior (S6 + S7) 1 2.2  8 0.980.2
Anterior (S5 + S8) 0 5 1.280.5
Interior (S4) 3 1.280.4 0
Exterior (S2 + S3) 0 3 1.080.4
Caudate (S1) 1 2.0 0

Total 5 1.680.6
(0.8–2.2)

16 1.080.4
(0.5–1.9)

ba

  Fig. 3.  A case showing the superiority of Sonazoid-enhanced US 
to contrast-enhanced CT.  a  A 1.2-cm defect was visualized in 
postvascular phase of Sonazoid-enhanced US (16 min).  b  By re-
injection of Sonazoid, the defect changed with homogeneous en-
hancement (arrow) with a feeding artery (arrowhead).     
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though, is the fact that Sonazoid-enhanced US can show 
liver parenchymal images in the postvascular phase be-
cause Sonazoid microbubbles are phagocytosed by he-
patic Kupffer cells, similar to Levovist, but which is not 
possible with SonoVue and Definity  [11, 12, 19] . Previous 
reports have described that Levovist-enhanced US can 
detect liver tumors with a sensitivity of 87–91%  [21–23] . 
However, Levovist-enhanced US has the limitation that 
the liver parenchymal image is obtained by only one scan. 
On the other hand, Sonazoid-enhanced US enables the 
capture of real-time images using a low-power acoustic 
field. Therefore, it has become easier to repeatedly obtain 
images showing intratumoral hemodynamics. 

  In this study, the malignant imaging pattern of Son-
azoid-enhanced US had a higher sensitivity and accuracy 
for the diagnosis of hepatic malignancies compared with 
dynamic CT. This imaging pattern, ‘arterial enhance-
ment with Kupffer defect’, could be one of the important 
features of hepatic malignancies. Moreover, this did not 
mean that we could not diagnose differentially between 
primary and secondary hepatic malignancies. We can do 
differential diagnosis in hepatic malignancies by apply-
ing ‘how to stain’.

  HCC can demonstrate homogeneous or heteroge-
neous dense hyperperfusion, and metastases described as 
rim-like or homogeneous dense hyperperfusion. On the 
other hand, Sonazoid-enhanced US had higher specific-
ity than contrast-enhanced CT although the number of 
benign tumors was small ( fig. 1, 2 ). Nevertheless, Son-
azoid-enhanced US may, therefore, contribute to the in-
creasing accuracy of diagnosis of hepatic malignancies. 
Evaluation of the perfusion imaging in the vascular phase 
and defects in the postvascular phase could make it pos-
sible to more precisely assess the intranodular hemody-
namic features of hepatic tumors.

  False-negative lesions were more frequently seen with 
contrast-enhanced CT than Sonazoid-enhanced US. 

However, in several cases, lesions in the hepatic dome 
could not be described well on US because patients could 
not hold their breath for a sufficient period of time. There-
fore, the mean size of false-negative lesions on US might 
appear to be bigger with Sonazoid-enhanced US than CT. 
As such, although US has several limitations, Sonazoid 
enhancement can facilitate the detection of smaller nod-
ules and evaluation of intratumoral vascularity. The ad-
vantages of US, including higher spatial and temporal 
resolution, and real-time scanning in combination with 
Sonazoid enhancement may provide more accurate de-
tection and diagnosis. 

  Defect reperfusion imaging is a new technique  [20] . 
Using this technique, we can confirm intratumoral flow 
of defect lesions in the postvascular phase by reinjection 
of Sonazoid. The pattern, so-called ‘stain in the defect’, 
can result in increased arterial flow and decreased Kupffer 
cells in hepatic nodules ( fig. 3, 4 ). Therefore, the ‘stain in 
the defect’ method should identify the pattern of hepatic 
malignancies. In this study, 21 patients (28.4%) had two 
or more neoplasms. Defect reperfusion imaging was per-
formed for the second or third nodules that showed as 
defects. Therefore, the limitation of Levovist-enhanced 
US, in which one vial of Levovist is used for the examina-
tion of one nodule, can be overcome using Sonazoid. 

  Even with reinjection of Sonazoid, there were no side 
effects reported by the participants in this study. In one 
clinical phase study, the incidence of side effects with Son-
azoid was 6.3% (25/397) and the main side effects were 
headache (1.0%) and diarrhea (1.0%); no episodes of ana-
phylactic shock occurred. Sonazoid is, therefore, a well-
tolerated drug owing to its low rate of mild side effects. 

  Evaluation of deeply located nodules was found to be 
difficult when using Levovist-enhanced harmonic US in 
previous studies  [9, 24, 25] . In this study, nine hepatic tu-
mors (8.3%) were located more than 10 cm beneath the 
skin surface. Nevertheless, Sonazoid-enhanced US ob-

ba

  Fig. 4.  74-year-old female patient with me-
tastases.  a  A 1.0-cm defect was identified 
in the postvascular phase of Sonazoid-en-
hanced US (15 min).  b  Defect reperfusion 
imaging showed a rim-like enhancement 
(arrow) and a feeding artery (arrowhead).     
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tained sufficiently clear images that could be used to eval-
uate intratumoral vascularity, which is a clinically rele-
vant advantage compared with Levovist. 

  In conclusion, Sonazoid-enhanced US has a higher 
sensitivity and accuracy than contrast-enhanced CT for 
the diagnosis of hepatic malignancies.
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Contrast-Enhanced Ultrasonography with 
Sonazoid
  Comparison with Superparamagnetic Iron Oxide Magnetic Resonance Images 

  Tatsuo Inoue    a     Masatoshi Kudo    a     Kinuyo Hatanaka    a     Syunsuke Takahashi    a     

Satoshi Kitai    a     Taisuke Ueda    a     Emi Ishikawa    a     Satoru Hagiwara    a     

Yasunori Minami    a     Hobyung Chung    a     Kazuomi Ueshima a     Kiyoshi Maekawa    b 

   a  
  Division of Gastroenterology and Hepatology, Department of Internal Medicine, and  b  

  Central Clinical 
Laboratories, Kinki University School of Medicine,  Osaka-Sayama , Japan

were calculated for all values between the postvascular 
phase ratio and SPIO intensity index for quantitative com-
parison. These images were also compared qualitatively for 
the detection rate of the tumors.  Results:  The sensitivities of 
CE-US and SPIO-MRI in detecting tumors were 98 and 95%, 
respectively (nonsignificant,  �  2  test). The postvascular phase 
ratio correlated with the SPIO intensity index for HCCs (Pear-
son r = 0.803, p  !  0.05). The image conformity of the result 
from the liver parenchymal phase CE-US and SPIO-MRI was 
92%. Dedifferentiation spots of nodule-in-nodule HCCs 
were detected in 4 (80%) of 5 on postvascular phase imag - 
es of CE-US, and in 2 (40%) of 5 on SPIO-MRI (nonsignificant, 
 �  2  test).  Conclusions:  Postvascular phase images of CE-US 
with Sonazoid appear promising as an alternative to SPIO-
enhanced MRI. Further study cases are needed to confirm 
the usefulness of postvascular phase images of CE-US com-
pared to SPIO-MRI for the detection of dedifferentiation foci 
in hepatic tumors.   Copyright © 2008 S. Karger AG, Basel

 Key Words
  Contrast-enhanced ultrasonography  �  Postvascular phase  �  
Superparamagnetic iron oxide magnetic resonance 
imaging  �  Hepatocellular carcinoma

  Abstract
   Purpose:  To evaluate the usefulness of vascular phase im-
ages of contrast-enhanced ultrasonography (CE-US) with 
Sonazoid for hepatocellular carcinomas (HCCs), a retrospec-
tive, comparative study was conducted of images of HCCs 
obtained by CE-US and superparamagnetic iron oxide (SPIO) 
magnetic resonance imaging (MRI) and evaluated qualita-
tively and quantitatively.  Methods:  Seventy-seven patients 
with 88 HCCs who received CE-US and SPIO-MRI were re-
viewed. The ratio of the echogenicity of the tumor and non-
tumor areas was calculated with postvascular phase CE-US 
(postvascular phase ratio). The ratio of the intensity of the 
nontumor to tumor areas on SPIO-enhanced MRI (SPIO in-
tensity index) was also calculated. The Pearson correlations 
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  Introduction

  Contrast-enhanced ultrasonography (CE-US) with 
microbubbles has recently been used for the differential 
diagnosis of hepatic nodular lesions. Some types of mi-
crobubbles can accumulate in organs such as the liver
and spleen enabling postvascular phase imaging  [1–3] . 
Yanagisawa et al.  [4]  reported that Sonazoid and Levo -
 vist phagocytosed by Kupffer cells were responsible for 
the delayed images of contrast US in the liver.

  Superparamagnetic iron oxide (SPIO), which is taken 
up by Kupffer cells in the liver and by macrophages in the 
spleen, is a tissue-specific MRI agent  [5, 6] . Mergo and 
Ros  [7]  demonstrated that well-differentiated hepatocel-
lular carcinomas (HCCs) took up a greater amount of 
SPIO than less differentiated HCCs, possibly because of 
the greater proportion of Kupffer cells in well-differenti-
ated HCCs. Another report by Imai et al.  [8]  showed that 
SPIO-enhanced MRI accurately reflected Kupffer cell 
numbers in HCCs and dysplastic nodules, and was useful 
in the histological grading of HCCs. Therefore, we hy-
pothesized that Sonazoid used in CE-US acts like SPIO in 
MRI. In this study, we attempted to compare the useful-
ness of postvascular phase CE-US with SPIO-MRI.

  Patients and Methods

  A retrospective review was conducted on 77 patients with 88 
hepatic nodules who had received CE-US and SPIO-MRI. All pa-
tients were diagnosed with HCC by liver specimen or on the basis 
of tumor marker factors and a combination of imaging findings 
on dynamic CT (Toshiba X-vigor, Toshiba Medical System, To-
kyo, Japan) or CT hepatic arteriography (CTA) and CT hepatic 
portography (CTAP). The median age of the 55 male and 22 fe-
male patients was 62 years (range 45–82). The following underly-
ing liver diseases were diagnosed on the basis of serum biomark-
ers and a combination of imaging findings: HCV-related cirrhosis 
(n = 44), HCV-related chronic hepatitis (n = 17), HBV-related cir-
rhosis (n = 9), HCV-related chronic hepatitis (n = 5), and cirrhosis 
of unknown causes (n = 2).

  The maximal diameters of the 88 HCCs were 8–90 mm (mean 
 8  SD, 19  8  12 mm) on dynamic CT.

  US Contrast Medium
  The sonographic contrast agent Sonazoid (Daiichi Sankyo, 

Tokyo, Japan; GE Healthcare, Oslo, Norway) was injected intra-
venously in all studies. Sonazoid is a second-generation micro-
bubble US agent consisting of perfluorobutane microbubbles with 
a median diameter of 2–3  � m  [9] . It was reconstituted with 2 ml 
sterile water for injection. The recommended clinical dose for the 
imaging of a liver lesion is 0.015 ml encapsulated gas per kilogram 
body weight. Sonazoid was injected as a bolus at a rate of 1 ml/s 
with a 22-gauge cannula placed in the antecubital vein, and 

flushed with 10 ml normal saline. Diluted preparations were used 
within 1 h of reconstitution.

  Imaging
  CE-US Study
  To minimize variation, the CE-US studies were performed by 

either of two authors (K.H. and K.M.) using the same examina-
tion protocol. The B-mode sonographic scans were obtained us-
ing a GE LOGIQ7 (GE Medical Systems, Milwaukee, Wisc., USA) 
with a 4-MHz convex transducer or a 6.5-MHz transducer. The 
acoustic power of CE-US was set at the default settings with a me-
chanical index of 0.2 and the dynamic range was fixed at 60–65 
db. A single focus point was set at a depth of 10 cm. For contrast 
ultrasound imaging, the patient was asked to hold his/her breath 
to minimize motion artifacts. The images of the ideal scanning 
plane were displayed in real-time mode for all phases. Parenchy-
mal findings were obtained as Kupffer imaging in the postvascu-
lar phase at least 10 min after the intravenous injection of Son-
azoid. All images in these CE studies were reviewed by two physi-
cians (T.I., K.H.). Three images of the postvascular phase were 
selected and the color signals in the regions of interest (ROI) of 
the tumor areas and adjacent liver at the same depth were quanti-
fied using Adobe Photoshop 5.0 software. The mean values of the 
three images were used for the following calculations.

  The postvascular phase ratio was calculated using the follow-
ing formula:

  postvascular phase ratio = postcontrast echogenicity of the 
tumorous lesion/postcontrast echogenicity of the adjacent liver.

  Using this calculation, the postvascular phase ratio is greater 
than 1 when more microbubbles accumulate in the tumorous tis-
sue than in the adjacent liver, and the postvascular phase ratio is 
less than 1 when fewer microbubbles accumulate in the tumorous 
tissue than in the adjacent liver.

  The perfusion patterns of the nodules were classified as types 
A–D ( fig. 1 ).

  SPIO-MRI Study
  Patients underwent MRI with a 1.5-tesla whole-body imager 

(Grycoscan-Intera Nova, Philips Medical Systems, Best, The 
Netherlands) before and after the administration of SPIO. Feru-
carbotran (Resovist, Nihon Schering, Osaka, Japan) was admin-
istered at 0.016 ml/kg of body weight and flushed with 30 ml of 
physiological saline using a power injector (Sonic-Shot, Nemoto-
Kyorindo, Tokyo, Japan).

  MRI was performed with a T 2  * -weighted field echo sequence 
(TR 200 ms, TE 14 ms, FA 50°, NSA 1, FOV 350 mm, scan time 18 
 !  2 s). One of the authors (T.I.) read the signal intensities of the 
tumor and normal liver parenchyma directly from a monitor using 
a ROI. Visible blood vessels, bile ducts and artifacts were carefully 
excluded from the ROI measurements in the hepatic parenchyma. 
An attempt was made to maintain a constant ROI area of approxi-
mately 1 cm 2  and the real size of ROI areas ranged from 0.5 to 1.0 
cm 2 . The mean of the three ROIs was calculated as the signal in-
tensity of the normal liver parenchyma. Signal intensity was as-
sessed in three separate areas of the image at the level of the main 
portal vein, and all measured attenuation values were averaged for 
each phase. The signal intensity was measured in three areas: the 
left lobe of the liver and the anterior segment and posterior segment 
of the right lobe of the liver. Circular ROIs were drawn to encom-
pass as much of the lesion of the hepatic tumors as possible.
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  An SPIO intensity index of the tumorous lesion to normal liv-
er parenchyma area on SPIO-enhanced MRI was calculated as 
follows:

  SPIO intensity index = postcontrast signal intensity of the liver 
parenchyma/postcontrast signal intensity of the tumorous lesion.

  Using this equation, the SPIO intensity index is greater than 1 
when more SPIO accumulates in the tumorous tissue than in the 
nontumorous tissue, and the SPIO intensity is less than 1 when 
less SPIO accumulates in the tumorous tissue than in the normal 
liver parenchyma.

  We also observed the SPIO-MRI of the tumors and classified 
them as types I–IV ( fig. 2 ).

  Statistical Analysis
  Comparison of data pairs was performed by Pearson’s correla-

tion method. Linear correlation between postvascular phase ratio 

and SPIO intensity index values was also calculated. The  �  2  test 
for nonparametric data was performed to compare the sensitivi-
ties for detecting tumors. SPSS software version 11 (SPSS, Chi-
cago, Ill., USA) was used for statistical analysis. The level of sig-
nificance was set at p  !  0.05.

  Results

  Sensitivities for Detecting Tumors
  In this study, US failed to detect 2 nodules and SPIO-

MRI failed to detect 4 nodules of a total of 88 nodules. 
One case was same nodule. The sensitivities of CE-US 
and SPIO-MRI in detecting tumors were 98 and 95%, re-

Type A
(low)

Type B
(iso)

Type C
(high)

Type D
(hetero)

a

b

  Fig. 1.  Classification of the postvascular phase findings of CE-
US in nodules of the liver. B-mode images ( a ) and postvascular 
phase images of tumors ( b ) are shown. Tumor perfusion was clas-
sified as types A–D accompanied by the following perfusion pat-
terns in the nodules: type A = perfusion defect in the postvascular 

phase, type B = isoperfusion staining in the postvascular phase, 
type C = hyperperfusion staining in the postvascular phase (ar-
rows), and type D = hypoperfusion spot inside the tumor sur-
rounded by isoperfusion area (arrowhead).
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spectively (nonsignificant,  �  2  test). Finally, 83 nodules 
were evaluated for the qualitative and quantitative anal -
 yses.

  Correlation between the Postvascular Phase Ratio and 
SPIO Intensity Index of HCCs and Dysplastic Nodules
  The Pearson correlations calculated for all values be-

tween postvascular phase ratio and SPIO intensity index 
resulted in a value (r) of 0.803 (p  !  0.05). This showed that 
the postvascular phase images of CE-US correlated well 
with SPIO-MRI in HCCs ( fig. 3 ).

  Qualitative Analysis: Image Consistency of the 
Postvascular Phase Images and SPIO-MRI 
  The image consistency of the postvascular phase and 

SPIO-MRI was 92% ( table 1 ). In this study, the images of 
the postvascular phase of the CE-US did not correspond 
to the SPIO-MRI in 7 cases in the qualitative analysis. Of 
these cases, 4 cases were nodule-in-nodule-type HCCs in 
which the partial hyperattenuation spot (dedifferentia-
tion spot) was observed in the nodule on CT or CTA 
( fig. 4 ). In 3 out of 4 cases, CE-US could depict the defect 
spot in the nodule, while SPIO-MRI failed to do so.

  Table 1.  Comparison between the classification of images of the 
postvascular phase of CE-US (types A, B, C and D) and SPIO-MRI 
(types I, II, III and IV)

 SPIO-MRI  CE-US  Total 

type A
(low)

type B
(iso)

type C
(high)

type D
(hetero)

 Type I (high)  66 0  0  2  68 
 Type II (iso) 0 8  0  0 8 
 Type III (low) 1 2  1  1 5 
 Type IV (hetero) 0 1  0  1 2 

 Total  67  11  1  4  83 

 Image consistency of the postvascular phase and SPIO-MRI 
was 92% (76/83). 
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  Fig. 3.  Correlation between the postvascular phase ratios and 
SPIO intensity ratios. There was a positive correlation between 
the postvascular phase ratios and SPIO intensity index (Pearson 
r = 0.803, p  !  0.05).

  Fig. 2.  Classification of the SPIO-MRI findings in liver nodules. 
Tumor intensity was classified from types I–IV. Type I shows high 
intensity (arrow) relative to the adjacent liver; type II shows isoin-
tensity (circle) relative to the adjacent liver; type III shows low 

intensity (arrow) relative to the adjacent liver; type IV shows low-
intensity spot (arrowheads) inside the tumor surrounded by iso-
perfusion area (circle).
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  In another case, SPIO-MRI depicted a high-intensity 
spot in the nodule, which was absent in CE-US ( fig. 5 ). 
Dedifferentiation spots of nodule-in-nodule HCCs were 
detected in 4 (80%) of 5 on postvascular phase images of 
CE-US, and in 2 (40%) of 5 on SPIO-MRI (nonsignificant, 
 �  2  test). Another 3 cases showed low intensity on SPIO-
MRI, while 2 cases revealed isovascular staining in the 
postvascular phase. One residual case showed a perfu-
sion defect in the postvascular phase, which was a com-
plete discrepancy between postvascular phase and SPIO-

MRI. Before the evaluation of postvascular phase images, 
intratumoral vessels supplied from the periphery and fast 
washout were observed in vascular phase images. This 
hemodynamic pattern was typical for HCC ( fig. 6 )  [10] .

  Discussion

  In this study, we found that the postvascular phase ra-
tio correlated well with the SPIO intensity index. We pre-
viously reported the usefulness of CE-US with Levovist 
in the differential diagnosis of liver tumors  [11] . In that 
report, we showed that postvascular phase images of
Levovist correlated with SPIO-MRI. Yanagisawa et al.  [4]  
reported the phagocytosis of ultrasound contrast agent 
microbubles by Kupffer cells in rat liver. They showed 
that 99% of Sonazoid and 47% of Levovist were phagocy-
tosed by Kupffer cells. Considering the differences of up-
take ratios of these two contrast agents, Sonazoid is more 
useful than Levovist to observe the postvascular phase 
images. Furthermore, Levovist-enhanced CE-US can 
demonstrate images under high sound pressure, and only 
intermittent imaging is obtained. However, Sonazoid-en-
hanced US can demonstrate images under a low acoustic 
pressure, producing much clearer real-time images. 
Therefore, it is much easier to scan the images repeatedly 
using Sonazoid-enhanced US  [12] .

  Watanabe et al.  [13]  discussed the mechanism of he-
patic parenchyma-enhancement of Sonazoid in rat liver. 
They concluded that the hepatic parenchyma-specific 
contrast by Sonazoid is due to the distribution of the mi-
crobubbles in the Kupffer cells and not in the sinusoidal 
space. These two types of contrast agents, Sonazoid and 
SPIO, are probably kinetically similar.

  As mentioned in the Results section, the postvascular 
phase images of the CE-US did not correspond to the 
SPIO-MRI in 7 cases. Four of 7 cases showed ‘nodule-in-
nodule’-type HCCs which reflected the morphological 
progression of dedifferentiation  [14] . HCC with a nodule-
in-nodule appearance is considered to be in a transition-
al stage from early HCC or premalignant lesion to ad-
vanced HCC  [15, 16] .

  The nodule-in-nodule appearance may reflect the his-
tological characteristics of early-stage HCC. Namely, the
inner defect spot on postvascular phase images or high-
intensity spot on SPIO-MRI represents the HCC focus or 
less-differentiated HCC component, while the outer ar-
eas of isoperfusion on postvascular images or isointen-
sity on SPIO-MRI represent the dysplastic nodules or 
well-differentiated HCC component. In this study, there 

a b

c d

e

  Fig. 4.  A 70-year-old man with a nodule-in-nodule appearance of 
HCC.  a  On CTA, a vascular spot within a tumor is shown in the 
early phase (arrowheads) in the anterior segment of the right lobe. 
 b  On CTAP, the tumor is shown to be a perfusion defect area.  c  A 
homogeneous high-intensity area (circle) is depicted in the nodule 
on T 2  * SPIO-MRI.  d  Fundamental B-mode US shows a 1.9-cm 
nodule (circle) with a hypoechoic area inside the nodule (arrow-
heads).  e  Postvascular phase image shows a hypoperfusion spot 
(arrowheads) inside the tumor surrounded by an isoperfusion 
area (circle).
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were 5 cases of nodule-in-nodule-type HCCs. CE-US de-
tected 4 cases (80%) of a hypoperfusion spot inside the 
tumor that was surrounded by an isoperfusion area. 
However, SPIO-MRI detected only 2 cases (40%) of

high-intensity spot inside the tumor surrounded by iso- 
or low-intensity areas. This fact indicates that CE-US is 
useful in detecting malignant foci in borderline lesions or 
early HCC. Further study cases are needed to validate the 

a b c

d e f

g h i

  Fig. 5.  A 72-year-old man with a nodule-
in-nodule appearance of HCC.  a – c  On 
CTA, a vascular spot within a tumor is 
shown in the early phase (arrowheads) in 
the anterior segment of the right lobe (cir-
cle).  d – f  On CTAP, the tumor is shown to 
be a perfusion defect area (circle).  g  High-
intensity spot (arrowheads) in the nodule 
(circle) is depicted in the nodule on 
T 2  * SPIO-MRI.  h  Fundamental B-mode 
US shows a 2.4-cm high echoic nodule 
(circle) with a hypoechoic area inside the 
nodule (arrowheads).  i  Postvascular phase 
image shows isoperfusion staining inside 
the tumor compared to adjacent liver pa-
renchyma. 
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  Fig. 6.  A 72-year-old man with a well-dif-
ferentiated HCC.  a  A homogeneous low-
intensity nodule (circle) is depicted in the 
anterior segment of the right lobe on 
T 2  * SPIO-MRI.  b  Fundamental B-mode 
US shows a 1.7-cm low echoic nodule (ar-
row).  c  CE-US showed tumor parenchy -
 mal staining (circle) in the vascular phase. 
 d  CE-US shows the tumor as a perfusion 
defect in the postvascular phase 4. 
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usefulness of postvascular phase images of CE-US for the 
detection of dedifferentiation foci in hepatic tumors com-
pared to SPIO-MRI.

  In the present study, complete image discrepancy was 
observed in one case ( fig. 6 ). Dynamic CT could not be 
used because of the patient’s iodine allergy but with a tu-
mor biopsy a well-differentiated HCC was diagnosed. 
Hemodynamic patterns of this tumor on CE-US were 
typical of HCC.

  The search for an explanation of the discrepancy in 
this tumor between postvascular phase CE-US and SPIO-
MRI led us to the following considerations. It was previ-
ously reported that the uptake of SPIO in the liver is de-
creased in cirrhosis  [17] . In our case, after administration 
of SPIO, the adjacent liver parenchyma image showed less 
shortening of relaxation time effect on T 2  *  image because 
the uptake of SPIO in the liver parenchyma was decreased. 
Furthermore, this tumor showed hypervascularity on 
CE-US. Therefore, the amounts of SPIO that fill into the 
tumor blood spaces may have been increased in compar-
ison to the adjacent liver, resulting in increased shorten-
ing of relaxation time effect on T 2  *  image of the tumor. 
However, further study is necessary to resolve this dis-
crepancy.

  One problem encountered in this study is that post-
vascular phase images cannot be applied to nodules 
which cannot be detected on B-mode US. In this respect, 
CE-US   may be inferior to SPIO-MRI. Apart from this 
limitation, postvascular images of CE-US and SPIO-MRI 
were comparable in the detection of tumors. However, on 
the plus side, arterial phase and postvascular phase im-
ages can be obtained in one series of CE-US and per-
formed at relatively low cost and in less time than SPIO-
MRI, and can be used for those patients who are contra-
indicated for MRI.

  In conclusion, postvascular phase images of CE-US 
with Sonazoid correlated well with SPIO-MRI and ap-
pear to be a good alternative to SPIO-MRI. Further study 
cases are needed to confirm the usefulness of postvascu-
lar phase images of CE-US compared to SPIO-MRI for 
the detection of dedifferentiation foci in hepatic tumors.
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nificant difference (p  !  0.01). Five nodules in which the por-
tal supply was preserved did not enlarge during the follow-
up period of 3–5 years. There was a significant correlation 
among the three groups (r s  = 0.804, p  !  0.05). In conclusion, 
intranodular blood flow dynamics in patients with well-dif-
ferentiated HCC reflect the biological malignancy or cancer 
progression in the process of multistep hepatocarcinogen-
esis, suggesting the importance of this parameter in decid-
ing on a treatment strategy. In other words, nodules in which 
arterial vascularity is present and those in which the portal 
blood flow is reduced should be treated for reasons such as 
a short doubling time and the risk of rapid progression to 
artery-dominant classical HCC. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The biological malignancy grade of hepatocellular 
carcinoma (HCC) includes several parameters, such as 
the grade of differentiation, tumor biomarkers, and the 
rate of tumor progression. Among them, the rate of tu-
mor progression is a strong parameter for evaluating the 
biological malignancy grade. It is empirically known that 
the biological malignancy (rate of tumor progression) of 
HCC on the intranodular arterial vascularity and the 
presence or absence of portal supply.

 Key Words 
 Ultrasound angiography  �  Computed tomography during 
arterial portography  �  Intranodular blood supply  �  Tumor 
volume doubling time  �  Malignancy grade  �  Multistep 
hepatocarcinogenesis 

 Abstract 
 This study was carried out to investigate whether intranodu-
lar blood supply in histologically proven well-differentiat-
ed hepatocellular carcinomas (HCCs) correlates with tumor 
growth rates. A total of 52 well-differentiated HCCs were en-
rolled in this study. Ultrasound angiography with intra-arte-
rial CO 2  microbubble injection was performed in all 52 HCCs 
and computed tomography during arterial portography was 
performed in 21 of the 52 HCCs. Tumor volume doubling 
time (TVDT) was measured in all 52 nodules by B-mode ul-
trasonography performed at 2- to 3-month intervals for a 
follow-up period of at least 6 months (range: 6 months to 8 
years) with respect to arterial vascularity. In the hypervas-
cular (n = 27), isovascular (n = 9), and hypovascular nodules 
(n = 16), the mean values of TVDT (mean  8  SD) were 79  8  
131, 98  8  227, and 782  8  324 days, respectively (r s  = 0.722, 
p  !  0.0001). Concerning portal blood supply, the mean TVDT 
in nodules in which the portal supply was reduced (n = 5) 
was 178  8  78 days compared with 592  8  211 days in nodules 
in which the portal supply was preserved (n = 11), with a sig-
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  In this study, we investigated whether intranodular 
hemodynamics are associated with biological tumor ma-
lignancy (rate of progression) in 52 nodules, in which the 
rate of tumor progression could be examined for at least 
12 months, among those histologically proven to be well-
differentiated HCC related to liver cirrhosis. In these 
nodules arterial vascularity on initial detection was as-
sessed in detail, as well as nodules in which portal blood 
flow dynamics and the rate of tumor progression were 
examined for 12 months or more.

  Patients and Methods 

 Patients 
 Of 462 patients with HCC in whom the tumor volume dou-

bling time (TVDT) could be measured using periodic ultrasonog-
raphy (US) between January 1986 and December 2005, and a his-
tological diagnosis could be made based on pathological findings, 
there were 52 with well-differentiated HCCs in whom neither 
routine dynamic computed tomography (CT) nor digital subtrac-
tion angiography (DSA) revealed any hypervascular areas. A his-
topathological diagnosis was made using resected specimens in 
21 patients and via US-guided needle biopsy with a 21-gauge nee-
dle in the other 31 patients. The mean ( 8 SD) tumor diameter was 
1.2  8  0.7 cm (range: 0.3–4.0 cm). The mean age was 64 years 
(range: 58–74 years). Of the 52 patients, 40 HCCs were associated 
with hepatitis C-related liver cirrhosis, and 12 HCCs were associ-
ated with hepatitis B-related liver cirrhosis.

  Methods 
 Intranodular Arterial Vascularity 
 Intranodular arterial vascularity was evaluated by US angiog-

raphy with CO 2  arterial injection in 52 patients (52 nodules)  [1–3] . 

Hepatic artery

Gastroduodenal artery

US scan
CT scan

SMA

  Fig. 1.  US angiography is performed by intra-arterial injection of 
CO 2  microbubbles into the hepatic artery. 

  Fig. 2.  CTAP is performed by injecting contrast media into the 
superior mesenteric artery (SMA). CT is taken at the time the por-
tal flow reaches the liver parenchyma. 

Angiography US angiography

Hypervascular

Isovascular

Hypovascular

Vascular spot
in hypovascular

?

  Fig. 3.  US angiography with intra-arterial CO 2  microbubbles 
clearly reveals intranodular arterial vascularity as hypervascular, 
isovascular, hypovascular and vascular spot in hypovascular pat-
tern, although it is not clear on angiography. 

  Fig. 4.   a  Well-differentiated HCC measuring 18  !  16 mm clearly 
shows vascular spot (hypervascular) in hypovascular pattern.
 b  This nodule grows very rapidly (TVDT = 105 days) and the in-
tranodular vascular pattern developed into a very hypervascular 
pattern. USAG = Ultrasound angiography.   
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or hypovascular ( fig. 3 ). With respect to arterial vascular-
ity, there were 27 hypervascular, 9 isovascular and 16 hy-
povascular nodules. In the hypervascular, isovascular 
and hypovascular nodules, the mean values of TVDT 
(mean  8  SD) were 79  8  131, 98  8  227 and 782  8  324 
days, respectively. Spearman’s rank correlation test 
showed a positive correlation among the three groups
(r s  = 0.722, p  !  0.0001). Furthermore, the mean TVDT for 
hypervascular nodules ( fig. 4 ) was significantly shorter 
than that for isovascular nodules (p  !  0.001). The TVDT 
for isovascular nodules was significantly shorter than 
that for hypovascular nodules (p  !  0.05) ( fig. 5 ).

  Intranodular Portal Perfusion and TVDT 
 Concerning portal blood flow dynamics, the mean 

TVDT in nodules in which the portal supply was reduced 
( fig. 7 ) (n = 5) was 178  8  78 days. All patients in whom 
the intranodular portal supply was similar to that in the 
surrounding liver parenchyma could be followed up for 
3–8 years. They were divided into two groups: groups 
with and without a gradual increase in nodule size ( fig. 8 ). 
In the former group (n = 11), the mean TVDT was 592  8  
211 days, with a significant difference from the value for 
nodules in which the portal supply was reduced (p  !  
0.001). Five nodules in which the portal supply was pre-
served did not enlarge during the follow-up period of 3–5 
years. There was a significant correlation among the three 
groups (r s  = 0.804, p  !  0.05) ( fig. 9 ).

  Progression of Intranodular Hemodynamics and 
Pathological Differentiation during Tumor Growth 
 During the process of tumor growth intranodular he-

modynamics changed in 9 of 16 hypovacular nodules and 
9 of 9 isovascular nodules including nodule-in-nodule-
type HCC. Two of 11 nodules with portal perfusion 
changed to nodules with decreased portal flow during 
the observation period ( fig. 10 ). Well-differentiated HCC 
with hypovascular and isovascular arterial supply devel-
oped into moderately differentiated HCC in accordance 
with intranodular hemodynamic alteration. This hemo-
dynamic and pathological progression within the nodule 
during the process of tumor growth is consistent with the 
multistep progression of hepatocarcinogenesis ( fig. 11 ).

A histopathological diagnosis was made using resected speci-
mens in 19 patients and via US-guided needle biopsy with a 21-
gauge needle in 33. Nodules in which arterial vascularity was 
more marked than in the surrounding liver parenchyma were re-
garded as hypervascular, those in which it was similar were clas-
sified as isovascular, and those in which it was less marked were 
classified as hypovascular ( fig. 1 ). The results were statistically 
compared between two of the three groups using the Student t 
test. The correlation between arterial vascularity and TVDT was 
tested using Spearman’s rank correlation.

  Intranodular Portal Perfusion 
 To evaluate intranodular portal blood flow dynamics, CT dur-

ing arterial portography (CTAP) was employed ( fig. 2 )  [4]  in 21 of 
52 patients. Contrast medium was infused into the superior mes-
enteric artery at a rate of 0.7–1.0 ml/s, and a dynamic scan was 
performed using a GE Light Speed CT system (GE Medical Sys-
tems, Milwaukee, Wisc., USA). The slice thickness was 5 mm. 
This procedure facilitates the evaluation of the presence or ab-
sence of portal blood flow in lesions with a maximum tumor di-
ameter of 5 mm. For CTAP, nodules in which intranodular portal 
perfusion was similar to that in the surrounding liver parenchy-
ma were regarded as showing isoperfusion, and those in which 
portal blood flow was reduced in comparison with the surround-
ing liver parenchyma were regarded as showing hypoperfusion. 
Significance was assessed using Student’s t test and Spearman’s 
rank correlation. Of 21 nodules, a histopathological diagnosis was 
made via US-guided needle biopsy using a 21-gauge needle in 19 
and resected specimens in the other 2.

  Tumor Volume Doubling Time 
 In each patient, B-mode US was performed at 2- to 3-month 

intervals. The probe frequency was 3.5 or 5 MHz. In all patients, 
the tumor diameter was measured during B-mode US.

  TVDT was calculated using serial US, as described by Majima 
 [5] ; the maximum and minimum diameters were measured based 
on maximum cut-surface sections of the nodule on US for tumor 
volume measurement. TVDT was calculated using the following 
formula:

  TVDT = t  !  log2/log[(c + d) 3 /(a + b) 3 ]

  where t represents the follow-up period, a represents the maxi-
mum nodule diameter on initial detection, b represents the min-
imum nodule diameter on initial detection, c represents the final 
maximum nodule diameter, and d represents the final minimum 
nodule diameter. 

 The follow-up period was at least 6 months. Nodules with por-
tal blood flow were followed up for 3–8 years.

  Results 

 Intranodular Arterial Vascularity and TVDT 
 Even though no nodules were identifiable as hypervas-

cular on dynamic CT or DSA, US angiography with in-
tra-arterial CO 2  microbubble injection successfully re-
vealed these nodules as faint hypervascular, isovascular 

  Fig. 5.   a  Hypoechoic nodule measuring 10  !  13 mm in size shows 
hypovascular pattern.  b  TVDT (321 days) of this nodule was rela-
tively long. Intranodular arterial vascularity develops into a hy-
pervascular (nodule-in-nodule) pattern. USAG = Ultrasound an-
giography.   
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  Discussion 

 Recently, the establishment of an HCC screening sys-
tem has made the early detection of small nodular lesions 
in cirrhotic patients possible. US angiography with CO 2  
arterial injection facilitates the accurate evaluation of 
faint hypervascular, isovascular and hypovascular nod-
ules, even when neither routine dynamic CT nor DSA 
reveals any hypervascular lesions ( fig. 1 ). Among such 
nodules, whether isovascular or hypovascular nodules 
should be immediately treated remains controversial. 
These nodules may be intermediate nodules in the pro-
cess of multistep hepatocarcinogenesis ( fig. 2 ). Recently, 
the Japan Society of Hepatology provided a consensus 
statement regarding the treatment of such nodules; pre-
cise evaluation should be performed based on the results 
of histopathological examination in addition to MRI 
with gadolinium ethoxybenzyl diethylenetriamine pen-
ta-acetic acid (Gd-EOB-DTPA; EOB-MRI), superpara-
magnetic iron oxide MRI (SPIO-MRI), CT during hepat-
ic arteriography, CTAP, or contrast-enhanced US. Con-
sequently, treatment should be considered based on 
comprehensive findings, including blood flow dynamics, 
signal intensity, and histological findings  [6] .

  In this study, to eliminate differences in tumor malig-
nancy related to the grade of histological differentiation, 
that is differences in the speed of tumor progression, the 
subjects were restricted to well-differentiated liver cancer 
patients. In addition, in nodules in which US angiogra-
phy with CO 2  arterial injection initially revealed arterial 
vascularity, although neither dynamic CT nor routine 
DSA showed any hypervascular areas among well-differ-
entiated HCC lesions, we compared TVDT among faint 
hypervascular, isovascular, and hypovascular nodules. In 
faint hypervascular nodules, the rate of tumor progres-
sion was significantly higher than in isovascular and hy-
povascular nodules, and the malignancy grade was great-
er. Although the above nodules are histologically classi-
fied as well-differentiated HCC, hypovascular nodules 
clearly showed relatively slow progression and low-level 
biological malignancy  [7] .

  In well-differentiated HCCs in which portal blood 
supply is reduced on CTAP, TVDT was short, and the 
biological malignancy grade was high, even when arte-
rial blood flow dynamics showed a hypovascular pattern, 
suggesting that such nodules should be treated  [6] . On the 
other hand, nodules in which portal blood flow was pre-
served were classified into two groups: groups with and 
without gradual enlargement. The biological malignancy 
of these nodules with portal blood flow was low  [8] , sug-
gesting that urgent treatment intervention is not neces-
sary  [9] . In other words, therapeutic strategies may be 
decided upon based on other conditions, such as arterial 
vascularity, signal intensity on Gd-EOB-DTPA-MRI or 
SPIO-MRI, or histopathological findings. In any case, the 
malignancy grade varied among well-differentiated HCCs 
in the process of multistep hepatocarcinogenesis ( fig. 2 ,  5 ) 
 [9–13] : lesions in which portal blood flow is preserved de-
spite hypovascular arterial blood flow, those in which 
both arterial and portal blood flow is reduced, or those 
with isovascular arterial blood flow. This suggests that the 
accurate evaluation of intranodular blood flow dynamics 
is useful for assessing the malignancy grade, providing 
useful information on the basis of therapeutic strategies 
can be decided  [13] . A study reported that large, well-dif-
ferentiated HCC with portal blood flow was benign in na-
ture, and that its therapeutic necessity is low  [14] .

10

100

1,000

Hyper
(n = 27)

Iso
(n = 9)
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(n = 16)

rs = 0.722
p = 0.0001

p = 0.0001

p < 0.001 p < 0.005

TV
D

T

10,000

79 ± 131 

98 ± 227 

182 ± 324 

Vascular pattern 

  Fig. 6.  Relationship between intranodular arterial supply and 
TVDT.         

  Fig. 7.   a  Hypoechoic nodule measuring 13  !  13 mm in size with 
pathological diagnosis of well-differentiated HCC shows de-
creased portal flow.  b  TVDT of this nodule is rapid (113 days). 
Intranodular vascularity also changed from hypovascular to iso-
vascular. USAG = Ultrasound angiography.   
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  Fig. 8.  Hypoechoic nodule measuring 4.0 cm in diameter shows 
arterial hypovascular pattern with intranodular-preserved portal 
supply. This nodule did not increase in size during an observation 
period of 6 years.         
  Fig. 9.  Relationship between intranodular portal supply and 
TVDT. Five nodules did not grow in size at all.         
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flow is reduced should be treated for reasons such as a 
short doubling time and the risk of rapid progression to 
artery-dominant classical HCC.

 Disclosure Statement 

The authors declare that they have no financial conflict of 
 interest.

 

  In conclusion, intranodular blood flow dynamics in 
patients with well-differentiated HCC reflect the biologi-
cal malignancy or cancer progression in the process of 
multistep hepatocarcinogenesis, suggesting the impor-
tance of this parameter in deciding a treatment strategy. 
Concretely, nodules in which arterial blood flow is iso-
vascular or hypervascular (including nodule-in-nodule-
type HCC  [15] ) ( fig. 5 ) and those in which portal blood 
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  Fig. 10.  Schematic representation of intra-
nodular hemodynamic change from dys-
plastic nodule (DN) to well-differentiated 
HCC and finally to moderately differenti-
ated HCC.         

  Fig. 11.  Schematic representation of multi-
step pathological progression of human 
hepatocarcinogenesis. DN = Dysplastic 
nodule; NASH = nonalcoholic steatohepa-
titis.         
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group of each staging systems (i.e. score of 0), there were 
significant differences between the bm-JIS score and the 
BALAD score and, likewise, between the c-JIS score and the 
BALAD score. The likelihood ratio  �  2  test showed the highest 
value and the Akaike information criterion value was lowest 
in the bm-JIS score.  Conclusions:  The bm-JIS score showed 
good stratification ability and was thus demonstrated to be 
a better predictor of the prognosis than the c-JIS score and 
the BALAD score, especially for the patients with a good 
prognosis.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The clinical staging system for cancer patients is very 
important for selecting the optimal therapeutic strategy. 
Clinical staging is also an essential tool for comparisons 
between groups in therapeutic trials and between differ-
ent studies. Several staging systems have been proposed 
for hepatocellular carcinoma (HCC). However, there are 
a few staging systems for HCC that include the tumor 
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 Abstract 
  Objectives:  The conventional Japan Integrated Staging (c-
JIS) score has been reported to effectively stratify patients 
with hepatocellular carcinoma (HCC). Recently, two new 
staging systems, the biomarker-combined JIS (bm-JIS) score 
and the BALAD score, have been proposed. Both staging sys-
tems include three tumor markers:  � -fetoprotein (AFP), lens 
culinaris agglutinin-reactive AFP and des- � -carboxy pro-
thrombin specific for HCC. The aim of this study is to evaluate 
the performance of these three staging systems.  Methods:  
A total of 1,173 HCC patients were included in this study. The 
stratification ability and prognostic predictive power were 
compared between these three staging systems.  Results:  
These three staging systems effectively predicted the pa-
tient survival. When accounting for the best prognostic sub-
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markers  � -fetoprotein (AFP), lens culinaris agglutinin-
reactive  � -fetoprotein (AFP-L3) fraction and des- � -car-
boxy prothrombin (DCP) specific for HCC. These three 
tumor markers are commonly used in daily practice in 
Japan. AFP is the tumor marker that is routinely and 
most widely used for the surveillance of HCC, the evalu-
ation of treatment efficacy, and malignant grade  [1–3] . 
AFP-L3, which has a 1–6 fucose residue attached at the 
reducing terminus of N-acetylglucosamine, has been re-
ported to be a more specific marker for HCC  [4] . DCP 
arises from an acquired defect in the posttranslational 
carboxylation of the prothrombin precursor in malig-
nant hepatocytes  [5] . Positive findings for such tumor 
markers have clinical implications for advance warning 
and appropriate management of patients with HCC  [6–
10] . In addition, the utility of these three tumor markers 
for the detection and the evaluation of tumor progression 
and the prognosis of patients with HCC in comparison to 
the use of each marker alone has been previously pro-
posed in several reports  [11–16] .

  The Japan Integrated Staging (JIS) score was proposed 
by Kudo et al.  [17] . It consists of the Child-Turcotte-Pugh 
staging system and the TNM staging system  [18, 19] . The 
conventional JIS (c-JIS) score was validated by several re-
ports and was shown to be very effective  [20–22] . How-
ever, the c-JIS score does not evaluate biological factors 
because the three tumor markers were not included. Fur-
thermore, the Cancer of Liver Italian Program (CLIP) 
score  [23] , the French scoring system  [24]  and the Chi-
nese University Prognostic Index (CUPI)  [25]  include 
AFP only. In 2006, Toyoda et al.  [26]  proposed the BALAD 
score. This staging system evaluates the three tumor 
markers (AFP, AFP-L3 and DCP) with serum bilirubin 
and serum albumin. This system requires only 1 serum 
sample. Therefore, it can easily stratify HCC patients. 
They demonstrated that the predictive power and dis-
criminative ability of this system were comparable to the 
c-JIS score and the CLIP score. However, the BALAD 
score does not evaluate the tumor morphology and tu-
mor progression.

  Recently, we proposed the biomarker-combined JIS 
(bm-JIS) score  [27]  which includes three tumor markers 
(AFP, AFP-L3 and DCP) in the c-JIS score. The bm-JIS 
score evaluates tumor morphology, liver function and bi-
ological factor by combining it with the TNM stage, 
Child-Pugh classification and tumor markers.

  The aim of this study was to compare the ability of the 
c-JIS score, bm-JIS score and the BALAD score for their 
stratification ability and prognostic predictive power.

  Patients and Methods 

 Patients 
 Of 4,525 consecutive patients who were diagnosed with HCC 

before treatment at five institutions from 1990 to 2002, analysis 
was performed on 1,173 patients fulfilling the following criteria: 
several serum liver function tests (albumin, bilirubin, prothrom-
bin time, ammonia and transaminase, etc.) and the three tumor 
markers (AFP, AFP-L3 and DCP) were measured at the time of 
diagnosis. The patients were diagnosed with HCC based on his-
tological or reliable clinical criteria fulfilling the following condi-
tions: a compatible clinical background (association with liver 
cirrhosis or viral hepatitis) with typical imaging findings and a 
rising trend of the three tumor markers. The typical imaging 
findings for HCC include a high-density mass in the arterial 
phase dynamic computed tomography (CT) with a low-density 
mass in the portal phase dynamic CT or magnetic resonance im-
aging  [9, 28, 29] . A liver biopsy was performed in cases that did 
not show typical imaging findings or an increase in any tumor 
markers. The study protocol was approved by the Institutional 
Ethics Review Board at each institution.

  Definitions of the c-JIS Score, the bm-JIS Score and the 
BALAD Score 
 To classify patients according to the c-JIS score, the bm-JIS 

score and the BALAD score, the levels of various serum compo-
nents were measured. In addition, to assess the tumor character-
istics, several imaging modalities were used for all cases. The 
maximum diameter of the tumor was defined using B-mode ul-
trasonography. Vascular invasion was assessed via dynamic CT 
and angiography. Lymph node and distant metastases were as-
sessed via a routine screening study such as ultrasonography, dy-
namic CT and chest X-ray. Bone scintigraphy or brain CT was 
performed if suggestive symptoms were present.

  The c-JIS score is obtained via the summation of the Child-
Turcotte-Pugh stage score and the TNM stages by the Liver Can-
cer Study Group of Japan (LCSGJ) ( table 1 ). The bm-JIS score is 
obtained via the summation of the c-JIS score and the values of 
the three tumor markers. The definition of the bm-JIS score is 
shown in  table 2 .

  The BALAD score is obtained via the summation of the values 
of these three tumor markers and the serum albumin and serum 
bilirubin level. The serum albumin level was categorized as  1 3.5, 
2.8–3.5 or  ! 2.0 g/dl and scored as 0, 1 and 2, respectively. The se-
rum total bilirubin level was categorized as  ! 1.0, 1.0–2.0 or  1 2.0 
mg/dl and scored as 0, 1 and 2, respectively. Thereafter, the bili-
rubin-albumin score as an indicator of liver function was catego-
rized by the sum of these 2 scores as A (0 or 1), B (2 or 3), or C (4). 
The definition of the BALAD score is shown in  table 3 . Both the 
bm-JIS score and the BALAD score defined the cutoff level of the 
three tumor markers as follows: AFP 400 ng/ml, AFP-L3 15%, and 
DCP 100 mAU/ml.

  Statistical Analysis 
 The data are expressed as the median  8  standard deviation. 

The overall survival was the only endpoint used in the analysis. 
Survival was defined as the time interval between the HCC diag-
nosis and death or the last follow-up. Univariate survival curves 
were estimated using the Kaplan-Meier method  [30] , and the dif-
ferences in the survival rates between the groups were compared 
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via the log-rank test  [31] . The likelihood ratio test was calculated 
using the Cox regression model to evaluate the homogeneity of 
each staging system: small differences among the patients classi-
fied into the same group by each system. The likelihood ratio test 
can also estimate the monotonicity of the gradient; the mean sur-
vival time of patients classified as favorable by that system is always 
longer than the survival times noted in the less favorable groups. 
The Akaike information criteria  [32]  were also used to evaluate the 
discriminatory ability of a given model. All analyses were per-
formed using the SAS statistical software program (R ver2.4.1, The 
Comprehensive R Archive Network) or the SPSS Medical Pack for 
Windows (Version 11.5J; SPSS, Chicago, Ill., USA).

  Results 

 Patient Characteristics 
  Table 4  shows the characteristics of the 1,173 patients. 

The median age was 68 years and males were the domi-
nant gender (70.9%). The most frequent cause of HCC 
was an HCV infection (74.5%). Approximately 70.8% of 

the patients were classified as Child-Pugh stage A. Ac-
cordingly, radical treatments were performed in the ma-
jority of patients (28.9%).

  Patient Distributions 
 The patient distribution according to the c-JIS score, 

the bm-JIS score and the BALAD score is shown in  ta-
ble 5 . Approximately 62.6% (734 of 1,173) of all patients 
were categorized into the early stage according to the 
BALAD score (score 0 or 1) and 46.4% (544 of 1,173) of 
the patients were categorized into the early stage accord-
ing to the c-JIS score (score 0 or 1), whereas only 29.1% 
(341 of 1,173) of the patients were categorized into the 

Table 1. Definitions of the TNM stage by the LCSGJ

Stage I T1 (fulfilling 3 T factors) N0 M0
Stage II T2 (fulfilling 2 T factors) N0 M0
Stage III T3 (fulfilling 1 T factor) N0 M0
Stage IV-A T4 (fulfilling 0 T factor) N0 M0
Stage IV-B any T N0–1 M1

T factor: (1) single, (2) <2 cm, and (3) no vascular involvement.

Table 2. Definitions of the bm-JIS score

Variable Score

0 1 2 3

c-JIS score
Child-Pugh stage A B C
TNM stage by LCSGJ I II III IV

Elevated tumor markers, n 0 1 2 or 3

Table 3. Definitions of the BALAD score

Variable Score

0 1 2 3

Bilirubin-albumin score A B C
Elevated tumor markers, n 0 1 2 3

Table 4. Patient characteristics (n = 1,173)

Variable n %

Age, years
Median 8 SD 68.088.9
Range 27–97

Sex
Male 811 70.9
Female 362 30.1

Cause of parenchymal disorder
HCV 874 74.5
HBV 145 12.6
HCV + HBV 22 1.9
Non-B, non-C 132 11.0

Child-Pugh stage
A 830 70.8
B 284 24.2
C 59 5.0

TNM stage by LCSGJ
I 238 20.3
II 446 38.0
III 366 31.3
IV 123 10.4

Initial treatment modality
No 36 3.1
Yes

Surgery 325 27.8
Percutaneous ablation therapy 338 28.9

PEIT 87 7.5
PMCT 61 5.2
RFA 190 16.2

TACE 342 29.2
Chemolipiodolization 123 10.5
Other 5 0.5

HCV = Hepatitis C virus; HBV = hepatitis B virus; PEIT = 
percutaneous ethanol injection therapy; PMCT = percutaneous 
microwave coagulation therapy; RFA = radiofrequency ablation; 
TACE = transcatheter arterial chemoembolization.
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early stage according to the bm-JIS score (score 0 or 1). 
Specifically, in the best prognostic subgroup, 28.8% of the 
patients were categorized as having a BALAD score of 0 
and 14.6% of the patients were categorized as having a c-
JIS score of 0, whereas only 11.0% of the patients were 
categorized as having a bm-JIS score of 0.

  Stratification Ability and Patient Survival of the c-JIS 
Score, the bm-JIS Score and the BALAD Score 
 According to the c-JIS score ( fig. 1 a), statistically 

 significant differences were observed except between
c-JIS scores of 4 and 5. In addition, according to the
bm-JIS score, statistically significant differences were 
 observed except between bm-JIS scores of 1 and 2, and 
scores of 6 and 7 ( fig. 1 b). According to the BALAD score, 
statistically significant differences were observed except 
between BALAD scores of 2 and 3, and scores of 4 and 5 
( fig. 1 c). These three staging systems effectively predicted 
the patient survival.

   Table 5  shows the mean number of survival months 
and the 5-year survival rate of each score. In the best 
prognostic subgroup of the BALAD score, the c-JIS score 
and the bm-JIS score of 0, the mean survival time in 
months was 76.46, 87.73 and 89.19, respectively. In addi-
tion, the 5-year survival rate of each best prognostic sub-
group was 66.7, 81.3 and 82.3%, respectively. When a Kap-
lan-Meier curve of each staging score of 0 were compared, 
there were significant differences between the bm-JIS 
score and the BALAD score and, likewise, between the 
c-JIS score and the BALAD score ( fig. 2 ). Furthermore, 
when accounting for the subgroups with a BALAD score 
of 0, the survival curves differed greatly according to the 
bm-JIS score and the c-JIS score (p  !  0.001) ( fig. 3 ). The 
same tendencies were observed for each subgroup with a 
BALAD score of 1–4 when accounting for both the bm-
JIS score and the c-JIS score.

  In  table 6 , the independent homogenizing ability and 
the stratification value of the c-JIS score, the bm-JIS score 
and the BALAD score as determined by the likelihood 
ratio test using the Cox proportional hazards regression 
model showed the bm-JIS score to have a higher value
( �  2  = 370.564) than the JIS score ( �  2  = 335.430) and the 
BALAD score ( �  2  = 118.164). Furthermore, a lower Akaike 
information criterion value was observed for the bm-JIS 
score (3981.440) than for the c-JIS score (4012.574) and 
the BALAD score (4229.840), thus proving that the bm-
JIS score is a better prognostic model than the c-JIS score 
and the BALAD score.

  Discussion 

 To reliably estimate the prognoses of patients with 
HCC, several staging systems, such as the Okuda classi-
fication, the Barcelona Clinic Liver Cancer (BCLC) stag-
ing classification  [33] , the CLIP score  [23] , or the JIS score, 
have been proposed which combine the residual liver 

Table 5. Patient distribution, 5-year survival rate and mean sur-
vival according to the c-JIS score, the bm-JIS score and the BALAD 
score (n = 1,173)

Staging
system

n % 5-year sur-
vival rate, %

Mean sur-
vival, months

c-JIS score
0 171 14.6 81.3 87.7
1 373 31.8 61.6 64.2
2 381 32.5 44.3 53.6
3 186 15.8 no data 19.5
4 50 4.3 no data 11.5
5 12 1.0 0 6.1

bm-JIS score
0 129 11.0 82.3 89.2
1 212 18.1 73.4 60.6
2 272 23.2 56.9 55.0
3 252 21.5 40.0 50.2
4 169 14.4 21.6 31.1
5 101 8.6 0 14.7
6 27 2.3 0 7.5
7 10 0.9 0 5.2

BALAD score
0 338 28.8 66.7 76.4
1 396 33.8 49.6 47.0
2 239 20.4 39.8 46.8
3 139 11.8 34.4 34.9
4 47 4.0 0 20.8
5 14 1.2 no data 12.2

Table 6. Evaluation of prognostic stratification and homogeneity 
in the c-JIS score, the bm-JIS score and the BALAD score (total = 
1,173 patients)

Model Likelihood ratio (�2) AIC

c-JIS score 335.430 4012.574
bm-JIS score 370.564 3981.440
BALAD score 118.164 4229.840

Regarding the discriminatory ability, homogeneity, and the 
monotonicity of gradients, the model with the higher �2 by the 
likelihood ratio test was considered as the better model. Further-
more, the lower value of Akaike Information Criteria (AIC) is 
considered to be the better model for discriminatory ability.
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  Fig. 1.  The overall survival rates according 
to the c-JIS score ( a ), the bm-JIS score ( b ) 
and the BALAD score ( c ) in 1,173 patients. 
According to the c-JIS score, statistically 
significant differences were observed ex-
cept between c-JIS scores of 4 and 5. In ad-
dition, according to the bm-JIS score, sta-
tistically significant differences were ob-
served except between bm-JIS scores of 1 
and 2, and scores of 6 and 7. According to 
the BALAD score, statistically significant 
differences were observed except between 
BALAD scores of 2 and 3, and scores of 4 
and 5. These three staging systems effec-
tively predicted the patient survival. 
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function (i.e., Child-Turcotte-Pugh stage, liver disease 
stage), grade of cancer (i.e., tumor staging: number of tu-
mors, tumor size, vascular involvement, metastasis, tu-
mor markers, etc.) and other factors (performance status, 
portal hypertension, etc.)  [34–37] .

  The c-JIS score was validated by several reports on the 
basis of different patient populations and treatment strat-
egies. Furthermore, it demonstrated better stratification 
ability and prognostic predictive power  [20–22] . The c-
JIS score is a very effective staging system despite its sim-
plicity of use. However, there is one problem that should 
be solved, namely that the c-JIS score does not include the 

tumor markers as a biological factor. In daily practice, 
there are some cases that do not reflect the malignancy 
of the tumor based on the imaging findings alone. Sev-
eral papers have reported that it can be difficult to accu-
rately diagnose minimal intrahepatic metastasis, micro-
scopic portal invasion and distant metastasis by using 
imaging modalities alone when the HCC are small  [11, 14, 
38, 39] . In order to evaluate a useful index for the malig-
nancy grade, the measurement of tumor markers is con-
sidered to be necessary to provide factors indicating the 
malignant potentials to the c-JIS score. Therefore, we re-
cently proposed the bm-JIS score and it showed a supe-
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  Fig. 2.  When the survival curves of each 
staging score of 0 were compared, there 
were significant differences between the 
bm-JIS score and the BALAD score and, 
likewise, between the c-JIS score and the 
BALAD score. 
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c-JIS score and bm-JIS score of 5   Fig. 3.  When accounting for the subgroups 
with a BALAD score of 0, the survival 
curves differed greatly according to the 
bm-JIS score and the c-JIS score (p  !  
0.001).  
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rior stratification ability and prognostic predictive power 
in comparison to the c-JIS score  [27] . When we compared 
the subgroup of the c-JIS score and bm-JIS score, there 
were no significant differences in the best prognostic 
subgroup (i.e., each score of 0) and advanced HCC sub-
group (i.e., c-JIS score of 4 or 5, bm-JIS score of 6 or 7). 
However, there were significant differences when we 
compared another subgroup (data not shown). This result 
also suggested that there were some cases where it was 
difficult to evaluate the malignant potential only by im-
aging findings. In this study, the bm-JIS score showed a 
superior stratification ability and better prognostic pow-
er than the c-JIS score. This result also shows that the 
measurements of tumor markers are therefore consid-
ered to be important.

  In 2006, Toyoda et al.  [26]  proposed the BALAD score. 
They showed that the predictive power and discrimina-
tive ability of this system were comparable to the c-JIS 
score and CLIP score. This staging system consists of 
only serum data, so it is easy to use. Furthermore, this 
system is not influenced by the quality of the radiologic 
apparatus or scanning skills, so it can easily be used in 
therapeutic trials and different studies. However, there 
are some limitations and problems that should be solved. 
The BALAD score does not include tumor morphology 
and tumor progression as assessed by imaging modali-
ties, such as the unifocal, multifocal, or diffuse nature of 
the tumor, whether there is vascular invasion, or the tu-
mor measures less than 2 cm in diameter. For example, 
according to the BALAD score, classification in the sub-
group 0 does not involve the number and the size of the 
tumor but only the three tumor markers which have to be 
negative and liver function which has to be within the 
normal range. Therefore, this staging system is unsuit-
able for selecting the optimal treatment strategy. The im-
aging findings are strongly influenced by the methods 
used, the skill of the examiner and the quality of the im-
aging apparatus. However, the imaging apparatuses and 
scanning techniques are upgraded over time. Therefore, 
assessment of the size and number of tumors and of vas-
cular invasion improves  [40, 41] . The c-JIS score and bm-
JIS score include the TNM staging system of the LCSGJ, 
which has recently been revised in the 4th edition regard-
ing the imaging findings to assess the tumor morphology 
and tumor progression. This staging system has been val-
idated to be very effective and has therefore been pro-
posed as a new concordant TNM classification of prima-
ry liver cancer worldwide by the International Hepato-
Pancreato-Biliary Association and the UICC  [18, 19] . In 
this study the bm-JIS score showed superior stratification 

ability and better prognostic power than the BALAD 
score. In addition, the tendency was remarkable in the 
early stage group. This result suggested that the imaging 
findings are necessary to combine the clinical staging of 
HCC.

  The c-JIS score, bm-JIS score and the BALAD score 
accurately predicted the patient survival. The results of 
the likelihood ratio and Akaike information criteria also 
confirmed the fact that the bm-JIS score was definitely a 
better staging model than the BALAD score and the c-JIS 
score. This result suggested that in order to evaluate the 
prognosis of patients more accurately, it is necessary to 
take into account liver function, imaging findings and 
the values of three tumor markers.

  The present study has some limitations. First, this 
study mainly included tumors at the early stage with well-
preserved liver function. On the other hand, there were 
very few tumors at the advanced stage. Second, about 
three fourths of the available patients were excluded be-
cause either one or two of the tumor markers were not 
examined at the time HCC was diagnosed in the database 
that was retrospectively assessed from the clinical rec-
ords. Further studies will therefore be required to con-
firm the predictive ability of the bm-JIS score.

  In conclusion, the bm-JIS scoring system showed bet-
ter stratification ability than the BALAD score and the 
c-JIS score. Therefore, the residual liver function, the 
grade of cancer and these three tumor markers should be 
taken into account in a clinical staging system in order to 
more accurately predict the prognosis of patients with 
HCC.
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were independently significant mortality risk factors.  Con-
clusion:  In patients with Child-Pugh stage A HCC, the PIVKA-
II level is the best prognostic predictor after curative RFA. 
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 Introduction 

 Hepatocellular carcinoma (HCC) is the most frequent 
primary hepatic malignancy, and the majority of cases 
occur in patients with liver cirrhosis secondary to chron-
ic viral hepatitis B or C or alcoholic liver disease. Current 
options for the curative treatment of this cancer include 
surgical resection, liver transplantation, and percutane-
ous ablation therapy. 

  Radiofrequency ablation (RFA) is a reliable means of 
achieving consistent necrosis because of its direct ther-
mal-based tissue destruction. Recently, some random-
ized controlled trials have claimed that RFA achieves 
better response rates, better survival rates and local con-
trol rates of disease, with a significantly lower number of 
sessions, compared with percutaneous ethanol injection 
 [1–3] . RFA is much less invasive, resulting in a shorter 
hospital stay and has an extremely low mortality. Tate-
ishi et al.  [4]  reported that the cumulative survival rates 
of naive Child-Pugh stage A HCC patients who received 
RFA were 83.4% at 3 years and 72.9% at 5 years. The in-

 Key Words 
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 Abstract 
  Objective:  This study was undertaken to assess the prognos-
tic predictor in patients with hepatocellular carcinoma (HCC) 
after radiofrequency ablation (RFA).  Methods:  This study
retrospectively evaluated clinical outcomes in a cohort of 
179 Child-Pugh stage A cirrhotic patients who received cura-
tive RFA for naive HCC within Milan criteria. The median fol-
low-up period was 40.5 months.  Results:  The cumulative 
survival rate was significantly lower in patients with pro-
thrombin induced by vitamin K absence or antagonist II
(PIVKA-II)  6 100 mAU/ml compared with PIVKA-II  ! 100 mAU/
ml (58.0 vs. 84.0% at 5 years; p  !  0.001). The cumulative recur-
rence-free survival rates were significantly lower in patients 
with PIVKA-II  6 100 mAU/ml compared with PIVKA-II  ! 100 
mAU/ml (12.1 vs. 16.9% at 5 years; p  !  0.032). The cumulative 
rate of maintaining period within Milan criteria was signifi-
cantly lower in patients with PIVKA-II  6 100 mAU/ml com-
pared with PIVKA-II  ! 100 mAU/ml (34.1 vs. 55.6% at 5 years; 
p  !  0.001). Cox regression analysis showed that low serum 
albumin ( ! 3.5 g/dl; p = 0.002, RR 3.75, CI 1.64–8.56), a high 
level of PIVKA-II ( 6 100 mAU/ml; p = 0.04, RR 3.15, CI 1.45–
6.87), and multiple nodules (p = 0.021, RR 2.61, CI 1.15–5.91) 
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cidence of major complications within 30 days after the 
procedure was satisfactorily low (2.5% per therapy), and 
there were no therapy-related deaths. This result sug-
gested that RFA is a safe and effective therapy with sat-
isfactory curability and that it should be the first choice 
of treatment in small HCC. RFA in patients with HCC 
has favorable survival rates with excellent local control; 
however, tumor recurrence after curative RFA in pa-
tients with small HCC has been reported  [5, 6] . Reduc-
tion of the tumor recurrence rate after curative local 
therapy is one of the most important issues in the man-
agement of HCC. 

  Several authors reported that the prognosis of patients 
with HCC is dependent mainly on tumor characteristics 
and liver function in those treated with RFA  [4, 7] . In ad-
dition, previous reports have detailed the usefulness of 
three HCC-specific tumor markers,  � -fetoprotein (AFP), 
 Lens culinaris  agglutinin A-reactive fraction of AFP 
(AFP-L3) and prothrombin induced by vitamin K ab-
sence or antagonist II (PIVKA-II), in the detection and 
diagnosis of HCC, the evaluation of tumor progression, 
the evaluation of the treatment response, and the evalu-
ation of patients’ prognosis  [8–10] . It has been reported 
that increased level of PIVKA-II at the time of HCC di-
agnosis indicates a poor prognosis  [11] . Moreover, several 
investigators have reported that measurement of PIVKA-
II is useful for the diagnosis of HCC and as a prognostic 
indicator after treatment  [12, 13] .

  This study was undertaken to assess the prognostic 
predictor including PIVKA-II in patients with early stage 
HCC after curative RFA. 

  Materials and Methods 

 Between March 1999 and September 2004, 525 patients were 
admitted to the Kinki University Hospital for treatment of naive 
HCC. All patients were followed periodically from the time of 
their initial local therapy until July 7, 2006. We retrospectively 
evaluated the clinical outcome in a cohort of 179 Child-Pugh 
stage A cirrhosis patients with 218 HCC tumors, who received 
curative local ablation therapy for early stage HCC (within the 
Milan criteria: single nodule  ! 5 cm in diameter or maximum 3 
nodules  ! 3 cm in diameter). Patients with portal vein thrombosis 
or extrahepatic metastasis were excluded. We also excluded pa-
tients who had a previous history of local treatment for HCC. 
Written informed consent was obtained from all enrolled pa-
tients. HCC was diagnosed on the basis of tumor markers and a 
combination of typical imaging findings on ultrasonography, dy-
namic contrast-enhanced computed tomography (CT) scan (hy-
perattenuation in the arterial phase and hypoattenuation in the 
portal-venous phase) or hepatic angiography (arterial hypervas-
cularization) according to American Association for the Study of 

Liver Diseases (AASLD) guidelines and Japan Society of Hepatol-
ogy (JSH) guidelines  [14, 15] .

  The baseline patient characteristics are shown in  table 1 . One 
hundred and ten patients with 132 HCC tumors received RFA 
alone and 69 patients with 86 HCC tumors received RFA com-
bined with preceding transarterial chemoembolization (TACE). 

  Procedure of RFA 
 RFA therapy was performed using a radiofrequency generator 

and a LeVeen needle (RTC2000; RadioTherapeutics, Sunnyvale, 
Calif., USA) or Cool-Tip Radio Frequency Ablation System (Ra-
dionics, Burlington, Calif., USA). The LeVeen needle was used 
with a single-step method. With this method, the electrodes were 
fully expanded after the needle was inserted to the target position. 
RF energy was then applied to the tissue and increased to a max-
imum power of 75 W. The power setting was left at this point un-
til power ‘roll-off ’ occurred; tissue impedance (an increase in tis-
sue resistance caused by decreased conductivity of electrical cur-
rent due to protein denaturation and loss of intracellular fluids) 
rose to over 200, at which time the power passively decreased. If 
no roll-off occurred, the RFA procedure was terminated when a 
total of 15 min had elapsed. With the cool-tip electrode method, 
RF energy delivery was applied and increased to a maximum 
power of 200 W. RF energy delivery was continued until the im-
pedance increased beyond the limit of the generator. The residual 
part of the tumor was treated with additional RFA within a few 
days of the posttreatment CT. 

  Assessment of Therapeutic Efficacy and Follow-Up 
 After their initial curative therapy, all patients were followed 

up every 3 months with blood tests including liver function and 
tumor markers, and either contrast-enhanced ultrasound or con-
trast-enhanced CT. Patients with new or recurrent HCC that was 

Table 1. Characteristics of the enrolled patients according to the 
RFA (n = 179)

Age, years 69 (44–84)
Sex (male/female) 125/54
Etiology of liver disease, n

Hepatitis C
Hepatitis B
Both positive
Others

152
18

3
6

Serum bilirubin, mg/dl 0.8 (0.3–2.1)
Serum albumin, g/dl 3.8 (2.9–5.0)
Prothrombin time, s 87.7 (50.9–120)
Platelet count, 104/�l 10.7 (1.6–38.1)
AFP, ng/dl 22 (3–5,435)
AFP-L3, % 0.5 (0.5–87)
PIVKA-II, mAU/ml 37 (5–17,757)
MELD score 7 (6–14)
Tumor size, cm 2.1 (0.7–4.8)
Tumors (solitary/multiple), n 129/47

Unless otherwise indicated, data are expressed as median val-
ues (range).
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within the Milan criteria received repeated RFA. When follow-up 
contrast-enhanced CT showed an enhancing area at the periphery 
of the ablated lesion, this was designated as local tumor recur-
rence  [16] . Distant intrahepatic recurrence referred to a new tu-
mor that appeared in the liver distant from the ablated area. Pa-
tients with recurrent HCC which was beyond Milan criteria re-
ceived other therapies such as TACE or transarterial infusion 
chemotherapy. 

  Complications were assessed on the basis of the number of 
treatment sessions. Major complications were defined as those 
that, if left untreated, might threaten the patient’s life, lead to sub-
stantial morbidity and disability, result in hospital admission, or 
substantially lengthen hospital stay, according to previously de-
scribed guidelines  [17] . Side effects such as moderate pain con-
trolled by analgesics, nausea, or infection-unrelated fever relieved 
by antifebriles were defined as minor complications.

  Statistical Analysis 
 The  �  2  test was used to assess differences in age and the num-

ber of HCV/HBV-positive patients. Results were presented as me-
dian (range). The Mann-Whitney U test was used to evaluate dif-
ferences in the number of tumors, diameter of tumors, serum al-
bumin level, serum bilirubin level, prothrombin time, platelet 
count, Model for End-Stage Liver Disease (MELD) score and tu-
mor markers. Cumulative survival and recurrence curves were 
analyzed using the Kaplan-Meier method with the log-rank test. 
The Cox proportional hazard model with stepwise variable selec-

tion was used to assess the risk factors for death and recurrence 
beyond Milan criteria. The variables chosen for analysis included 
age, sex (male or female), platelet count ( ! 10  !  10 4 /mm 3  or  6 10 
 !  10 4 /mm 3 ), serum albumin ( ! 3.5 or  6 3.5 g/dl), AFP ( ! 100 or 
 6 100 ng/ml), AFP-L3 ( ! 15 or  6 15%), PIVKA-II ( ! 100 or  6 100 
mAU/ml), tumor size ( ! 2 or  6 2 cm), and number of tumors (sin-
gle or multiple). p  !  0.05 was considered statistically significant. 
Statistical analysis was performed using SPSS software, version 
11.5J (SPSS, Chicago, Ill., USA).

  Results 

 Overall Survival and Recurrence 
 The study design is shown in  figure 1 . The median fol-

low-up period was 40.5 months (range 2.6–85.7). Thirty-
nine patients (21.8%) died during the follow-up period. 
The cause of death was cancer progression in 24 patients, 
hepatic failure in 6 patients and liver-unrelated causes in 
9 patients. 

  The overall survival rates for all patients were 98.9, 
89.8 and 77.5% at 1, 3 and 5 years, respectively ( fig. 2 a). 
HCC recurrence was diagnosed at least once during the 
follow-up period in 126 patients (70.4%) with 152 HCC 

Recurrence (+)
Local tumor recurrence

(28 patients with 29 nodules)
Distant intrahepatic recurrence
(105 patients with 130 nodules)

525 patients with naive HCC

Treatment by 
TACE/TAI

(56 patients with 
70 nodules )

Repeated RFA
(70 patients with 

79 nodules)

Meet Milan criteria?

NoYes

RFA alone
(110 patients with 132 nodules)

TACE prior to RFA
(69 patients with 86 nodules)

Exclusion criteria:
Child-Pugh B or C (n = 162)

Beyond Milan criteria (n = 131)
Resection (n = 53)

Recurrence (–)
53 patients with 66 nodules

  Fig. 1.  Study design. All patients were fol-
lowed periodically from the time of their 
initial local therapy until July 7, 2006. The 
median follow-up period was 40.5 months 
(range 2.6–85.7). One hundred and ten pa-
tients with 132 HCC tumors received RFA 
alone and 69 patients with 86 HCC tumors 
received RFA combined with preceding 
TACE. HCC recurrence was diagnosed at 
least once during the follow-up period in 
126 patients with 152 HCC nodules. After 
initial treatment, distant intrahepatic re-
currence was seen in 105 patients with 130 
HCC nodules, and 56 patients with 70 
nodules had tumor progression beyond 
Milan criteria during the follow-up peri-
od. Local recurrence was seen in 28 pa-
tients with 29 HCC nodules, although in 9 
patients both distant intrahepatic and lo-
cal recurrence was detected at the same 
time. When recurrence was detected, 
those patients with tumor within Milan 
criteria underwent repeated RFA therapy, 
while those with tumor beyond Milan cri-
teria underwent TACE or arterial infusion 
(TAI) chemotherapy. Fifty-three patients 
with 66 nodules were alive without recur-
rent HCC at the end of the follow-up pe-
riod. 
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nodules (69.7%). After initial treatment, distant intrahe-
patic recurrence was seen in 105 patients (61.4%) with 130 
HCC nodules, of whom 56 patients (32.7%) with 70 nod-
ules had tumor progression beyond the Milan criteria 
during the follow-up period, and 59 patients (34.5%) were 
alive with recurrent HCC within the Milan criteria at the 
end of the follow-up period. Local recurrence was seen in 
28 patients with 29 HCC nodules, although in 9 patients 
both distant intrahepatic and local recurrence was de-
tected at the same time. All local tumor recurrences were 
seen within 36 months after initial curative therapy on 
repeated contrast-enhanced CT. 

  Prognostic Factors for Overall Survival  
  Table 2  shows the results of univariate and multivariate 

analysis of prognostic factors for overall survival. Uni-
variate analysis showed that low serum albumin
( ! 3.5 g/dl), a high level of PIVKA-II ( 6 100 mAU/ml), and 
multiple nodules were mortality risk factors. The cumula-
tive survival rate of patients with PIVKA-II  6 100 mAU/
ml was significantly lower than that of patients with 
 PIVKA-II  ! 100 mAU/ml (96.1, 77.2 and 58.0 vs. 100,
94.6 and 84.0% at 1, 3 and 5 years, respectively; p  !  0.001; 
 fig 2 b). Cox regression analysis showed that low serum 
albumin (p = 0.002, RR 3.75, CI 1.64–8.56), a high level of 
PIVKA-II (p = 0.004, RR 3.15, CI 1.45–6.87), and multiple 
nodules (p = 0.021, RR 2.61, CI 1.15–5.91) were significant 
mortality risk factors after curative RFA therapy. 

  Risk Factors for Recurrence 
 The cumulative recurrence-free survival rates in all 

patients at 1, 3 and 5 years were 73.6, 31.3 and 15.4%, re-
spectively ( fig. 3 a). The median recurrence-free survival 
in all patients was 20.6 months (range 2.6–85.7). Univar-
iate and multivariate analysis shows that a high level of 
PIVKA-II (p = 0.05, RR 1.50, CI 1.090–2.529) and mul-
tiple nodules (p = 0.043, RR 1.49, CI 1.013–2.197) were 

Table 2. Results of stepwise Cox regression analysis for overall 
survival (n = 171)

Factors Overall survival

univariate
analysis
p value

multivariate analysis
p value
(RR, 95% CI)

Age >65 years 0.835
Sex (male compared with female) 0.574
Total bilirubin ≥1 mg/dl 0.197
Albumin <3.5 g/dl 0.001 0.002 (3.75, 1.64–8.56)
Platelets <10 ! 104/�l 0.157
AFP ≥100 ng/dl 0.597
AFP-L3 ≥15% 0.978
PIVKA-II ≥100 mAU/ml 0.001 0.004 (3.15, 1.45–6.87)
Tumor size ≥2.0 cm 0.190
2 or 3 tumor nodules 0.016 0.021 (2.61, 1.15–5.91)

RR = Risk ratio; CI = confidence interval.
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  Fig. 2.   a  The overall survival rates for all patients were 98.9, 89.8 and 77.5% at 1, 3 and 5 years, respectively.
 b  The cumulative survival rate of patients with PIVKA-II  6 100 mAU/ml was significantly lower than that of 
patients with PIVKA-II  ! 100 mAU/ml (96.1, 77.2 and 58.0 vs. 100, 94.6 and 84.0% at 1, 3 and 5 years, respec-
tively; p  !  0.001).  
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significant risk factors for recurrence after curative RFA 
therapy. The cumulative recurrence-free survival rates in 
patients with PIVKA-II  6 100 mAU/ml were significant-
ly lower than those in patients with PIVKA-II  ! 100 mAU/
ml (55.4, 32.6 and 12.1 vs. 80.1, 34.2, 16.9% at 1, 3 and 5 
years, respectively; p  !  0.032;  fig. 3 b).

  Risk Factors for Developing Tumor Status beyond 
Milan Criteria after RFA 
  Figure 4  shows the cumulative maintaining period 

within Milan criteria in patients with new or recurrent 
HCC after initial local therapy. The median maintaining 
period of all patients was 32.1 months (range 2.6–76.9). 
The cumulative rate of the maintaining period within 
Milan criteria in all patients was 93.0, 73.8 and 50.3% at 
1, 3 and 5 years, respectively ( fig. 4 a).

  Univariate analysis showed that high level of PIVKA-
II (6  100 mAU/ml), tumor size  6 2 cm, and multiple nod-
ules were risk factors for developing tumor status beyond 
Milan criteria. Cox regression analysis showed that low 
serum albumin (p = 0.037, RR 2.05, CI 1.04–4.02), high 
level of PIVKA-II (p = 0.009, RR 2.10, CI 1.20–3.68), 
 tumor size 6  2 cm (p = 0.036, RR 1.87, CI 1.04–3.36), 
and multiple nodules (p = 0.017, RR 1.95, CI 1.13–3.39) 
were significant risk factors for developing tumor sta-
tus beyond Milan criteria after curative RFA therapy 
( table 3 ). 

  The cumulative rate of the maintaining period with-
in Milan criteria in patients with PIVKA-II 6100 mAU/
ml was significantly lower than that in patients with 
PIVKA-II  ! 100 mAU/ml (87.4, 49.9 and 34.1 vs. 95.2, 
81.8 and 55.6% at 1, 3 and 5 years, respectively; p  !  0.001; 
 fig. 4 b).

Table 3. Factors related to developing tumor status beyond Milan 
criteria determined by stepwise Cox regression analysis (n = 
179)

Factors Overall survival

univariate
analysis
p value

multivariate analysis
p value 
(RR, 95% CI)

Age >65 years 0.112
Sex (male compared with female) 0.191
Total bilirubin ≥1 mg/dl 0.580
Albumin <3.5 g/dl 0.182 0.037 (2.05, 1.04–4.02)
Platelets <10 ! 104/�l 0.339
AFP ≥100 ng/dl 0.106
AFP-L3 ≥15% 0.967
PIVKA-II ≥100 mAU/ml <0.001 0.009 (2.10, 1.20–3.68)
Tumor size ≥2.0 cm 0.007 0.036 (1.87, 1.04–3.36)
2 or 3 tumor nodules 0.016 0.017 (1.95, 1.13–3.39)

RR = Risk ratio; CI = confidence interval.
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  Fig. 3.   a  The cumulative recurrence-free survival rates in all patients at 1, 3 and 5 years were 73.6, 31.3 and 15.4%, 
respectively. The median recurrence-free survival in all patients was 20.6 months (range 2.6–85.7).  b  The cu-
mulative recurrence-free survival rates in patients with PIVKA-II 6100 mAU/ml was significantly lower than 
that in patients with PIVKA-II  ! 100 mAU/ml (55.4, 32.6 and 12.1% vs. 80.1, 34.2 and 16.9% at 1, 3 and 5 years, 
respectively; p  !  0.032). 
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  Discussion 

 RFA has recently been introduced as an alternative 
technique to percutaneous ethanol injection therapy 
(PEIT) and is rapidly gaining use and replacing PEIT 
worldwide  [7, 18] . The treatment efficacy of RFA has been 
described previously  [19, 20] . Another study has suggest-
ed that RFA is a safe and effective therapy with satisfac-
tory curability, and that it should be the first choice of 
treatment modality in small HCC  [5] . The most favorable 
advantage of RFA therapy is that this treatment can be 
repeated in patients with tumor recurrence, as long as the 
liver function remains relatively good.

  However, recurrence frequently occurs even after cu-
rative local therapy at an annual recurrence rate of 15–
20%. It has been assumed that there are two distinct types 
of intrahepatic recurrence of HCC: de novo carcinogen-
esis and intrahepatic metastasis  [21] . On the other hand, 
factors related to the primary tumor, such as the size and 
number of tumors, pathological differentiation grade, 
and the presence of vascular invasion, may affect the pos-
sibility of intrahepatic occult metastasis at the time of 
initial treatment. TACE is the most widely used primary 
treatment for unresectable, advanced HCC; however, this 
procedure is regarded as palliative therapy. It is not indi-
cated as the first line option in early-stage HCC, as an 

outcome after TACE treatment is worse than that of per-
cutaneous treatments according to the report by the Liv-
er Cancer Study Group of Japan  [22] . Accordingly, the 
European Association for the Study of the Liver (EASL), 
AASLD, and JSH practice guidelines recommend cura-
tive treatment such as ablation or resection rather than 
TACE for early-stage HCC. Therefore, reduction of the 
tumor recurrence rate and maintaining period to adapt 
to local therapy are important issues in the management 
of HCC  [14, 15, 23] .

  In the current study, the low level ( ! 3.5 g/dl) of serum 
albumin, the high level of PIVKA-II ( 6 100 mAU/ml),
and multiple nodules were significantly associated with a 
mortality risk in multivariate analysis, and this result was 
similar to several previous studies  [7, 24, 25] . The low se-
rum albumin may be an index of liver function and indi-
cate increased progression of fibrosis. PIVKA-II has been 
recognized as a highly specific marker for HCC, and a 
good predictor of the prognosis of HCC patients  [11, 
26] . 

  Prothrombin is normally synthesized in hepatocytes 
by conversion of the glutamic acid residues near the N-
terminal Gla domain of the precursor to  � -carboxyglu-
tamic acid by  � -carboxylation with vitamin K-dependent 
 � -glutamyl carboxylase. Therefore, a deficiency of vita-
min K or a decrease in  � -glutamyl carboxylase activity 
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  Fig. 4.   a  The cumulative maintaining period within Milan criteria in patients with new or recurrent HCC after 
initial local therapy is shown. The median maintaining period of all patients was 32.1 months (range 2.6–76.9). 
The cumulative rate of the maintaining period within Milan criteria in all patients was 93.0, 73.8 and 50.3% at 
1, 3 and 5 years, respectively.  b  The cumulative rate of the maintaining period within Milan criteria in patients 
with PIVKA-II  6 100 mAU/ml was significantly lower than that in patients with PIVKA-II  ! 100 mAU/ml (87.4, 
49.9 and 34.1 vs. 95.2, 81.8 and 55.6% at 1, 3 and 5 years, respectively; p  !  0.001). 
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results in the secretion into the blood of immature pro-
thrombin that lacks  � -carboxyglutamic acid residues, 
PIVKA-II. It has been reported that the vitamin K levels 
in HCC tissue are significantly lower than in the sur-
rounding tissue, although this remains controversial  [27, 
28] . Several authors reported a role for vitamin K in con-
trolling cell growth, and vitamin K analogues cause cell 
growth inhibition in hepatoma cell lines  [29, 30] .

  Several authors have investigated the clinical utility of 
PIVKA-II in view of the correlation between several fac-
tors such as tumor size, intrahepatic metastases, portal 
vein thrombosis, and histologic activity of tumor tissue 
 [31, 32] . Moreover, PIVKA-II is correlated significantly 
with the development of portal venous invasion and ear-
ly intrahepatic recurrence after PEIT  [26, 33] . Some
investigators have reported that a high preoperative
PIVKA-II level is correlated with the presence of micro-
scopic vascular invasion in patients undergoing hepa-
tectomy  [34–36] . In a study on 40 patients who had un-
dergone a living donor transplantation, Shimada et al.  
[37]  reported that PIVKA-II levels  6 300 mAU/ml were 
correlated with the presence of microscopic vascular in-
vasion and PIVKA-II was thus a poor prognostic factor. 
Present microscopic vascular invasion or satellites will 
most likely not be affected by ablation. At the same time, 

these characteristics are the most accurate predictors of 
distant intrahepatic recurrence after curative local ther-
apy  [38–40] . 

  In the current study, PIVKA-II  6 100 mAU/ml prior 
to ablation therapy significantly predicted recurrence 
and shortening of the period within Milan criteria. As 
recurrence and management of HCC are the most impor-
tant factors that influence survival, it is important to pre-
dict tumor recurrence and prognosis. Accordingly, we 
suggest that PIVKA-II is a useful tumor marker for pre-
dicting survival in patients with HCC. 

  In conclusion, a high PIVKA-II level in patients with 
Child-Pugh stage A early-stage HCC is associated with 
the prognosis of HCC mortality risk. Therefore, patients 
with a high PIVKA-II level should be more carefully fol-
lowed up and adjuvant therapy such as interferon therapy 
 [41]  or molecular-targeted agent such as sorafenib  [42]  
should be considered for such patients after curative RFA 
treatment.
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week after chemoembolization were analyzed and com-
pared with follow-up dynamic CT results.  Results:  The de-
tection rates of positive enhancement with Sonazoid-en-
hanced harmonic US and dynamic CT 1 week after TACE 
were 25 (58.1%) of 43 lesions and 17 (39.5%) of 43 lesions, re-
spectively. Sonazoid-enhanced harmonic US was signifi-
cantly more sensitive than dynamic CT in depicting the re-
sidual tumor blood supply to HCCs 1 week after TACE (p  !  
0.01;  �  2  test). The Sonazoid-enhanced harmonic US results
of the 16 lesions 1 week after chemoembolization were con-
sistent with the follow-up results of dynamic CT 2 months 
after chemoembolization.  Conclusions:  Sonazoid-enhanced 
harmonic US appears to be a highly sensitive and accurate 
modality for evaluating responses of HCCs shortly after 
TACE.  Copyright © 2008 S. Karger AG, Basel 

 Key Words 
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 Abstract 
  Background:  The purpose of this study was to investigate if 
Sonazoid-enhanced harmonic ultrasonography (US) could 
be used to evaluate the responses of hepatocellular carcino-
mas (HCCs) to treatment with transcatheter arterial chemo-
embolization (TACE).  Patients and Methods:  Forty-three 
HCCs that had been treated by TACE were evaluated by Son-
azoid-enhanced harmonic US and dynamic computed to-
mography (CT) approximately 1 week after their treatment. 
The detection rates of residual tumor blood supply using the 
two modalities were compared. Two months after chemo-
embolization, 16 of the 43 HCCs, which had no additional 
local treatment, were followed up with dynamic CT. The re-
sults of contrast-enhanced harmonic US and dynamic CT 1 
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 Introduction 

 Hepatocellular carcinomas (HCC) are a common 
cause of cancer death worldwide. Although hepatic resec-
tion and transplantation provide hope for cure, 70–80% 
of HCC patients are not suitable for curative resection ei-
ther because of the advanced stage of the disease at the 
time of presentation or because of underlying cirrhosis  [1, 
2] . Transcatheter arterial chemoembolization (TACE) 
with an emulsion of iodized oil has become one of the 
most effective treatments for unresectable HCC  [3] . To 
obtain a better survival rate, it is important to evaluate 
the therapeutic effect and plan additional treatments  [4, 
5] . Dynamic computed tomography (CT) is commonly 
used for response evaluation of HCC after TACE  [6] . 
However, both necrotic and viable areas exhibit high at-
tenuation on contrast-enhanced CT  [7]  after TACE ow-
ing to iodized oil accumulation in tumor. Therefore, the 
evaluation should be delayed by at least 1 month because 
iodized oil in viable areas is washed out gradually, even if 
it filled the tumor immediately after treatment. 

  Contrast harmonic ultrasonography (US) with an in-
travenous contrast agent has been shown to depict tumor 
vascularity sensitively and accurately  [5, 8, 9] . Even con-
trast harmonic US using Levovist (Schering Co., Germa-
ny), a so-called first-generation contrast agent, was re-
portedly useful for assessing the therapeutic response to 
TACE because Levovist is not affected by iodized oil ac-
cumulation  [8] . However, Levovist, which consists of mi-
cro air bubbles, collapses easily when exposed to a sono-
graphic pulse with high acoustic power  [5, 8, 9] . There-
fore, Levovist-enhanced harmonic US has limitations for 
imaging the enhanced HCC nodule in real-time scans. 
Recently, NC100100 (Sonazoid; Daiichi-Sankyo, Tokyo, 
Japan), a new second-generation contrast agent, has been 
licensed for clinical use in Japan  [10] . Sonazoid provides 
a stable nonlinear oscillation in a low-power acoustic 
field because of its hard shell of bubbles, and produces 
greater detail of the second harmonic signals in real time. 
Under low acoustic pressure, Sonazoid-enhanced har-
monic US can show the vessel images in the vascular 
phase and liver parenchymal images in the postvascular 
phase in real time  [11, 12] . The purpose of this study was 
to investigate the clinical utility of Sonazoid-enhanced 
US in evaluating the early-phase therapeutic response of 
TACE in patients with HCC by comparing it with dy-
namic CT. 

  Patients and Methods 

 Institutional review board approval was obtained for the pres-
ent study. Written informed consent was obtained from the pa-
tients. From January 2007 to August 2008, 28 patients with 43 
HCCs were enrolled, including 24 men and 4 women (age range 
60–85 years; mean age 73.3 years), all of whom had Child-Pugh 
class A or B liver cirrhosis. Twenty-three patients had chronic 
hepatitis C, and 5 had chronic hepatitis B. The tumor numbers in 
each patient varied from 1 to 4 (mean  8  SD 1.7  8  0.9). The max-
imum diameters of the entire tumors ranged from 0.9 to 10.0 cm 
(mean  8  SD 2.9  8  1.8 cm) on dynamic CT. Twelve HCC patients 
had not been treated previously. Radiofrequency ablation (RFA), 
TACE, or both had previously been performed in 7, 8, and 1 pa-
tient, respectively. The final diagnosis of 43 HCCs was mainly 
based on dynamic CT, and clinical laboratory data were measured 
at the same time including serum  � -fetoprotein,  Lens culinaris 
 agglutinin-reactive  � -fetoprotein and des- � -carboxy prothrom-
bin levels. All the patients had been examined by an experienced 
surgeon and were considered to be unsuitable for surgical resec-
tion.

  The exclusion criteria in the present study included patients 
older than 90 years, patients with uncontrolled liver disease de-
compensation or an invasive pattern, such as portal vein throm-
bosis or extrahepatic spread, patients who exhibited any contra-
indication for an arterial procedure, such as impaired function 
related to clotting disorders (prothrombin activity of  ! 1.5 inter-
national normalized ratio, or platelet count of  ! 40  !  10 9 /l), renal 
failure or severe associated disease, and patients who had severe 
allergies to contrast media.

  TACE was performed using the right femoral arterial ap-
proach with the Seldinger method. Prior to chemoembolization, 
the patency of the portal vein was confirmed by celiac trunk and 
superior mesenteric artery arteriography. After the tumor vessels 
and their feeding artery had been revealed, an emulsion of epiru-
bicin (20–40 mg/person; Farmorbicin; Kyowa Hakko, Tokyo, Ja-
pan) and iodized oil (2–4 ml; Lipiodol; Guerbet, Aulnay-sous-
Bois, France) was administered into the feeding artery under flu-
oroscopic guidance and followed by gelatin sponge (Gelpart; 
Astellas Pharma, Tokyo, Japan) via a catheter. The gelatin sponge 
was administered until the feeding arteries were completely oblit-
erated. If the tumor was supplied by two or more different feeding 
arteries, all feeding arteries were embolized. The dosage of Lipi-
odol was determined according to the number and diameter of 
the lesions (maximal volume of emulsion, 10 ml). If the tumor was 
solitary, the tip of the catheter was selectively placed into the seg-
mental or subsegmental arteries feeding the tumor to avoid dete-
rioration of liver function associated with the chemoemboliza-
tion. Otherwise, the tip was placed into the right or left branch of 
the hepatic artery.

  Contrast-enhanced US was performed using a GE LOGIQ 7 
ultrasound scanner (GE Healthcare, Milwaukee, Wisc., USA) 
with a 4.0- or 6.5-MHz convex transducer. The acoustic power of 
contrast-enhanced harmonic US was set at the default setting 
with a mechanical index of 0.2; the dynamic range was fixed at 
60–65 dB. A single focus point was set 10 cm deep. Through a 
20-gauge cannula placed in an antecubital vein, Sonazoid at a 
dose of 0.01 ml/kg was injected manually at a speed of 1 ml/s and 
followed by a 10.0-ml saline flush to ensure no residual contrast 
agent remained in the cannula. After administration of Son-
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azoid, when the first microbubble signal appeared in the liver 
parenchyma, the patient was requested to hold his or her breath, 
and any part of the tumor was scanned from the vascular phase 
to the postvascular phase. Vascular findings are shown as the 
tumor vessel flow in the vascular phase (about 5–7 min after in-
jection of Sonazoid) in real time. In the postvascular phase, pa-
renchymal findings are shown as Kupffer imaging. Then, HCCs 
were visualized as defects through the postvascular phase. If the 
patient had multiple HCCs, additional contrast agent was inject-
ed to confirm tumor vessel flow in other defects. The dosage of 
Sonazoid for patients in the present study ranged from 0.01 to 
0.02 ml/kg (mean  8  SD 0.014  8  0.005 ml/kg). To avoid interop-
erator variability, all contrast-enhanced harmonic US were per-
formed by one experienced sonographer (K.M.) who had previ-
ously performed scans in over 3,000 cases using contrast-en-
hanced US. All contrast-enhanced harmonic US data were stored 
into the hard disk embedded within the scanner for subsequent 
evaluation. Two physicians (Y.X., K.H.) as well as the sonogra-
pher reviewed the clips of contrast-enhanced harmonic US off-
line in a consensus manner. The responses were evaluated retro-
spectively without knowledge of the dynamic CT results. In the 
arterial phase, if microbubbles were present within the tumor, 
the tumor was interpreted as positive enhancement; if there was 
no microbubble signal present within the tumor, the tumor was 
interpreted as negative enhancement. The echogenic background 
signals that originated from the gelatin sponge were not inter-
preted as enhancement, for it could not be enhanced, although 
sometimes it appeared to be hyperechoic. Positive enhancement 
indicated blood supply to a viable tumor.

  Dynamic CT with 64 detectors (LightSpeed VCT; GE Medical 
Systems, Milwaukee, Wisc., USA) was used for diagnosis and 
evaluation. The dual-phase study was obtained for each patient as 
follows. First, an unenhanced helical sequence through the liver 
was obtained, and a total of 100 ml of nonionic contrast material 
containing 300 mg iodine/ml (iomeprol; Eisai, Tokyo, Japan) was 
administered intravenously at a rate of 3 ml/s with an automatic 
power injector. Then, triple-phase contrast-enhanced CT scans 
were performed at 30, 60 and 180 s to obtain hepatic arterial, por-
tal venous and equilibrium phase images, respectively. The scan-
ning was performed at 5.0-mm intervals. Dynamic CT data were 
analyzed and defined in consensus by two hepatologists (Y.M., 

M.K.) who were blinded to the result of contrast-enhanced har-
monic sonography. Tumors were defined as positive enhance-
ment after TACE on dynamic CT when the nodule showed iden-
tifiable enhancement in the tumors filled with iodized oil. Tu-
mors were defined as negative enhancement after TACE on 
dynamic CT when the nodule did not show identifiable enhance-
ment in the tumor. 

  Contrast-enhanced harmonic sonography and dynamic CT 
were performed 4– 9 days (median 7 days) and 5–9 days (median 
7 days) after the procedures to evaluate the effectiveness of TACE. 
Ten patients received additional treatment with RFA to improve 
their prognoses after TACE. The other 18 patients were treated 
only by TACE for poor hepatic function or for multiple liver nod-
ules. Ten patients with 16 HCC nodules were followed up to allow 
us to compare the findings of contrast-enhanced harmonic so-
nography performed 1 week after TACE with those of CT per-
formed 2 months after the chemoembolization. 

  Statistical Analysis 
 The detection rate of positive enhancement on contrast-en-

hanced harmonic sonography and dynamic CT approximately 1 
week after TACE was compared with  �  2  or Fisher exact tests. p  !  
0.05 was considered to be a significant difference.

  Results 

 The detection rates of intratumoral enhancement af-
ter TACE on contrast-enhanced harmonic US and dy-
namic CT were 25 (58.1%) of 43 HCCs and 17 (39.5%) of 
43 HCCs, respectively ( table 1 ). Contrast-enhanced har-
monic US was statistically more sensitive than dynamic 
CT in depicting residual blood supply of HCCs after 
TACE (p  !  0.01;  �  2  test). A total of 35 HCC (81.3%, 35/43) 
findings on contrast-enhanced harmonic US were con-
sistent with those on dynamic CT. In 8 HCCs (18.6%, 
8/43), positive enhancement was only present on con-
trast-enhanced harmonic US ( fig. 1 ). No HCC nodules 

Table 1. Sonazoid-enhanced harmonic sonography and dynamic 
CT results of 43 HCCs approximately 1 week after chemoembo-
lization

Sonazoid-enhanced
harmonic sonography

MDCT Total

positive
enhancement

negative
enhancement

Positive enhancement 17 8 25
Negative enhancement 0 18 18

Total 17 26 43

MDCT = Multidetector row CT.

Table 2. Follow-up results of 16 HCCs approximately 1 week and 
2 months after chemoembolization

Local
enhance-
ment

Modality used to evaluate treatment re-
sponse 1 week after chemoembolization

Local recurrence
of carcinoma
2 months
after treatmentcontrast-enhanced har-

monic US
dynamic CT

Positive 11 8 11
Negative 5 8 5

HCCs were followed up with dynamic CT and were associat-
ed with elevated �-fetoprotein or des-�-carboxy prothrombin 
levels.
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without positive enhancement on contrast-enhanced US 
showed enhancement on dynamic CT. 

  With regard to the 10 patients with 16 HCCs who were 
only treated with TACE, 5 HCCs with no enhancement 
on contrast-enhanced US showed no recurrence at 2 
months after chemoembolization ( table 2 ). The other 11 
HCCs with positive enhancement on contrast-enhanced 
US showed iodized oil washout and harbored viable tu-
mors on dynamic CT 2 months after chemoemboliza-

tion. For eight nodules, the results depicting intratumor-
al blood flow by contrast-enhanced US were consistent 
with findings seen on dynamic CT 1 week after the che-
moembolization. However, in three nodules, intratumor-
al blood flow was depicted only on contrast-enhanced US 
1 week after the chemoembolization. The 2-month fol-
low-up CT after the TACE was consistent with the results 
of contrast-enhanced harmonic US 1 week after chemo-
embolization ( fig. 2 ). 

a b

  Fig. 1.  HCC in a 74-year-old man who had 
been treated with TACE. Sonazoid-en-
hanced harmonic US and dynamic CT 
were performed 6 days after chemoembo-
lization.  a  On dynamic CT, there was no 
identifiable enhancement revealed within 
the tumor (white arrows).  b  Arterial phase 
of contrast-enhanced harmonic sonogra-
phy obtained on the same day as the image 
in  a , showing obvious positive enhance-
ment (black arrows). 

a b c

  Fig. 2.  Multiple HCCs in an 84-year-old man after TACE. The le-
sion in segment IV was evaluated by contrast-enhanced harmon-
ic sonography and dynamic CT 7 days after chemoembolization. 
The lesion was followed up 2 months after chemoembolization 
without additional local treatment.  a  Seven days after chemoem-
bolization, on dynamic CT, the tumor in segment IV (black ar-
row) was filled with iodized oil, and no identifiable positive en-
hancement was present.  b  In the arterial phase of Sonazoid-en-
hanced harmonic US, an intercostal oblique view obtained on the 
same day as the image shown in  a  presented an ovoid contrast 

defect region (open arrow), which was thought to be a necrosis 
region induced by chemoembolization. Immediately adjacent to 
the anterior part of the defect region there was a crescent-shaped 
enhanced region (white arrow) indicating the presence of a re-
sidual tumor blood supply.  c  Two months after chemoemboliza-
tion, local recurrence (black arrow) on dynamic CT, the location 
of which corresponded to the location of the residual tumor blood 
supply in  b , confirmed the results of Sonazoid-enhanced har-
monic US. 
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  Discussion 

 TACE has become one of the most conventional and 
effective treatments for patients with unresectable HCC 
 [3, 7] . However, even after successful TACE, tumor re-
currence is common  [13–16] . To obtain a better progno-
sis, evaluation of the response to TACE is indispensable 
for planning further treatment. For most nonresection 
treatments such as radiotherapy and chemotherapy, the 
evaluation of therapeutic response is based on the tumor 
reduction rate. However, tumor reduction after TACE 
does not necessarily mean histopathologic necrosis of 
HCC  [17] . The poor correlation might be shown in pa-
tients as the iodized oil which accumulated in HCC af-
ter TACE could not demonstrate enhancement in the 
tumor; as a result these HCCs were misinterpreted as 
complete necrosis. Currently, therapeutic evaluation of 
TACE mainly relies on depicting the blood supply to the 
tumor. 

  Dynamic CT is commonly used for the therapeutic 
evaluation of chemoembolization in HCCs  [6] . The ab-
sence of enhancement on contrast-enhanced CT can 
 indicate the disappearance of the blood supply and
thus successful treatment. Conversely, intratumoral en-
hancement could indicate the presence of a viable HCC 
and suggest that further treatments are needed. How-
ever, in the days shortly after treatment, it is difficult to 
assess the effectiveness of chemoembolization with dy-
namic CT, as both necrotic and viable areas exhibit high 
attenuation on CT owing to the deposited iodized oil 
 [18] . The signal intensity of MR is not influenced by the 
presence of iodized oil  [19] ; however, the signal inten-
sity of some HCC lesions might switch appearance from 
hypointense to hyperintense after TACE and these 
changes make it difficult to evaluate enhancement, even 
on dynamic MR imaging  [20] . Another limitation of 
MR evaluation is the difficulty in detecting the small 
viable areas of tumors  [21] . 

  The introduction of ultrasound contrast agents has 
opened up new prospects for liver imaging. With the 
advance of various imaging software packages, con-
trast-enhanced US can be used for the diagnosis of he-
patic tumors and assessing the therapeutic response to 
TACE and RFA in patients with HCC. Contrast-en-
hanced US with Levovist was reported to have high sen-
sitivity in depicting tumor vascularity in patients with 
HCC shortly after TACE, and was regarded as a modal-
ity that is superior to dynamic CT and dynamic MR im-
aging  [5, 8] . However, Levovist bubbles easily collapse by 
US emission because of their fragility. Therefore, Levo-

vist-enhanced harmonic US images are basically ob-
tained intermittently, and real-time images are obtained 
within a short period of time during the early vascular 
phase, while Kupffer imaging in the postvascular phase 
can be performed by a signal sweep scan of the liver. Re-
cently, Sonazoid, a new second-generation contrast 
agent that was developed in US, has been introduced for 
clinical use in Japan. Sonazoid molecules consist of a 
hard shell containing perflubutane microbubbles with a 
size about 2–3  � m in diameter  [22] . Thus, Sonazoid can 
pass through the pulmonary capillary bed after intrave-
nous administration  [23] . Moreover, Sonazoid enables 
real-time vascular imaging and liver parenchymal im-
aging in the postvascular phase owing to its stability 
under low acoustic pressure  [11] . In other words, Son-
azoid-enhanced US can depict parenchymal tumor 
stain as an area in a real-time scan, whereas Levovist-
enhanced US can only depict the vascular disease image 
in a real-time scan.

  In this study, 8 of the 43 nodules that showed no en-
hancement on dynamic CT appeared partially enhanced 
on Sonazoid-enhanced harmonic US in real time, where-
as no nodule without enhancement on Sonazoid-en-
hanced harmonic US appeared enhanced on dynamic 
CT. The reviewer’s rates of detection of the intratumoral 
flow shortly after TACE using Sonazoid-enhanced har-
monic US were superior to the rates of detection using 
dynamic CT because the depiction of tumor vascularity 
on Sonazoid-enhanced US was not affected by iodized oil 
accumulation  [4, 8] . 

  Lipiodol is gradually washed out from the viable area 
of HCC when residual intratumoral flow exists and the 
tumors are viable even after TACE. In this study, in three 
nodules with no intratumoral flow in the period of time 
shortly after TACE on dynamic CT, the enhanced area, 
that is, the recurring area, was depicted on dynamic CT 
2 months after TACE. On the other hand, in all 11 nod-
ules in which intratumoral blood flow was depicted on 
Sonazoid-enhanced US shortly after TACE, the apparent 
recurring areas were observed on dynamic CT 2 months 
after TACE. This evidence strongly suggests that the re-
sidual vascularity shown by Sonazoid-enhanced US 1 
week after TACE can be regarded as viable cancer cells. 
Therefore, Sonazoid-enhanced harmonic US allows for 
the accurate estimation of the treatment response of HCC 
and for evaluation of the future risk of HCC recurrence 
in the period of time shortly (approximately 1 week) after 
TACE. 

  In patients with multiple HCCs, Sonazoid-enhanced 
harmonic US requires an additional injection of the 
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contrast agent; however, it is a well-tolerated imaging 
modality. There was no side effect associated with intra-
venous injection of Sonazoid in the present study or in 
previous reports. Furthermore, Sonazoid is taken up by 
Kupffer cells, and this is very helpful for the differential 
diagnosis and for the detection and localization of he-
patic malignancies shown as defects in imaging during 
the postvascular phase. Therefore, reinjection of Son-
azoid in the postvascular phase might facilitate confir-
mation of other HCC nodules by depicting the tumor 
stain. 

  It is most important to correctly evaluate the complete 
necrosis in the first attempt at therapy whether or not ad-
ditional treatment such as percutaneous RFA or ethanol 
injection is necessary, especially in the period of time 
shortly after TACE. Based on our observations, it seems 
to be clear that patients, whose nodules have intratumor-
al blood flow on Sonazoid-enhanced harmonic US, have 
an increased risk of future recurrence and, therefore, 
should receive additional TACE or local ablation treat-
ment such as RFA. Moreover, Sonazoid-enhanced har-
monic US can be helpful in detecting viable areas after 
TACE and useful for guidance at the time of puncture 
with the RFA needle since the enhanced viable area can 
be clearly imaged on a sonographic plane. In the present 
study, for 17 HCCs, RFA was performed immediately af-

ter TACE. Contrast-enhanced US can detect small hy-
pervascular HCCs even though tumors cannot be ade-
quately depicted by B-mode US. Consequently, efficient 
treatment using Sonazoid-enhanced harmonic US short-
ly after treatment may result in a shorter period of hospi-
talization in patients with HCC. 

  The principal limitation of this study was the retro-
spective design, which inherently decreases statistical 
strength. Another limitation is the preliminary nature of 
this study with its relatively small number of patients and 
short follow-up period. Further prospective randomized 
studies of this technique with a larger number of patients 
are warranted.

  In conclusion, Sonazoid-enhanced harmonic US was 
sensitive and accurate for evaluating treatment responses 
in patients with HCC, even shortly after TACE. Conse-
quently, it allows early recognition of the need for addi-
tional local ablation therapy and estimation of the risk of 
HCC recurrence. 
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(18.2%), leukopenia (9.1%), anemia (9.1%), and thrombocyto-
penia (18.2%) were observed. Grade 4 toxicities were not ob-
served.  Conclusion:  Combination therapy with S-1 and PEG-
IFN is effective and feasible, and is therefore a promising 
regimen for advanced HCC.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in Asia, including Japan. It is gen-
erally known that persistent infections with hepatitis B 
and C viruses are the main risk factor for liver carcino-
genesis. Therefore, it is easy to detect HCC in its early 
stage. Consequently, early detection of HCC has made 
early treatment possible. However, most cases of HCC are 
still detected at an advanced stage. There are several op-
tions of treatment for patients with HCC such as surgical 
resection, transcatheter arterial chemoembolization 
(TACE), radiofrequency ablation, percutaneous ethanol 
injection, and liver transplantation. However, the prog-
nosis of patients with advanced HCC, which often spreads 
to the portal vein or to the extrahepatic organs, or which 

 Key Words 
 Hepatocellular carcinoma, advanced  �  S-1  �  Pegylated 
interferon alpha 

 Abstract 
  Purpose:  There are currently no effective treatments for pa-
tients with advanced hepatocellular carcinoma (HCC) with 
vascular invasion or extrahepatic metastases. We evaluated 
the efficacy and safety of combination therapy with S-1 and 
pegylated interferon (PEG-IFN)- �  for advanced HCC.  Meth-
ods:  A total of 22 patients received combination therapy 
with S-1 and PEG-IFN. One cycle of the combination therapy 
consists of oral S-1 (80 mg/m 2 ) administration and subcu-
taneous PEG-IFN injection (PEG-IFN- � -2a 90  � g weekly or 
PEG-IFN- � -2b 50  � g weekly) for 4 weeks with 1- to 2-week 
intervals.  Results:  One patient was evaluated as complete 
response, 6 as partial response, 8 as stable disease, and 6 as 
progressive disease. One patient was not evaluable because 
therapy had to be discontinued as a result of jaundice. The 
median survival time was 15.3 months (95% CI: 4.4–26.2 
months). The 1- and 2-year survival rates were 54.9 and 
36.6%, respectively. The overall response rate was 31.8% and 
the disease control rate was 68.2%. Grade 3 neutropenia 
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is uncontrollable by standard therapies, is still poor  [1] . 
Patients are usually treated with systemic chemotherapy 
using various antitumor agents. However, HCC is often 
less sensitive to antitumor agents than other malignan-
cies. As a result, systemic chemotherapy for advanced 
HCC is not well established. 

  No effective treatments are currently available for ad-
vanced HCC with extrahepatic metastasis such as lung 
metastasis. In contrast, for patients with local advanced 
HCC including portal vein thrombus, continuous hepat-
ic arterial injection chemotherapy using a subcutaneous 
implanted port system is effective. In particular, the com-
bination therapy with intra-arterial 5-fluorouracil (5-
FU) and subcutaneous interferon alpha (IFN- � ) has a 
high antitumor effect on HCC  [2] . However, this method 
is often invasive, because angiography is needed and, 
therefore, long stays in hospital are necessary. Conse-
quently, a less invasive therapy is still awaited. 

  In this study, we evaluated whether the combination 
therapy of S-1 and pegylated interferon (PEG-IFN) can 
solve these problems, because it is less invasive and can 
be managed within the outpatient clinic. Furthermore, 
we investigated the efficacy and feasibility of this combi-
nation therapy.

  Patients and Methods 

 Patients 
 From June 2005 through to December 2007, a total of 22 pa-

tients with refractory HCC, which could not be controlled by 
standard therapeutic modalities, received the S-1 and PEG-IFN 
combination therapy. Patient characteristics are shown in  tables 1  
and  2 . 

  Criteria for Combination Therapy 
 The criteria for the combination therapy were: (1) advanced 

HCC, which was uncontrollable with standard treatment, or HCC 
with distant metastasis, (2) age under 80 years, (3) an Eastern Co-
operative Group performance status of 0 or 1  [3] , (4) Child-Pugh 
grade A or B, (5) encephalopathy degree 0, (6) leukocyte count 
 1 3,000 cells/mm 3 , hemoglobin level  1 10 g/dl, platelet count
 1 80,000 cells/mm 3 , and (7) serum creatinine  ! 1.5 mg/dl, serum 
aspartate aminotransferase  ! 200 IU/l, serum alanine aminotrans-
ferase  ! 200 IU/l, and serum total bilirubin level  ! 3.0 mg/dl.

  Treatment Regimen 
 After obtaining informed consent, 22 patients were treated 

with the S-1 (TS1; Taiho Pharmaceutical Co., Tokyo, Japan) and 
PEG-IFN (PEG-IFN- � -2a; Pegasys, Cyugai Pharmaceutical Co., 
Tokyo, Japan; PEG-IFN- � -2b; PegIntron, Schering-Plough, Ken-
ilworth, N.J., USA) combination therapy. S-1 was given orally at a 
daily dose of 80 mg/m 2 , divided into two equal doses, from day 1 
to day 28 with a 1- to 2-week interval. The dose of S-1 was reduced 
properly according to the general condition of the patients. PEG-
IFN- �  was given subcutaneously on days 1, 8, 15 and 22 (PEG-
IFN- � -2a was given at a dose of 90  � g weekly; PEG-IFN- � -2b at 
50  � g weekly) ( fig. 1 ).

  S-1 
 S-1, a novel oral antitumor agent, has been developed based on 

the theory of biochemical modulation of 5-FU. It consists of tega-
fur (FT) and two enzyme inhibitors, 5-chloro-2,4-dihydroxypyr-
idine (CDHP) and potassium oxonate (Oxo), at a molar ratio of 
FT:CDHP:Oxo = 1:   0.4:   1  [4] . FT is absorbed in the small intestine 
and converted to 5-FU in the liver. However, 80–90% of 5-FU is 
inactivated to F- � -alanine by the dihydropyrimidine dehydroge-
nase (DPD). CDHP in the S-1 inhibits the DPD and decreases 
metabolism of 5-FU  [5] . CDHP increases the blood concentration 
and enhances the antitumor effect of 5-FU. The blood concentra-
tion of 5-FU after oral administration of S-1 can achieve levels 
equal to those associated with continuous venous infusion of

Table 1. Characteristics of patients treated with combination S-1 
and PEG-IFN therapy

Characteristics Patients

Total number of patients 22
Gender

Male 17
Female 5

Age, years
Median 64.0
Range 38–78

Background
HBV, HCV 1
HBV 4
HCV 12
NBNC 5

Child-Pugh stage
A 16
B 6

Stage
III 7
IVA 4
IVB 11

NBNC = Non-B, non-C hepatitis.

Administration for
28 consecutive days

7–14 days 
interval 

PEG-IFN-�-2a 90 μg (s.c.) or
PEG-IFN-�-2b 50 μg (s.c.)

S-1 80 mg/m2 (p.o.)

Day 1 8 15 22 29

  Fig. 1.  Protocol of combination therapy with S-1 and PEG-IFN. 
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5-FU  [6] . F- � -alanine, which is converted from 5-FU, is associ-
ated with toxic effects on the gastrointestinal tract such as diar-
rhea, nausea, and vomiting. Oxo in S-1 is distributed to the gas-
trointestinal tract after oral administration and inhibits the phos-
phorylation of 5-FU and thereby reduces the toxicity in the 
gastrointestinal tract  [7] . S-1 is a unique antitumor agent, which 
reduces toxicity and enhances the antitumor activity.

  Pegylated Interferon 
 PEG-IFN- �  is a covalent conjugate of recombinant IFN- �  

with monomethoxy polyethylene glycol (PEG) at a molar ratio of 
1:   1. It is widely used in the treatment of hepatitis C. Conjugation 
of PEG prolongs the serum half-life of IFN relative to ordinary 
IFN- �   [8] . Therefore, PEG-IFN allows once weekly dosing. This 
prolongation of the half-life means that serum levels of PEG-IFN 
remain higher than with non-PEG-IFN, and the clinical efficacy 
of PEG-IFN, including antitumor effects, continues for a longer 
time. Moreover, stable serum concentration can avoid subjective 
adverse effects such as fever.

  Analysis 
 Statistical analysis was conducted by using the SPSS version 

11.5.1J for Windows.

  Results  

 Response 
  Table 3  shows the clinical efficacy of combination ther-

apy with S-1 and PEG-IFN. Complete response and par-
tial response were achieved in 1 (4.5%) and 6 (27.3%) of the 
22 patients, respectively ( fig. 4, 5 ). The overall response 

rate was 31.8%. Stable disease was noted in 8 (31.8%) and 
the disease control rate (complete response + partial re-
sponse + stable disease) was 68.2% in 22 patients. Progres-
sive disease was noted in 6 (27.3%) of the 22 patients. One 
patient was not evaluable because of discontinued therapy 
owing to an elevated total bilirubin level. 

  Time to Progression 
  Figure 2  shows the cumulative time to progression of 

all patients treated by combination therapy with S-1 and 
PEG-IFN. The median time to progression of all patients 
was 5.3 months (95% confidence interval: 2.1–8.5 
months). 

  Survival 
 All enrolled patients were included in the survival as-

sessment. Twelve of the 22 patients had died at the time 
of analysis. The causes of death were tumor progression 
(n = 10), rupture of esophageal varices (n = 1) and cerebral 
hemorrhage from brain metastasis (n = 1). No treatment-
related death was observed. Of the 22 patients, the me-
dian overall survival was 15.3 months (95% confidence 
interval: 4.4–26.2 months). The 1- and 2-year survival 
rates were 54.9 and 36.6%, respectively ( fig. 3 ).

  Toxicity 
 Adverse events of all 22 patients are shown in  table 4 .  

Common Terminology Criteria for Adverse Events v 3.0 
(CTCAE v 3.0) grade 3 leukopenia, anemia, thrombocy-
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  Fig. 2.  Time to progression with S-1 and PEG-IFN combination 
therapy. 

  Fig. 3.  Kaplan-Meier curve of overall survival of patients treated 
with the combination therapy of S-1 and PEG-IFN. 

 Ueshima et al.
 

 Oncology 2008;75(suppl 1):106–113 110

topenia and neutropenia were observed in 2 (9.1%), 2 
(9.1%), 4 (18.2%) and 4 (18.2%) of the 22 patients, respec-
tively. Grade 1 or 2 fever owing to PEG-IFN was observed 
in 16 (72.7%) patients. Grade 3 mucositis was observed in 
1 patient. Grade 3 hyperglycemia was observed in 1 pa-
tient. No psychiatric symptom was observed. All toxic 
side effects improved when the treatment was discontin-
ued and did not lead to death. 

  Discussion 

 It is well known that 5-fluoropyrimidine and IFN have 
synergistic antitumor effects. Many investigators have re-
ported the mechanism of this synergistic antitumor ef-
fect, which can be broadly divided into four mechanisms 
as follows: (1) cytotoxic effects by increasing the intracel-
lular FdUMP levels, which is the active metabolite of 5-FU 

 [9] , (2) apoptosis induced by p53  [10] , (3) inhibition of tu-
mor angiogenesis  [11, 12], and  (4) activation of the im-
mune system by augmentation of T cell cytotoxicity  [13] . 
Sakon et al.  [2]  reported that combined intra-arterial 5-
FU and subcutaneous IFN- �  therapy had a high response 
rate of 73% for HCC with tumor thrombi in the major 
portal branches. Other investigators have also reported 
the efficacy of a combination therapy with 5-FU and IFN 
 [14–19] . However, hepatic arterial infusion chemotherapy 
requires the implantation of a catheter system. Therefore, 
patients need to be hospitalized for a long period of time. 
Moreover, this method has several other limitations, in-
cluding infection via the catheter system, obstruction or 
dislocation of the catheter, stenosis or obstruction of he-
patic artery owing to angitis induced by antitumor agents. 
On the other hand, non-PEG-IFN needs to be adminis-
tered 3 times per week to maintain the serum concentra-
tion. Such situations may adversely affect the patient’s 
quality of life. Thus, we consider the combination of S-1 
and PEG-IFN to be a more convenient and noninvasive 
treatment and can overcome these problems. 

  S-1, a novel oral antitumor agent, was designed to
have more effective antitumor activity with fewer ad-
verse effects. S-1 consists of FT and two enzyme in-
hibitors, CDHP and potassium Oxo, at a molar ratio of 
FT:CDHP:Oxo = 1:   0.4:   1. FT is absorbed in the small in-
testine, and is converted to 5-FU in the liver. However, 
80–90% of 5-FU is inactivated to F- � -alanine by DPD. 
CDHP in S-1 inhibits DPD and decreases the metabolism 
of 5-FU. However, F- � -alanine converted from 5-FU 
causes toxicity in the gastrointestinal tract such as diar-
rhea, nausea, and vomiting. Oxo in S-1 is distributed 
through the gastrointestinal tract after oral administra-
tion and inhibits the phosphorylation of 5-FU. Therefore, 
Oxo reduces the toxicity in the gastrointestinal tract. 
Overall, S-1 is a unique antitumor agent that reduces tox-
icity and enhances antitumor activity. S-1 can maintain 
high 5-FU level in blood, similar to those achieved with 
venous administration of 5-FU, and can reduce the toxic-
ity in the gastrointestinal tract.

  A single dose of PEG-IFN can maintain stable serum 
concentrations for about 1 week. This stable concentra-
tion of the IFN may play an important role in providing 
the antitumor effect and the reduced incidence of side ef-
fects  [20] .

  The combination of S-1 and PEG-IFN is considered to 
lead to a better response and may offer a good quality of 
life. Both S-1 and PEG-IFN can achieve stable and con-
tinuous antitumor effects to overcome the disadvantages 
of intra-arterial 5-FU and non-PEG-IFN. Continuous 

Table 3. Response rate for the combination of S-1 and PEG-IFN 
therapy

Total patients CR PR SD PD NE Response rate, %

22 1 6 8 6 1 31.8

Disease control rate (CR + PR + SD) = 68.2%. CR = Complete 
response; PR = partial response; SD = stable disease; PD = pro-
gressive disease; NE = not evaluable.

Table 4. Hematological and nonhematological toxicities

Grade 1 Grade 2 Grade 3 Grade 4

Leukocytes 3 (13.6) 10 (45.5) 2 (9.1) 0 (0.0)
Hemoglobin 8 (36.4) 9 (40.9) 2 (9.1) 0 (0.0)
Platelets 8 (36.4) 6 (27.3) 4 (18.2) 0 (0.0)
Neutrophil 0 (0.0) 1 (4.5) 4 (18.2) 0 (0.0)
Bilirubin 8 (36.4) 7 (31.8) 1 (4.5) 0 (0.0)
Anorexia 6 (27.3) 0 (0.0) 4 (18.2) 0 (0.0)
Fatigue 11 (50.0) 2 (9.1) 0 (0.0) 0 (0.0)
Fever 13 (59.1) 3 (13.6) 0 (0.0) 0 (0.0)
Mucositis 1 (4.5) 0 (0.0) 1 (4.5) 0 (0.0)
Diarrhea 1 (4.5) 0 (0.0) 0 (0.0) 0 (0.0)
Ascites 6 (27.3) 2 (9.1) 0 (0.0) 0 (0.0)
Hyperglycemia 0 (0.0) 0 (0.0) 1 (4.5) 0 (0.0)

According to the Common Terminology Criteria for Adverse 
Events v 3.0 (CTCAE v 3.0). Figures in parentheses are percent-
ages.
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  Fig. 4.  Case 4. A 71-year-old man with multiple HCCs with pul-
monary metastases. S-1 was administered at the dose of 80 mg 
daily. After one course of S-1 treatment alone, lung metastases 
were found to be increasing. Therefore, S-1 therapy alone was not 
considered effective. Expecting a synergistic effect, PEG-IFN- � -
2a was administered at a dose of 45  � g/week in combination with 
S-1. After only one administration of PEG-IFN- � -2a, lung metas-
tases were found to have decreased rapidly. All of the pulmonary 
metastases were found to have disappeared after three cycles of 
S-1 and PEG-IFN combination therapy. However, grade 3 hyper-
glycemia was observed and treatment was reluctantly stopped. 
During the withdrawal of this combination therapy, pulmonary 
metastases continued to disappear, but metastases appeared at 
lymph nodes and in the brain. He died 11.5 months after initiation 
of this combination therapy owing to tumor progression.  a–c  Af-
ter treatment with S-1 alone. Lung metastases were progressive. 
 d–f  After treatment with S-1 and PEG-IFN- � -2a. Lung metasta-
ses decreased and disappeared. 

  Fig. 5.  Case 6. A 72-year-old woman with HCCs (Vp3) which were 
uncontrollable by TACE and hepatic arterial infusion chemother-
apy using 5-FU and cisplatin with subcutaneous injection of 
PEG-IFN- � -2b. She then switched to combination therapy with 
S-1 and PEG-IFN. S-1 was administered orally at the dose of 40 
mg/day for 28 days, and PEG-IFN- � -2b was administered subcu-
taneously at the dose of 50  � g on days 1, 8, 15 and 22. After one 
cycle of this combination therapy, tumors were markedly decreas-
ing. During the second cycle of this treatment, thrombocytopenia 
was observed and combination therapy was therefore discontin-
ued until platelets recovered. After seven treatment cycles, almost 
all tumors and the portal tumor thrombus had disappeared. 
TACE was then performed to eradicate the remnant tumors. She 
is still alive 26.8 months after initiation of this combination ther-
apy.  a ,  b  Before S-1 and PEG-IFN- � -2b combination therapy. Tu-
mors of various sizes occupied almost all of the liver.  c ,  d  After 
three cycles of combination therapy with S-1 and PEG-IFN- � -2b. 
Most of the tumors had disappeared and some tumors had 
changed to necrotic lesions. 
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bioavailability of antitumor agents to the tumor cells is 
the most important factor that is involved in the antitu-
mor effect.

  As far as the mechanism of antitumor effect is con-
cerned, we have already reported that combination ther-
apy with PEG-IFN- �  and 5-FU inhibits HepG2 tumor 
cell growth in nude mice by p53-induced apoptosis. PEG-
IFN induces p53 protein and mRNA expression and DNA 
damage, while 5-FU induces the p53 serine 46 phosphor-
ylation and upregulates p53-regulated apoptosis-induc-
ing protein 1 (p53AIP1) expression  [21] .

  With this combination therapy, grade 3 hematological 
toxicities were observed in a total of 12 patients. These 
adverse events could be managed by temporary drug 
withdrawal and no treatment-related death was observed. 
Patients with advanced HCC potentially have poor liver 
function and pancytopenia due to splenomegaly. Careful 
administration is required since the clinically relevant 
dose of S-1 and PEG-IFN is unclear. Most patients did not 

report subjective symptoms except for fever associated 
with IFN therapy. Most patients have received this com-
bination therapy without hospitalization. Therefore, it is 
more convenient and feasible than other treatments.

  In conclusion, combination therapy with S-1 and PEG-
IFN demonstrated a high rate of antitumor activity and 
prolonged prognosis; moreover, it was easy to manage 
without hospitalization. However, hematological toxici-
ties were observed in many patients because of pancyto-
penia of liver cirrhosis. Therefore, it is necessary to deter-
mine the clinically relevant dose of S-1 and PEG-IFN. A 
confirmatory study with a larger number of patients is 
required. 
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Background. In Europe and the United States, it is 
known that obesity, which is increasing, is closely associ-
ated with gastroesophageal reflux disease (GERD), but 
in Japan no definite consensus has been reached on this 
relationship. Clarification of the relationship between 
the two is an important issue. Methods. After screening, 
gastrointestinal endoscopic examinations were con-
ducted on 1813 subjects who were surveyed using a 
questionnaire in which they recorded body weight, 
height, weight loss or gain, chief complaints, and under-
lying disease to prospectively examine the relationship 
between obesity and GERD. Differences in GERD 
prevalence and esophageal hiatal hernia prevalence in 
thin (body mass index less than 18.5 kg/m2), normal 
(18.5 to 25.0), and obese (greater than 25.0) subjects 
were examined, and the differences in GERD preva-
lence in patients with weight loss or gain were also 
investigated. Results. GERD prevalence was 20.96% in 
the thin group, 24.42% in the normal group, and 31.86% 
in the obese group, indicating a significantly higher 
prevalence in the obese group compared with the other 
groups. The prevalence of hernia was also significantly
higher in the obese group. GERD prevalence in the 
weight gain group was significantly higher than in the 
unchanged weight group and weight loss group. Conclu-
sions. Both GERD prevalence and the prevalence of 
hernia were significantly higher in obese subjects, and 
the prevalence of GERD in subjects who had gained 
weight was also significantly higher. From these results, 
it was concluded that obesity is a risk factor for GERD 
in Japan.

Key words: GERD, obesity, body weight gain or loss, 
hiatal hernia, metabolic syndrome

Introduction

The prevalence of gastroesophageal reflux disease 
(hereafter GERD) has clearly increased over the past 
20 years in Japan.1 Taking into consideration the marked 
decrease in quality of life (QOL) resulting from 
GERD,2,3 it is of serious concern from the point of view 
of general practice. There has also been an increase in 
the number of patients suffering from obesity, a condi-
tion that is strongly associated with metabolic syndrome 
and other diseases.4 The results of recent meta-analyses 
conducted in Europe and the United States reveal a 
strong relationship between obesity and GERD.5,6 In
Japan, however, although there are many opinions on 
the relationship between obesity and GERD, there is as 
yet no definite consensus. This is a report of a study in 
which we conducted a survey using a questionnaire to 
prospectively examine the relationship between GERD 
and obesity.

Subjects and methods

Subjects

For a 12-month period from June 2005 through May 
2006, subjects were selected from among 3459 patients 
who had undergone upper endoscopy at the Moriguchi 
Keijinkai Hospital. After screening to determine that 
upper endoscopy had been conducted because of the 
presence of gastrointestinal symptoms of some type, 
2225 subjects were selected. The subjects did not 
include patients who had undergone upper endoscopic 
examination as part of an annual medical checkup or 
follow-up cases. Patients who had been administered 
proton pump inhibitors, H2 receptor antagonists, or 
prokinetics during the previous month were excluded. 
Of the 2225 subjects, 161 failed to complete the ques-
tionnaire, with completed questionnaires obtained from 
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2064 subjects, (92.76%). The exclusion criteria of active 
gastric and duodenal ulcer, malignant disease or 
gastroesophageal varices, postoperative cases, patients 
with hemorrhage, patients who had undergone Helico-
bacter pylori (H. pylori) eradication, and patients with 
serious complications were applied to the remaining 
subjects. The relationship between GERD and obesity 
was then examined in 1813 subjects. The age distribu-
tion of the subjects was from 13 to 92 years, with an 
average age of 58.86 years, and a male-to-female ratio 
(M : F) of 874 : 939.

By age, 244 subjects were aged 39 years or younger, 
198 were 40 to 49 years, 344 were 50 to 59 years, 578 
were 60 to 69 years, 372 were 70 to 79 years, and 77 were 
80 years or older. The male-to-female ratio was almost 
the same up to the age of 69 years, but there were more 
female subjects aged 70 years or older (Table 1).

Methods

Before undergoing endoscopic examination, all the 
patients were asked to complete a questionnaire (Fig. 
1) asking them to record body weight, height, increase 
or decrease in body weight, chief complaints, underlying 
disease, and concomitant diseases. Endoscopic examina-
tion was conducted with no knowledge of the results of 

the questionnaire, upper gastrointestinal diseases were 
diagnosed and observations were made to determine 
the presence of GERD and hiatal hernia. GERD diag-
nosis was made using the Los Angeles classification,
judging mucosal injury higher than grade A to indicate 
erosive esophagitis (EE). Nonerosive reflux disease 
(NERD) was defined as heartburn and waterbrash 
symptoms twice or more per week, even if no mucosal 
break was seen on endoscopic examination. EE and 
NERD were both diagnosed as GERD. The body mass 
index (BMI) of the patients was calculated from height 
and body weight, and the relationship between BMI and 
GERD and BMI and hernia was examined, as well as 
the differences in GERD prevalence in thin (BMI under 
18.5), normal (BMI 18.5–25.0), and obese (BMI 25.0 or 
higher) subjects. The differences between GERD preva-
lence in the body weight gain group of subjects showing 
a weight increase of 2 kg or more within the previous 2 
months, the body weight loss group of subjects showing 
a weight decrease of 2 kg or more within the previous 2 
months, and the body weight unchanged group of sub-
jects showing a weight increase or decrease of less than 
2 kg within the previous 2 months were also examined. 
Differences between the groups were determined using 
the χ2 test, taking P < 0.05 as indicating a significant
difference.

Table 1. Subjects

Age (years) Cases (n) M : F EE NERD GERD prevalence Hernia Prevalence of hernia

–39 244 123 : 121 22 49 29.1% 74 30.3%
40–49 198  94 : 104 31 26 28.8% 74 37.4%
50–59 344 170 : 174 41 52 27.0% 118 34.3%
60–69 578 289 : 289 62 87 25.6% 228 39.5%
70–79 372 169 : 203 36 47 21.8% 166 44.7%
80– 77  29 : 48 10 8 24.1% 47 59.5%

Totals 1813 874 : 939 202 269 25.9% 707 39.0%

EE, erosive esophagitis; NERD, nonerosive reflux disease; GERD, gastroesophageal reflux disease

Fig. 1. Questionnaire
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Results

GERD prevalence was 25.87% overall, subjects with 
EE accounting for 11.14% and those with NERD 
14.73%. In males, a tendency for EE to decrease with 
age was observed, whereas NERD was observed most 
frequently in subjects in their forties. Consequently, 
GERD decreased with age in males after peaking when 
subjects were in their forties. In females, no tendency 
for GERD overall to increase or decrease with age was 
observed, but NERD was most frequently observed in 
young subjects aged 39 years or younger. On the other 
hand, EE increased with age, with the highest preva-
lence of 13% observed in subjects aged 80 years or older 
(Fig. 2). Looking at the relationship between GERD 
and BMI, the prevalence of GERD was 22.06% in the 
BMI < 17 group, 20.20% in the 17 ≤ BMI < 18.5 group, 
22.54% in the 18.5 ≤ BMI < 22 group, 26.39% in the 22 
≤ BMI < 25 group, 32.53% in the 25 ≤ BMI < 30 group, 
and 27.86% in the 30 ≤ BMI group. Compared to the 
mildly obese group with a BMI of 25 to 30, there were 
fewer GERD patients in the severely obese group with 
a BMI of 30 or higher. Furthermore, although the preva-
lence was slightly higher in the severely thin group with 
a BMI < 17 compared to the other thin group, overall 
GERD prevalence tended to increase as the BMI 
increased (Fig. 3). Looking at EE and NERD separately, 
this tendency was observed in both groups, but it was 
more marked in subjects with EE (Fig. 3). In the obese, 
normal, and thin groups, prevalence of GERD was 
20.96% in the thin group, with cases of EE accounting 
for 7.78% and cases of NERD 13%/17%. In the normal 
group, the prevalence of GERD overall, EE, and NERD 
was 24.42%, 10.12%, and 14.31%, respectively, and in 
the obese group 31.86%, 15.35%, and 16.51%, respec-
tively, indicating a significantly higher prevalence of 
GERD, particularly EE, in the obese group compared 
to the other two groups (Fig. 4). The overall prevalence 
of hernia was 39.21%, with a complication rate of 

Fig. 2. Gastroesophageal reflux disease 
(GERD) prevalence by gender and age. 
Erosive esophagitis (EE) in males 
decreased with age whereas nonerosive 
reflux disease (NERD) was observed 
most frequently in men in their forties. 
EE in women was observed most fre-
quently in subjects aged 80 years or older, 
whereas most NERD cases were subjects 
aged 39 years or younger

Fig. 3. Body mass index (BMI) and GERD prevalence. 
GERD prevalence was 25.87% overall, 22.06% in the BMI <
17 group, 20.20% in the 17 ≤ BMI < 18.5 group, 22.54% in the 
18.5 ≤ BMI < 22 group, 26.39% in the 22 ≤ BMI < 25 group, 
32.53% in the 25 ≤ BMI < 30 group, and 27.86% in the 30 ≤
BMI group. Overall, GERD prevalence tended to increase 
with increased BMI. Considering EE and NERD separately, 
the prevalence of EE was observed to increase with elevated 
BMI, but it was also high in the BMI < 17 group. The preva-
lence of NERD also tended to increase with elevated BMI, 
but reduced prevalence was observed in the BMI > 30 group

44.12% in the BMI < 17 group, 31.31% in the 17 ≤ BMI 
< 18.5 group, 31.72% in the 18.5 ≤ BMI < 22 group, 
44.03% in the 22 ≤ BMI < 25 group, 42.55% in the 25 ≤
BMI < 30 group, and 43.10% in the 30 ≤ BMI group. An 
increase in the hernia complication rate was observed 
as the BMI increased, but the prevalence of hernia was 
also high in the severely thin group of subjects with a 
BMI < 17. The prevalence of hernia was 36.53% in the 
thin group, 37.75% in the normal group, and 43.49% in 
the obese group, indicating a significant difference in the 
prevalence of hernia between the obese and normal 
groups (Fig. 5). GERD prevalence was 35.09% in the 
body weight gain group compared to 25.39% in the 
body weight unchanged group and 23.98% in the body 
weight loss group, indicating a significantly higher 
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prevalence (Fig. 6). Considering the incidence of GERD 
as a complication, the complication rate with diabetes 
was significantly high at 31.0%, but the complication 
rates with hypertension and bronchial asthma were 
25.1% and 27.3%, respectively, and the rate when there 
was no concurrent disease was 25.1%, indicating no 
significant difference compared to the rate of 25.9% for 
all the subjects.

Discussion

GERD is defined as “a condition that disturbs healthy 
life with physical complications and reflux symptoms 
resulting from gastroesophageal reflux.”7 Even if endos-
copy reveals no mucosal break, if QOL is adversely 

influenced, GERD (NERD) can be suspected. Essen-
tially, 24-h pH monitoring is the gold standard for diag-
nosing reflux disease. However, because this is difficult
to apply to a large number of patients in actual clinical 
practice, medical examination that includes upper gas-
trointestinal tract endoscopy and examination of the 
patient’s past medical history become more important. 
The QUEST questionnaire devised by Carlsson et al.8

is a useful tool widely used for diagnosing GERD. This 
questionnaire, however, includes questions about the 
effects of antacids, which are not prescribed in clinical 
practice in Japan, and a total of 26 sections of questions 
have to be answered, which can be inconvenient. On the 
other hand, heartburn and waterbrash are typical symp-
toms of GERD,9–11 have a high specificity for GERD,12

and also indicate GERD severity. In this study, we used 
a questionnaire defining NERD as heartburn and water-
brash symptoms twice or more per week even if no 
mucosal break was seen on endoscopic examination. 
The results showed that overall GERD prevalence was 
25.87%, with EE accounting for 11.14% and NERD for 
14.73%. Viewed by gender, there were many cases of 
EE in males while there were many cases of NERD in 
females. In Japan, the frequency of GERD is increasing 
markedly.1 Probable causes that have been put forward 
include a decrease in gastric mucosal atrophy as a con-
sequence of a reduced H. pylori-positive rate13 and an 
increasing number of elderly people with a high preva-
lence of hernia.14,15 GERD is also closely linked to dis-
eases such as diabetes, hypertension, hyperlipidemia, 
and bronchial asthma and is thought to be provoked by 
calcium antagonists, β-blockers, bronchodilators, and 
other drugs. In this study, the prevalence of GERD asso-
ciated with diabetes was significantly high, 31.0%, but 
the prevalence of GERD associated with hypertension 
and bronchial asthma was not high. Because there was 

Fig. 4. Obesity and GERD prevalence. The prevalence of 
GERD and EE in the thin, normal, and obese Groups were 
20.96% and 7.78%, 24.42% and 10.12%, and 31.86% and 
15.35%, respectively, indicating a significantly higher preva-
lence of GERD and EE in the obese group compared to the 
thin and normal groups

Fig. 5. Obesity and prevalence of hernia. The rate was 36.53% 
in the thin group, 37.75% in the normal group, and 43.49% in 
the obese group, indicating a significantly higher complication 
rate in the obese group compared to the normal group

Fig. 6. Body weight gain/loss and GERD prevalence. GERD 
prevalence was 35.09% with weight gain, 25.39% with no 
change, and 23.98% with weight loss, indicating a significant
relationship between weight gain and GERD
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no relationship between drugs administered and obesity, 
cases administered drugs were not excluded from the 
study, which was conducted with a total of 1813 
subjects.

The switch to a high-fat diet and other dietary 
changes16,17 are also thought to be factors behind the 
increasing prevalence of GERD. Excessive consump-
tion of high-fat foods causes obesity, which in turn is 
an exacerbation factor for hiatal hernia. In light of this, 
it is highly possible that obesity is a cause of GERD. 
Nilsson et al.18 reported a significant correlation 
between BMI and GERD involving estrogen that is 
consequently often seen in females. In a report by 
Locke et al.,19 multivariable analysis of various risk 
factors indicated that smoking, drinking alcohol, and 
obesity are risk factors for GERD. On the other hand, 
Lundell et al.20 reported that massive overweight is not 
an exacerbation factor for GERD, while Lagergren et 
al.21 reported that in Sweden there is no relationship 
between BMI and GERD symptoms. Nevertheless, 
according to recent meta-analysis reports from Europe 
and the United States, obesity could be a cause of 
GERD.5,6 The background of GERD in Japan, however, 
is quite different from that in Europe and the United 
States.1,22 Furthermore, because there is also a large 
difference in the degree and frequency of obesity,23,24

it has not been clarified in Japan that obesity causes 
GERD. In this study, we observed a tendency for 
GERD symptoms to increase with increased BMI. 
However, compared to the other thin group (BMI 
17–18.5), the prevalence of hernia and GERD preva-
lence were both higher in the severely thin group (BMI 
< 17); this could be because in Japan there is a high 
GERD prevalence among thin, elderly females.1 In fact, 
in this study a high prevalence of GERD, particularly 
EE, was observed among female subjects aged 80 years 
or older. Looking at only female subjects aged 80 years 
or older with a BMI < 17, GERD was observed in 5 
of 10 cases, a high 50%. Conversely, GERD prevalence 
in the severely obese group of subjects with a BMI of 
30 or more was lower than that in the mildly obese 
group of subjects with a BMI of 25 to 39. The ratio of 
subjects with NERD symptoms was particularly low 
compared to other groups; this could be the result of 
an increase in patients with the underlying disease 
of diabetes mellitus (DM), which is associated with 
increased BMI. GERD is a common complication in 
DM patients, but symptoms of an increase in the esoph-
ageal perception threshold are thought to be not always 
apparent.25 Whatever the case, the severely obese group 
possibly includes many subjects who do not feel any 
symptoms, which could be the reason why GERD 
prevalence is lower compared to the other obese group. 
Nevertheless, when subjects are divided into thin, 
normal, and obese groups and examined, the preva-

lence of hernia is significantly higher in the obese 
group, and GERD prevalence is clearly high. With 
regard to the influence of body weight increase or 
decrease on GERD, it has been reported that weight 
loss is beneficial,26 while other reports indicate that it 
is ineffective. Kjillin et al.27 reported that even in obese 
patients who lost weight, no improvement was observed 
in pH monitoring results or symptoms. Based on this, 
the GERD Guidelines in Japan7 state that “Obesity is 
not a major cause of gastroesophageal reflux disease.” 
In this study also no change in GERD prevalence was 
observed with weight loss. However, in subjects who 
gained weight, a significant increase in GERD preva-
lence was observed. In other words, even though weight 
loss may not be beneficial for GERD, weight gain could 
cause GERD. When body weight increases there is an 
increase in hiatal hernia and, as a result, an increase 
in GERD. Weight loss, however, does not improve 
hernia and may not play a role in improving GERD.

We screened and conducted endoscopic examinations 
to prospectively examine the relationship between 
obesity and GERD. The results showed that in obese 
subjects (BMI ≥ 25), the prevalence of hiatal hernia and 
GERD was significantly high. GERD prevalence was 
also observed to increase with weight gain, which indi-
cates the possibility that obesity is a cause of GERD. In 
Japan, with the H. pylori infection rate decreasing28 and
more people changing to a high-fat diet, the prevalence 
of GERD could increase further. It is considered that 
GERD lowers QOL more than angina, making it a 
disease that will become increasingly important from 
the point of view of general practice. As such, the pre-
vention of GERD is also an important issue. As the 
results of this study suggest that obesity is a risk factor 
for GERD, the promotion of measures to curb obesity 
could be an important consideration for the prevention 
of GERD as well as the prevention of metabolic 
syndrome.
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Multistep human hepatocarcinogenesis: correlation of imaging 
with pathology

MASATOSHI KUDO

Department of Gastroenterology and Hepatology, Kinki University School of Medicine, 377-2 Ohno-Higashi, Osaka-Sayama 589-8511, Japan

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, fi nally, 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 

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.1,2 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 2 cm 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).3–5 The majority of these lesions are 
hypovascular upon dynamic CT or angiography.6 There-
fore, the enhancement pattern of these lesions upon 
dynamic CT is notably different from that of overt 
HCC.6–12 The intensity of early HCC on T1- and T2-
weighted MR images is also different from that of 
overt HCC.13,14

Until early-stage HCC was pathologically and 
clinically identifi ed, 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.15

Classifi cation of hepatocellular nodules

The nodules associated with liver cirrhosis are histologi-
cally divided into six categories according to the classi-
fi cation proposed by the Liver Cancer Study Group 
of Japan:16 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 Gastroenterology17 proposed a new classi-
fi cation in 1995. According to the new classifi cation, 

Received: June 10, 2008 / Accepted: August 2, 2008
Reprint requests to: M. Kudo

M. Kudo: Imaging of human hepatocarcinogenesis 113

hepatocellular nodules are divided into two categories, 
namely, dysplastic nodules (DNs) and HCC. DNs are 
defi ned 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 fi rst 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, 
i.e., a nodule in which atypia is at least moderate but 
insuffi cient 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 defi ned 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.17,18 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 defi nition, identifi ca-
tion, and signifi cance of LGDNs remain unclear in 
routine clinical practice. These nodules can be included 
in the group of regenerative nodules with unusual 
histological changes.18 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 fi nally to overt HCC3,5,19–22

(Fig. 1).
The detection and characterization of HCC is one of 

the major roles of diagnostic imaging in patients with 

cirrhosis in endemic areas. The differential diagnosis 
between HCC and other types of nodules is important 
clinically. However, defi nite 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 diffi cult to obtain an exact tissue sample 
from these small nodules, and, as recently described by 
Bhattacharya et al.23 and Mion et al.24 using explanted 
cirrhotic livers, many multicentric small HCCs or 
borderline lesions are not detected by ultrasound. In 
addition, several diffi culties and controversies remain 
regarding the differential diagnosis of such nodules in 
needle biopsy specimens. First, limited information 
from insuffi cient 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.18 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.

Defi nition 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 fi ve major 
histological features:7,25,26 (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 

Fig. 1. Schematic representation of 
multistep progression of human 
hepatocarcinogenesis
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unpaired arteries. Among these features, diffuse fatty 
change is observed in ∼40% of tumors <2 cm in diame-
ter.27 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 HGDNs.

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 fi nally to overt HCC5,22 (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.28,29 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 diffi cult.5,6,11,14,30–35

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).10,29,36–39 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.29

Color Doppler imaging also picks up afferent portal 
fl ow signals.40,41 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.9,10,29,36,37,42,43 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.44

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.9,14,22,45 During this process, changes in intra-
nodular hemodynamics occur, which are visualized by 
their associated radiologic and histopathological fi nd-
ings, as described previously.29 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 fi nally 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 perfusion8,29,46,47 (Fig. 3).

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

Type II Type III

Well-dif.HCC 100% Well-dif.HCC 80%

Mod. Poorly dif.HCC 20%Artery

Portal

Benign (AH, RN) 70%

Well-dif. HCC 30%

Well-dif. HCC 70%

Well+ Mod.HCC 30%

Well-dif. HCC 8%

Mod. Poorly dif.HCC 92%

Type V

Type I Type IV

Fig. 3. Schematic representation from premalignant lesion 
(type I) to well-differentiated HCC (type II and III), nodule-
in-nodule type HCC (type V), and to classical overt HCC 
(type IV). RN, regenerative nodule
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Fatty metamorphosis is frequently observed in 
nodules that are hemodynamically classifi ed 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.9 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.27

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.48

Diagnostic algorithm of premalignant/borderline 
lesions and early HCC

Among nodular lesions associated with liver cirrhosis, 
various nodules, such as LGDNs, which are considered 
to be precancerous lesions, HGDNs, early HCC, and 
nodule-in-nodule liver cancer, are included as hypovas-
cular nodules.5,49,50 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,51,52 (3) contrast-enhanced US,8,53,54 and 
(4) superparamagnetic iron oxide enhanced-magnetic 
resonance imaging (SPIO-MRI)55,56 (Fig. 4). Portal 

blood fl ow 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 fl ow 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 
fl ow 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 SPIO on 
MRI, but reduced uptake has already started in some 
hypovascular tumor nodules. Therefore, generalization 
of fi ndings occurring earlier in carcinogenesis remains 
diffi cult, 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 fl ow, 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 T2-weighted MRI57 (Fig. 5).

Gray zone
even on histology

Impossible to 
diagnose on Imaging

Pathological
diagnosis

Kupffer cell

CTHA

CTAP

MRI

SPIO-MRI

MDCT/
dynamic MRI

CEUS

RN LGDN HGDN e-HCC Well HCC Mod. HCC

tnesbAtneserP

Hypo~Iso vascular Hypervascular

Iso (hyper) Hypo~defect

T2 High

Iso ekatpudesaerceDekatpudesaercni
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HypervascularHypovascular
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r nodules associated with cirrhotic liver

Fig. 4. Imaging fi ndings of hepa-
tocellular nodules associated with 
cirrhotic liver. LGDN, low-
grade dysplastic nodule; HGDN,
high-grade dysplastic nodule; eHCC,
early HCC; Well-dif. HCC, well-
differentiated HCC; Mod. Dif. HCC,
moderately differentiated HCC; 
CTAP, CT during arterial portogra-
phy; CTHA, CT during hepatic arte-
riography; CEUS, contrast-enhanced 
ultrasonography; SPIO-MRI, super-
paramagnetic iron oxide-enhanced 
magnetic resonance imaging
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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 MRI. 
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 fl ow 
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 fl ow is reduced 
on CTAP, the nodules should be basically regarded and 
managed as malignant. For nodules with hypovascular 
arterial blood fl ow and reduced portal blood fl ow, 
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 fi nding, 
i.e., increased arterial blood fl ow or reduced portal 
blood fl ow, the lesions should be regarded as malignant. 
However, when hypovascular arterial blood fl ow is 
noted while the portal blood fl ow 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 fi eld.

Fig. 5. Diagnostic and treatment 
algorithm for hypovascular liver 
nodules. *1: When the nodule is 
hypovascular upon dynamic CT or 
dynamic MRI, Sonazoid-enhanced 
US is recommended to confi rm 
whether it is actually a hypovascular 
nodule. *2: Recommended only at 
available institutions. *3: Biopsy is 
not always necessary in this setting
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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)- � 2b and ribavirin (RBV) combination 

 Key Words 
 Acute pancreatitis  �  Chronic hepatitis C  �  Early viral 
dynamics, genotype 1b  �  Sustained virological response 

 Abstract 
 Recent clinical trials have shown that pegylated interferon- �  
(PEG-IFN- � ) 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-
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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- �  plus RBV therapy improves the 
SVR rate 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 viral load of serum HCV 
RNA, genotype 1b  [7, 8] . 

  Acute pancreatitis is an uncommon side effect of IFN-
 �  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  � g of PEG-IFN- � 2b 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 a new immunoradiometric (IRM) assay was 5,550 fmol/l, 
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/dl (3.8–5.3), 
aspartate aminotransferase 40 IU/l (0–38), alanine aminotrans-
ferase 29 IU/l (0–19), platelets 13.9  !  10 4 / � l (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 IU/l (23–
300), aspartate aminotransferase 29 IU/l, alanine aminotransfer-

ase 10 IU/l, alkaline phosphokinase 226 IU/l (110–354), total bili-
rubin 0.5 mg/dl (0.2–1.2), white blood cell count 50  !  10 2 / � l 
(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- �  (TNF- � ) 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- � 2b 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- � 2b 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 
TaqMan 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/
RBV 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-�2b 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- �  can cause pancreatitis. Treatment with IFN- �  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- �  may cause acute pancreatitis by stimu-

 Kim et al. Digestion 2009;79:36–3938

lating the immune system, leading to autoimmune de-
struction of the pancreas. In fact, IFN- �  is known to pre-
cipitate or exacerbate other autoimmune disorders, such 
as thyroid disease, diabetes and others  [21] . Based on the 
published literature, IFN- �  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- � , 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- �  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 

normal limits, except for high natural killer cell activity; 
consequently, immunologic activity does not explain the 
SVR in 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 ‘IFN/
RBV resistance-determining region’ (aa 2334–2379), is 
closely correlated with SVR in HCV-1b-infected patients 
treated with PEG-IFN and RBV  [11] . Substitutions of aa 
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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.

  In conclusion, host factors and viral factors may have 
contributed to SVR in our case, irrespective of the dis-
continuation of therapy after 16 weeks. Moreover, acute 
pancreatitis with high TNF- �  might have been related to 
the SVR. Further study is needed to elucidate the host and 
viral factors correlated with SVR. 

CASE REPORT

Well-differentiated hepatocellular carcinoma smaller
than 15 mm in diameter totally eradicated with percutaneous
ethanol injection instead of radiofrequency ablation

Soo Ryang Kim Æ Susumu Imoto Æ Taisuke Nakajima Æ Kenji Ando Æ
Keiji Mita Æ Miyuki Taniguchi Æ Noriko Sasase Æ Toshiyuki Matsuoka Æ
Masatoshi Kudo Æ Yoshitake Hayashi

Received: 14 December 2008 / Accepted: 5 March 2009 / Published online: 21 March 2009

� Asian Pacific Association for the Study of the Liver 2009

Abstract We describe three cases of well-differentiated

hepatocellular carcinoma (HCC) smaller than 15 mm in

diameter completely eradicated with percutaneous ethanol

injection (PEI) 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

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.

Keywords Percutaneous ethanol injection �
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 PEI.

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: B10.0), lens culinaris

agglutinin A-reactive fraction of AFP (AFP L3) 4.0%

(\10.0), and protein induced by vitamin K absence (PIV-

KA-II) 14 mAU/ml (B40). 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. 1a). 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 PEI.

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/ml 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). PEI 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

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 PEI.

Fig. 1 Before PEI: (a) contrast-enhanced CT revealed washout in the

late phase (arrow); (b) well-differentiated HCC was observed. After

PEI: (c) contrast-enhanced CT revealed an LDA (arrow)
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Case 3

A 71-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 PEI.

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% CI 0.41–0.80],

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

Fig. 2 Before PEI: (a) contrast-enhanced CT revealed a ring-shaped

enhancement in the early phase (arrow); (b) well-differentiated HCC

was observed. After PEI: (c) contrast-enhanced CT revealed an LDA

or no enhancement (arrow)
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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.

Fig. 3 Before PEI: (a) CTA revealed slight hypervascularity (arrow);
(b) well-differentiated HCC was observed. After PEI: (c) contrast-

enhanced CT revealed an LDA (arrow)
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Value of Liver Parenchymal Phase Sonography in Assessing 
Hepatic Nodules
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Original Research

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.

 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.

H
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 

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 
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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-
ly 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 

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 IV 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.

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 or hypoperfusion 
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 1a 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 tissue 
sections from each tumor and from control areas. 
Cells that immunostained positively with an 
antihuman macrophage antibody (anti-CD68 
[PGM1] antibody [Dakopatts]) and that had a 
stellate or spindle shape were considered to be 
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Fig. 1—Diagram shows perfusion patterns in hepatocellular carcinomas (HCCs) and dysplastic nodules on 
vascular and liver parenchymal phase imaging. Evaluation of vascular phase imaging allows tumors to be 
classified according to morphologic characteristics into type 1 nodules (moderately and poorly differentiated 
HCCs) and type 3 nodules (dysplastic nodules). With addition of liver parenchymal phase imaging, it is possible 
to subdivide type 1 and type 3 nodules further into type 1a, type 1b, type 3a, and type 3b, respectively. Well-
differentiated HCCs exhibit various intranodular hemodynamic patterns.

Kupffer cells. Two authors counted the number of 
Kupffer cells in three separate 0.25-mm2 areas 
within each specimen from both the nodular lesion 
and the nonnodular adjacent tissue. The mean 
values of the three cell counts were used for 
calculations. The Kupffer cell ratio was calculated 
using the following formula: mean Kupffer cell 
count of nodular lesion / mean Kupffer cell count 
of nonnodular adjacent tissue.

Therefore, the Kupffer cell ratio was less than 1 
when fewer Kupffer cells were in the nodular 
lesion than in the nonnodular adjacent tissue, 
whereas the Kupffer cell ratio was greater than 1 
when more Kupffer cells were in the nodular 
lesion than in the nonnodular adjacent tissue.

Statistical Analysis
The Kruskal-Wallis test, Mann-Whitney U test 

with Bonferroni inequality, and chi-square test 
were used to confirm the differences between the 
groups. The level of significance was set at p < 0.05 
(m × n chi-square test, Mann-Whitney U test, and 
chi-square test). All analyses were performed with 
statistics software (SPSS, version 11, SPSS) for 
Microsoft Windows.

The 50 nodules were sorted into groups ac-
cording to morphology: dysplastic nodules, 
n = 8; well-differentiated HCCs, n = 19; mod-
erately differentiated HCCs, n = 22; and 
poorly differentiated HCC, n = 1. Moderately 
differentiated and poorly differentiated HCCs 
were merged to form one group (moderately 
and poorly differentiated HCC group), yield-
ing a total of three groups that were used in 
the subsequent analyses. The median diame-
ter of the tumors was 2.7 cm (range, 1.2–5.2 
cm) as determined by sonography.

Intranodular Hemodynamic Patterns on 
Contrast-Enhanced Sonography

The arterial, portal phase, and liver paren-
chymal imaging perfusion patterns for each 

tumor analyzed using contrast-enhanced 
sonography were classified as shown in Fig-
ure 1. In the type 1 group, 27 tumors, four 
well-differentiated HCCs and 23 moderately 
and poorly differentiated HCCs, were classi-
fied as type 1a. The three well-differentiated 
HCCs were classified as type 1b. The type 2 
tumor showed hypoperfusion in the liver pa-
renchymal phase. Four well-differentiated 
HCCs were classified as type 3a. Seven well-
differentiated HCCs and eight dysplastic 
nodules were classified as type 3b. In the 
liver parenchymal phase, all eight dysplastic 
nodules showed homogeneous isoperfusion 
relative to the adjacent liver. Ten (53%) well-
differentiated HCCs showed homogeneous 
isoperfusion relative to adjacent liver, where-

as nine (47%) well-differentiated HCCs 
showed perfusion defects. All 23 moderately 
and poorly differentiated HCCs showed a 
hypoperfusion pattern in the liver parenchy-
mal phase. The number of tumors that 
showed isovascular staining in the liver pa-
renchymal phase decreased as the nodules 
became less differentiated (p < 0.05, m × n
chi-square test).

After we classified the perfusion patterns 
of the tumors during the arterial and portal 
phases and the liver parenchymal phase, we 
calculated the sensitivity, specificity, and ac-
curacy of the diagnostic methods that use 
arterial and portal phase imaging only and of 
those that use a combination of arterial and 
portal phase imaging with liver parenchymal 

TABLE 1: Diagnostic Accuracy of Two Imaging Methods for Histologic Grade of Hepatocellular Carcinoma (HCC)

Diagnosis

Vascular Phase Imaging Alone
Vascular Phase and Liver Parenchymal

Phase Imaging

Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%)

Moderately and poorly differentiated HCCs (n = 23)

Type 1 100 (23/23) 74 (20/27) 86 (43/50)

Type 1a 100 (23/23) 85 (23/27) 92 (46/50)

Dysplastic nodules (n = 8)

Type 3 100 (8/8) 74 (31/42) 78 (39/50)

Type 3b 100 (8/8) 83 (35/42) 86 (43/50)

Note—There were 19 well-differentiated HCCs. Data in parentheses are number of cases diagnosed / total number of cases.
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A

Fig. 2—Case presentation of 61-year-old man with 
well-differentiated hepatocellular carcinoma.
A and B, Hypoattenuation of nodule (arrows) is 
shown on arterial phase (A) and portal phase (B)
dynamic CT scans.
C, Contrast-enhanced wideband color Doppler image 
shows a few internal blood vessels in tumor (arrows)
during arterial phase.
D, Perfusion imaging of contrast-enhanced wideband 
color Doppler image shows tumor parenchymal 
staining as isoechoic (arrows) in portal phase.
E, Isoechoic tumor parenchymal staining (arrows) is 
shown in liver parenchymal phase.

(Fig. 2 continues on next page)
B

C ED

phase imaging (Table 1). First, arterial and 
portal phase findings were used to calculate 
these three values. When type 1 was defined as 
the typical pattern for moderately and poorly 
differentiated HCC, sensitivity, specificity, and 
accuracy were 100%, 74%, and 86%, respec-
tively. When type 3 was defined as a dysplastic 
nodule, the sensitivity, specificity, and accura-
cy were 100%, 74%, and 78%, respectively. 
Well-differentiated HCCs exhibited various 
intranodular hemodynamic patterns on arteri-
al and portal phase imaging; we did not calcu-
late these values. Second, a combination of 
arterial and portal phase imaging with liver 
parenchymal phase imaging was used to cal-
culate sensitivity, specificity, and accuracy.

When type 1a was defined as the typical pat-
tern for moderately and poorly differentiated 
HCC, the sensitivity, specificity, and accuracy 
were 100%, 85%, and 92%, respectively. When 
type 3b was defined as a dysplastic nodule, 
the sensitivity, specificity, and accuracy were 
100%, 83%, and 86%, respectively. The di-
agnostic accuracy of contrast-enhanced sonog-
raphy for dysplastic nodules showed a trend 
for improvement with the addition of liver 

parenchymal phase imaging (p = 0.07, chi-
square test). Similar to arterial and portal 
phase imaging, liver parenchymal phase im-
aging showed that well-differentiated HCCs 
exhibit various intranodular hemodynamic 
patterns, so we did not calculate these values. 
However, using liver parenchymal phase im-
aging, we were able to diagnose seven nod-
ules as type 3a and type 1b well-differentiat-
ed HCCs. Diagnosis of these seven nodules 
was not possible using arterial and portal 
phase imaging only.

After completion of this study, all type 1, 
type 2, two type 3a, and three type 3b well-
differentiated HCCs were treated. All dys-
plastic nodules, two type 3a nodules, and four 
type 3b well-differentiated HCCs were fol-
lowed up without treatment. Two patients 
were not treated because their liver function 
was Child-Pugh C and their ascites did not 
respond to diuretics. The intranodular hemo-
dynamics of all the dysplastic nodules and of 
type 3b well-differentiated HCCs did not 
change in terms of size and vascularity dur-
ing the 2-year follow-up period (Fig. 2). How-
ever, during the 1-year follow-up period, both 

untreated cases of type 3a well-differentiated 
HCC had progressed to overt hypervascular 
HCC on contrast-enhanced CT (Fig. 3).

Quantitative Analysis of Kupffer Cell Count
We compared the Kupffer cell ratios of tu-

mors between groups that were classified ac-
cording to perfusion patterns in the liver 
parenchymal phase. Kupffer cell ratios of tu-
mors that showed hypoperfusion in the liver 
parenchymal phase were significantly lower 
than those of tumors that showed isoperfusion 
(p < 0.05, Mann-Whitney U test) (Fig. 4).

Discussion
Albrecht et al. [9] mentioned that Levovist 

is taken up by Kupffer cells, thereby provid-
ing specific liver enhancement. This charac-
teristic of Levovist is considered to make it 
an echo source during liver parenchymal 
phase imaging. Therefore, liver parenchymal 
phase imaging might show different findings 
according to the number of Kupffer cells de-
tected, allowing determination of the histo-
logic grade of the tumor. The main purpose 
of this study was to investigate the possibility 
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F

Fig. 2 (continued)—Case presentation of 61-year-
old man with well-differentiated hepatocellular 
carcinoma.
F and G, On arterial phase (F) and portal phase 
(G) dynamic CT scans obtained 2 years after first 
examination (A and B), it is evident that intranodular 
hemodynamics and size of tumor have not changed 
compared with initial CT scans.
H and I, Photomicrographs of nontumorous (H) and 
tumorous (I) tissues from liver specimens show 
almost same number of CD68-positive Kupffer cells 
by immunohistochemical staining. Kupffer cell count 
ratio was 1.03.

G

H I

of using liver parenchymal phase contrast-
enhanced sonography to assess the histologic 
grades of nodular lesions associated with liv-
er cirrhosis, such as dysplastic nodules and 
HCCs, and to determine whether this method 
could improve the accuracy of contrast-en-
hanced sonography in the differential diag-
nosis of nodular lesions in cirrhotic liver.

We used the advanced dynamic flow mode 
in this study. The advanced dynamic flow 
mode uses Doppler technique, but advanced 
dynamic flow images have higher resolution 
and less blooming area than conventional 
Doppler images. With the Doppler mode, 
poor resolution and large blooming areas 
present problems. In case of second-harmonic 
imaging and pulse-inversion imaging, tissue 
harmonic imaging (THI) becomes the prob-
lem because Levovist needs a high mechani-
cal index. THI increases under the high-me-
chanical-index condition and interferes with 
the contrast image of Levovist. Also, bubbles 
of Levovist are easily collapsed under the 
high-mechanical-index condition, so it is hard 
to visualize the bubbles successively. The ad-

vanced dynamic flow mode has solved the 
problems mentioned, and the detectability of 
bubbles is superior to that of the other mode. 
Advanced dynamic flow is so sensitive that it 
can show the bubbles in real time.

Advanced dynamic flow has greatly im-
proved the sensitivity of contrast-enhanced 
sonography in detecting the vascularity of 
hepatic nodules compared with conventional 
dynamic flow. In the contrast application, the 
advanced dynamic flow image looks very 
similar to a B-mode image thanks to the high 
resolution and wide dynamic range despite 
using Doppler technique. The detectability 
of the bubbles is better with advanced dy-
namic flow than with conventional dynamic 
flow. Therefore, advanced dynamic flow im-
aging can be used to detect bubbles in small-
er vessels and has more penetration than con-
ventional dynamic flow and shows uniform 
enhancement from shallow to deep regions. 
Thus, the advanced dynamic flow mode is 
very suitable for Levovist imaging.

Nicolau et al. [10] and Jang et al. [11] re-
ported the usefulness of contrast-enhanced 

sonography in differentiating among histo-
logic grades of hepatic tumors. The contrast 
agents that they used were SonoVue (Brac-
co), an aqueous suspension of phospholipid-
stabilized microbubbles filled with sulfur 
hexafluoride, and Definity (Lantheus Medi-
cal Imaging), a perflutren lipid microsphere. 
These agents are blood pool contrast agents 
and cannot be taken up by the reticuloen-
dothelial system (i.e., Kupffer cells) in liver 
parenchyma. From this point of view, these 
agents cannot be used to evaluate the reticu-
loendothelial function of a tumor. For the 
present study, we chose Levovist because it 
can be used to evaluate both vascular phase 
images (i.e., arterial phase and portal or late 
phase) and liver parenchymal phase images; 
Levovist is taken up to reticuloendothelial 
system after the dynamic phase. This differ-
ence in contrast agent is the most important 
and innovative point of our study compared 
with previous studies.

Estimation of the histologic grade of he-
patic tumors by evaluating liver parenchymal 
phase images could lead to an improvement 
in the diagnosis of premalignant and border-
line lesions and HCCs using contrast-en-
hanced sonography. In the present study, we 
found that the number of tumors showing iso-
vascular staining in the liver parenchymal 
phase was decreased as nodules became less 
differentiated (p < 0.05, m × n chi-square 
test) and that Kupffer cell ratios in tumors 
that showed hypoperfusion in the liver pa-
renchymal phase were significantly lower 
than in tumors that showed isoperfusion (p < 
0.05, Mann-Whitney U test). These results 
suggest that liver parenchymal phase con-
trast-enhanced sonography is useful for as-
sessing the histologic grade of HCCs and re-
flects reticuloendothelial function, and they 
support the hypothesis that liver parenchy-
mal phase imaging is an independent method 
of diagnosis distinct from vascular phase 
imaging for the diagnosis of histologic grade 
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of premalignant and borderline lesions and 
HCCs. This peculiarity is similar to the phe-
nomenon whereby stiff-shelled microbubbles 
SH U 563A (Sonovist, Schering) and 
NC100100 (Sonazoid, Daiichi-Sankyo, GE 
Healthcare) have been detected in Kupffer 
cells [12, 13]. Levovist enhances the liver 
and spleen but not the kidneys in the liver 
parenchymal phase. Alternatively, it is pos-
sible that sinusoids are found in the liver and 
spleen but not in malignant hepatic lesions 
and the kidneys.

Kono et al. [14] concluded in their study 
that the late parenchymal liver enhancement 
effect of AF0150 (Imavist, Alliance Pharma-
ceutical), another contrast agent, is not likely 
related to Kupffer cell uptake. Kupffer cells, 
the resident liver macrophages, constitute 
31% of the sinusoidal cells [15]. They are 
more numerous (43%) in the periportal zone 
of the lobule. In addition to being more nu-
merous, periportal Kupffer cells are larger, 
have more lysosomes, and take up more par-
ticles than do middle- or central-zone Kupffer 

cells [16]. Tanaka et al. [1] reported that can-
cerous tissue of well-differentiated HCCs 
possesses blood spaces that are similar to the 
normal sinusoids, but that as tumors grew in 
size and came to have a lower histologic 
grade, the blood spaces increased in appar-
ent capillarization and became morphologi-
cally different from normal sinusoids. In ad-
dition, Sugihara et al. [17] reported that well-
differentiated HCCs with indistinct margins 
grow by replacing surrounding liver cell 
cords on the boundary to noncancerous areas 
and that blood spaces in the tumor and sur-
rounding sinusoids could be continuous. 
Therefore, blood spaces are expected to pos-
sess morphologic and functional characteris-
tics similar to those of normal sinusoids. 
When neovascularization occurred, normal 
sinusoids were destroyed and the portal sup-
ply declined. Thereafter, reticuloendothelial 
cells lost their functional ability to take up 
microbubbles, resulting in the tumorous per-
fusion defects observed in liver parenchymal 
phase imaging. With this in mind, we specu-
late that nodules, such as dysplastic nodules 
and some well-differentiated HCCs, that 
possess portal areas and blood spaces simi-
lar to those of normal sinusoids may take up A

Fig. 3—Case presentation of 84-year-old woman with 
well-differentiated hepatocellular carcinoma.
A and B, Hypoattenuation of nodule (arrow) is shown 
on arterial phase (A) and portal phase (B) dynamic CT 
scans.
C, Contrast-enhanced wideband color Doppler image 
shows no internal blood vessels in arterial phase.
D, Perfusion imaging of contrast-enhanced wideband 
color Doppler image shows tumor parenchymal stain-
ing as slightly hypoechoic (arrows) in portal phase.
E, Hypoechoic tumor parenchymal staining (arrows) is 
shown in liver parenchymal phase.
F, Partial hyperattenuated area (arrows) is recognized 
inside nodule with increased tumor growth on arterial 
phase dynamic CT scan obtained after 1-year follow-
up.
G, Hypoattenuation of nodule (arrow) is shown on 
portal phase dynamic CT scan.

(Fig. 3 continues on next page)
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Fig. 3 (continued)—Case presentation of 84-year-
old woman with well-differentiated hepatocellular 
carcinoma.
H and I, There were fewer CD68-positive Kupffer 
cells in nontumorous tissue (H) than in tumorous 
tissue (I) as shown by immunohistochemical staining 
of liver specimens. Kupffer cell count ratio was 0.59.
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Fig. 4—Graph shows correlation between liver 
parenchymal phase imaging and Kupffer cell 
ratios. Kupffer cell ratios in tumors that showed 
hypoperfusion at liver parenchymal phase were 
significantly lower than those in tumors that showed 
isoperfusion (p < 0.05, Mann-Whitney U test).

microbubbles in a manner similar to non-
nodular adjacent tissue. This idea is sup-
ported by the finding that all dysplastic nod-
ules and 10 (53%) well-differentiated HCCs 
showed homogeneous isoperfusion relative 
to adjacent liver, but that no moderately and 
poorly differentiated HCCs showed homo-
geneous isoperfusion relative to adjacent 
liver. It was possible in this study to more 
precisely classify HCC tumors by using 
contrast-enhanced sonography to subdivide 
type 1 nodules into type 1a and type 1b and 
type 3 nodules into type 3a and type 3b, 
thereby improving diagnostic accuracy 
through the addition of liver parenchymal 
phase image evaluation.

In the present study, all dysplastic nodules 
and six HCCs (two type 3a and four type 3b 
well-differentiated HCCs) without treatment 
were monitored. This group is considered to 
be a low malignant grade with respect to in-
tranodular hemodynamics because these nod-
ules were hypovascular. This suggestion is 
supported by a previous report from Hayashi 
et al. [18] who analyzed the correlation be-
tween intranodular blood supply of border-

line lesions (i.e., dysplastic nodules or well-
differentiated HCCs) and their progression to 
hypervascular classic HCCs. They reported 
that the ratio of progression to classical HCC 
from a hypovascular tumor was 12.9% within 
730 days and that hypovascular tumors re-
quired no expeditious treatment. It should be 
pointed out that this group could be further 
characterized by adding liver parenchymal 
phase contrast-enhanced sonography to allow 
type 3a nodules to be distinguished from type 
3b. This distinction is important because dur-
ing the 1-year follow-up period, both type 3a 
well-differentiated HCCs developed into 
overt HCCs that were perfused by only the 
hepatic artery, whereas all type 3b tumors 
(all dysplastic nodules and well-differentiated 
HCCs) exhibited no change in intranodular 
hemodynamics during the follow-up period. 
Therefore, it is altogether possible to accu-
rately differentiate between the various tu-
morous biologic malignancy grades, make a 
more precise diagnosis, and adapt a patient’s 
treatment accordingly.

The results of the present study also show 
that the use of liver parenchymal phase im-
aging with the already established diagnos-
tic procedure, vascular phase contrast-en-
hanced sonography [3–6], may yield more 
detailed information about the multistep de-
velopment of HCCs. In our study, 168 pa-
tients had a single hepatic nodule, 57 of 
whom underwent tumor biopsy or partial he-
patectomy. One hundred eleven cases were 
diagnosed by a noninvasive imaging tech-
nique based on guidelines of the European 
Association for the Study of the Liver, 
American Association for the Study of Liver 

Diseases (AASLD), and Japan Society of 
Hepatology (JSH).

Kudo, Okanoue, and the JSH [19] reported 
the management of HCC in Japan. If a nod-
ule shows the imaging findings typical of 
HCC (i.e., arterial phase hypervascularity 
with portal venous phase washout on dynam-
ic CT or dynamic MRI) in a cirrhotic liver, 
the nodule is confirmed as HCC. AASLD 
guidelines [20] also indicate that if the radio-
logic appearance of the mass is suggestive of 
HCC (arterial hypervascularity with venous 
washout in cirrhotic liver), then the likeli-
hood that the lesion is HCC is extremely high 
and biopsy is not essential. According to 
those guidelines, of the 111 patients with 
masses diagnosed as HCCs without patho-
logic results, 95 patients received radiofre-
quency ablation and 16 patients received par-
tial hepatectomy (five well-differentiated 
HCCs, eight moderately differentiated HCCs, 
three poorly differentiated HCCs).

Several limitations exist in this study. The 
first limitation concerns the diagnosis of 
HCCs and dysplastic nodules because the di-
agnoses of 86% of the nodular lesions were 
made on the basis of needle biopsy specimens. 
To reduce sampling error to an acceptable 
minimum, at least two needle core biopsies 
were performed for each tumor; however, it 
is difficult to correctly diagnose the histo-
logic grade of partially differentiating nod-
ules, and therefore further study with addi-
tional resected specimens is needed. Second, 
only 14 tumors, six well-differentiated HCCs 
and eight dysplastic nodules, could be ob-
served for a long follow-up period (i.e., ≥ 1 
year). To clarify the usefulness of contrast-
enhanced sonography in the diagnosis of 
premalignant and borderline lesions and 
overt HCCs, further case studies must be 
performed with a special focus on histo-
pathologic correlation and a larger number of 
cases with a longer follow-up period.
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Third, contrast-enhanced sonography can-
not be applied to nodules that cannot be de-
tected on B-mode sonography. In this respect, 
the method presented in this study may be 
inferior to CT or MRI but has great merit be-
cause it allows evaluation of intranodular he-
modynamics and reticuloendothelial function 
in one series of contrast-enhanced sonogra-
phy. By adding liver parenchymal phase im-
aging, we can assess the reticuloendothelial 
function of tumors. This technique seems to 
surpass current diagnostic methods that eval-
uate tumors using only vascular phase imag-
ing. Hereafter, a second-generation contrast 
agent could be used that is taken up by the 
reticuloendothelial system of the liver and, in 
combination with contrast-enhanced sonog-
raphy, might have the same degree of diag-
nostic utility as dynamic CT with superpara-
magnetic iron oxide–enhanced MRI together 
because both intranodular hemodynamics 
and reticuloendothelial function of tumors 
can be conveniently evaluated in one series of 
contrast-enhanced sonography.

In conclusion, liver parenchymal phase 
imaging may provide additional information 
that can be used to assess histologic grades 
of tumor, leading to an improvement in the 
differential diagnosis of nodular lesions as-
sociated with cirrhotic liver. Further case 
studies may be required in a larger number of 
cases for a longer follow-up period.
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Advances in imaging techniques and establishment
of surveillance protocols for high-risk populations
have led to the detection of small hepatic nodules

in patients with chronic liver diseases, particularly those
with cirrhosis or chronic hepatitis caused by hepatitis B or
C viruses. These nodules, comprising a broad range of
diagnostic entities—some benign and some with malig-
nant potential—are currently defined histologically, and
their clinical management often depends on the ability to
make a reliable histologic diagnosis.
Evidence accumulated in the last two decades strongly

favors the existence of a sequence of events in hepatic
nodules that precedes the emergence of hepatocellular
carcinoma (HCC),1-10 and these lesions are recognized as
precursors ofHCC.However, from the beginning of their
recognition, there has been considerable confusion con-
cerning nomenclature and diagnostic approaches to these
hepatic nodules. To clarify these issues, an International
Working Party (IWP) of the World Congresses of Gas-
troenterology proposed a consensus nomenclature and
diagnostic criteria for hepatocellular nodular lesions in
1995.11 The IWP classified nodular lesions found in

chronic liver disease into large regenerative nodule, low-
grade dysplastic nodule (L-DN), high-grade dysplastic
nodule (H-DN), and HCC; this nomenclature has been
widely adopted. In addition, the IWP introduced the con-
cept of dysplastic focus as a cluster of hepatocytes with
features of early neoplasia (in particular small cell change
or iron-free foci in a siderotic background) measuring less
than 0.1 cm, and defined small HCC as a tumor measur-
ing less than 2 cm.
More recent studies support the division of small HCC

into two clinico-pathological groups that have been
termed early HCC and progressed HCC. Early HCC has
a vaguely nodular appearance and is well differentiated.
Progressed HCC has a distinctly nodular pattern and is
mostly moderately differentiated, often with evidence of
microvascular invasion.12 Early HCC has a longer time to
recurrence and a higher 5-year survival rate compared
with progressed HCC.13

Small lesions withmalignant potential have only subtle
differences from the surrounding parenchyma, making
them difficult to assess reproducibly. Differences in the
application of diagnostic criteria between Western and
Eastern pathologists has been a persistent difficulty in
research and clinical management of these lesions.14 In
order to obtain a refined and up-to-date international
consensus on the histopathologic diagnosis of nodular
lesions, such as dysplastic nodules and early HCC, the
International Consensus Group for Hepatocellular Neo-
plasia (ICGHN) was convened in April 2002 in Kurume,
Japan. The group has met several times up to July 2007
under the auspices of the Laennec Liver Pathology Soci-
ety. The ICGHN is currently comprised of 34 patholo-
gists and two clinicians from 13 countries. It includes
most members of the original IWPwho are still active and
all the participants from the first ICGHN meeting. This
consensus document summarizes the results of our meet-
ings.

Materials and Methods
Twenty-six resected cases of nodules from 23 patients

with chronic hepatitis or cirrhosis caused by hepatitis B or
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C virus were selected from one Korean and two Japanese
medical centers. All the lesions measured less than 2 cm in
diameter. One hematoxylin and eosin–stained slide com-
prising the entire width of each lesion, a gross picture, and
brief clinical data were reviewed by each pathologist indi-
vidually, and the lesions were classified according to the
IWP criteria. The group met at Kurume University Med-
ical School, Kurume, Japan, in April 2002 to review all
the lesions with photographs and by group review of rel-
evant slides with a projecting microscope. The histologic
diagnostic criteria were discussed, focusing on cases with
marked discrepancies in initial, premeeting diagnosis.
The secondmeeting was held at the University of Leuven,
Belgium, in May 2004. The members discussed the diag-
nosis of an additional set of 22 resected small nodules.
The third meeting was held at the Aristotle University of
Thessaloniki, Greece in May 2006, and histopathologic
consensus on both dysplastic nodules and early HCC was
obtained. Kappa statistics were obtained from the com-
parative diagnostic panels of the first two of these meet-
ings using SAS software version 8.2 (SAS Institute Inc.,
Cary, NC).

Summary of Comparative Diagnosis Data
from Two Rounds of Slide Circulation
There was little difficulty in agreeing on the diagnosis

of well-differentiated, small HCC of the distinctly nodu-
lar type or when the tumor was moderately differentiated
HCC (Fig. 1A). The overwhelming diagnostic challenge
was the differentiation of H-DNs from well-differenti-
ated, small HCC of the vaguely nodular type (earlyHCC)
(Fig. 1B). These lesions showed the lowest kappa value at
the first conference with wide interobserver variation on
initial review; the variation was diminished, but not to-
tally resolved after the first conference. Initially, Asia-
trained pathologists generally diagnosed HCC more
frequently than Western pathologists. After the first con-

ference, this discrepancy decreased, and kappa values for
HCC rose from 0.30 to 0.49 (though with different slide
sets), with most Western pathologists ultimately agreeing
with the diagnosis of HCC. The improvement of diag-
nostic agreement after the initial conference was due to
the recognition of stromal invasion as a criterion for diag-
nosis of well-differentiated HCC. Stromal invasion is de-
fined as tumor cell invasion into the portal tracts or
fibrous septa within vaguely nodular lesions15,16 (Fig. 2).

Current Suggestions for Diagnostic Criteria
Gross and Radiographic Features
It is often possible to make a presumptive diagnosis of

HCC when a small lesion is distinctly nodular and is
hypervascular on contrast-enhanced imaging in the set-
ting of cirrhosis.17,18 However, errors will occur occasion-
ally with this approach. It has been reported that a small
but significant proportion of explant livers was misdiag-
nosed as HCC.19 Any focal lesion containing a large arte-
rio-venous shunt may be hypervascular (for example,
focal nodular hyperplasia20 or similar lesions21). A hypo-
vascular lesion less than 2 cm having a vaguely nodular
appearance cannot be accurately diagnosed by gross ex-
amination or imaging. Such lesions should undergo
guided needle core biopsy.
Some small nodules have a “nodule-in-nodule” ap-

pearance either radiologically or on gross examination.22

In this situation, the subnodule usually represents de-
differentiation of the “parent” nodule. The parent nodule
may be a dysplastic nodule or well-differentiated HCC,
and the subnodule is invariably a less-differentiated le-
sion. In these situations, the entire nodule is classified by
the worst component. Typically, the less-differentiated
component is more vascular than the parent compo-
nent.23-27 However, if the parent nodule is a dysplastic
nodule and the subnodule is well-differentiatedHCC, the
subnodule may not be hypervascular, because unpaired
arteries have not yet developed. Such unpaired arteries are
small arteries (unaccompanied by bile duct) occurring

Fig. 1. (A) HCC of distinctly nodular type (progressed HCC), 12 mm in
diameter. There was no discrepancy in the diagnosis of HCC with this
growth pattern despite the small tumor size. (B) Small HCC of vaguely
nodular type (early HCC) (arrows). These lesions were often a diagnostic
problem, solved in part by recognition of the histologic features of
stromal invasion.

Fig. 2. (A) Stromal invasion in early HCC. The tumor cells (arrows) are
invading an intratumoral portal tract. (B) CK19 immunostaining of an-
other lesion. The ductular reaction (arrows) is mimicking stromal invasion
and is prominent at the stroma–parenchymal interface. Well-differenti-
ated HCC with fatty change is located at the bottom half of the image.
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outside the original portal tracts, and are indicative of
neovascularization. They have a thin muscular wall that
can be recognized in more detail via immunostaining for
�-smooth muscle actin. Regardless of vascularity, a nod-
ule-in-nodule appearance suggests the presence of HCC.

Pathologic Features

Low-Grade Dysplastic Nodules. L-DNs are some-
times vaguely nodular but are often distinct from the sur-
rounding cirrhotic liver because of the presence of
peripheral fibrous scar. This is not a true capsule, but
rather condensation of scarring as is seen around all cir-
rhotic nodules. L-DNs show mild increase in cell density
with a monotonous pattern, and they have no cytologic
atypia, though they may have large cell change (formerly
referred to as large cell dysplasia28). Architectural changes
beyond clearly regenerative features are not present; these
lesions do not contain pseudoglands or markedly thick-
ened trabeculae (Fig. 3). Unpaired arteries are sometimes
present in small numbers.29 Nodule-in-nodule lesions are
not present in L-DNs. L-DNs may have diffuse siderosis
or diffusely increased copper retention.
Amongmembers of the consensus panels, there was no

serious difficulty in differentiating L-DNs from early
HCC. At the opposite end of the spectrum, distinction
between L-DNs and large regenerative nodules was often

found to be difficult or impossible. Therefore, there is
currently consensus that distinction between these two
diagnostic categories cannot be made confidently by mor-
phology alone and remains a task for the future. Fortu-
nately, this distinction does not appear to have significant
practical consequences at present.

High-Grade Dysplastic Nodules. H-DNs may be
distinctly or vaguely nodular in the background of cirrho-
sis, although they also lack a true capsule, similar to L-
DNs; however, they are more likely to show a vaguely
nodular pattern than L-DNs. An H-DN is defined as
having architectural and/or cytologic atypia, but the
atypia is insufficient for a diagnosis ofHCC.These lesions
most often show increased cell density, sometimes more
than 2 times higher than the surrounding nontumoral
liver, often with an irregular trabecular pattern (Fig. 3).
Small cell change (also known as small cell dysplasia30) is
the most frequently seen form of cytologic atypia in H-
DNs. This form of atypia may also occur in small hepa-
tocellular foci outside of H-DNs; the term dysplastic
focus11 may be appropriately used for such lesions. Large
cell change may or may not be present in H-DNs. Un-
paired arteries are found in most lesions, but usually not
in great numbers. A nodule-in-nodule appearance is oc-
casionally found in H-DNs, and subnodules often have a
higher labeling index of Ki-67 or proliferating cell nuclear
antigen than that of H-DN parenchyma. When a nodule
with largely H-DN features contains a subnodule of
HCC, the subnodule of HCC is usually well-differenti-
ated with a well-defined margin.
The diagnostic discrepancy between H-DN and early

HCCwas frequent at the first consensus meeting, but was
remarkably improved at the second meeting due to the
recognition of stromal invasion as a diagnostic criterion
for the differentiation of H-DN from early HCC. If areas
of questionable invasion are present, immunostaining for
keratins 7 or 19 may be useful; if such staining demon-
strates a ductular reaction, the focus is considered a
pseudoinvasion and does not warrant a diagnosis of
HCC31 (Fig. 2B).

Early HCC (Small Well-Differentiated HCC
of Vaguely Nodular Type)
Early HCC tumors are vaguely nodular and are char-

acterized by various combinations of the following major
histologic features6,22,32 (Fig. 3):
(1) increased cell density more than 2 times that of the

surrounding tissue, with an increased nuclear/cytoplasm
ratio and irregular thin-trabecular pattern;
(2) varying numbers of portal tracts within the nodule

(intratumoral portal tracts);
(3) pseudoglandular pattern;

Fig. 3. (A) Low-grade dysplastic nodule (right two-thirds) shows mild
increase in cell density with a clearer trabecular arrangement than the
adjacent parenchyma. (B) High-grade dysplastic nodule. The cell density
in this example is more than 1.5 times higher than that in the surround-
ing tissue (upper left). Irregularity of the trabecular pattern is remarkable,
but there is no obvious infiltrative growth. (C, D) Small, well-differentiated
HCC of vaguely nodular type (early HCC). The tumor shows replacing
growth at the boundary (arrows), and the cell density is more than 2
times higher than that in the surrounding tissue. The tumor cells show an
irregular thin-trabecular pattern with occasional pseudoglands. Stromal
invasion was present elsewhere in the tumor.
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(4) diffuse fatty change; and
(5) varying numbers of unpaired arteries.
Among these features, diffuse fatty change is observed

in approximately 40% of cases.33 The characteristic fea-
tures of early HCC are sometimes seen in larger tumors as
well—that is, well-differentiated tumors that measure
over 2 cm and thus do not qualify for the designation of
small HCC set forth by the IWP. The prevalence of fatty
change decreases along with increasing tumor size; there-
fore, fatty change is uncommon in tumors larger than 3
cm. Fatty change is also uncommon in moderately differ-
entiated HCCs. Any of the features listed above may be
diffuse throughout the lesion or may be restricted to an
expansile subnodule (nodule-in-nodule). Most impor-
tantly, because all of these features may also be found in
H-DNs, it is important to note that stromal invasion
remains most helpful in differentiating early HCC from
H-DNs.

Emerging Tumor Markers
Alpha-fetoprotein is a well-established serum marker

for HCC. However, elevated levels are rarely found in
early HCCs. Alpha-fetoprotein is not useful as a tissue
marker because of low sensitivity (25% to 30%), even
with moderately differentiated HCC.
Glypican-3 (GPC3), a cell-surface heparan sulfate pro-

teoglycans that is secreted into the plasma, has recently
become established as a serum and tissue marker for
HCC.34-39 GPC3 immunoreactivity has a reported sensi-
tivity of 77% and specificity of 96% in the diagnosis of
small HCC; therefore, GPC3 positivity is a strong argu-
ment for malignancy.40,41 The staining pattern is usually
cytoplasmic but may be membranous or canalicular (Fig.
4). The monoclonal antibody from Biomosaics (IG12
clone) at a dilution of 1/50 to 1/100 as amplified with the
new short polymer systems (Advance [Dako], Novolink
[Novocastra], and Super-picture � [Zymed]) yields reli-
able results. Because GPC3 staining may be only focal,
additional markers or a panel of markers may be neces-
sary. GPC3 staining must be interpreted in context, be-

cause it may also be seen in regenerating hepatocytes in a
setting of hepatitis42 and in melanocytic lesions.43

Heat shock protein 70 (HSP70) belongs to a class of
genes (heat shock proteins) implicated in the regula-
tion of cell cycle progression, in apoptosis, and in tu-
morigenesis.44-46 Most HCCs are associated with
chronic inflammation and fibrosis acting as stressful
conditions that lead to heat shock protein synthesis.
HSP70 is, in particular, a potent antiapoptotic survival
factor. Chuma et al.47 reported HSP70 as the most
abundantly up-regulated gene among a set of 12,600
genes in early HCC. Furthermore, it was significantly
overexpressed in progressed HCC as compared with
early HCC, and in the latter as compared with precan-
cerous lesions. HSP70 immunoreactivity was recently
reported in the majority of HCCs, including early and
well-differentiated forms, but not in nonmalignant
nodules,48 thus suggesting its use as a marker of malig-
nancy. HSP70 immunoreactivity (SC-24, dilution
1:250 to 1:500 amplified with short polymer systems;
Santa Cruz Biotechnology, Santa Cruz, CA) is nucleo-
cytoplasmic and mostly focal with 70% sensitivity for
HCC detection in surgically resected specimens.49

Glutamine synthetase (GS) catalyzes the synthesis of
glutamine from glutamate and ammonia in the mamma-
lian liver49 where it has been shown to be restricted to
hepatocytes surrounding the terminal hepatic venules.50

It is known that glutamine, the end product of GS activ-
ity, is the major energy source of tumor cells.51 Most
importantly, GS is a target gene of �-catenin so that its
overexpression is associated with mutations of �-catenin
or with activation of this pathway.52-54 Up-regulation of
GS messenger RNA, protein, and activity were shown by
Christa et al.52 in human HCC, while Osada et al.55 re-
ported the stepwise increase in GS immunoreactivity
from precancerous lesions to early HCC to progressed
HCC. The monoclonal antibody from Chemicon Inter-
national (clone MB302) at a dilution of 1/500 to 1/1000
and amplified with a new short polymer system yields
reliable results. In order to increase its specificity as a
marker of malignancy, GS immunostaining should be
diffuse and of strong intensity, a pattern that can be seen
in 50% of HCCs, including early forms.49

The combination of more than one putative marker of
malignancy raises the overall accuracy. When applying a
panel of these three markers (GPC3, HSP70, and GS) to
resected small lesions, the finding of any two positive
markers had a sensitivity of 72% and a specificity of 100%
to detect malignancy.48 The diagnostic accuracy of this
panel of markers in liver biopsies of hepatocellular nod-
ules has not been yet tested.

Fig. 4. GPC3 expression in small, well-differentiated HCC of vaguely
nodular type (early HCC). (A) Hematoxylin-eosin stain. (B) Immunostain-
ing for GPC3 shows expression in the cytoplasm of tumor cells.
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Comment
The IWP criteria of 1995 have led to remarkable

progress in global standardization of nomenclature of
liver nodules.11 However, although these criteria have
been widely adopted, their application is challenging in
equivocal lesions. Perhaps the most significant problem is
that most histologic criteria are arrayed on a gradual spec-
trum and cannot be easily summarized as present or ab-
sent. Additionally, the number of criteria suggested in the
literature are too numerous to achieve interobserver con-
sensus, and the diagnostic weight carried by each of these
criteria is uncertain. Frequently used criteria for malig-
nancy in other tissues, such as mitotic activity and cellular
atypia, are not represented to a significant degree in well-
differentiated HCC. In addition, because the liver lacks a
layered structure as seen in the gastrointestinal tract, it is
difficult to determine the presence of destructive growth
in early HCCs.
Despite these difficulties, current histologic criteria for

these nodules clearly yield reliable diagnoses at both ends
of the spectrum; most pathologists will correctly identify
nodules up to L-DN as benign, whereas even small well-
differentiated nodules with distinct nodular pattern or
small moderately differentiated HCCs will be correctly
identified asmalignant. The remaining gray zone includes
H-DN and early HCC. In evaluation of these lesions, the
presence of stromal invasion is a useful criterion of malig-
nancy.15,16 Accordingly, pathologists can decide whether
the equivocal tumor is HCC orH-DN by recognizing the
presence or absence of tumor cell invasion into the intra-
tumoral portal tracts. When obvious stromal invasion is
not found in an equivocal tumor, the lesion may be diag-
nosed as either H-DN or early HCC without detectable
invasion. The diagnosis of stromal invasion is subjective
and may require the assistance of histochemical (Victoria
Blue or reticulin stains16) and immunohistochemical
stains (keratin 7 or 19) for differentiation from pseudoin-
vasion.29 New immunohistochemical and molecular
markers are still under investigation and are likely to
prove useful.46,54,56

Role of Liver Biopsy. Regarding the application of
biopsy for small nodules, the American Association for
the Study of Liver Diseases recommends that biopsy
should be performed for nodules less than 2 cm if their
radiologic findings are not characteristic ofHCC,whereas
biopsy is not needed for lesions showing characteristic
radiologic findings.17 This recommendation has been
supported by prospective validation.18 Biopsy diagnosis
of equivocal nodules remains a challenge, because minute
biopsy specimens may not contain intratumoral portal
tracts, thus precluding the detection of stromal invasion.

Similarly, the detection of unpaired arteries, mitoses, and
various immunohistochemical markers are prone to sam-
pling error. Core liver biopsy is definitely superior to fine
needle aspiration, because the specimen obtained is suit-
able for the assessment of both architectural and cytologic
features. Furthermore, the tissue block obtained provides
materials for marker studies. Fine needle aspiration is usu-
ally adequate for the evaluation of large lesions that are
likely to be moderately to poorly differentiated, where
diagnostic criteria are easier to evaluate.

Clinico-pathological Correlation. Clinical and
pathological features of early hepatocellular neoplasia are
summarized in Fig. 5. The characteristic imaging appear-
ance of HCC is a hypervascular lesion that shows washout
in the portal venous phase. This appearance is also typical
in small HCC of the distinctly nodular type and most
moderately differentiated small HCCs. Dysplastic nod-
ules andmost early HCCs are hypovascular lesions. These
classic images are explained by the anatomic features of
the lesions. Taken together, the pathologic and imaging
features define three phases in the evolution of neoplasia
in cirrhotic liver, where dysplastic nodules represent the
premalignant phase, well-differentiated HCC of the

Fig. 5. Diagram summarizing clinical and pathological correlations.
The cartoons in the top row show the anatomic changes that are found
with the evolution of fully malignant HCC. Because early HCCs grow in a
replacing pattern at the boundary, with tumor cells replacing the sur-
rounding liver cell cords, they show a vaguely nodular appearance. When
the tumors reach 1.5 to 2 cm in diameter, they tend to de-differentiate,
becoming moderately differentiated and growing in an expansile fashion
with formation of a fibrous capsule. Hypovascularity, hypervascularity,
and isovascularity are understood to mean the signal intensity in the
arterial phase of contrast-enhanced imaging relative to the nontumorous
liver. Hypervascularity is related to the development of unpaired arteries,
the absence of portal vein supply, and the distinctly nodular growth. The
diagnosis must consider the context of the lesion, especially the pres-
ence of cirrhosis, the imaging findings, and the growth rate. In the
appropriate context, a lesion with decreased portal vein supply without
hypervascularity is suggestive of early HCC.
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vaguely nodular type represents early carcinoma, and
smallHCCs of the distinctly nodular type andmoderately
differentiated HCCs represent progressed carcinoma. In
the noncirrhotic liver, however, the developmental pro-
cess of HCC in humans has not been clarified.
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Abstract

Background Small cell carcinoma (SCC) of the pancreas

is a rare entity, with only a few cases reported in the

literature. The aim of this study was to evaluate the

effectiveness of combination chemotherapy with carbo-

platin and etoposide (CE) in SCC of the pancreas.

Methods We performed a retrospective analysis of four

patients diagnosed with SCC among 279 patients with

malignant pancreatic tumors treated between 2000 and 2007.

All patients were treated with combination chemotherapy

using a schedule consisting of intravenous (IV) carboplatin

(150 mg/m2) on day 1 and IV etoposide (80 mg/m2) on days

1, 2, and 3 every 28 days.

Results Pathological diagnosis was confirmed by endo-

scopic ultrasonography-guided fine-needle aspiration

(EUS-FNA) in all patients. Three patients treated with the

combination chemotherapy achieved remission, two with a

complete response and one with a partial response. The

remaining one patient showed no change. One of the two

patients with a complete response survived for 56 months

following the diagnosis.

Conclusions Combination chemotherapy with CE may be

effective for the treatment of SCC of the pancreas; EUS-

FNA plays an important role in distinguishing SCC from

other pancreatic malignancies, leading to the appropriate

treatment being given.

Keywords Small cell carcinoma � Pancreas �
Pancreatic carcinoma � Carboplatin � Etoposide

Introduction

Small cell carcinomas (SCCs) account for 18–20% of all

primary lung cancers [1, 2], but they are also encountered

at many other sites, including the pancreas. Primary SCC

of the pancreas is rare, comprising only 1% of all exocrine

pancreatic tumors [3], and its prognosis is extremely poor.

When left untreated, it follows a rapidly progressive, fatal

course. However, case studies have shown that some of

these tumors can be successfully treated with certain sys-

temic chemotherapies [4–9]. Therefore, it is particularly

important to distinguish SCCs from other pancreatic

malignancies. We encountered four patients with SCC of

the pancreas, and in all four SCC was proven pathologi-

cally by endoscopic ultrasonography-guided fine-needle

aspiration (EUS-FNA). These patients were treated with a

unified combined chemotherapy regimen with carboplatin

and etoposide (CE). The number of patients with SCC

receiving this regimen in our series is much larger than that

in previous reports, where most were case reports of only

one patient. We demonstrate the efficacy of EUS-FNA and

subsequent combination chemotherapy with CE in SCC of

the pancreas.
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Patients, materials, and methods

Patients

Four patients diagnosed with SCCs among 279 patients

with malignant tumors of the pancreas treated between

2000 and 2007 were reviewed at the Kinki University

School of Medicine. Clinical data, including the tumor

markers carbohydrate antigen (CA) 19-9, carcinoembry-

onic antigen (CEA), Span-1, DUPAN-2, and neuron-

specific enolase (NSE), imaging modalities, and patient

response to chemotherapy, were analyzed. The histological

criteria used in this study were the same as those proposed

by the World Health Organization [10] for pulmonary

SCC. Pathological diagnosis was obtained by EUS-FNA in

all patients (Fig. 1).

All patients received combination chemotherapy with

CE. Chemotherapy was administered intravenously (IV),

and consisted of carboplatin (150 mg/m2) on day 1 for

30 min and etoposide (80 mg/m2) on days 1, 2, and 3 for

90 min every 28 days (Fig. 2).

Computed tomography (CT) evaluation

All patients had a CT evaluation, with a variety of equip-

ment and protocols in place at the contributing medical

institutions. Nonenhanced and dynamic contrast-enhanced

images of the pancreas were obtained in all cases. The CT

characteristics that were evaluated included tumor size,

shape (round or lobulated), margins (well or poorly defined),

and location. Overall tumor attenuation was evaluated

before and during the administration of contrast media and

was described as homogeneous or heterogeneous. A

homogeneous lesion was characterized further as hypo-,

iso-, or hyperattenuated in relation to the normal pancreatic

parenchyma. Areas of hypoattenuation that visually showed

no enhancement on contrast-enhanced images were con-

sidered to be cystic or necrotic components.

Evaluation of the response

Tumor responses were evaluated according to World

Health Organization criteria [11]. A complete response

Fig. 1 Small cell carcinoma

(SCC) in a 69-year-old man

(case 2). a Homogeneous mass

(arrows) in the pancreatic head

(P). b Pancreatic head of the

mass (arrows) is punctured by

endoscopic ultrasonography-

guided fine-needle aspiration

(EUS-FNA) needle

(arrowheads).
c Immunohistochemical

preparation showing an area of

chromogranin A reactivity from

the EUS-FNA of the pancreatic

mass (9400). Most of the tumor

was negative for this marker

Fig. 2 Regimen of combination

chemotherapy with carboplatin

and etoposide
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(CR) was defined as the complete disappearance of all

evidence of tumors for at least 4 weeks. A partial response

(PR) was defined as a 50% or greater reduction in the sum

of the products of the two greatest perpendicular diameters

of all indicator lesions, or a more than 50% reduction in

assessable disease for at least 4 weeks, with no appearance

of new lesions or progression of any existing lesions.

Progressive disease (PD) was defined as a 25% or greater

increase in the tumor area or the appearance of new lesions.

All other outcomes were classified as no change (NC).

Results

Between 2000 and 2007, a total of 279 patients were

diagnosed, as having malignant pancreatic tumors. Small

cell carcinomas (SCCs) were observed in only 4 patients

(1.4%); most pancreatic malignant tumors were ductal

adenocarcinomas (84.9%; Table 1) The average age of the

patients with SCC of the pancreas was 66 years (range 62–

79 years). The presenting clinical symptoms included

abdominal pain (n = 2), general fatigue (n = 1), and weight

loss (n = 1; Table 2).

The CT characteristics of the SCC tumors are summa-

rized in Table 3. The tumors were relatively large (mean

diameter = 66 mm), round (3/4), homogeneous (3/4),

minimally enhancing (4/4), and with clear margins. Two of

the four patients had tumors that arose from the head of the

pancreas; the tumors in the other two patients arose from

the body of the pancreas. One of the four patients displayed

an SCC that was very large (size 110 mm), and involved

the kidney, stomach, and spleen. This tumor also had a

large area of necrosis, and was heterogeneous by noncon-

trast enhanced CT. One tumor showed exophytic growth

beyond the pancreas and invasion of adjacent organs, with

a large area of necrosis. The tumors had an aggressive

appearance, with metastases seen in all patients (primarily

to the lymph nodes or the liver). One patient had pancreatic

duct obstruction; none of the patients had biliary ductal

obstruction.

All patients received chemotherapy, as they were

unable to receive surgical resectioning. Endoscopic ultra-

sonography-guided fine-needle aspiration (EUS-FNA)

histologically confirmed the SCC diagnosis in all patients,

with no complications occurring after EUS-FNA.

Of the four patients that received CE, two showed a CR

(Fig. 3), one showed a PR (Fig. 4) and one showed NC.

One of the two patients with complete remission survived

for 56 months following diagnosis. The other patients with

CR, NC, and PR, have survived for 14, 9, and 18 months

after diagnosis, respectively (Table 2).

Table 4 compares the sensitivities of different tumor

markers for detecting SCC of the pancreas. The sensitivi-

ties of CA19-9, CEA, Span-1, DUPAN-2, and NSE were 0,

25, 0, 0, and 100%, respectively, and NSE was more

sensitive than the other tumor markers tested.

Discussion

Most malignant neoplasms of the pancreas are adenocar-

cinomas that arise from the ductal epithelium; however,

other types of pancreatic malignancies have also been

described [12]. Acinar cell carcinoma, mucinous cystade-

nocarcinoma, SCC, and functional/nonfunctional endocrine

tumors have been classified based on histological features

and cell origins. Of all the pancreatic malignancies, the

incidence of SCCs is very low. Reyes and Wang [3]

reported 5 SCC cases among 485 (1%) pancreatic

Table 1 Histological data of patients with malignant tumors in the

pancreas treated from 2000 to 2007

n (%)

Ductal adenocarcinoma 237 84.9

Intraductal papillary mucinous carcinoma 15 5.3

Endocrine tumors 12 4.3

Mucinous cystadenocarcinoma 5 1.9

Small cell carcinoma 4 1.4

Adenosquamous carcinoma 3 1.1

Acinar cell carcinoma 2 0.7

Anaplastic carcinoma 1 0.4

Total 279 100

Table 2 Summary of the clinical data in SCC of the pancreas

Age

(years)

Sex Clinical

symptoms

Number

of cycles

Response to

chemotherapy

Survival from first

chemotherapy (months)

Survival

Case 1 64 F Abdominal pain 5 CR 56 Dead

Case 2 69 M General fatigue 4 CR 14 Alive

Case 3 62 M Weight loss 4 NC 9 Alive

Case 4 69 M Abdominal pain 4 PR 18 Alive

CR complete response, NC no change, PR partial response

434 J Gastroenterol (2009) 44:432–438
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Table 3 Imaging findings of SCC of the pancreas

Location/

size

CT characteristics Metastases Ascites/pleural

effusion

Biliary/MPD

dilatation
No contrast Contrast enhancement

Case 1 Body, 91 mm Round, well-defined margin,

homogeneous isoattenuation

Homogeneous, slight

enhancement

Liver (multiple), None MPD dilatation

p-LN

Case 2 Head, 32 mm Round, well-defined margin,

homogeneous isoattenuation

Homogeneous, slight

enhancement

p-LN None None

Case 3 Head, 40 mm Round, well-defined margin,

homogeneous isoattenuation

Homogeneous, slight

enhancement

p-LN None None

Case 4 Body, 110 mm Lobulated, exophytic growth,

poorly defined margin,

heterogeneous, involvement

of kidney, stomach, spleen

Heterogeneous, slight

enhancement, large

necrosis

p-LN, d-LN None None

Liver, kidney,

Stomach, spleen

p-LN peripancreatic lymph node, d-LN distant lymph node

Fig. 3 Small cell carcinoma in

a 64-year-old woman (case 1).

a Heterogeneous mass (arrows)
with central necrosis is present

in the pancreatic body (P).
b After a total of five courses of

combination chemotherapy,

computed tomography (CT)

scan showed remarkable

shrinkage of the pancreatic

mass. S spleen

Fig. 4 A poorly differentiated

SCC in a 69-year-old man

(case 4). a Positron emission

tomography (PET)-CT scan

showed an large pancreatic tail

mass (arrows; P; a-1) and
multiple liver metastases (a-2).
b After a total of three courses,

the PET-CT scan showed

remarkable shrinkage of the

pancreatic mass (arrowhead;
b-1), and liver metastases (b-2)
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malignancies seen at Hines Veteran Administration

Hospital from 1951 to 1979. In our study, SCCs of the

pancreas were identified in only 4 of the 279 patients

investigated (1.4%). Most of the malignant pancreatic

tumors we observed were ductal adenocarcinomas (84.9%),

which is consistent with previous reports (Table 1). None

of the patients from the Reyes and Wang study could

receive chemotherapy, and they died within 2 months of

the appearance of symptoms [3–5, 9]. However, some

SCCs of the pancreas can reportedly be successfully treated

by anticancer drugs. Therefore, it is particularly important

to distinguish SCCs from other pancreatic malignancies.

We identified 4 patients with SCC of the pancreas, and

have present details of the clinical data and response rate to

chemotherapy of these patients.

Previous studies have suggested that SCCs of the pan-

creas frequently occur in the pancreatic head. The average

age of a patient at presentation is reportedly 60 years, with

clinical symptoms of abdominal pain, weight loss, and/or

jaundice. Hepatomegaly and ascites are also often present

[5, 13–21]. Some SCCs are reportedly associated with

endocrine symptoms, including Cushing-like syndrome

[15], facial hirsutism [22], hypercalcemia [15], diabetes

mellitus [6, 23], and overexcretion/overproduction of

5-hydroxyindoleacetic acid [23] or adrenocorticotrophic

hormone [17, 22]. These findings will often lead to the

differential diagnosis of SCC from other pancreatic

malignancies.

Recently, some studies have indicated that imaging

studies can be helpful in the differential diagnosis of SCCs

of the pancreas [19–21]. Ichikawa et al. [21]. reported SCCs

of the pancreas in three patients. In each patient, the tumor

arose from the head of the pancreas as a large (size 5–7 cm),

homogeneous mass by noncontrast CT. Furthermore, all the

tumors showed minimal contrast on contrast-enhanced

CT. In our series, SCCs in two of the four patients arose

from the head of the pancreas, while in the other two they

arose from the body. In three of these four patients, the

SCCs were homogeneous by noncontrast enhanced CT. The

tumors in all four patients were slightly enhanced by con-

trast-enhanced CT, as was also reported by Ichikawa et al.

[21]. One of our four patients had a tumor of 110 mm in size

with a large region of necrosis. Generally, adenocarcinomas

of the pancreas are hypovascular; neuroendocrine (islet

cell) tumors are hypervascular by contrast-enhanced CT

[19–24]. Tumor vascular evaluation by imaging modalities

such as contrast-enhanced CT is useful for the differential

diagnosis of these typical pancreas tumors. However, a

specific diagnosis may not be possible in some cases, such

as in large SCCs with necrosis.

O’Connor et al. [13] have reported that a fall in serum

NSE levels after chemotherapy parallels tumor size

reduction, suggesting that serum NSE could be a useful

marker for assessing the treatment response of SCCs.

Likewise, we found that in patients where a CR or PR was

achieved after chemotherapy, a fall in NSE concentration

after chemotherapy paralleled the tumor reduction. We also

determined the sensitivities for four other tumor markers in

detecting SCCs of the pancreas, with sensitivities shown by

CA19-9, CEA, Span-1, DUPAN-2, and NSE of 0, 25, 0, 0,

and 100%, respectively. Thus, NSE was the most sensitive

of the tumor markers, and serum NSE measurement may be

helpful for the differential diagnosis of SCCs and ductal

carcinomas.

Due to the aggressive nature of SCCs of the pancreas,

most patients are diagnosed at an advanced stage of dis-

ease, with an average life expectancy of up to 2 months for

symptomatic patients who do not receive chemotherapy [3,

15, 16, 19, 20]. Thus, chemotherapy is the only available

treatment option for those patients. There are several pre-

vious reports on the efficacy of combination chemotherapy

for SCCs in general; however, few patients with SCCs of

the pancreas have been thus treated, and the efficacy of

chemotherapy in such patients is therefore unclear. How-

ever, CRs to chemotherapy have been reported. Morant and

Bruckner [5] reported a 54-year-old man with an SCC of

the pancreas, who had metastases to the regional lymph

nodes, liver, and bone marrow, and who was successfully

treated with cisplatin–etoposide therapy, despite previous

unsuccessful chemotherapy regimens with streptozocin,

5-fluorouracil and methotrexate, doxorubicin, cyclophos-

phamide, and lomustine (MACC). In another study, a

52-year-old man with an SCC of the pancreas was unsuc-

cessfully treated with cyclophosphamide, doxorubicin, and

vincristine (CAV), showing no response [5]. Recently,

Berkel et al. [7] demonstrated that local tumor control

could be achieved with gemcitabine once a week and a

long-acting somatostatin analogue once a month; however,

liver metastasis in their patient showed progression. Some

tumors can be treated successfully with systemic chemo-

therapy, although most previous reports have only looked

at one case in analyzing this. Our series of patients with

pancreatic SCC receiving a unified chemotherapy regimen

is much larger than any previous report in the literature.

Table 4 Sensitivity of tumor markers

CA19-9 CEA Span-1 DUPAN-2 NSE

([37) ([5) ([30) ([150) ([10)

Case 1 3 2 5.7 25 100

Case 2 15 1.7 13 25 21.2

Case 3 14 6.1 12 37 97

Case 4 26 4.3 20 75 205

CA19-9 carbohydrate antigen, CEA carcinoembryonic antigen,

DUPAN-2 pancreatic cancer-associated antigen-2, NSE neuron-

specific enolase
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Two major regimens; namely, carboplatin–etoposide

(CE) and cisplatin–etoposide, are recommended for the

treatment of SCCs in the lung [24–27]. We used CE

combination therapy for all encountered patients with SCC

of the pancreas. The CE therapy was chosen because car-

boplatin and etoposide have high efficacy in combination

therapy [24–27] and CE combination treatment is associ-

ated with less renal, neurologic, and gastrointestinal

toxicity than cisplatin–etoposide therapy; however, both

combinations are equally effective in treating SCCs of the

lung [28].

In our series, two patients achieved a complete remis-

sion after four cycles of therapy. One of these two patients

survived for 56 months after the first chemotherapy, and

the other survived for 14 months after the first chemo-

therapy. Another patient achieved a partial remission with

one cycle of therapy.

Our results suggest that combination chemotherapy with

CE could be the first line of therapy for SCCs of pancreas,

although histological confirmation is vital for the proper

choice of treatment. In most previous studies, the histo-

logical diagnosis was only determined after the study and

by autopsy. We performed EUS-FNA for the histological

diagnosis of SCC in all patients, which led to the correct

choice of treatment. Since its initial description in 1992

[22], EUS-FNA has become a widely accepted modality

for the tissue diagnosis of pancreatic lesions [30–36].

Moreover, EUS-FNA of pancreatic masses is safe and has

an overall accuracy of 90% [30, 34]. Our results indicate

that EUS-FNA plays an important role in differentiating

SCC from ductal carcinoma.

In conclusion, this report may reinforce several clini-

cally useful lessons, describing four patients who were

treated with a uniform regimen of chemotherapy. In

patients presenting with pancreatic malignancies with a

wide array of metastases (which is unusual for common

adenocarcinoma) and few symptoms, features that are

disproportionate to the extent of the disease, physicians

should be suspicious and encourage further histological

diagnosis by EUS-FNA.
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Abstract
We describe a 15-mm scirrhous hepatocel lular 
carcinoma (HCC) in a 60-year-old man with B-type 
cirrhosis. Ultrasound disclosed a 15-mm hypoechoic 
nodule in segment 7. Contrast-enhanced US revealed 
heterogeneous, not diffuse, hypervascularity in 
the early phase and a defect in the Kupffer phase. 
Contrast-enhanced computed tomography (CT) 
revealed a heterogeneous hypervascular nodule in the 
early phase and a low-density area in the late phase. 
Magnetic resonance imaging (MRI) revealed iso- to 
hypointensity at T1 and high intensity at T2-weighted 
sequences. Contrast-enhanced MRI also revealed a 
heterogeneous hypervascular nodule in the early phase 
and washout in the late phase. Super-paramagnetic 
iron oxide-MRI revealed a hyperintense nodule. CT 
during hepatic arteriography and CT during arterial 
portography revealed heterogeneous hyperattenuation 
and a perfusion defect, respectively. Based on these 
imaging findings the nodule was diagnosed as a mixed 
well-differentiated and moderately-differentiated HCC. 

Histologically, the nodule was moderately-differentiated 
HCC characterized by typical cytological and structural 
atypia with dense fibrosis. Immunohistochemically, 
the nodule was positive for heterochromatin protein 
1 and alpha-smooth muscle actin, and negative for 
cytokeratin 19. From the above findings, the nodule 
was diagnosed as scirrhous HCC. Clinicians engaged 
in hepatology should exercise caution with suspected 
scirrhous HCC when imaging studies reveal atypical 
findings, as shown in our case on the basis of chronic 
liver disease.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
According to World Health Organization (WHO) 
classifications, hepatocellular carcinoma (HCC) with 
diffuse fibrosis is subclassified as scirrhous-type 
HCC (SHCC)[1]. Histologically, it is characterized by 
diffuse fibrosis along the sinusoid-like blood spaces 
with varying degrees of  atrophy of  tumor trabeculae. 
Preoperative images by computed tomography (CT) 
and magnetic resonance imaging (MRI) are, however, 
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often misdiagnosed as those of  cholangiolocellular 
carcinoma (CCC), HCC-CCC, and metastatic carcinoma 
due to heterogeneous enhancement in the early phase 
and prolonged enhancement in the late phase attributed 
to abundant fibrous stroma. Moreover, imaging studies 
for the diagnosis of  SHCC, such as contrast-enhanced 
ultrasound (US), CT during hepatic arteriography 
(CTA) and CT during arterial portography (CTAP) 
have so far not been described. Here, we present a case 
of  moderately differentiated SHCC that histologically 
manifested as typical cytological and structural atypia 
with dense fibrosis, whereas imaging studies with 
contrast-enhanced CT, MRI, US, CTA and CTAP 
revealed a mixed well-differentiated and moderately-
differentiated HCC. 

CASE REPORT
A 60-year-old man with B-type liver cirrhosis was admitted 
in November 2007 for further examination of  a 15-mm 
hypoechoic nodule in segment seven (S7). The patient 
had no history of  alcohol, blood transfusion or drug 
abuse. On admission, physical examination showed no 
remarkable abnormalities. Hepatitis B virus was positive 
for surface antigen and for envelope antibody, and negative 
for envelope antigen (HBeAg). The amount of  HBV 
deoxyribonucleic acid was less than 2.6 log copy/mL. 
Laboratory studies disclosed the following abnormal 
values: platelets 5.3 × 104/μL (normal, 14-34), aspartate 
aminotransferase 44 IU/L (0-38), alkaline phosphokinase 
864 IU/L (115-359), thymol turbidity 7.7 U (0-4), 
zinc sulfate turbidity test 14.8 U (2-12), and γ-globulin 
29.3 g/dL (10.6-20.5). The levels of  tumor markers were 
as follows: alpha-fetoprotein (AFP) 3.8 ng/mL (< 10), 
protein induced by vitamin K absence 71 mAU/mL (0-40), 
CA19-9 39.4 U/mL (0-37), and CEA 4.78 ng/mL (0-5).

US disclosed a 15-mm hypoechoic nodule in S7. 
Contrast-enhanced CT revealed a heterogeneous, not 
diffuse, hypervascular nodule in the early phase and a low-
density area in the late phase (Figure 1A and B). MRI 
revealed iso- to hypointensity at T1 and high intensity at 
T2-weighted sequences. Contrast-enhanced MRI revealed 
a heterogeneous hypervascular nodule in the early 
phase and washout in the late phase (Figure 2A and B). 
Super-paramagnet ic i ron oxide-MRI revealed a 
hyperintense nodule. Contrast-enhanced US revealed 
heterogeneous hypervascularity in the early phase and 
a defect in the Kupffer phase (Figure 3A and B). CTA 
and CTAP revealed heterogeneous hyperattenuation 
and a perfusion defect, respectively (Figure 4). Based on 
these imaging findings, the nodule was diagnosed as a 
mixed well-differentiated and moderately differentiated 
HCC. Histologically, the nodule was moderately-
differentiated HCC characterized by typical cytological 
and structural atypia with dense fibrosis (Figure 5A and B). 
Immunohistochemically, the nodule was positive for 
heterochromatin protein 1 and alpha-smooth muscle actin 
(α-SMA) (Figure 5C and D), and negative for cytokeratin 
19 (CK19). From the above findings, the nodule was 
diagnosed as SHCC. We conducted radiofrequency 

ablation for the SHCC and the nodule was completely 
ablated. Local recurrence has not been observed over a 
period of  15 mo.

DISCUSSION
The clinical background of  SHCC is not significantly 
different from that of  non-SHCC with regard to age, 
gender, positive rates to hepatitis viruses, AFP levels, 
Child-Pugh classification, and the stage of  tumor-node-
metastasis. In both morbidities, over 60% of  cases are 
associated with chronic hepatitis rather than with liver 
cirrhosis. HCC patients with liver cirrhosis and liver 
dysfunction tend not to undergo surgery. In our case, 
resection was not carried out because of  poor liver 
function attributed to liver cirrhosis.

With no clear pathological definition of  SHCC, in 
particular a standard for the degree of  the fibrosis for 
diagnosing the disease, its rate varies between 0.2% 
and 4.2%[2,3]. Regarding terminology, SHCC is often 
confused with “sclerosing hepatic carcinoma” that is 
used to designate a variety of  tumors with sclerotic 
change and hypercalcemia arising in non-cirrhotic 
livers[4]. Sclerosing hepatic carcinoma does not, however, 
constitute a distinct histopathological entity; some of  
these tumors appear to be HCC, others CCC. Therefore, 
sclerosing hepatic carcinoma has been deleted from the 
WHO classification[1]. Kurogi et al[5] have defined SHCC 
as a tumor with diffuse fibrous changes in almost the 
entire area of  the largest cross-section of  the tumor and 
a mean fibrotic area of  39% compared with only 4.6% 

Figure 1  Contrast-enhanced CT. Heterogeneous, not diffuse, hypervascular nodule 
in the early phase (A) (arrow), and a low-density area in the late phase (B) (arrow).

A

B
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in non-SHCC.
SHCC is characterized by stellate fibrosis (84%), no 

encapsulation (absence of  capsule) (100%), no necrosis 
and hemorrhage (100%), intratumoral portal tracts (80%), 
remarkable lymphocyte infiltration (84%), clear cell 
change (84%), and hyaline bodies (52%). The number 
of  α-SMA-positive myofibroblast-like cells (activated 
stellate cells) in the tumor is about three times that in 
non-SHCC[5].

SHCC is occasionally misdiagnosed as fibrolamellar 
carcinoma (FLC) because of  the presence of  lamellar 
fibrosis. FLC is common in young adults and usually 
arises in the liver without any underlying chronic liver 
disease. Histologically, FLC is characterized by polyhedral, 
deeply eosinophilic neoplastic hepatocytes with round 
nuclei and distinct nucleoli, many of  which contain 
intracytoplasmic hyaline globules and distinct pale bodies, 
and fibrosis arranged in a lamellar fashion around the 
neoplastic hepatocytes[6,7]. Conversely, although SHCC 
occasionally presents with lamellar fibrosis, the cancer 
cells being different from those of  FLC, it is common in 
older patients with associated chronic hepatitis or liver 
cirrhosis[5]. Accordingly, it is not difficult to differentiate 
SHCC from FLC. In our case, the nodule was not 
diagnosed as FLC, clinically or histologically. 

The US pattern was mostly hypoechoic, and 
contrast-enhanced CT and MRI revealed mostly 
heterogeneous hypervascularity in the early phase. The 
most characteristic feature of  the imaging studies was 
prolonged enhancement in the late phase. Incidentally, 
imaging studies such as contrast-enhanced US, CTA 

and CTAP have, so far, not been described for use 
in the diagnosis of  SHCC. Misdiagnosis by imaging 
studies is more frequent in SHCC than non-SHCC. Of  
25 cases of  SHCC, nine (36%) have been diagnosed 
as CCC, combined HCC-CCC, and metas ta t i c 
carcinoma characterized by abundant fibrous stroma, 
the misdiagnosis being attributed to the prolonged 
enhancement of  the tumor in the late phase and 
heterogeneous enhancement in the arterial phase on 
contrast-enhanced CT[5].

In our case, contrast-enhanced CT, MRI, US 
revealed heterogeneous hypervascularity in the early 
phase; the nodule was not misdiagnosed as CCC or 
HCC-CCC because the imaging findings showed no 
prolonged enhancement in the late phase. The nodule 
was misdiagnosed as well-differentiated and moderately-

A

B

Figure 3  Contrast-enhanced US. Heterogeneous hypervascularity in the early 
phase (A) (arrow), and defect in the Kupffer phase (B) (arrow).

Figure 4  Heterogeneous hyperattenuation at CTA (arrow).

B

A

Figure 2  Contrast-enhanced MRI. A heterogeneous hypervascular nodule in 
the early phase (A) (arrow), and washout in the late phase (B) (arrow).
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differentiated HCC on contrast-enhanced CT, MRI 
and US, which showed heterogeneous hypervascularity 
in the early phase and washout in the late phase; CTA 
and CTAP showed heterogeneous hypervascularity in 
the arterial and perfusion defect in the portal phases. 
Immunohistochemically, the nodule was negative for 
CK19 and, therefore, not CCC. Although contrast-
enhanced US, CTA and CTAP did not indicate SHCC, 
these modalities are very effective in showing the 
heterogeneous vascular component, washout and 
perfusion defect of  the nodule and contribute to precise 
diagnosis. 

Clinicians engaged in hepatology should exercise 
caution with suspected SHCC when imaging studies 
reveal atypical findings, as shown in our case on the basis 
of  chronic liver disease.
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FNA needle in patients with solid pancreatic masses
Hiroki Sakamoto,* Masayuki Kitano,* Takamitsu Komaki,* Kazu Noda,* Takaaki Chikugo,†

Kensaku Dote,† Yoshifumi Takeyama,‡ Kunal Das,§ Kenji Yamao¶ and Masatoshi Kudo*

*Division of Gastroenterology and Hepatology, Department of Internal Medicine, and Departments of †Pathology, ‡Surgery, Kinki University School
of Medicine, Osaka-Sayama, Japan; §Department of Gastroenterology, Sir Ganga Ram Hospital New Delhi, India; and ¶Department of
Gastroenterology, Aichi Cancer Center Hospital, Aichi, Japan

Abstract
Background and Study Aims: The aim of this prospective study was to compare fine-
needle aspiration guided by endoscopic ultrasonography (EUS-FNA) using 25-gauge and
22-gauge needles with the EUS-guided 19-gauge Trucut needle biopsy (EUS-TNB) in
patients with solid pancreatic mass.
Patients and Methods: Twenty-four consecutive patients with pancreatic mass underwent
biopsies by both EUS-FNA and EUS-TNB. Three needles were compared with respect to
technical success rate, tissue size obtained, overall diagnostic accuracy and accuracy for
histological and cytological diagnosis.
Results: The 25-gauge EUS-FNA was technically easier and obtained superior overall
diagnostic accuracy than the 22-gauge and Trucut needles, especially in lesions of the
pancreas head and uncinate process. Overall accuracy for the 25-gauge, 22-gauge and
Trucut needle was 91.7%, 79.7% and 54.1%, respectively. Accuracy for cytological diag-
nosis irrespective the site of lesions with 25-gauge, 22-gauge and Trucut needles was
91.7%, 75.0%, and 45.8%, respectively. For uncinate masses, it was 100%, 33.3%, and
0.0%, respectively. These differences were significant. Among technically successful
patients, the accuracy for histological diagnosis using the 25-gauge was significantly
inferior (P < 0.05) to 22-gauge and Trucut needles and the rates were 45.8%, 78.9% and
83.3%.
Conclusions: The 25-gauge FNA needle was significantly superior in terms of technical
success rate and overall diagnostic accuracy, especially for the head and uncinate lesions,
compared to the 22-gauge and Trucut needles and could be considered ‘the best choice
needle for cytological diagnosis’ of solid pancreatic lesions. If histological diagnosis is
required, the 22-gauge FNA needle and Trucut needle may be advantageous for use in
head/uncinate and body/tail lesions, respectively.
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Introduction

Fine-needle aspiration guided by endoscopic ultrasonography
(EUS-FNA) and Trucut needle guided biopsy by endoscopic
ultrasonography (EUS-TNB) are safe and precise procedures for
the diagnosis of pancreatic masses.1–8 Cytological diagnosis of
pancreatic masses by EUS-FNA demonstrates high overall
accuracy8–13 and is useful for determining the pathological stage of
pancreatic masses.6 Furthermore, on-site cytopathology inter-
pretation during EUS-FNA increases the diagnostic yield of
EUS-FNA.14–17 However, lymphoma, acinal cell tumors, or well-
differentiated tumors may be difficult to diagnose by cytology;
therefore, histological diagnosis, which allows analysis of tissue

structure with serial sections, as well as immunostaining is better
in such cases.

In general, the complication rate using 22-gauge EUS-FNA
needless is 2.5% or less.6–8,18–20 Two complications regarding
19-gauge Trucut needles have been reported: in one case, bleed-
ing from the puncture site was managed conservatively; in the
other patient mediastinitis required surgical drainage.19 The
thinner needle offers the advantage of greater safety and flexibil-
ity for puncture of various target masses when compared with
the thicker needle. However, the thinner needle presents a dis-
advantage when compared to the thicker needle, because the
former cannot collect a large specimen for histological
diagnosis.8

doi:10.1111/j.1440-1746.2008.05636.x
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The puncture routes for biopsy of pancreatic masses by EUS-
FNA and EUS-TNB can be transgastric or transduodenal (through
the second part of the duodenum) depending on the site of the
mass. However, 19-gauge EUS-FNA or EUS-TNB needles, and
even 22-gauge EUS-FNA needles may fail to sample some lesions
in the head of pancreas and lymph nodes around it.1–5

Recently, a 25-gauge EUS-FNA needle has been introduced
(Echotip; Wilson Cook Medical Inc. Winston-Salem, NC, USA)
for endosonographic use. As it is thinner and more flexible than the
22-gauge and 19-gauge needles. We prospectively compared the
25-gauge EUS-FNA needle, with the 22-gauge EUS-FNA needle
and the 19-gauge EUS-TNB needle for puncture of pancreatic
masses. Rate of technical success, accuracy for obtaining cytologi-
cal and histological diagnosis, accuracy for cytological and histo-
logical diagnosis of successfully obtained samples, mean size of
the tissue specimens obtained, complications and overall diagnos-
tic accuracy were determined.

Patients and methods

Between February 2007 and May 2007, 24 consecutive patients
hospitalized at Kinki University School of Medicine (Osaka,
Japan) submitted to a pancreatic mass biopsy guided by EUS were
studied. All patients agreed to undergo EUS guided pancreatic
biopsies with the three different needles; written informed consent
was obtained before their participation in the study. The study was
approved by the ethical committee of Kinki University School of
Medicine. All patients underwent both EUS-FNA and EUS-TNB
with all three needles.

EUS-FNA and EUS-TNB techniques

The three different needles studied were used in each patient. We
performed EUS-FNA using disposable 25- and 22-gauge aspira-
tion needles (Echotip; Wilson Cook Medical Inc.) and EUS-TNB
using 19-gauge Trucut needles (Quick Core; Wilson Cook,
Winston-Salem, NC, USA).

The EUS-FNA technique is well established.1–5 Briefly, the
needle was advanced into the lesion under EUS visualization.
The central stylet was removed, a 10-ml syringe with extension
tubing was attached to the hub of the needle, and suction was
applied as the needle was moved backward and forward within
the lesion. This extension and retraction of the needle was
repeated ten times within the lesion in each puncture session.
The needle was then retracted into the catheter and the entire
catheter removed.

The specifications and puncture technique of the Trucut needle
have been described in detail in previous reports.6–8 The needle is
advanced into the target tissue under EUS visualization, and while
maintaining its position the spring handle was pulled back until it
clicked into the firing position. The 20-mm tissue tray was then
extended fully, and the spring-loaded mechanism was triggered,
driving the cutting needle over the tissue tray. After firing, the
biopsy needle was retracted into the sheath, and the entire assem-
bly was removed from the EUS scope.

Puncture by 25- and 22-gauge and Trucut needle was performed
two times in each patient. An on-site cytopathologist evaluated the
histological and cytological adequacy of tissue samples. Even if a

specimen was considered inadequate after two punctures, addi-
tional punctures were not performed and specimens were inter-
preted as inadequate. In cases where the needle was unable to exit
from the channel at the scope tip due to the angle, the procedure
was interpreted as a technical failure.

All patients were sedated with injections of 3–5 mg midazolam.
Both EUS-FNA and EUS-TNB were performed using convex
array echoendoscope (GF-UC240P-AL5; Olympus, Tokyo,
Japan). A transgastric approach was used for lesions in the body
and tail of the pancreas and the transduodenal approach was used
for lesions in the head and uncinate process of the pancreas.

Cytological and histological analysis

Technical success was defined as puncturing the target tissue
properly and obtaining some visible tissue specimens or frag-
ments with each needles. The samples obtained were evaluated
by cytological and histopathological analyses. Cytological and
histological diagnoses were categorized as malignant, benign or
inadequate. We defined malignant as the presences of numerous
clusters of cells with loss of polarity, enlarged (twice the normal)
size, irregular nuclear membrane, small nucleoli, or single large
cells; benign as few clusters of cells with normal polarity, normal
size, smooth nuclear membrane, tiny nucleoli, and no single
large cells; and inadequate as an insufficient amount of collected
tissue.22 Two expert pathologists (TC, KD) blinded to clinical
information about the patients, reviewed the cytological and his-
tological specimens separately. If the independently-derived con-
clusions of the two reviewers differed, the specimens were
reviewed and re-evaluated until agreement was reached.

Data analysis

The sensitivity of specimens obtained by EUS-FNA or EUS-TNB
was determined by comparing biopsy results with final surgical or
autopsy pathological diagnoses or with the results of clinical
follow-up after 12 months. At 12 months after the evaluation,
patients with no signs of disease progression or patients with
disease regression were considered to have pancreatic inflamma-
tion at the time of the EUS-FNA.

Biopsy specimen size was carefully measured by microscopic
ruler. Indeterminate histological and cytological results (an inad-
equate specimen) were considered errors when sensitivity was
calculated. Intra-group comparisons were made using the chi-
squared test, and the mean size of tissue specimens obtained
between three needles were compared using the paired-t-test. A
P-value of less than 0.05 was considered statistically significant.

Results

Among the 24 solid pancreatic lesions included in this study, 18
were malignant (pancreatic carcinoma) and 6 benign (inflamma-
tory pseudotumors related to chronic pancreatitis). Two of the 18
malignant patients occurred in the context of chronic pancreatitis,
as pancreatitis obscures the visualization of pancreatic tumors. The
pancreatic mass was located in the uncinate process (n = 6), the
head of the pancreas (n = 6), and the body and tail region (n = 12).

H Sakamoto et al. Utility of 25-gauge EUS-FNA needle

385Journal of Gastroenterology and Hepatology 24 (2009) 384–390 © 2008 The Authors

Journal compilation © 2008 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

The final diagnosis of the 18 lesions with pancreatic carcinoma
was made by surgery (n = 3), autopsy (n = 4), or clinical follow up
(n = 11). The final diagnosis of all six inflammatory pseudotumors
related to chronic pancreatitis was made by clinical follow up
(n = 6).

Technical success rate

The technical success rates of EUS- FNA regarding the location of
lesion in the pancreas, type of needle and access route are sum-
marized in Table 1. The overall technical success rates with the
25-gauge, and 22-gauge and the Trucut needle were 100%, 79.2%,
and 50%, respectively (Table 1). The success rate of EUS-FNA by
25-gauge FNA needle was significantly higher than Trucut needle
(P < 0.05). For uncinate process lesions, Trucut needle was unsuc-
cessful in all cases and the 22-gauge needle was successful only in
33.3%, while 25-gauge needle was successful in 100% of cases.
These differences were significant (P < 0.05). Similarly for pan-
creatic head lesions, 25-gauge FNA needle was significantly more
successful than the Trucut needle (P < 0.05). For tail lesions,
however, there were no significant differences between the various
needles. The Trucut needle yielded the worst results irrespective to
the site of the lesion, despite a non-significant difference for body/
tail lesions. In five of the six unsuccessful cases, the masses were
visualized on the puncture route before the needle was passed into
the accessory channel, but images of the pancreatic mass disap-
peared from the puncture route as the deflection the endoscopic
was restricted by the advance of the needle. In the remaining
patient, the mass was visualized in the puncture route but tissue
sampling was impossible due to the strong resistance encountered
when the needle was advanced.

Cytological diagnosis

The overall cytological diagnosis was obtained in 91.7%, 75.0%,
and 45.8% cases with the 25-gauge FNA needle, the 22-gauge
FNA needle, and the Trucut needle, respectively (Fig. 1; Table 2).
Among technically successful cases utilizing the 25-(n = 24) and
22-gauge (n = 19) FNA needles, and the 19-gauge Trucut needle
(n = 12), respectively, the following case frequencies were
observed; inadequate specimens were present in 2, 1 and 1 case;
malignancy was found 18 cases, 15 cases and 9 cases; and benig-
nity was found in 4, 3 and 2 cases. The overall rate of cytological
diagnosis obtained by the 25-gauge FNA needle was higher than

22-gauge (but not significantly) and significantly higher than
Trucut needle (P < 0.05) (Table 2). In technically successful cases,
the rate of cytological diagnosis obtained was not significantly
different. For uncinate process masses, the 25-gauge needle
allowed cytological diagnosis in 100% of the patients, signifi-
cantly better than the 33.3% and 0% rates, respectively allowed by
22-gauge and Trucut needles. Also for pancreatic head lesions, the
Trucut was significantly worse than both 25-gauge and 22-gauge
in obtaining cytological diagnosis. For body/tail lesions, there was
no significant difference

Histological diagnosis

The overall rates of histological diagnosis using the 25-gauge,
22-gauge FNA needles and the Trucut needles were 45.8%,
62.5%, and 41.7%, respectively. These differences in histological
diagnosis were not significant (Table 3). Among technically suc-
cessful patients histological diagnosis was more frequent using the
Trucut (83.3%) and the 22-gauge (78.9%) needle than using the
25-gauge needle (45.8%, P < 0.05 for Trucut). Among technically
successful cases utilizing the 25- (n = 24) and 22-gauge (n = 19)
FNA needles, and the 19-gauge Trucut needle (n = 12),

Table 1 Technical success rate of endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA) and endoscopic ultrasonography-guided
Trucut needle biopsy (EUS-TNB) by route of access and location of pancreatic masses

Location of
tumor (number)

Route of
needle passage

Mean size of
mass—mm (range)

Success rate (No. of cases)

EUS-FNA with 25 gauge EUS-FNA with 22 gauge EUS-TNB with Trucut

Uncinate (n = 6) Transduodenal 26.0 (22–31) 100%* (6/6)** 33.3%* (2/6) 0% (0/6)**
Head (n = 6) Transduodenal 35.3 (28–48.6) 100% (6/6)** 83.3%*** (5/6) 33.3%*** (2/6)**
Body/tail (n = 12) Transgastric 37.4 (22–56.7) 100% (12/12) 100% (12/12) 83.3% (10/12)
Total (n = 24) 32.8 100%** (24/24) 79.2% (19/24) 50.0%** (12/24)

*25G FNA needle vs 22G FNA needle, **25G FNA needle vs Trucut needle, ***22G FNA needle vs Trucut needle, Significant at P < 0.05.

Figure 1 Cytology obtained by puncture under endoscopic
ultrasonography-guided fine-needle aspiration biopsy using a 25-gauge
needle (¥ 100): adenocarcinoma.
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respectively, the following cases frequencies were observed: inad-
equate specimen were collected in 13, 4 and 4 case; malignancy
were found in 9 cases, 15 cases and 8 cases; and benignity were
identified in 2, 0 and 3 cases.

For uncinate process masses, the histological diagnosis obtained
using the 25-gauge needle was possible in 33.3% of cases, while
using the 22-gauge and the Trucut needles the rate of histological
diagnosis were 16.7% and 0% (P < 0.05 for both). For pancreatic
head masses, the 22-gauge needle was more accurate (66.7%) than
the 25-gauge (16.7%) and the Trucut needle (16.7%) in obtaining
histological diagnosis. For body/tail masses, all three needles were
similar in obtaining histological diagnosis. Tissue specimens could
not be obtained by Trucut needle in 11 of 12 patients with pancre-
atic head or uncinate mass because advancing the needle was
impossible due to strong resistance. The mean size of fragments
obtained with the 25-gauge and 22-gauge FNA needles and
Trucut needle was 400 ¥ 103 mm (range 200–1100 ¥ 103 mm),
700 ¥ 103 mm (range 300–1400 ¥ 103 mm) and 2700 ¥ 103 mm
(range 800–3600 ¥ 103 mm), respectively (Figs 2–4). The means
sizes of fragments obtained with the Trucut Needle was signifi-
cantly higher than that obtained with the FNA needles (P < 0.05)
(Table 3).

Overall diagnosis

The overall diagnostic accuracy rates for the 25-gauge, 22-gauge
FNA needles and the Trucut needle were 91.7%, 79.7%, and
54.1%, respectively. The overall diagnostic accuracy for the
25-gauge FNA needle was higher than that obtained with the
22-gauge (but not significant) and significantly higher than that for
Trucut needle (P < 0.05). However, when only technically suc-
cessful patients were included, the diagnostic accuracy was similar
for all the 3 needles (91.7%, 95.0% and 91.7%, respectively).

Complications

There were two minor complications after EUS-TNB, but none
after EUS-FNA. Bleeding occurred in one patient and hematoma
occurred in another patient immediately after EUS-TNB. Both
complications were managed successfully with conservative treat-
ment. No severe complications occurred after either EUS-FNA or
EUS-TNB. Hospitalization was not prolonged by the procedure in
any of the patients.

Table 2 Comparison of cytological diagnosis obtained by 25-gauge, 22-gauge with endoscopic ultrasonography-guided fine-needle aspiration
(EUS-FNA) and Trucut with and endoscopic ultrasonography-guided Trucut needle biopsy (EUS-TNB) in relation to tumor location

Needle used (success/total) EUS-FNA-25G (24/24) EUS-FNA-22G (19/24) EUS-Trucut-19G (12/24)

Uncinate (n = 6) 100%* (6/6)** 33.3%* (2/6) 0% (0/6)**
Head (n = 6) 67.7% (4/6)** 83.3% (5/6)*** 16.7%*** (1/6)**
Body/tail (n = 12) 100% (12/12) 91.7% (11/12) 83.3% (10/12)
Cytological diagnosis in all cases (n = 24) 91.7% (22/24)** 75.0% (18/24) 45.8% (11/24)**
Cytological diagnosis in technical successful cases 91.7% (22/24) 94.5% (18/19) 91.7% (11/12)

*25G FNA needle vs 22G FNA needle, **25G FNA needle vs Trucut needle, ***22G FNA needle vs Trucut needle, Significant at P < 0.05.

Table 3 Comparison of histological diagnosis obtained by 25-gauge, 22-gauge with endoscopic ultrasonography-guided fine-needle aspiration
(EUS-FNA) and Trucut with and endoscopic ultrasonography-guided Trucut needle biopsy (EUS-TNB) in relation to tumor location

Needle used (success/total) EUS-FNA-25G (24/24) EUS-FNA-22G (19/24) EUS-Trucut-19G (12/24)

Mean size of fragments obtained mm (range) 0.4* (0.2–1.1)** 0.7* (0.3–1.4)*** 2.7** (0.8–3.6)***
Uncinate (n = 6) 33.3%* (2/6)** 16.7* (1/6) 0.0% (0/6)**
Head (n = 6) 16.7% (1/6) 66.6% (4/6) 16.7% (1/6)
Body/tail (n = 12) 66.7% (8/12) 83.3% (10/12) 75.0% (9/12)
Histological diagnosis in all cases (n = 24) 45.8% (11/24) 62.5% (15/24) 41.7% (10/24)
Histological diagnosis in technical successful cases 45.8% (11/24)** 78.9% (15/19) 83.3% (10/12)**

*25G FNA needle vs 22G FNA needle, **25G FNA needle vs Trucut needle, ***22G FNA needle vs Trucut needle, Significant at P < 0.05.

Figure 2 Photomicrograph of representative tissue samples obtained
by endoscopic ultrasonography-guided fine-needle aspiration biopsy
using a 25-gauge needle (H&E, ¥ 40, bar length 1 ¥ 102 mm).
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Discussion

Recently, many needles (25-, 22-, 19-gauge needles with EUS-
FNA, 19-gauge Trucut needle) have been introduced for
endosonographic use. Although some studies comparing 22-and
19-gauge FNA needles in patients with pancreatic masses and
lymphnodes have been reported,6–8,18 a study comparing punctures
performed using the 25-gauge FNA needle with those using the
19-gauge Trucut and 22-gauge FNA needles has not yet been
reported. The type of needle used for sampling pancreatic
masses should be based on the site of the tumor. In this study, we
prospectively compared these three needles for diagnostic accu-
racy in cytological and histological analysis of solid pancreatic
masses.

The technical success rates of procedures using 25- and
22-gauge FNA needles and Trucut needle were 100%, 79.2% and
50%, respectively. Our results for the 22-gauge FNA needle were
similar to the 78–100% rates previously reported,1–8 but the rates
for the 19-gauge Trucut needle were lower than those found pre-
viously. The lower success rates with the Trucut needle may be
caused by the location of the pancreatic masses. In our study, there
were more lesions in the head and uncinate process of pancreas
(50%; 12/24) than in other reports.7,8 For masses in the uncinate
and the head process, sampling by EUS-TNB was unsuccessful in
all patients and 4 of 6 cases, respectively. Our results are consistent
with those reported by Itoi et al.,8 in which sampling with the
Trucut needle was unsuccessful in 100% and 40% of uncinate and
head masses, respectively. Therefore, EUS-TNB performed in
pancreatic lesions of the head and uncinate process was difficult
because of a higher degree of deflection. Larghi et al.7 stated that
the degree of deflection of the endoscope tip is the main factor
responsible for bringing the pancreatic mass into an appropriate
position, which precludes extension of the needle from the acces-
sory channel. Therefore, use of the Trucut needle for lesions in the
uncinate process and the head of the pancreas by the transduodenal
approach is limited. The 22-gauge FNA needle may be useful for
accurate diagnosis with patients presenting with a mass in the
pancreatic uncinate and head process, but its usefulness is still
limited. In our study, for masses in the uncinate and pancreatic
head, sampling with the 22-gauge EUS-FNA needle was success-
ful in 33.3% (2/6) and 83.3% (5/6) of cases, respectively. In con-
trast, sampling with the 25-gauge FNA needle was successful in all
patients, regardless of the location of the pancreatic mass, and
these differences in success rate were significant. The technical
success rate for lesions in the pancreatic body/tail for the 25- and
22-gauge needles and the 19-gauge Trucut needle was 100%,
100% and 83.3%, respectively. Therefore, the 25-gauge EUS-FNA
needle may be considered the ‘best choice needle’ for sampling of
solid pancreatic lesions, because it was significantly superior to
both the 22-gauge FNA and Trucut needles for uncinate process
lesions in particular. The higher technical success rate of the
25-gauge EUS-FNA is a result of its flexibility due to its thinner
dimensions, as compared with the 22-gauge FNA and 19-gauge
Trucut needles.

In our study, the accuracy for cytological diagnosis was
91.7%, 75.0%, and 45.8%, using the 25- and 22-gauge FNA
needles and the Trucut needle, respectively, which was similar to
previous reports.1–8 The accuracy for cytological diagnosis using
the 25-gauge FNA needle was higher than that of the 22-gauge
FNA needle, and significantly higher than the 19-gauge Trucut
needle, because cytological diagnosis was obtained from 100%
of patients when the 25-gauges FNA needle was used, but from
only 50% when the 19-gauge Trucut needle was used. Thus, it is
evident that the 25-gauge FNA needle is much more useful in
achieving a cytological diagnosis compared to the Trucut needle.

In contrast, a histological diagnosis was obtained with the 25-
and 22-gauge FNA needles and the 19-gauge Trucut needle in
45.8%, 62.5%, and 41.7% of cases, respectively and these dif-
ferences were not significant. However, when only patients in
whom the procedure was technically successful were included
for analysis, the accuracy of histological diagnosis with 25-,and
22-gauge FNA needle, and the 19-gauge Trucut needle was
45.8%, 78.9%, and 83.3%, respectively. Therefore, the 19-gauge

Figure 3 Photomicrograph of representative tissue samples obtained
by endoscopic ultrasonography-guided fine-needle aspiration biopsy
using a 22-gauge needle (H&E, ¥ 40, bar length 1 ¥ 102 mm).

Figure 4 Photomicrograph of representative tissue samples obtained
by endoscopic ultrasonography-guided Trucut needle biopsy using a
Trucut needle (H&E, ¥ 40, bar length 1 ¥ 102 mm).
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Trucut needle was better than the 22-gauge FNA needle and sig-
nificantly better than the 25-gauge FNA needle in obtaining a
histological diagnosis. The 25-gauge FNA needle in eight cases
and the 22-gauge FNA needle in two cases were inadequate for
obtaining a sufficient amount of pancreatic tissue for histological
diagnosis; the 19-gauge Trucut needle demonstrated grater
suitability.

Greater success in histological diagnosis when using the Trucut
needle is a reasonable expectation, because the size of the sample
obtained is much larger than that obtained with the FNA needles,
and this supports the previous report in which 19-gauge Trucut
needles used in EUS-TNB were shown to be more sensitive than
EUS-FNA.6–8 Fine needle aspiration needles, particularly the
25-gauge FNA needle, may be insufficient for obtaining specimens
large enough for histological evaluation; hence a lower accuracy
in histological diagnosis is observed when using the 25-gauge
FNA needle compared to the 19-gauge Trucut needle. The mean
size of specimens obtained with the 25-gauge FNA needle was
400 ¥ 103 mm, which was smaller than the mean size obtained with
the 19-gauge Trucut needle (700 ¥ 103 mm). Additionally in our
study, the lower sensitivity obtained using the 25-gauge FNA
needle may be attributed to the protocol limitation of performing
only two passes for each needle in each patient. Many studies have
found that pancreatic lesions require an average of 6–7 passes or
more,22,23 an observation supported by a report which demon-
strated gradual improvement in sensitivity of EUS-FNA, from
16.7% in the first pass to 83.3% in the 7th passes.11,21 However, this
proposed relationship between sensitivity and the number of
needle passes may not be generally acceptable.8

The overall diagnostic accuracy rates using the 25- and
22-gauge FNA needles and the 19-gauge Trucut needle were
91.7%, 79.2%, and 54.1%, respectively, and for successful lesions
was 91.7%, 95% and 91.7% respectively. The overall diagnostic
accuracy achieved using the 25-gauge FNA needle was greater
than that of the 22-gauge FNA needle, and significantly higher
than that of the 19-gauge Trucut needle (P < 0.05). However, these
differences were not significant when only successful cases were
evaluated.

In general, all the EUS-FNA needles are remarkably safe when
used by experienced professionals, with a reported complication
rate of 2.5% or less.6–8,24–26 However, for the EUS-TNB, two com-
plications, one case of bleeding from the puncture site which was
managed conservatively and one case of mediastinitis which
required surgical drainage, have been reported by Varadarajulu
et al.21 Using a Trucut needle requires more caution, because it is
thicker than the 25-gauge and 22-gauge FNA needles. The
22-gauge and 25-gauge FNA needles were safe and caused no
complications and may be recommended for lesions with rich
vasculature and a tendency for hemorrhage.

The 25-gauge EUS-FNA needle was significantly superior for
solid pancreatic lesions in terms of technical success rate and
overall diagnostic accuracy, especially for pancreatic lesions of the
head and uncinate, when compared to the 22-gauge FNA and
the Trucut needle. The 25-gauge needle is significantly better than
the 19-gauge Trucut needle in obtaining cytological diagnosis,
while the Trucut is best for obtain a histological diagnosis. In case
where histological diagnosis is required the 22-gauge FNA needle
and the Trucut needle may be indicated for head/uncinate and
body/tail lesions, respectively.
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CURRENT STATUS AND FUTURE PERSPECTIVE OF INTERVENTIONAL EUS

PRESENT STATUS AND FUTURE PERSPECTIVE OF
EUS-GUIDED DRAINAGE

Masayuki Kitano, Hiroki Sakamoto, Takamitsu Komaki and Masatoshi Kudo

Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Japan

Development of the curved linear (convex) array echoendoscope has enabled procedures that utilize interventional
endoscopic ultrasonography (EUS), such as EUS-guided drainage. EUS-guided pseudocyst drainage creates a fistula
between the pseudocyst and the gastric or duodenal lumen. This treatment is superior to conventional endoscopic trans-
mural drainage with respect to prevention from complications such as bleeding, because ultrasonographic observation
permits easy visualization of the interposing vessels and real-time visualization of needle procedure. Endoscopic
ultrasonography-guided drainage can also be applied to pancreatobiliary drainage. In cases where endoscopic retrograde
cholangiopancreatography (ERCP) is unsuccessful in the treatment of obstructive jaundice and chronic obstructive pan-
creatitis, transmural drainage of bile and pancreatic juice under EUS guidance may supplant the percutaneous transhepatic
biliary drainage and the surgical treatment.

Key words: drainage, EUS, Interventional EUS, pseudocyst.

INTRODUCTION

Development of the curved linear (convex) array echoendo-
scope has enabled real-time ultrasonographic observation of
the puncture needle coming out of the working channel.1

Using this echoendoscope, new endoscopic interventions,
guided by endoscopic ultrasonography (EUS), have been
developed. Interventional EUS includes EUS-guided fine
needle injection and EUS-guided drainage, and can be used
for the treatment of lesions in several target organs,2–27

including the pancreatic pseudocyst, the pancreatic duct, the
biliary duct, and the gallbladder. In this review, we describe
the EUS-guided drainage technique, and its advantages and
limitations.

EUS-GUIDED PSEUDOCYST DRAINAGE

Non-surgical treatment of pancreatic pseudocyst is a chal-
lenge for physicians. The technique used for continuous per-
cutaneous drainage guided by ultrasonography or computed
tomography has been well described.28 However, this proce-
dure carries a risk of complications such as fistula formation,
infection, and bleeding. The use of endoscopic transmural
drainage, an alternative non-surgical treatment, resulted in a
lower rate of cutaneous fistula formation than that reported
with the percutaneous route.29–37 Endoscopic transmural
drainage creates a fistula between the pseudocyst and the
gastric lumen or duodenal lumen. However, one limitation
of endoscopic transmural drainage is its relatively blind
approach. Endoscopic observation alone is not sufficient to

prevent perforation and bleeding. In order to prevent these
complications, intervening vessels and organs must be
avoided. Endoscopic ultrasonography-guided drainage has
two advantages over transmural drainage: it can identify a
secure puncture-route, without intervening vessels, by using
the Doppler (eFLOW) mode (Fig. 1a), and it can ensure
accurate needle puncturing of target lesions by means of
ultrasonographic guidance (Fig. 1b). In the reported litera-
ture, the success and complication rates for endoscopic trans-
mural drainage without EUS-guidance are 70-100% and
6-37%, respectively (Table 1).29–37 However, the rates for
EUS-guided drainage are 88-100% and 0-17%, respectively
(Table 1).6–8,11,12 It is noted that complication rates improved
after development of EUS-guided drainage. In a recent study
comparing transmural drainage with and without EUS, the
technical success rate for EUS-guided drainage (100%) was
significantly higher than that for transmural drainage without
EUS (33%).9 Procedure-related bleeding was reported in
two patients treated by transmural drainage without EUS
and in no patients treated by EUS-guided drainage. These
reports suggest that EUS is suitable as a first-line treatment
for endoscopic drainage of pancreatic pseudocysts.

The reported indications for EUS-guided pseudocyst
drainage are described in Table 2. The classical indication is
pseudocysts larger than 6 cm that are present for longer than
6 weeks.38 However, when a patient has uncontrollable symp-
toms such as abdominal pain or high-grade fever due to cyst
expansion or infection, emergency cyst drainage is required.
In addition, the distance between the pseudocyst and the
gastric or duodenal wall must be less than 1 cm.29,30 Concern-
ing the selection of endoscopic intervention Barthet et al.10

developed a treatment algorithm for pancreatic pseudocysts,
which resulted in the disappearance of pseudocysts in 96% of
cases, with acceptable morbidity. In this algorithm, transmu-
ral drainage is employed, regardless of the use of EUS, when
the pseudocyst is larger than 5 cm or when there is no
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communication between the cyst and pancreatic duct; trans-
papillary drainage is employed when the pseudocyst is
smaller than 5 cm and communication between the cyst and
pancreatic duct is present.

The first step of EUS-guided drainage is to use ultrasono-
graphic imagery to identify an appropriate puncture route

that has no interposing vessels. When the specific modes for
detection of vessels, i.e., power Doppler mode and eFLOW
mode, are employed, interposing large vessels can be easily
identified (Fig. 1a). The distance from the tip of the needle to
the cyst wall is also important. A distance of 1 cm or less is
required for safe and successful drainage.

The second step is needle puncture of the cyst. Needles
specially designed for EUS-guided drainage are not commer-
cially available in Japan. Therefore, several needles, such as
the 19-gauge EUS-fine needle aspiration (FNA) needles, a
needle knife for precutting with electrocaurtery, and a
polypectomy snare, are alternatively employed. After identi-
fication of an appropriate puncture route that has no inter-
posing vessels and measurement of the distance from the tip
of the needle to the pseudocyst, the needle is used to punc-
ture the pseudocyst (Fig. 1b). Then, the cystic fluid is col-
lected and contrast material is injected to confirm the
presence of the needle in the cyst.

The third step is dilation of the punctured tract. After a
0.035 inch guidewire is inserted through the needle into the
pseudocyst (Fig. 1c), the puncture needle is retracted.
Devices such as the biliary dilator and the balloon dilator are
then inserted through the guidewire in order to dilate the
punctured tract (Fig. 1d).

The fourth step is insertion of drainage tubes. One or two
stents are inserted through the guidewire across the punc-
ture tract (Fig. 1e). Double-pigtail stents are usually used to
prevent migration and deviation. After stent insertion, cystic

a c

d e f
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Fig. 1. Procedure of endoscopic ultrasonography (EUS)-guided pseudocyst drainage. (a) Endosonographic image used to identify
a secure puncture route into the pseudocyst. Using the eFLOW mode, interposing vessels (arrows) can be easily identified. In
selecting a puncture route, these large vessels must be avoided. (b) Endosonographic image showing needle puncture of the
pseudocyst. The curved linear array echoendoscope visualizes the puncturing of the needle (arrowheads) in real-time. (c) Fluoro-
scopic image showing the insertion of guidewire into the pseudocyst. The guidewire (arrowheads) is inserted through the needle
(arrow). (d) Fluoroscopic image of the dilation of the puncture tract. The puncture tract is dilated by a biliary dilator (arrowheads).
(e) Fluoroscopic image of stent insertion. A double-pigtail stent (arrowheads) is inserted into the pseudocyst through the guidewire.
(f) Endoscopic images of the inserted stent.

Table 1. Outcomes of endoscopic pseudocyst drainage with
and without endoscopic ultrasonography (EUS)

Endoscopic transmural
drainage without EUS

EUS-guided
drainage

Success rate 70–100% 88–100%
Complication rate 6–31% 0–17%

Table 2. Indications for endoscopic ultrasonography (EUS)-
guided pancreatic pseudocyst drainage

1. Pseudocyst larger than 5 or 6 cm in diameter that persists
for at least 6 weeks

2. Accompanying symptoms (fever, pain)
3. Distance of 1 cm or less between the pseudocyst and gut
4. No apparent communication between the main pancreatic

duct and the pseudocyst
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fluid flows through the stents (Fig. 1f). In cases of an
infected cyst, a nasobiliary drainage tube is also inserted
into the cyst.

In some cases, EUS-guided pseudocyst drainage fails to
reduce the size of the pseudocyst due to the presence of
persistent infection with necrotic material in the pseudocysts
(Fig. 2a). In such cases, endoscopic necrosectomy using a
gastroduodenoscope is recommended.39 After use of this
technique, surgery was unnecessary in 69% of patients with
pseudocysts refractory to EUS-guided drainage.40 A balloon
dilator for esophageal stricture is used to dilate the fistula
where the stents are inserted (Fig. 2b). After dilation of the
cystogastrostoma or cystoduodenostoma by the balloon
dilator, a gastroduodenoscope is directly inserted into the
cyst. Mural trabeculation and necrotic substances are then
identified in the cyst (Fig. 2c), and necrotic tissue is irrigated
by spraying water from a flushing pump and removed by a
basket catheter (Fig. 2d).

EUS-GUIDED PANCREATOBILIARY
DRAINAGE

Endoscopic ultrasonography-guided drainage can be used
for pancreatobiliary drainage in the treatment of patients
with obstructive jaundice and pancreatitis, when ERCP is
unsuccessful.11–25 There are possible puncture routes for
EUS-guided biliary drainage: from the duodenal bulb to the
extrahepatic bile duct, and from the gastric body to the intra-
hepatic bile duct.11–19 EUS-guided pancreatic drainage can be

used for decompression of obstructive pancreatitis when
transpapillary drainage is unsuccessful.19–25 The appropriate
puncture route for EUS-guided pancreatic drainage is from
the gastric body to the duct at the pancreatic body. The pro-
cedure used for EUS-guided pancreatobiliary drainage is
a modification of the technique used for EUS-guided
pseudocyst drainage. A stent is deployed through the punc-
ture route, or across the papilla by using the rendezvous
technique with a guidewire. After visualization of the target
duct on endosonography (Fig. 3a), the duct is punctured by a
needle under the guidance of real-time endosonography
(Fig. 3b), and a guidewire is inserted into the duct (Fig. 3c).
When the stent is to be inserted into the puncture route,
a plastic stent is deployed across the puncture route after
dilation of the puncture route (Fig. 3d). When the stent is
to be inserted into the papilla by means of the rendezvous
technique, a guidewire is advanced and passes the papilla.
After retracting the echoendoscope, a duodenoscope is
inserted.A stent is deployed across the papilla, after grasping
the guidewire coming out of the papilla.

Indications for EUS-guided pancreatobiliary drainage
have not yet been established. For obstructive jaundice,
percutaneous biliary drainage is regarded as a second-line
treatment when ERCP is unsuccessful. For obstructive pan-
creatitis, surgical treatment to decrease ductal pressure and
relieve pain has been used as a second-line treatment when
ERCP is unsuccessful. Since EUS-guided pancreatobiliary
drainage requires neither external drainage nor surgical
intervention, it seems less invasive. However, we have to
elucidate the risks of peritonitis due to leakage of bile or

c
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Fig. 2. Procedure of endoscopic necrosectomy. (a) Endosono-
graphic image showing an infected pseudocyst with necrotic
tissue. The echogenic structure is indicated by the arrowheads.
(b) Endoscopic image showing the dilation of a cystogastros-
toma. A balloon dilator for the esophageal stricture is inserted
across the fistula and inflated to dilate the fistula. (c) Endoscopic
image of the pseudocyst cavity. Mural trabeculation and necrotic
tissue are revealed in the cyst. (d) Endoscopic image during
necrosectomy. Using a basket catheter, necrotic tissue is
removed.

a

c d

b

Fig. 3. Procedure of endoscopic ultrasonography (EUS)-
guided biliary drainage. (a) Endosonographic image showing the
appropriate position for EUS-guided transduodenal biliary
drainage. With the echoendoscope inserted into the duodenal
bulb, the middle segment of the extrahepatic bile duct is close to
the duodenum. (b) Endosonographic image showing the needle
puncture of the bile duct. A needle (arrowheads) is inserted
under ultrasonographic guidance. (c) Fluoroscopic image
showing the injection of contrast medium into the extrahepatic
bile duct through the needle. The bile duct appears as opacity
and the punctured segment of the needle (arrowhead) is visible.
(d) Endoscopic image of a stent inserted between the extrahe-
patic bile duct and the duodenal bulb.
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pancreatic juice into the peritoneal cavity. Further study of
the feasibility and safety of EUS-guided pancreatobiliary
drainage, as compared to PTBD and surgery, is required. In
addition, a comparison of the feasibility and safety of the
transgastric and transduodenal route would provide useful
information, as would an investigation of fistula formation
across the punctured tract and the rendezvous technique.
Finally, development of methods or instrumentation to
prevent complications such as local peritonitis due to leakage
of bile or pancreatic juice is desired.

CONCLUSION

Endoscopic ultrasonography-guided drainage is now recog-
nized as a first-line treatment for pancreatic pseudocysts.
In the future, this technique is likely to be utilized for a
number of additional purposes, particularly pancreatobiliary
drainage.
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SUMMARY. Interferon (IFN)-based combination therapy with

ribavirin has become the gold standard for the treatment of

chronic hepatitis C virus infection. Haematologic toxicities,

such as neutropenia, thrombocytopenia, and anaemia,

however, frequently cause poor treatment tolerance, result-

ing in poor therapeutic efficacy. The aim of this study was to

identify host genetic polymorphisms associated with the

efficacy or haematologic toxicity of IFN-based combination

therapy in chronic hepatitis C patients. We performed

comprehensive single nucleotide polymorphism detection in

all exonic regions of the 12 genes involved in the IFN sig-

nalling pathway in 32 healthy Japanese volunteers. Of 167

identified polymorphisms, 35 were genotyped and tested for

an association with the efficacy or toxicity of IFN plus

ribavirin therapy in 240 chronic hepatitis C patients. Mul-

tiple logistic regression analysis revealed that low viral load,

viral genotypes 2 and 3, and a lower degree of liver fibrosis,

but none of the genetic polymorphisms, were significantly

associated with a sustained virologic response. In contrast to

efficacy, multiple linear regression analyses demonstrated

that two polymorphisms (IFNAR1 10848-A/G and STAT2

4757-G/T) were significantly associated with IFN-induced

neutropenia (P = 0.013 and P = 0.011, respectively).

Thrombocytopenia was associated with the IRF7 789-G/A

(P = 0.031). In conclusion, genetic polymorphisms in IFN

signalling pathway-related genes were associated with IFN-

induced neutropenia and thrombocytopenia in chronic

hepatitis C patients. In contrast to toxicity, the efficacy of

IFN-based therapy was largely dependent on viral factors

and degree of liver fibrosis.

Keywords: haematologic adverse effect, hepatitis C, inter-

feron, single nucleotide polymorphism, sustained virologic

response.

INTRODUCTION

Hepatitis C virus (HCV) infects an estimated 170 million

people worldwide [1] and is a leading cause of chronic

hepatitis, liver cirrhosis, and primary hepatocellular carci-

noma [2]. Currently, combination therapy with ribavirin

(RBV) and either conventional interferon (IFN)-a or pegy-

lated-IFN-a (peg-IFN-a) is the gold standard of treatment for

chronic HCV infection [3,4], but the overall rate of a sus-

tained virologic response (SVR) with these therapies ranges

from only 54% to 63% [5–7]. The limited therapeutic

efficacy might be due to the poor virologic response in some

patients or to adverse effects of the IFN-based therapy,

leading to low treatment tolerance [5,6].

Predictive factors associated with a virologic response to

IFN-based therapy include viral and host factors. Several

studies have recently reported a possible association between

the efficacy of IFN-based therapy and polymorphisms

in genes encoding cytokines, chemokines, or their receptors

[8–14]. The reported single nucleotide polymorphisms

(SNPs) associated with a virologic response to IFN-based

therapy include the IFNAR1 [8], IL-10 [9,10], TNF-a [11],

IFN-c [12], CCR5 [13], osteopontin [14] and TLR7 [15]

genes. These data, however, are controversial and incon-

clusive, because most of the previous studies analysed a

selected single target gene. Indeed, such limited evaluation of

only one or two SNPs might not be sufficient in determining

association of genetic polymorphisms with a virologic

response to IFN-based therapy. Moreover, few studies have

involved patients treated with combination therapy using

peg-IFN-a and RBV [16,17].

Abbreviations: ALT, alanine aminotransferase; CI, confidence

interval; HCV, hepatitis C virus; IFN, interferon; OR, odds ratio; PCR,

polymerase chain reaction; RBV, ribavirin; SNP, single nucleotide

polymorphism; SVR, sustained virologic response.
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Among the side effects of IFN plus RBV combination ther-

apy, haematologic toxicities are frequently observed and

sometimes treatment must be discontinued or the drug dose

reduced, resulting in reduced efficacy of the combination

therapy [5,6,18]. However, the mechanisms and predictive

factors in the occurrence of these adverse effects, especially the

critical decrease in blood cell count, are not clear at present.

Many studies have clarified the molecular pathway

of action of IFN in detail [4,19,20]. Binding of IFN-a to

its receptor induces IFNAR1 and IFNAR2 dimerization,

followed by the activation of IFNAR-associated tyrosine

kinases (JAK1 and TYK2). These tyrosine kinases phos-

phorylate STAT1 and STAT2 monomers, leading to the

induction of multiple IFN-stimulated genes. Moreover, type I

IFNs induce IRF7 and IRF3, which are responsible for type 1

IFN induction mediated by the virus or Toll like receptors

[21]. On the other hand, the mechanisms of IFN induction in

response to viral infection were recently determined [22,23].

In HCV-infected cells, the cytoplasmic RNA helicase, RIG-I,

recognizes the viral dsRNA and interacts with IPS-1, leading

to activation of the transcription factors, IRF3 and NF-kB,

which in turn transcribe type I IFN genes. In contrast, IRF2

negatively regulates the IFN signalling pathway and recent

studies suggest that IRF2 modulates the differentiation of

haematopoietic cells [24–26]. Despite the unveiling of the

molecular pathway of IFN signalling, it remains unclear why

IFN-based therapy induces divergent efficacy or adverse

haematologic toxicities in different patients.

In the present study, therefore, in order to determine the

genetic factors associated with not only the efficacy but also

haematologic toxicity of IFN-based therapy, we focused on

the genes involved in the IFN signalling pathway, and per-

formed a large-scale and comprehensive analysis of the ge-

netic polymorphisms in 12 genes among chronic hepatitis C

patients receiving IFN plus RBV therapy. To identify the

predictors of efficacy or haematologic toxicity of IFN-based

therapy, we carried out multivariate analyses using various

clinicopathological factors and genetic polymorphisms.

MATERIALS AND METHODS

Patients

DNA for SNP screening was extracted from blood samples of

32 healthy Japanese volunteers under the auspices of the

Pharma SNP Consortium (Tokyo, Japan). The participants

comprised 240 Japanese adult chronic hepatitis C patients

receiving conventional IFN-a 2b (n = 157) or peg-IFN-a 2b

(n = 83) plus RBV combination therapy (Schering-Plough,

Kenilworth, NJ, USA) at Kyoto University and affiliated

hospitals from February 2002 to August 2007. In Japan, peg-

IFN-a 2b plus RBV combination therapy was approved in

October 2004. Thus, the patients who participated before and

after October 2004 received conventional IFN-a 2b and peg-

IFN-a 2b, respectively. Indications for IFN-based therapy

included high serum values of alanine aminotransferase

(ALT) and positivity for serum anti-HCV and HCV RNA. His-

tological examination of liver biopsy specimens was avail able

for 165 (68.8%) of the 240 enrolled patients. Liver histology

was assessed by an experienced hepatopathologist using the

METAVIR score [27]; the fibrosis stage was defined as: F0 (no

fibrosis), F1 (mild fibrosis), F2 (moderate fibrosis), F3 (severe

fibrosis) and F4 (cirrhosis). The ethics committee at Kyoto

University approved the studies, and informed consent for

participation in the study was obtained from all patients.

IFN-a 2b or peg-IFN-a 2b plus RBV combination therapy

Patients receiving conventional IFN-a plus RBV therapy were

treated with 6 million units of recombinant IFN-a 2b daily for
2 weeks and with 6 million units three times a week for the

following assigned treatment period, in combination with

daily oral RBV. The RBV dose was 600 mg/day in patients

weighing less than 60 kg, and 800 mg/day in those weighing

60 kg or more. Patients receiving peg-IFN-a 2b plus RBV

therapy were treated with peg-IFN-a 2b once per week, com-

bined with daily oral RBV for the assigned period. The peg-

IFN-a2b dosewas 1.5 lg/kg perweek. Patientswith genotype

1 received 48 weeks of combination therapy and patientswith

genotypes 2 and 3 received 24 weeks of combination therapy.

The dosage of IFN-a 2b or peg-IFN-a 2b was reduced by

half if platelet counts dropped to <80 000/lL, if leucocyte
counts dropped to <1500/lL, or if neutrophil counts drop-

ped to <750/lL during therapy. IFN-a 2b or peg-IFN-a 2b

was discontinued if platelet counts dropped to <50 000/lL,
if leucocyte counts dropped to <1000/lL, or if neutrophil

counts dropped to <500/lL during therapy. The RBV dosage

was reduced to 400 mg/day or 600 mg/day if haemoglobin

levels were less than 10 g/dL. RBV was discontinued if

haemoglobin levels were less than 8.5 g/dL.

Sustained virologic response was defined as no detectable

HCV RNA by qualitative assay for at least 24 weeks after

cessation of therapy. Non-SVR was defined as no response or

relapse after the cessation of therapy.

SNP screening of the IFN signalling pathway-related genes

We selected the following IFN signalling pathway-related

genes, including seven genes involved in the intracellular IFN-

mediated signalling pathway from the binding of IFN to its

receptor to initiation of the transcription of various target

genes [20]; four genes involved in the RIG-I signalling path-

way, which triggers the IFN-induction pathway after viral

infection [22,23], and one gene that negatively regulates the

IFN signalling pathway [24] [IFNAR1 (NT_011512.10,

NM_000629.2), IFNAR2 (NT_011512.10, NM_207585.1),

JAK1 (NT_032977.7, NM_002227.1), TYK2 (NT_

011295.10, NM_003331.3), STAT1 (NT_005403.15,

NM_007315.2), STAT2 (NT_029419.10, NM_005419.2),

IRF9 (NT_026437.11, NM_006084.3), RIG-I (NT_
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008413.16, NM_014314.2), IPS-1 (NT_011387.8,

NM_020746.1), IRF3 (NT_011109.15, NM_001571.2),

IRF7 (NT_035113.6, NM_004031.1), and IRF2 (NT_

0022792.17, NM_002199.3)]. Genomic DNA was extracted

from blood samples of 32 healthy Japanese volunteers using a

DNA extraction kit (Genomix Kit; TALENT, Trieste, Italy), and

the 179 exons, including the 5¢- and 3¢-untranslated regions

and adjacent intronic regions of the 12 candidate genes, were

amplified. The resultant polymerase chain reaction (PCR)

products were used as templates for direct sequencing on an

ABI 3730 automated sequencer (Applied Biosystems, Foster

City, CA,USA). Segregating siteswere identifiedandgenotypes

were confirmed directly from electrophorograms using Gen-

alys (http://www.software.cng.fr/docs/genalys.html) [28].

SNP genotyping

Among the SNPs identified by the screening, we selected tag

SNP markers that covered all of the common (>5% fre-

quency) haplotypes using the minimal haplotype tagging

method, one of the best methods to identify the smallest

tagging set for an arbitrary region of the genome [29]. These

tag SNPs allowed us to genotype the smallest possible

number of SNPs for each gene while resolving all common

haplotypes. We also included SNPs that existed in coding

sequences or 5¢ flanking regions with frequencies higher

than 5%. These SNPs were genotyped using the ABI Taqman

allelic discrimination method and an ABI 7900HT sequence

detection system (Applied Biosystems). Primers and probes

were designed by the manufacturer with SNP browser

Software (Applied Biosystems), as shown in Tables S1 and

S2. Amplification reactions were performed in a 3 lL vol-

ume, with 5 ng DNA, 1.5 lL universal PCR master-mix, and

0.0375 lL assay mix with the specific primers and probes.

Seven SNPs that could not be detected using the Taqman

assay were determined by direct sequencing of PCR products

amplified with primers specific for each SNP (Table S3).

Statistical analysis

Genotype distributions were tested for Hardy–Weinberg

equilibrium using exact tests. To identify predictors of SVR,

we used univariate analysis of pre-treatment factors to

compare all SVR and non-SVR patients who had completed

the treatment. The following pre-treatment factors were

considered: SNPs, sex (male vs female), age (in years), weight

(in kilograms), serum ALT, IFN history (naive vs relapse vs

nonresponse), HCV genotype (1 vs 2 and 3), HCV viral load

(<100 vs 100 to <500 vs 500 to <850 vs ‡850 kIU/mL),

and fibrosis stage (F0 vs F1 vs F3 vs F4). Allele and genotype

frequencies were evaluated for their association with SVR

using Fisher�s exact tests. Sex, IFN history, and HCV geno-

type were evaluated using the chi-square test. Age, weight,

and serum ALT were evaluated using the Mann–Whitney

U-test. Fibrosis stage and viral load were evaluated using a

trend chi-square test. We considered two-tailed P-values

<0.05 to be statistically significant and calculated odds

ratios (ORs) and 95% confidence intervals. Multiple logistic

regression analysis was performed using STATISTICA (Stat-

Soft, Tulsa, OK, USA) to evaluate the association between

SVR and significant factors from the univariate analyses.

To identify predictors of cytopenia, we examined the

association between decreased leucocyte, neutrophil, and

platelet counts and haemoglobin levels, and the following

patient characteristics and clinical features using linear

regression analysis with statistica: sex, age, weight, fibrosis

stage and SNPs. Multiple linear regression analysis was

performed to evaluate the association between the decreased

peripheral blood cell numbers and significant factors from

the univariate analyses.

RESULTS

Genetic variations and polymorphisms in IFN signalling
pathway-related genes

By screening 32 healthy volunteers, we identified 167

genetic polymorphisms (153 SNPs and 14 insertions/dele-

tions) in the 12 IFN signalling pathway-related genes

(Table 1, Table S4). All identified polymorphisms were in

Hardy–Weinberg equilibrium. Of these 167 polymorphisms,

60 (49 SNPs and 11 insertions/deletions) were novel and

were not registered in Build 125 of the SNP database (http://

www.ncbi.nlm.nih.gov) (Table 2). Among the 167 SNPs

identified, 30 (16 nonsynonymous and 14 synonymous)

were located in exons and we confirmed that 14 of the 30

SNPs identified in the exons were novel. Furthermore, we

identified 10 novel nonsynonymous variants in the seven

genes. Sixty-two SNPs were relatively uncommon (minor

allele frequency <0.05) and were thus excluded from further

analysis. Finally, 27 selected tag SNPs and eight additional

SNPs that existed in coding sequences or 5¢ flanking regions

were subjected to further genotyping analyses in chronic

hepatitis C patients (Table 2).

Variables associated with virologic response to IFN-based
therapy

The relationship between baseline characteristics and viro-

logic response to the IFN plus RBV combination therapy in

chronic hepatitis C patients is summarized in Table 3.

Combination therapy was discontinued in 37 patients dur-

ing the assigned treatment period. These 37 patients were

excluded from analysis of the virologic response. SVR was

achieved in 98 of 203 (48.3%) patients, and 105 patients

(51.7%) had a relapse of HCV infection after the end of

therapy or showed no response to IFN-based therapy.

To determine the predictive factors for IFN-based therapy

efficacy, we examined the correlation between virologic

response, and clinical and viral factors. Of 56 patients with

� 2009 The Authors
Journal compilation � 2009 Blackwell Publishing Ltd

390 M. Wada et al.

— 638 — — 639 —



Table 1 Classification of polymorphisms identified in the IFN-signalling related genes

Gene

Number of

base pairs

screened SNP Ins/del

Total

polymorphisms

Distribution by gene structure

5¢FL 5¢UTR
CDS (sSNP,

nsSNP) Intron 3¢UTR 3¢FL

IFNAR1 7522 8 2 10 2 1 0 (0, 0) 5 2 0

IFNAR2 4849 6 0 6 0 0 1 (0, 1) 4 1 0

JAK1 11312 18 2 20 0 0 2 (2, 0) 18 0 0

TYK2 8270 19 0 19 0 0 8 (3, 5) 10 1 0

STAT1 10647 20 3 23 0 0 3 (3, 0) 18 1 1

STAT2 8646 13 1 14 0 0 1 (0, 1) 11 2 0

IRF9 3171 3 0 3 0 0 0 (0, 0) 2 1 0

RIG-I 8819 26 1 27 0 1 4 (1, 3) 19 3 0

IPS-1 5105 11 1 12 0 0 3 (1, 2) 2 7 0

IRF3 3968 8 2 10 0 3 2 (1, 1) 4 0 1

IRF7 2589 8 1 9 1 0 4 (2, 2) 4 0 0

IRF2 5668 13 1 14 0 0 2 (1, 1) 10 1 1

Total 74898 153 14 167 3 5 30 (14, 16) 107 19 3

SNP, single nucleotide polymorphism; ins, insertion; del, deletion; UTR, untranslated region; FL, flanking region; CDS, coding

region; sSNP, synonymous SNP; nsSNP, nonsynonymous SNP.

Table 2 One hundred and sixty-seven polymorphisms in the IFN-signalling related genes

IFNAR1 (10 polymorphisms) )347
33483*

)6*
33741

51 10595 10848 10927 24135 24469*

IFNAR2 (6 polymorphisms) 14693 14983 22299* 22687 33267* 34057*

JAK1 (20 polymorphisms) 91

34934*

41498

365

34999

42571*

12755

35312

46465

13212

38993

51217*

13242*

39038

21305

40725

30599

40870

30856*

40871

TYK2 (19 polymorphisms) 2243*

15560

26561*

12345*

18074

26854

12529

18164*

29721*

14003*

18279

14006

21293*

14145*

26247*

15192*

26378*

15452

26525

STAT1 (23 polymorphisms) 283

16539

35386*

821*

23416

35574*

4270

24514

37058

5384

27161*

37178

6630*

27452

39478

6751

28838

44152*

16036

30625

45397

16151

34532*

STAT2 (14 polymorphisms) 88

9819

3706

10543

3765*

11441*

4757*

16088*

4901*

18063

9465

18306*

9488 9634

IRF9 (3 polymorphisms) 621* 1129* 4265*

RIG-I (27 polymorphisms) 90

35263

58363*

69596

177

37764

58590*

69667

354

38008*

58615*

70306

391*

38086

59861*

408

41043

60046*

33794*

46072

60133*

33971

49075*

60139

35083

53235

66873

IPS1 (12 polymorphisms) 10717

19836*

10748

20479*

10952*

20921*

15495

20927

15538 18908 19354 19653

IRF3 (10 polymorphisms) 95

6206

175

6304*

188 244 418* 1389 2320 2652

IRF7 (9 polymorphisms) )198
2829*

390* 457 789 1335 1598* 2488 2686

IRF2 (14 polymorphisms) 45305

83649*

45371*

83700*

45420

83749*

55441*

85509

56210

86327

66675

87066

75602* 83546

Gene number is expressed as the nucleotide position from the first nucleotide of the transcriptional start codon. Polymorphisms

in boldface are selected as tag SNP markers.

*Newly discovered polymorphisms.
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HCV genotypes 2 and 3, 48 (85.7%) had SVR, whereas 50 of

147 (34.0%) patients with HCV genotype 1 had SVR, indi-

cating that HCV genotype 1 was significantly associated

with non-SVR (P = 0.00000002). In addition, a lower viral

load before treatment (P = 0.004), male sex (P = 0.011),

young age (P = 0.023), and lower degree of liver fibrosis

(P = 0.0005) were significantly associated with SVR.

SNPgenotyping analyses revealed that the frequencies of all

35 polymorphisms detected in the 240 hepatitis C patients

were not significantly different from those in healthy

volunteers. The success scores of the Taqman assay were

96.4–100% and those of direct sequencing were 95.8–100%.

Univariate analyses of 35 polymorphisms revealed that a

TYK2 exon8 15560-G/T polymorphism (rs2304256) was

significantly associated with virologic response to IFN-based

therapy [P = 0.050, OR = 0.66 (0.44–0.99)] (Table S5).

In contrast to the univariate analysis, however, multiple

logistic regression analyses demonstrated that the

rs2304256 was not significant (P = 0.675) (Table 4). As a

host factor, only a lower degree of liver fibrosis before ther-

apy (P = 0.007) was significantly associated with SVR in the

multiple logistic regression model. On the other hand, HCV

genotypes 2 and 3 (P = 0.00005) and a lower viral load

before therapy (P = 0.027) were both significantly associ-

ated with SVR.

Genetic polymorphisms associated with the adverse effects
of IFN-based therapy

A total of 132 of 240 (55.0%) patients required either a

discontinuation or a dose reduction of IFN or RBV due to the

following adverse events: anaemia (n = 50), neutropenia or

leucocytopenia (n = 32), thrombocytopenia (n = 17),

depression (n = 7), and other causes (malaise, alopecia, and

abdominal discomfort). The relationship between baseline

characteristics and occurrence of haematologic adverse

effects of the IFN plus RBV combination therapy is summa-

rized in Table S6.

To identify the host genetic polymorphisms associated

with the haematologic adverse effects of IFN plus RBV

therapy, we focused on decreases in blood cell counts during

the therapy and analysed the association with the SNPs in

IFN signalling pathway-related genes. Consistent with pre-

vious reports [30,31], leucocyte, neutrophil, and platelet

counts and haemoglobin levels usually declined in the initial

2–4 weeks of treatment, then stabilized during treatment,

and returned to baseline levels within 12 weeks from the

end of treatment in patients receiving IFN plus RBV therapy

(Fig. 1). Therefore, we evaluated the decreases in leucocyte,

neutrophil, and platelet counts and haemoglobin level at

4 weeks of treatment. We first examined the predictive fac-

tors for neutropenia. In 240 patients, absolute neutrophil

counts decreased by an average of 39.3% from baseline

during the first 4 weeks of treatment. Univariate analyses of

32 polymorphisms and clinical features showed that two

SNPs, an IFNAR1 intron2 10848-A/G polymorphism

(rs2243594), and a STAT2 intron5 4757-G/T, were asso-

ciated with neutropenia caused by IFN-based therapy

[P = 0.038, P = 0.020] (Table 5, Table S7). Furthermore,

multivariate linear regression analysis confirmed that both

polymorphisms were significantly associated with the

neutropenia (P = 0.013, P = 0.009). Next, we examined

the predictive factors for leucocytopenia. Absolute leucocyte

counts decreased by an average of 29.9% from baseline

within the first 4 weeks of treatment. Univariate analyses

indicated that an IFNAR1 intron2 10848-A/G

polymorphism (rs2243594), an IRF2 intron6 66675-C/T

polymorphism (rs2241500), and female sex were associated

with leucocytopenia (P = 0.048, P = 0.026, P = 0.016,

Table 3 Demographic, virological and clinical features of

patients with chronic hepatitis C treated by IFN plus

ribavirin combination therapy

Variable

SVR

(n = 98)*

Non-SVR

(n = 105)* P-value

Sex

Male 64 50 0.011

Female 34 55

Age (years)� 56.0 (24–72) 58.5 (27–74) 0.023

Weight (kg)� 61.8 (43–91) 61.9 (41–94) 0.821

Pre-treatment

ALT (IU/L)�
69 (17–285) 57 (16–304) 0.170

Interferon history�

Naive 58 (51.8%) 54 (48.2%) 0.311

Relapse 30 (47.6%) 33 (52.4%)

Nonresponse 10 (35.7%) 18 (64.3%)

HCV genotype

1 50 (34.0%) 97 (66.0%) 0.00000002

2, 3 48 (85.7%) 8 (14.3%)

HCV RNA titre

(kIU/mL)

<100 15 (93.7%) 1 (6.3%) 0.004

100–500 35 (49.3%) 36 (50.7%)

500–850 22 (44.9%) 27 (55.1%)

850£ 26 (38.8%) 41 (61.2%)

Fibrosis score

0 5 (62.5%) 3 (37.5%) 0.0005

1 38 (59.4%) 26 (40.6%)

2 19 (45.2%) 23 (54.8%)

3 5 (20.0%) 20 (80.0%)

4 2 (28.6%) 5 (71.6%)

SVR, sustained virologic response. P-values in boldface are

significant.

*SVR and non-SVR were evaluated in patients who had

completed therapy for 24 or 48 weeks.
�Values are median (range).
�One hundred six patients had received previous treatment

with IFN-a monotherapy for 24 weeks, but failed to respond

or relapsed.

� 2009 The Authors
Journal compilation � 2009 Blackwell Publishing Ltd

392 M. Wada et al.

— 640 — — 641 —



respectively). Multivariate analysis, however, indicated that

none of the factors, including IFNAR1 rs2243594, IRF2

rs2241500 and sex, were significant. Third, we examined

the predictive factors for thrombocytopenia. Absolute

platelet counts decreased by an average of 12.5% from

baseline during the first 4 weeks of treatment. Univariate

analyses showed that only an IRF7 exon2 789-G/A

(rs1061501) was associated with thrombocytopenia

(P = 0.031). Finally, we examined the predictive factors for

anaemia. Absolute haemoglobin concentration decreased by

an average of 15.8% of baseline within the first 4 weeks of

treatment. Univariate analyses revealed that anaemia was

associated with older age (P = 0.0004), but not with any of

the polymorphisms.

We examined the genotype results (variant allele carrier)

of an IFNAR1 intron2 10848-A/G polymorphism

(rs2243594), a STAT2 intron5 4757-G/T polymorphism,

and an IRF7 exon2 789-G/A polymorphism (rs1061501)

for their association with various clinical and histologic

features among 240 patients (Table S8). None of the factors,

however, were associated with the SNPs identified.

DISCUSSION

In this study, we evaluated the influence of genetic poly-

morphisms on adverse effects and efficacy of IFN plus RBV

combination therapy. Although several studies have evalu-

ated the influence of host genetic polymorphisms on virologic

response to IFN-based therapy, no studies have looked at

possible association of adverse effects of the IFN-based ther-

apy and host genetic polymorphisms. We report for the first

time that certain SNPs in the IFN signalling pathway-related

genes were associated with haematologic adverse effects in

chronic hepatitis C patients undergoing IFN-based therapy.

Table 4 Univariate and multiple logistic regression analyses of SNPs and clinical factors associated with the efficacy of IFN plus

ribavirin combination therapy

Variable

Univariate analysis Multiple logistic regression analysis

P-value OR (95% CI) P-value OR (95% CI)

SNPs

TYK2 15660-G/T 0.050 0.66 (0.44–0.99) 0.675 0.48 (0.14–1.67)

Clinical variables

Sex 0.011 2.07 (1.17–3.66) 0.082 2.09 (0.90–4.84)

Age 0.023 0.16 (0.04–0.65) 0.347 0.69 (0.11–4.22)

HCV genotype 0.00000002 11.6 (5.09–26.6) 0.00005 7.35 (2.54–21.2)

Viral load 0.004 0.25 (0.10–0.62) 0.027 0.22 (0.06–0.88)

Fibrosis stage 0.0005 12.0 (2.63–54.8) 0.007 10.3 (1.72–62.3)

P-values in boldface are significant. SNP, single nucleotide polymorphism.

Fig. 1 Change in mean neutrophil (a),

leucocyte (b), and platelet counts (c),

and haemoglobin levels (d) during

and after IFN plus RBV therapy. The

results are shown as mean ± SEM.
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The representative side effect of IFN-based combination

therapy with RBV that causes poor therapeutic tolerance is

haematologic toxicity, such as anaemia, neutropenia, and

thrombocytopenia [4,32]. In fact, several studies reported

that less than half the patients with hepatitis C were able to

complete IFN plus RBV combination therapy at the assigned

dose of both drugs, causing reduced therapeutic efficacy

[5,6]. One thing to be noted is that the decrease in neutro-

phil and platelet counts induced by IFN-based therapy varies

among patients, and thus it is difficult to predict the risk of

haematologic toxicities in chronic hepatitis C patients

receiving IFN-based therapy. The molecular mechanism of

IFN-induced haematologic toxicities, however, is unknown.

Several studies suggested the possibility that IFN treatment

causes bone marrow suppression [33,34]. In agreement with

this hypothesis, it was shown that a significant drop in

platelet count after the initiation of IFN therapy is accom-

panied by a moderate increase in thrombopoietin levels in

the failing liver, which may be insufficient to counteract the

myelosuppressive action of IFN [35]. Another study sug-

gested that IFN-mediated cytopenia may be due to rapid

sequestration of platelets and leucocytes in the capillary beds

of the liver and spleen [36]. Our current findings suggest

that some of the IFN signalling pathway-related genes are

involved in the decrease in neutrophil and platelet counts in

response to IFN treatment. Interestingly, a recent study

demonstrated that an intrinsic program for apoptosis con-

trols platelet survival and dictates life span [37]. They

revealed that platelets are genetically programmed to die by

apoptosis and the antagonistic balance between antiapop-

totic and proapoptotic molecules determines platelet life

span. It is well known that IFN signalling induces the

expression of multiple IFN-stimulated genes including mol-

ecules with proapoptotic or antiapoptotic function, such as

tumour necrosis factor-related apoptosis-inducing ligand

Fas, and X-linked inhibitor of apoptosis-associated factor 1

[38]. Thus, it is possible that IFNAR1, STAT2, and IRF7

contribute to the occurrence of neutropenia and thrombo-

cytopenia by regulating the magnitude of IFN signalling

involved in the apoptotic pathway in the haematopoietic

cells in patients receiving IFN-based treatment.

In this study, three SNPs were associated with cytopenia in

chronic hepatitis C patients receiving IFN plus RBV combi-

nation therapy. Among them, rs1061501 in the IRF7 gene

was located in the exon region but is a synonymous SNP.

Recently, Kimchi-Sarfaty et al. demonstrated [39] that a

synonymous SNP that did not affect amino acid sequence was

capable of changing the function of the resultant protein.

Indeed, the presence of a rare codonmarked by a synonymous

SNP in the Multidrug Resistance 1 gene affects the timing of

cotranslational folding and thereby alters the structure of

substrate. Thus, it is possible that the synonymous rs1061501

contributes to a functional change in the IRF7 protein. On the

other hand, rs2243594 in the IFNAR1 gene and the SNP in

the STAT2 gene associated with neutropenia were located in

an intronic region. In general, intronic SNPs provide little

evidence for changes in protein structure or function, but an

intronic mutation in the p53 gene could have functional

consequences by regulating gene expression, suggesting that

the effect is mediated by a nonsynonymous and disruptive

coding change in linkage disequilibrium with the associated

intronic SNP or by a change in RNA splicing, editing, or

expression [40]. Thus, it is possible that two intronic SNPs

associated with neutropenia contribute to functional changes

in the IFNAR1 and STAT2 proteins.

In contrast to the adverse effects of IFN plus RBV combi-

nation therapy, none of the host genetic polymorphisms in

the IFN signalling pathway-related genes analysed were

Table 5 Univariate and multiple linear regression analyses of SNPs and clinical factors associated with leucocytopenia,

neutropenia and thrombocytopenia

Variable

Unit of B

coefficient

Univariate analysis Multiple analysis

P-value B coefficient SE B P-value B coefficient SE B

Neutropenia

IFNAR1 10848-A/G % 0.038 6.94 3.31 0.013 6.43 2.57

STAT2 4757-G/T % 0.020 )14.3 6.09 0.011 )13.8 5.41

Leucocytopenia

IFNAR1 10848-A/G % 0.048 4.14 2.08 0.109 1.62 1.61

IRF2 66675-C/T % 0.026 3.44 1.53 0.054 3.00 1.54

Sex % 0.016 7.79 3.20 0.134 3.30 2.20

Thrombocytopenia

IRF7 789-G/A % 0.031 4.15 1.92 ND ND ND

Anaemia

Age %/year 0.0004 0.28 0.08 ND ND ND

P-values in boldface are significant. SE, standard error. ND, not done because only one factor was significant in the univariate

analysis.
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associated with therapeutic efficacy. The results indicated

that viral factors, including viral genotype and pre-treatment

viral load, and histological fibrosis grade were likely to have

critical roles in treatment response. Consistent with many

previous reports [41–43], we found that HCV genotypes 2

and 3, low viral load, and early fibrosis stage predict a

favourable virologic response to IFN plus RBV combination

therapy. On the other hand, it was reported that several

SNPs in certain genes are associated with efficacy in IFN-

based therapy [8–14,16,17]. Many of these previous studies,

however, evaluated the association between the SNP and the

treatment response using only univariate and not multi-

variate analyses that included viral factors. In fact, in our

univariate analysis, one TYK2 SNP (rs2304256) showed a

possible association with therapeutic efficacy. Multivariate

analysis, however, revealed that this SNP was not signifi-

cant. Taken together, these findings suggest that the viral

factors and host histological grade of liver fibrosis are

important predictors of the treatment response in chronic

hepatitis C infection. Although no significant association

was observed between the efficacy and the IFN signalling

pathway-related genes examined, it is possible that poly-

morphisms of other genes might play a role in the treatment

response to IFN-based therapy.

In conclusion, we demonstrated that the SNPs in the

IFNAR1 and STAT2 genes were associated with neutropenia

and the SNP in the IRF7 gene was associated with throm-

bocytopenia in chronic hepatitis C patients receiving IFN plus

RBV combination therapy. In contrast, the virologic factors

and histological grade of liver fibrosis are important predic-

tors for virologic response to the IFN-based therapy, whereas

no host genetic polymorphisms in IFN signalling pathway-

related genes analysed affected the therapeutic efficacy.

Further analyses are required to clarify the mechanisms of

how those polymorphisms affect the biologic function of the

IFN signalling and contribute to the occurrence of haema-

tological adverse effects in IFN-treated patients.

ACKNOWLEDGEMENTS

The following institutions and investigators also participated

in the study: Dr T. Nakamura, Tenri Hospital; Dr T. Ino-

kuma, Kobe City Medical Center General Hospital; Dr K.

Ikeda, Japan Baptist Hospital; Dr A. Nakamura, Sanda City

Hospital; Dr H. Yamada, Shinko Hospital; Dr H. Komori,

Nishi Kobe Medical Center; Dr T. Tamada, Takatsuki Red

Cross Hospital; Dr Y. Yamashita, Miki City Hospital; Dr K.

Mizuta, Shiga Medical Center for Adults and Dr N. Kitajima,

Kasai City Hospital.

This work was supported by Grants-in-aid for Scientific

Research 16017240, 16017249, 17013051, 17659212

and 18012029 from the Ministry of Education, Culture,

Sports, Science and Technology of Japan, Grant-in-aid for

Scientific Research 15209024 and 18209027 from JSPS,

and Grant-in-Aid for Research in Measures for Intractable

Diseases, and Research in Advanced Medical Technology

(nano005) from the Ministry of Health, Labor, and Welfare,

Japan.

REFERENCES

1 Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J

Med 2001; 345: 41–52.

2 National Institutes of Health Consensus Development Con-

ference Statement. Management of hepatitis C: 2002 – June

10–12, 2002. Hepatology 2002; 36: S3–20.

3 Dienstag JL, McHutchison JG. American Gastroenterological

Association technical review on the management of hepa-

titis C. Gastroenterology 2006; 130: 231–264; quiz 214–

237.

4 Hoofnagle JH, Seeff LB. Peginterferon and ribavirin for

chronic hepatitis C. N Engl J Med 2006; 355: 2444–2451.

5 Fried MW, Shiffman ML, Reddy KR et al. Peginterferon alfa-

2a plus ribavirin for chronic hepatitis C virus infection.

N Engl J Med 2002; 347: 975–982.

6 Manns MP, McHutchison JG, Gordon SC et al. Peginterferon

alfa-2b plus ribavirin compared with interferon alfa-2b plus

ribavirin for initial treatment of chronic hepatitis C: a

randomised trial. Lancet 2001; 358: 958–965.

7 Hadziyannis SJ, Sette H Jr, Morgan TR et al. Peginterfer-

on-alpha2a and ribavirin combination therapy in chronic

hepatitis C: a randomized study of treatment duration

and ribavirin dose. Ann Intern Med 2004; 140: 346–

355.

8 Matsuyama N, Mishiro S, Sugimoto M et al. The dinucleo-

tide microsatellite polymorphism of the IFNAR1 gene pro-

moter correlates with responsiveness of hepatitis C patients

to interferon. Hepatol Res 2003; 25: 221–225.

9 Edwards-Smith CJ, Jonsson JR, Purdie DM, Bansal A,

Shorthouse C, Powell EE. Interleukin-10 promoter poly-

morphism predicts initial response of chronic hepatitis C to

interferon alfa. Hepatology 1999; 30: 526–530.

10 Yee LJ, Tang J, Gibson AW, Kimberly R, Van Leeuwen DJ,

Kaslow RA. Interleukin 10 polymorphisms as predictors of

sustained response in antiviral therapy for chronic hepatitis

C infection. Hepatology 2001; 33: 708–712.

11 Dai CY, Chuang WL, Chang WY et al. Tumor necrosis fac-

tor-alpha promoter polymorphism at position –308 predicts

response to combination therapy in hepatitis C virus infec-

tion. J Infect Dis 2006; 193: 98–101.

12 Huang Y, Yang H, Borg BB et al. A functional SNP of

interferon-gamma gene is important for interferon-alpha-

induced and spontaneous recovery from hepatitis C virus

infection. Proc Natl Acad Sci U S A 2007; 104: 985–990.

13 Promrat K, McDermott DH, Gonzalez CM et al. Associations

of chemokine system polymorphisms with clinical outcomes

and treatment responses of chronic hepatitis C. Gastroen-

terology 2003; 124: 352–360.

14 Naito M, Matsui A, Inao M et al. SNPs in the promoter

region of the osteopontin gene as a marker predicting the

efficacy of interferon-based therapies in patients with

chronic hepatitis C. J Gastroenterol 2005; 40: 381–388.

15 Schott E, Witt H, Neumann K et al. Association of TLR7

single nucleotide polymorphisms with chronic HCV-

� 2009 The Authors
Journal compilation � 2009 Blackwell Publishing Ltd

SNPs associated with IFN-induced cytopenia 395

infection and response to interferon-a-based therapy. J Viral

Hepatol 2008; 15: 71–78.

16 Wasmuth HE, Werth A, Mueller T et al. Haplotype-tagging

RANTES gene variants influence response to antiviral ther-

apy in chronic hepatitis C. Hepatology 2004; 40: 327–334.

17 Bonkovsky HL, Naishadham D, Lambrecht RW et al. Roles

of iron and HFE mutations on severity and response to

therapy during retreatment of advanced chronic hepatitis C.

Gastroenterology 2006; 131: 1440–1451.

18 McHutchison JG, Gordon SC, Schiff ER et al. Interferon alfa-

2b alone or in combination with ribavirin as initial treat-

ment for chronic hepatitis C. Hepatitis Interventional

Therapy Group. N Engl J Med 1998; 339: 1485–1492.

19 Borden EC, Sen GC, Uze G et al. Interferons at age 50: past,

current and future impact on biomedicine. Nat Rev Drug

Discov 2007; 6: 975–990.

20 Gao B, Hong F, Radaeva S. Host factors and failure of

interferon-alpha treatment in hepatitis C virus. Hepatology

2004; 39: 880–890.

21 de Veer MJ, Holko M, Frevel M et al. Functional classifica-

tion of interferon-stimulated genes identified using micro-

arrays. J Leukoc Biol 2001; 69: 912–920.

22 Gale M Jr, Foy EM. Evasion of intracellular host defence by

hepatitis C virus. Nature 2005; 436: 939–945.

23 Kawai T, Akira S. Innate immune recognition of viral

infection. Nat Immunol 2006; 7: 131–137.

24 Honda K, Taniguchi T. IRFs: master regulators of signalling

by Toll-like receptors and cytosolic pattern-recognition

receptors. Nat Rev Immunol 2006; 6: 644–658.

25 Stellacci E, Testa U, Petrucci E et al. Interferon regulatory

factor-2 drives megakaryocytic differentiation. Biochem J

2004; 377: 367–378.

26 Mizutani T, Tsuji K, Ebihara Y et al. Homeostatic erythro-

poiesis by the transcription factor IRF2 through attenuation

of type I interferon signaling. Exp Hematol 2008; 36: 255–

264.

27 The French METAVIR Cooperative Study Group. Intraob-

server and interobserver variations in liver biopsy inter-

pretation in patients with chronic hepatitis C. Hepatology

1994; 20: 15–20.

28 Takahashi M, Matsuda F, Margetic N, LathropM. Automated

identification of single nucleotide polymorphisms from

sequencing data. J Bioinform Comput Biol 2003; 1: 253–265.

29 Sebastiani P, Lazarus R, Weiss ST, Kunkel LM, Kohane IS,

Ramoni MF. Minimal haplotype tagging. Proc Natl Acad Sci

U S A 2003; 100: 9900–9905.

30 Fried MW. Side effects of therapy of hepatitis C and their

management. Hepatology 2002; 36: S237–S244.

31 Matthews SJ, McCoy C. Peginterferon alfa-2a: a review of

approved and investigational uses. Clin Ther 2004; 26: 991–

1025.

32 Manns MP, Wedemeyer H, Cornberg M. Treating viral

hepatitis C: efficacy, side effects, and complications. Gut

2006; 55: 1350–1359.

33 Ernstoff MS, Kirkwood JM. Changes in the bone marrow of

cancer patients treated with recombinant interferon alpha-

2. Am J Med 1984; 76: 593–596.

34 Ganser A, Carlo-Stella C, Greher J, Volkers B, Hoelzer D.

Effect of recombinant interferons alpha and gamma on

human bone marrow-derived megakaryocytic progenitor

cells. Blood 1987; 70: 1173–1179.

35 Peck-Radosavljevic M, Wichlas M, Pidlich J et al. Blunted

thrombopoietin response to interferon alfa-induced throm-

bocytopenia during treatment for hepatitis C. Hepatology

1998; 28: 1424–1429.

36 Dormann H, Krebs S, Muth-Selbach U et al. Rapid onset of

hematotoxic effects after interferon alpha in hepatitis C.

J Hepatol 2000; 32: 1041–1042.

37 Mason KD, Carpinelli MR, Fletcher JI et al. Programmed

anuclear cell death delimits platelet life span. Cell 2007;

128: 1173–1186.

38 Chawla-Sarkar M, Lindner DJ, Liu YF et al. Apoptosis and

interferons: role of interferon-stimulated genes as mediators

of apoptosis. Apoptosis 2003; 8: 237–249.

39 Kimchi-Sarfaty C, Oh JM, Kim IW et al. A ‘‘silent’’ poly-

morphism in the MDR1 gene changes substrate specificity.

Science 2007; 315: 525–528.

40 Lehman TA, Haffty BG, Carbone CJ et al. Elevated frequency

and functional activity of a specific germ-line p53 intron

mutation in familial breast cancer. Cancer Res 2000; 60:

1062–1069.

41 Liang TJ, Rehermann B, Seeff LB, Hoofnagle JH. Pathogen-

esis, natural history, treatment, and prevention of hepatitis

C. Ann Intern Med 2000; 132: 296–305.

42 Trepo C. Genotype and viral load as prognostic indicators in

the treatment of hepatitis C. J Viral Hepat 2000; 7: 250–257.

43 Tsubota A, Chayama K, Ikeda K et al. Factors predictive of

response to interferon-alpha therapy in hepatitis C virus

infection. Hepatology 1994; 19: 1088–1094.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the

online version of this article:

Table S1 Oligonucleotide sequences for primers and

probes used for Taqman SNP genotyping assay.

Table S2 Assay ID of primers and probes used for Taqman

SNP genotyping assay.

Table S3 Oligonucleotide sequences for primers used for

PCR amplification and sequencing.

Table S4 List of discovered polymorphisms in 12 IFN-sig-

nalling related genes.

Table S5 Genotype frequency in the genotyped 35 poly-

morphisms of the IFN-signalling related genes.

Table S6 Demographic, virological and clinical features of

patients with chronic hepatitis C treated by IFN plus riba-

virin combination therapy.

Table S7 Linear regression analyses of 35 SNPs and clin-

ical factors associated with haematologic adverse effects.

Table S8 Demographic, and clinical features according

to three polymorphisms significantly associated with IFN-

induced neutropenia and thrombocytopenia.

Please note: Wiley-Blackwell are not responsible for the

content or functionality of any supporting materials supplied

by the authors. Any queries (other than missing material)

should be directed to the corresponding author for the article.

� 2009 The Authors
Journal compilation � 2009 Blackwell Publishing Ltd

396 M. Wada et al.

— 644 — — 645 —



— 646 — — 647 —



www.wjgnet.com

 CASE REPORT

Small invasive ductal carcinoma of the pancreas distinct 
from branch duct intraductal papillary mucinous neoplasm

Hiroki Sakamoto, Masayuki Kitano, Takamitsu Komaki, Hajime Imai, Ken Kamata, Masatomo Kimura, 
Yoshifumi Takeyama, Masatoshi Kudo

Online Submissions: wjg.wjgnet.com           World J Gastroenterol  2009 November 21; 15(43): 5489-5492
wjg@wjgnet.com                                                                                               World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.15.5489                                                                                        © 2009 The WJG Press and Baishideng. All rights reserved.

Hiroki Sakamoto, Masayuki Kitano, Takamitsu Komaki, 
Hajime Imai, Ken Kamata, Masatoshi Kudo, Division of 
Gastroenterology and Hepatology, Department of Internal 
Medicine, Kinki University School of Medicine, 377-2, Ohno-
Higashi, Osaka-Sayama 589-8511, Japan
Masatomo Kimura, Department of Pathology, Kinki University 
School of Medicine, 377-2, Ohno-Higashi, Osaka-Sayama 589-
8511, Japan
Yoshifumi Takeyama, Department of Surgery, Kinki Univer-
sity School of Medicine, 377-2, Ohno-Higashi, Osaka-Sayama 
589-8511, Japan
Author contributions: Sakamoto H and Kitano M contributed 
equally to this work; Sakamoto H, Kitano M, Komaki T, Imai 
H, Kamata K and Kudo M clinically managed the patient 
and discussed the EUS and MRCP follow-up; Takeyama Y 
performed the surgery; Kimura M diagnosed the histology; 
Sakamoto H, Kitano M and Kudo M wrote the paper.
Supported by The Japan Society for Promotion of Science; 
The Research and Development Committee Program of The 
Japan Society of Ultrasonics in Medicine; Japan Research 
Foundation for Clinical Pharmacology; Japanese Foundation for 
Research and Promotion of Endoscopy
Correspondence to: Masayuki Kitano, MD, PhD, Division 
of Gastroenterology and Hepatology, Department of Internal 
Medicine, Kinki University School of Medicine, 377-2, Ohno-
Higashi, Osaka-Sayama 589-8511, 
Japan. m-kitano@med.kindai.ac.jp
Telephone: +81-72-3660221 Fax: +81-72-3672880
Received: September 7, 2009 Revised: October 12, 2009
Accepted: October 19, 2009
Published online: November 21, 2009

Abstract
Endoscopic ultrasonography (EUS) is a highly sensitive 
diagnostic method for the detection of small pancreatic 
carcinomas. Recently, there have been some reports 
describing the utility of contrast-enhanced harmonic 
EUS (CEH-EUS) which uses sonographic contrast agent 
for differentiation of a pancreatic mass. This report 
describes a case of small adenocarcinoma of the 
pancreas distinct from branch duct intraductal papillary 
mucinous neoplasm (IPMN) in which investigation by 
EUS took place every 6 mo and diagnosis was made 
accurately by additional CEH-EUS during the follow-
up of the branch duct IPMN. A 68-year-old female 
was admitted to our hospital because of a branch duct 
IPMN in the pancreatic body. She had been followed-
up by EUS every 6 mo. However, after 2 years EUS 

demonstrated a low echoic area distinct from the 
branch duct IPMN which was vaguely discernible by 
EUS, and accurate sizing and differential diagnosis 
were considered difficult on the EUS imaging. CH-
EUS with Sonazoid revealed a hypovascular tumor 
and we suspected small pancreatic carcinoma. The 
histopathological diagnosis was adenocarcinoma 
(10 mm) in the pancreatic tail, distinct from the branch 
duct IPMN of the pancreatic body. EUS and CEH-EUS 
may play an important role in the correct diagnosis 
of small pancreatic tumors, including synchronous 
and metachronous occurrence of IPMN and ductal 
adenocarcinoma of the pancreas.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic ultrasonography (EUS) is now commonly 
used worldwide and is more sensitive for the detection 
of  small pancreatic lesions when compared with transab
dominal ultrasonography (US) or contrastenhanced 
computed tomography (CECT)[1,2]. Recently, there 
have been some reports describing the utility of  contrast
enhanced EUS (CEEUS) and contrastenhanced harmonic 
EUS (CEHEUS) with sonographic contrast agent for 
differentiation of  pancreatic masses[37].

Intraductal papillary mucinous neoplasm (IPMN) 

www.wjgnet.com

of  the pancreas is a unique clinicopathological entity 
characterized by cystic dilatation of  the main or branch 
pancreatic duct, mucus production and intraductal papillary 
growth[8-11].Metachronous occurrence of  IPMN and ductal 
carcinoma of  the pancreas has been recently reported[12-15].
These authors concluded that special attention should 
be paid to the development of  ductal carcinoma of  
the pancreas during the follow-up of  IPMN. However, 
the detection of  ductal carcinoma at an early stage is 
still difficult, even under close surveillance by imaging 
examinations such as abdominal US and computed 
tomography (CT) during the follow-up of  IPMN. 

Here, we report a patient with small invasive ductal 
carcinoma of  the pancreas that is distinct from branch 
duct IPMN. The lesion in this patient was detected by 
EUS and the diagnosis was established accurately by 
contrast-enhanced harmonic EUS during the follow-up
of  the branch duct IPMN.

CASE REPORT
A 68-year-old female was admitted to our hospital because of  
a branch duct IPMN in the pancreatic body that was detected 
by contrast-enhanced computed tomography (CE-CT) 
(Figure 1). Magnetic resonance cholangiopancreatography 
(MRCP) (Figure 2) and EUS revealed a dilatation of  the 
branch pancreatic ducts in the pancreatic body (22 mm × 
9 mm, 8 mm × 5 mm); however, no nodules were found 
in the cyst and in any other parts of  the pancreas. The 
patient was followed up by performing EUS every six 
months, as well as MRCP and CE-CT once a year. The size 
of  the branch ducts was unchanged one year after the last 
MRCP (Figure 3). EUS performed at two years revealed 
a low echoic area that was distinct from the dilatation 
of  the branch duct IPMN. This finding was vague and 
the area had unclear margins with a low echoic area, as 
assessed by EUS (Figure 4A). Thus, it was very difficult 
to determine the accurate size of  the area and perform 
a differential diagnosis based on the EUS imaging. We 
performed CEH-EUS using an Olympus GF-UE260P 
apparatus (Olympus Medical Systems Co. Ltd., Tokyo, 
Japan) for endoscopy, Extended Pure Harmonic Detection 
(ExPHD) mode of  ALOKA Prosound α-10 (ALOKA 
Co. Ltd., Tokyo, Japan) for image analysis and Sonazoid 
(15 μL/kg intravenously, Daiichi Sankyo, Tokyo, Japan; GE 
Healthcare, Milwaukee, Wisc., USA) as a contrast agent. 
CEH-EUS revealed the presence of  a 10 mm hypovascular 
tumor, which led us to suspect a small carcinoma of  
the pancreas (Figure 4B). Pancreatoduodenectomy was 
performed. The histopathological diagnosis established 
was a moderately differentiated tubular adenocarcinoma in 
the 10 mm range at the maximum length of  the pancreatic 
tail, which was distinct from the branch duct intraductal 
papillary mucinous adenoma of  the pancreatic body 
(Figures 5 and 6).

DISCUSSION
We report here the discovery of  independent development 
of  a ductal carcinoma of  the pancreas during follow-up 

of  an IPMN, similar to the metachronous occurrence of  
IPMN and ductal carcinoma of  the pancreas which has 
been recently reported[13-15]. 

Uehara et al[13] reported results from a follow-up study 
of  60 patients with branch duct IPMNs over an average 
period of  87 mo, and the follow-up was performed by 
US every three or six months. These authors detected 
ductal pancreatic carcinomas that were distinct from 
IPMN in 5 of  60 patients (8%). Four of  the 5 ductal 
carcinomas detected during follow-up were resectable, 
but all of  them were advanced cancer. 

Tada et al[14] followed-up 197 cystic lesions of  the 
pancreas, including 80 branch duct IPMNs and 117 non-
IPMN cysts, for an average period of  3.8 years, and 
found 5 ductal carcinomas between 14 and 60 mo after 

B

A

Figure 1  Contrast-enhanced computed tomography (CE-CT) scan of 
pancreas. A: A cystic lesion in pancreatic body (arrows); B: A dilatation of the 
main duct in the pancreatic tail. Solid masses were not observed.

Figure 2  Magnetic resonance cholangiopancreatography (MRCP) at initial 
examination showing dilatation of the branch duct.
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the diagnosis of  the cystic lesions. In two patients, ductal 
carcinomas were < 2 cm in size, arising in apparently 
different sites from the cystic lesion. In one patient, the 
ductal carcinoma developed around the pre-existing cystic 
lesion. In the remaining two patients, the tumors were too 
large to evaluate any local relationship between carcinoma 
and cystic lesion.

These results indicate that the detection of  ductal 
carcinoma at an early stage was still difficult even under 
close surveillance imaging examination such as US.

EUS is a highly sensitive diagnostic method for 
detection of  pancreatic carcinoma, especially small 

pancreatic carcinomas. In the case reported here, the 
small pancreatic mass was not detected by CE-MDCT, 
US or MRCP. EUS was the only imaging technique that 
detected this mass. During the follow-up of  branch duct 
IPMN, special attention should be paid to the occurrence 
of  ductal carcinoma distinct from IPMN as detected 
by EUS. Recent reports have described the utility of  
contrast-enhanced EUS (CE-EUS) and CEH-EUS using 
sonographic contrast agent for the differentiation of  
pancreatic masses[3-7]. In the case reported here, CEH-
EUS imaging using Sonazoid clearly distinguished the 
margin of  the tumor and accurately measured the size of  
the lesion. Moreover, CH-EUS revealed that the mass was 

Figure 3  The size of the branch ducts was unchanged one year after the 
last MRCP.

A

B

Figure 4  Endoscopic ultrasonography (EUS) at two years later examination 
showing pancreatic tail. A: EUS showing low echoic lesion which is vague 
and the area had unclear margins in the pancreatic tail; B: Contrast-enhanced 
harmonic EUS showing a clear margin of 10 mm in diameter and hypovascular 
nodule compared with surrounding pancreatic tissue (arrows). MPD: Main 
pancreatic duct (arrowheads).

Figure 5  Scheme showing the pancreatic body and tail by pancreatoduo-
denectomy. A: Intraductal papillary tumor of the pancreatic body; B: Invasive 
adenocarcinoma of the pancreatic tail.

A

B

A

B

100.00 m

100.00 m

Figure 6  Histological appearance of two lesions (HE). A: Intraductal papillary 
mucinous adenoma; B: Moderately differentiated tubular adenocarcinoma.

Sakamoto H et al . Utility of follow-up by CEH-EUS                                                                                      5491

www.wjgnet.com

hypovascular when compared with surrounding tissue, 
which suggested an adenocarcinoma of  the pancreatic 
tail. Therefore, CEH-EUS should be used for the accurate 
diagnosis of  small pancreatic tumors, including the 
synchronous and metachronous occurrence of  IPMN and 
ductal adenocarcinoma of  the pancreas.

Here, we reported a patient with a very small ductal 
carcinoma of  the pancreas distinct from a branch duct 
IPMN. The performance of  EUS every six months 
coupled with CEH-EUS imaging during the follow-up 
of  the branch duct IPMN allowed the establishment of  
an accurate diagnosis of  the disease. 
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neous ultrasound- or CT-guided needle aspi-
ration of hepatic cysts has a high recurrence 
rate (78–100%) due to the presence of epithe-
lial cell lining [4, 5]. Percutaneous aspiration 
and ethanol sclerosis for PLD is largely useless 
because of a high recurrence rate, greater than 
75% [1, 6]. The procedure is generally safe and 
effective in the management of solitary cysts, 
however, and is associated with a low recur-
rence rate in that circumstance [6]. Alcohol 
destroys the cells lining the cyst cavity, dis-
abling cystic fluid secretion [7] and resulting in 
cyst resolution. Ethanol injected as a sclerosing 
agent after aspiration of the cyst contents can 
cause complications if it leaks from a cyst or is 
systemically absorbed [8]. Therefore, percuta-
neous sclerosis has been attempted with other 
substances, such as iophendylate [9], tetracy-
cline chloride [10], doxycycline [11], minocy-
cline chloride [12], and hypertonic saline so-
lution [13]. The surgical options, including 
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T
he management of polycystic liv-
er disease (PLD) is notoriously 
difficult and challenging. Symp-
tomatic cysts first require careful 

differential diagnosis from cystadenoma, 
cystadenocarcinoma, and hepatic metastasis. 
Symptoms can be attributed to hepatic cysts 
after exclusion of biliary colic, gallstones, re-
flux disease, peptic ulcer, nonulcer dyspep-
sia, chronic pancreatitis, and irritable bowel 
syndrome as potential causes of symptoms 
[1]. Most patients have no symptoms, but the 
minority who do have symptoms need to be 
considered for treatment.

Management options for PLD include nee-
dle aspiration with or without injection of a 
sclerosing solution, internal drainage with cys-
tojejunostomy, deroofing of the cyst by open 
laparotomy or laparoscopy, varying degrees 
of liver resection, liver transplantation, and 
hepatic arterial embolization [2, 3]. Percuta-
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OBJECTIVE. Surgical therapy for symptomatic polycystic liver disease is effective but 
has substantial mortality and morbidity. Minimally invasive options such as percutaneous as-
piration with or without ethanol sclerosis have had disappointing results. The purpose of this 
study was to evaluate percutaneous aspiration with ethanolamine oleate sclerosis in the man-
agement of symptomatic polycystic liver disease.

SUBJECTS AND METHODS. The study included 13 patients (11 with polycystic liver 
disease, two with simple cysts) with 17 cysts. All patients underwent percutaneous aspiration 
of the liver cyst under ultrasound guidance followed by insertion of a 7-French pigtail catheter, 
instillation of ethanolamine oleate (10% of cyst volume), and aspiration of the ethanolamine 
oleate. The catheter was kept in place for 24 hours of open drainage and then removed.

RESULTS. All but one of the cysts resolved with one instillation. The one cyst, in a pa-
tient with polycystic liver disease, required two instillations 3 months apart. The mean initial 
volume of cysts was 589.8 mL, and the mean reduction in volume was 88.8%. Both the simple 
cysts resolved completely. In the cases of polycystic disease, the volume of cysts larger than 
10 cm in diameter was reduced by 92.8%. Cyst resolution was gradual, and clinically signifi-
cant cyst reduction was achieved within 1 year of therapy. None of the patients needed sur-
gery. The median follow-up period was 54 months (range, 1 week–95 months). There were no 
significant adverse effects, and all patients had relief of symptoms after therapy.

CONCLUSION. This initial experience with a single session of percutaneous aspira-
tion and ethanolamine oleate sclerosis resulted in sustained resolution of symptomatic poly-
cystic liver disease with minimal morbidity, avoidance of surgery, and improvement in qual-
ity of life.
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laparoscopic deroofing with or without hepatic 
resection and liver transplantation, are effec-
tive but have substantial morbidity and mor-
tality and require technical expertise. Surgery 
therefore is reserved for the few selected cases 
caused by one or a few dominant cysts superfi-
cially located in anterior segments of the right 
hepatic lobe [14].

Ethanolamine oleate has been used with 
immense success in sclerotherapy for esopha-
geal varices [15]. Like alcohol, ethanolamine 
oleate destroys the cystic epithelial cells im-
mediately, bringing about cyst resolution [16]. 
In a study with a small number of subjects 
[17], ethanolamine oleate was used success-
fully for sclerosis of simple hepatic and renal 
cysts. To our knowledge, in no previous study 
has ethanolamine oleate been used in sclero-
therapy for PLD. Ethanolamine oleate scle-
rosis is minimally invasive; if it is success-
ful, surgery can be avoided and the quality of 
life of patients improved. The purpose of this 
study was to evaluate the usefulness of per-
cutaneous aspiration and ethanolamine oleate 
sclerosis of symptomatic hepatic cysts, most 
of which were associated with PLD.

Subjects and Methods
All patients gave a written consent for the 

study, and the study protocol was approved by 

the ethics committee at our institution. From June 
1998 through June 2007, all patients consecutively 
referred to our department with symptomatic liv-
er cysts were included in this prospective study. 
These 13 patients (10 women, three men) had 17 
cysts. The symptomatic liver cysts were classified 
into two groups: simple solitary or multiple liver 
cysts or cysts of PLD. The latter included auto-
somal dominant PLD and PLD in the presence of 
polycystic kidney disease.

Simple liver cysts typically were visualized on 
ultrasound images [18] as anechoic smooth bor-
ders with strong posterior echo enhancement and 
an accentuation of echoes beyond the cyst wall. 
On CT scans, simple liver cysts appeared as well-
demarcated lesions with fluid attenuation and 
without enhancement after contrast administra-
tion. The cysts of PLD typically appeared as mul-
tiple homogeneous lesions with fluid attenuation 
and without wall or content enhancement after IV 
contrast administration [19]. The volume of the 
cyst was estimated as the volume of an ellipse, as 
suggested previously [16].

The procedure was performed on an inpatient 
basis. The puncture site, needle angle, and depth 
were chosen in real time at sonography. In pa-
tients with multicystic disease, the cyst most prob-
ably responsible for the symptoms was chosen for 
treatment according to location and size. After an-
tiseptic preparation of the skin and local anesthe-

sia with lidocaine, the cyst was punctured with 
an 18-gauge percutaneous transhepatic aspiration 
needle. A guidewire was inserted, and a 7-French 
single pigtail catheter was placed over the guide-
wire. As much as possible of the contents of the 
cyst were aspirated, and the cystic fluid was sent 
for cytologic and bacteriologic examination.

To avoid leakage of ethanolamine oleate, a punc-
ture line traversing normal liver parenchyma was 
determined. The cyst was opacified by injection of 
contrast medium to verify the absence of commu-
nication between the cyst cavity and the biliary tree 
and of leak to the peritoneal cavity, urinary tract, 
or surrounding hepatic vessels. The amount of con-
trast medium injected was the same as the volume 
aspirated from the cyst cavity (Table 1).

During cystography in this study, no vessel, 
bile duct, or urinary structure was visible before 
ethanolamine oleate sclerosis. In such a situation, 
percutaneous aspiration with ethanolamine oleate 
would be contraindicated because of the risk of 
tissue toxicity. Because 5% ethanolamine oleate is 
effective for management of varices [15], we used 
that concentration for cytolysis of the cyst epithe-
lium. There is no consensus, however, on the ap-
propriate volumes of ethanol and ethanolamine 
oleate for resolution of hepatic cysts. As suggested 
in a study of ethanol sclerosis [17], a volume of 
sclerosant equivalent to 10% of the volume of as-
pirated cystic fluid was injected in this study.

TABLE 1: Demographic and Cyst Characteristics of Patients with Symptomatic Hepatic Cysts

Patient 
No.

Age 
(y) Sex Symptoms Diagnosis Size (cm)

Estimated Cyst 
Volume (mL)

Volume 
Aspirated (mL)

Amount of 
Ethanolamine Oleate 

Injected (mL)
Follow-Up 
Period (mo)

1 67 M Back pain PLD 16 × 15 1,885 1,700 120 17

2 72 F Epigastralgia PLD 10.4 × 8.7 412 500 70 63

Second episode 5.2 × 5.2 73 150 20

3 86 F Epigastralgia PLD 7.7 × 6.8 185.7 150 16 1

4 72 F Epigastralgia PLD 9.1 × 8.3 328.2 400 40 2

5 45 F Right hypochondrial pain PLD 15 × 15 1,767.2 1,500 100 < 1

6 63 M Epigastralgia PLD 14 × 11 887 1,550 100 < 1

7 79 F Abdominal distention Simple cyst 4.3 × 3.4 26 34 10 84

8 70 F Epigastralgia PLD 7.4 × 7.2 200.9 120 15 9

9 75 M Epigastralgia PLD 8 × 7.1 211.6 400 60 56

PLD 11.5 × 7.8 366.3 400 60 28

10 51 F Abdominal distention PLD 10.1 × 8.8 409.5 600 80 63

PLD 6.5 × 6 122.5 350 40 62

11 60 F Epigastralgia PLD 11.9 × 10.8 726.8 1,620 120 54

PLD 8.4 × 6.2 169.1 150 20 54

12 59 F Epigastralgia Simple cyst 9 × 9 381.7 350 40 72

13 54 F Epigastralgia PLD 15 × 15 1,767.2 1,000 100 95

PLD 7 × 7 179.6 100 20 95

Note—PLD = polycystic liver disease.
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After ethanolamine oleate injection, the pigtail 
catheter was clamped for 30 minutes. The patient was 
positioned supine for 10 minutes, on one side for 10 
minutes, and on the other side for 10 minutes so that 
all of the cystic epithelium was exposed to the etha-
nolamine oleate. The ethanolamine oleate was aspi-
rated from the cyst at the end of the procedure. The 
pigtail catheter was left in place for 24 hours of open 
drainage and was removed at the end of that period.

The effectiveness of ethanolamine oleate scle-
rosis of hepatic cysts was evaluated with follow-
up ultrasound imaging or CT within 1 week of the 
procedure. Results of routine clinical blood tests 
(cell count, aspartate aminotransferase level, ala-
nine aminotransferase level, bilirubin level) were 
followed for another week. In this series, follow-
up ultrasound imaging or CT was performed 3, 6, 
12, and 24 months after the procedure. The pa-
tients were monitored for adverse effects.

We calculated the data as mean, median, and 
SD and analyzed them with a spreadsheet program 
(Excel 2003, Microsoft). The Student’s t test was 
used to test significance, which was set at p < 0.05.

Results
The patient and cyst characteristics are 

shown in Table 1. The symptoms included ab-
dominal distention and abdominal pain. Nine 
patients had one cyst, and four patients had 
two cysts. The mean age of the patients was 
65.6 ± 11.7 (SD) years (range, 45–72 years). 
Fifteen of the 17 cysts managed with percuta-
neous aspiration and ethanolamine oleate scle-
rosis were related to PLD; the other two were 
simple cysts. Both simple cysts were smaller 
than 10 cm in diameter. Eight PLD cysts had 
a maximum diameter greater than 10 cm, and 
seven measured less than 10 cm in diameter. 
The mean volume of the hepatic cysts was 
589.8 ± 618.9 mL (range, 26–1,885 mL), and 
the mean amount of ethanolamine oleate need-
ed for sclerosis was 57.3 ± 38.2 mL (range, 
10–120 mL; median, 50 mL). The mean fol-
low-up period was 44.4 ± 34.1 months (range, 
1 week–95 months; median, 54 months).

The results of percutaneous aspiration 
and ethanolamine oleate sclerosis of symp-

tomatic hepatic cysts and the complications 
are shown in Table 2.  In all patients, pain 
and symptoms were relieved. The mean vol-
umetric reduction of hepatic cysts with per-
cutaneous aspiration and instillation of etha-
nolamine oleate was 88.8% ± 14.8% (range, 
47.1–100%; median, 93.1%). The reduction 
was greatest for simple cysts (100% reduc-
tion) followed by PLD cysts larger than 10 
cm (92.8% reduction) and PLD cysts smaller 
than 10 cm (80.7% reduction). The mean re-
duction 1 week, 3 months, and 1 year after 
treatment was 62.6%, 84.4%, and 96.4% re-
spectively. All but one cyst resolved with a 
single session of ethanolamine oleate sclero-
sis; the one cyst required two sessions of in-
stillations 3 months apart. There was no re-
currence in any patient.

Table 3 compares the mean, median, and 
range of characteristics of the hepatic cysts. 
There are no significant differences in reduc-
tion between PLD cysts smaller than 10 cm 
and those larger than 10 cm. Nor were there 

TABLE 2: Results and Complications of Percutaneous Hepatic Aspiration and Ethanolamine Oleate Sclerosis 
of Symptomatic Hepatic Cysts 

Patient
No.

Cyst Volume (mL) Percentage Reduction

Complications
Initial 

(n = 17)

1-wk 
Follow-Up 

(n = 16)

3-mo 
Follow-Up 

(n = 8)

1-y 
Follow-Up 

(n = 6)
Final 

(n = 17)

3-mo 
Follow-Up 

(n = 8)

1-y 
Follow-Up 

(n = 6)
Total 

(n = 17)

1 1,885 294.5 157.3 157.4 91.7 91.7 Mild pain, no treatment required

2a 412 59.1 73.6 0.1 0 82.2 99.9 100 None

3 185.7 68.7 69.4 62.6 Mild pain, no treatment required

4b 328.2 N/A 173.9 47.0 Moderate abdominal and back pain, relieved with 
oral analgesic

5 1,767.2 238.9 238.9 86.5 Mild abdominal pain, right shoulder pain, 
no treatment required

6 887 139.1 139.1 84.4 None

7 26 26 0 100 Vasovagal reflex, improved with atropine; mild 
abdominal pain, no treatment required

8 200.9 70.8 31.5 0.7 0.7 84.3 99.7 99.7 Mild abdominal pain, no treatment required

9 211.6 171.9 43.6 29.4 79.4 86.1 None

366.3 112.5 45.3 13.7 87.6 96.3 None

10 409.5 298.2 12.7 29.1 96.9 92.9 Mild right abdominal pain, no treatment required

122.5 107.4 40.6 7.5 66.9 93.9 Right abdominal pain, distention; no treatment 
required

11 726.8 243.7 73.5 49.8 89.9 93.2 None

169.1 60 32.3 41.6 80.9 75.4 None

12 381.7 50.3 19.6 0 94.9 100 Severe abdominal pain, relieved with oral analgesics

13 1,767.2 84.1 3.7 2.8 99.8 99.8 Mild abdominal pain, no treatment required

179.6 14 0.3 0 99.8 100 Mild fever, no treatment required

Mean 589.8 122.6 44.4 34.6 56.2 84.4 96.4 88.4

Note—N/A = not available.
aPatient 2 underwent two treatment sessions.
bPatient 4 underwent only a 1-month follow-up examination.
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differences between simple cysts and PLD 
in regard to efficacy of resolution with eth-
anolamine oleate therapy. Men and women 
also had similar results regarding resolution 
of cysts. Figure 1 shows the CT images of a 
liver cyst before and after sclerosis with eth-
anolamine oleate. That none of the patients 
needed surgical therapy for symptomatic 
PLD in the follow-up period resulted in ex-
cellent quality of life.

No major complications occurred that 
could have been considered life-threatening 
or precluding treatment. There was, however, 
one episode of vasovagal attack, which was 
managed with conservative treatment with-
out stopping the ethanolamine oleate sclero-
sis treatment session. In six of the 17 cases 
of cyst treatment (35.3%), the patient had no 
pain or complications. In nine cases (52.9%), 
the patient had mild pain, which did not re-
quire analgesics and two patients had mod-
erate to severe abdominal pain necessitating 
oral analgesics, and one patient (11.1%) had 
a self-resolving mild fever.

Discussion
Minimally invasive techniques such as 

ethanol sclerosis have been disappointing in 
the management of PLD in spite of relative 
success in resolution of simple hepatic cysts. 
Previous reports [1, 7] have suggested high 
recurrence rates among patients with PLD, 
some reports showing a greater than 75% re-
currence rate. Furthermore, resolution with 
ethanol as a sclerosing agent occurs in fewer 
than 25% of patients with PLD. The results 
are better for simple cysts, in the range of 
80–90% [3–7]. The poorer long-term treat-
ment response among PLD patients may be 
due to the more rigid hepatic architecture 
in polycystic than in normal livers, which 

results in inadequate cyst collapse [19–23] 
during the aspiration phase of treatment. In 
our study, percutaneous aspiration and etha-
nolamine oleate sclerosis led to resolution of 
15 of 15 PLD cysts in only one treatment ses-
sion in 93.3% (14/15) of cases and two ses-
sions in 6.7% (1/15) of cases.

Our results are groundbreaking compared 
with the previous techniques of simple per-
cutaneous aspiration with or without ethanol 
sclerosis and surgical therapy. Percutaneous 
aspiration alone has an almost 100% recur-
rence rate [4], and its role is limited only to 
a diagnostic tool for establishing the link be-
tween the hepatic cyst and the symptoms [1]. 
Percutaneous aspiration of a cyst followed by 
instillation of ethanol has not resulted in sus-
tained reduction in cyst volume. Erdogan et 
al. [1] found a recurrence rate of 78.7% with-
in a few months of ethanol sclerosis of PLD, 
and a second attempt at sclerosis did not im-
prove the efficacy of cyst resolution. Other 
studies [7, 20] have shown similarly high re-
currence rates and poor cyst and symptom 
resolution. We believe the success of percu-
taneous aspiration with ethanolamine oleate 
sclerosis for cyst resolution in our study may 
have been primarily due to the use of etha-
nolamine oleate and the technique used. Im-
proved resolution with ethanolamine oleate 
probably occurred because ethanolamine 
oleate is more effective than alcohol in de-
stroying the epithelium of the cyst. Exposure 
to ethanolamine oleate leads to cytolysis fol-
lowed by thrombogenesis. The ethanolamine 
oleate functions as a cytolytic agent owing to 
its anionic surfactant properties that brings 
about a change in cellular permeability [17].

We used an innovative method of leaving 
the ethanolamine oleate catheter in place with 
open drainage for 24 hours. Aspiration of the 

cystic contents led to collapse of the cyst, re-
sulting in better exposure of the endothelium 
of the cyst wall to the ethanolamine oleate. 
We believe the walls of PLD cysts are stiffer 
and less likely to collapse than those of oth-
er cysts and are therefore responsible for the 
high recurrence rate. It is probable that this 
technique of open drainage for 24 hours may 
have caused the cyst to remain collapsed, en-
suring greater contact between the cyst epi-
thelium and the ethanolamine oleate and en-
abling more efficient and sustained sclerosis. 
None of the patients needed surgical thera-
py for symptomatic PLD in the follow-up pe-
riod. All patients in this study experienced 
relief of the pretreatment symptoms and had 
excellent quality of life after treatment.

Except for mild to moderate pain in ap-
proximately 60% of patients, there were no 
major adverse effects. The other 40% of pa-
tients had no adverse effects. No late-onset 
adverse reactions were apparent in the long-
term follow-up period of up to 95 months. 
In contrast, several cases of complications 
have been associated with ethanol sclerosis 
[7, 11], the incidence being approximately 
6.7% [1]. Complications of the use of per-
cutaneous ethanol for ablation therapy can 
occur during placement of the needle into 
the target organ or tissue or as a result of in-
jection of ethanol into the body. Complica-
tions related to injection of ethanol may be 
secondary to absorption of ethanol into the 
bloodstream or to unintentional intravascu-
lar injection. Absorbed ethanol can cause 
various degrees of intoxication and hypoten-
sion. In addition, one of the metabolites of 
ethanol, acetaldehyde acetate, can cause hy-
potension by inducing peripheral vasodila-
tation. Normally, the enzyme acetaldehyde 
dehydrogenase neutralizes acetaldehyde ac-

TABLE 3: Mean Reduction of Cyst Volume With Respect to Sex, Diagnosis, and Size of Cysts

Characteristic No. of Cysts

Initial Cyst Volume (mL)

Mean Volume Reduction (%) pMean Median Range

Patient sex

Male 3 1,287.99 ± 933.9 1,767.2 1,885 – 211.6 87.3 ± 3.8 0.62

Female 14 440.2 ± 447.7 328.2 1,767.2 – 26 90.6 ± 16.1

Nature of cystic disease

Simple cyst 2 203.9 ± 251.5 203.9 381.7 – 26 100 0.99

Polycystic liver disease 15 641.3 ± 633.7 366.3 1,885 – 73.5 88.8 ± 15.2

Size of cysts in polycystic liver disease

> 10 cm 8 1,027.6 ± 669.5 806.9 1,885 – 366.3 94.5 ± 5.4 0.87

< 10 cm 7 199.7 ± 63.4 185.7 328.2 – 122.5 80.7 ± 20.1

Note—NS = not significant.
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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 

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-

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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Abstract  Discussion at the 
2nd Forum for Liver MRI: 
The International Primovist® 
User Meeting on the use of the 
hepatocyte-specific contrast agent 
gadolinium-ethoxybenzyl-diethylene 
triamine penta-acetic acid (Gd-
EOB-DTPA) is reported. Changes 
to the currently recommended Gd-
EOB-DTPA imaging protocol were 
identified that can reduce the overall 
examination time. The potential 
benefits of 3-T MR imaging using 
Gd-EOB-DTPA have yet to be 
fully explored. Data show that Gd-
EOB-DTPA-enhanced MRI allows 
identification of liver lesions and 
provides a differential diagnosis of 
hepatocellular nodules in the non-
cirrhotic and cirrhotic liver, based 
on vascularity, during the dynamic 
arterial, portal-venous and late 
phases, and during the hepatocyte-
specific phase. Current European, 
American and Japanese guidelines 
for the diagnosis of hepatocellular 
carcinoma need to take into account 

the recent rapid advances in liver 
imaging. Based on published 
clinical trials and the experience 
of the attendees in the use of Gd-
EOB-DTPA in liver imaging, a new 
simplified, non-invasive diagnostic 
algorithm was proposed that would 
be applicable to both Eastern and 
Western clinical practice in the 
evaluation of hepatocarcinogenesis 
and hepatocellular carcinoma. 
Preliminary clinical experience 
suggests that Gd-EOB-DTPA may 
also provide an innovative and 
cost-effective one-stop approach for 
staging rectal cancer using whole-
body imaging. 

Keywords  Contrast-enhanced 
• Gadolinium-ethoxybenzyl-
diethylene triamine pentaacetic acid 
• Gd-EOB-DTPA • Liver lesions • 
HCC • Magnetic resonance imaging • 
Metastases • Whole body
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Characterization of lesions in non-cirrhotic liver

Table 1 Proposed new protocol for Gd-EOB-DTPA-enhanced liver 
MRI

•  In-phase and opposed-phase fast spoiled gradient-echo sequence 
(SPGR GE Healthcare; T1-FFE Philips; FLASH 2D, Siemens)

•  Pre-Gd-EOB-DTPA fast three-dimensional gradient-echo 
sequence (e.g. LAVATM, THRIVETM, VIBETM) (zip = 2, 1.5T), 
optional

•  Gd-EOB-DTPA infusion (1–2 ml/s)
•  Saline chaser (20–30 ml, 1–2 ml/s)
•  Fast three-dimensional gradient-echo sequence in dynamic 

arterial phase (bolus timing)
•  Fast three-dimensional gradient-echo sequence in dynamic 

portal-venous phase (70 s after Gd-EOB-DTPA administration)
•  Fast three-dimensional gradient-echo sequence in dynamic late 

phase (2–3 min after Gd-EOB-DTPA administration)
•  Heavy T2 single-shot fast-spin echo / T2-weighted fast-spin echo
•  Diffusion-weighted imaging, optional
•  Fast three-dimensional gradient-echo sequence in hepatobiliary 

phase – axial (10 min and/or 15 min and/or 20 min after Gd-
EOB-DTPA administration)

•  
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 (Fig. 1)
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Characterization of hepatocellular nodules in the 
cirrhotic liver

Consensus statement 

Consensus statement

Fig. 2 Appearance of typical hepatic adenoma (and associated 
FNH) during hepatocyte phase with Gd-EOB-DTPA-enhanced 
MRI (0.025 mmol/kg body weight). Unenhanced: a T2-weighted 
image, demonstrating large heterogeneous hyperintense lesion 
at hepatic segment VII (asterisk) and isointense nodule in the 
segment I. b T1-weighted out-phase image, c in phase, with 
both nodules appearing isointense. Dynamic Gd-EOB-DTPA-
enhanced T1-weighted images on GRE 3D T1 (VIBE): d Arterial 

phase, both nodules displaying moderate/discrete homogeneous 
enhancement; portal-venous phase, e hepatic adenoma 
(arrowhead) appearing isointense and FNH (arrow) tending to be 
slightly hyperintense; and f dynamic late phase, FNH appearing 
hyperintense whereas hepatic adenoma appearing slightly hypo-
intense. Hepatobiliary phase images: g 10 min after Gd-EOB-
DTPA bolus injection and h after 20 min with adenoma appearing 
hypo-intense and FNH remaining slightly hyperintense
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Current diagnostic guidelines

Table 2 Classification of liver nodules associated with cirrhosis 
according to Liver Cancer Study Group of Japan 

Stage Type of nodule

1 Large regenerative nodule

2 Low-grade dysplastic nodule

3 High-grade dysplastic nodule

4 Early hepatocellular carcinoma

5 Well differentiated hepatocellular carcinoma (Ed I)

6 Moderately differentiated hepatocellular carcinoma (Ed II)

7 Poorly differentiated hepatocellular carcinoma (Ed III)

8 Undifferentiated hepatocellular carcinoma (Ed IV)

Fig. 3 Appearance of a typical HCC with Gd-EOB-DTPA-
enhanced MRI. a T2w TSE sequence with respiratory gating. 
b T1w GRE sequence without fat saturation precontrast. c 3D 
VIBE GRE sequence during arterial phase: typical inhomogenous 

arterial enhancement. d 3D VIBE GRE sequence during 
portalvenous phase: typical portalvenous wash-out. e T1w GRE 
sequence with fat saturation 20 min after injection of Gd-EOB-
DTPA: hypointense lesion with high lesion-liver contrast

Consensus statement

Consensus statement

Consensus statement 

Consensus document

Gd-EOB-DTPA-enhanced whole-body MRI
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Fig. 4 Proposed revised diagnostic algorithm for hepatocellular carcinoma

Consensus statement

Consensus statement

Conclusions

Conflict of interest:

Table 3 Proposed whole-body MRI protocol for the TNM staging 
of rectal cancer. VIBE Volumetric Interpolated Breath-Hold 
Examination; HASTE Half Fourier Acquisition Single-shot Turbo 
spin Echo

•  Localizer unenhanced pelvis, abdomen and thorax images
•  Spasmolysis using intravenous butylscopolamine
•  T2-weighted high-resolution imaging of the rectum (axial view)
•  Unenhanced T1-weighted imaging of liver (three-dimensional 

VIBE sequence)
•  Bolus injection of Gd-EOB-DTPA (0.035 mmol/kg)
•  T1-weighted imaging of liver – arterial phase (three-dimensional 

VIBE sequence)
•  T1-weighted imaging of liver – portal-venous phase (three-

dimensional VIBE sequence)
•  T1-weighted imaging of thorax – venous phase (three-

dimensional VIBE sequence)
•  T2-weighted imaging of thorax 
•  T2-weighted imaging of liver
•  Imaging of abdomen (HASTE)
•  T1-weighted imaging of liver liver-specific phase (fat saturation)
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Acute cholecystitis occurs in 4%–7% of
patients with a covered metallic stent
(CMS) placed in the bile duct [1,2]. Percu-
taneous transhepatic gallbladder drain-
age, which involves an external drainage
tube, decreases the ability of the patient
to carry out their normal daily activities.
Recently, endoscopic ultrasound (EUS)-
guided drainage has been employed suc-
cessfully for hepatogastrostomy, bilioduo-
denostomy, and pancreatogastrostomy
[3–5]. We report here a patient who un-
derwent EUS-guided gallbladder drainage
for acute cholecystitis caused by CMS
placement.
A 71-year-oldmanwith unresectable pan-
creatic cancer underwent deployment of a
CMS for obstructive jaundice. On the
eighth post-procedure day, he complained
of abdominal pain and developed fever,
associatedwith an increase inwhite blood
cell counts and raised serum level of C-re-
active protein. Computed tomography re-
vealed an enlargedgallbladder, suggesting
acute cholecystitis and requiring continu-
ous drainage of the gallbladder. Therefore,
after obtaining informed consent, we
carried out EUS-guided gallbladder drain-
age. An echoendoscope (GF-UCT240-AL5;
Olympus, Tokyo, Japan) was introduced
into the stomach, and a 19-gauge needle
(Echo-Tip; Wilson-Cook, Winston-Salem,
North Carolina, USA)was used to puncture
the gallbladder (●" Fig. 1) and create a
gastro-gallbladder fistula. The infected
bile was immediately aspirated via the
needle and the gallbladder was irrigated
with a contrast medium containing an an-
tibiotic. A 0.035-inch guide wire (Revo-
wave, Olympus, Tokyo, Japan) was passed
through the needle under fluoroscopic
guidance until it reached the gallbladder;
the guide wire was coiled within the gall-
bladder (●" Fig. 2). Three biliary dilation
catheters (6 Fr, 7 Fr, and 9 Fr; Soehendra

Transgastric endoscopic ultrasound (EUS)-guided
gallbladder drainage for acute cholecystitis

Fig. 1 Gallbladder
punctured under
endoscopic ultrasound
guidance before place-
ment of the guide wire.

Fig. 2 Fluoroscopic
image showing the
coiled guide wire in the
gallbladder.

Fig. 3 Fluoroscopic
image showing the
placement of the stent
through the gastro-gall-
bladder fistula. The tip
of the stent was posi-
tioned in the gallblad-
der.

Fig. 4 Endoscopic view of the stent inserted
into the gallbladder from the antrum of the
stomach.
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Biliary Dilation Catheters, Wilson-Cook,
Winston-Salem, North Carolina, USA)
were serially advanced over the guide
wire to dilate the diameter of the tract. A
pigtail stent (diameter 7 Fr; length 4 cm)
was placed over the guide wire to bridge
the gallbladder and the antrum of the
stomach (●" Fig. 3, 4). There were no pro-
cedure-related complications. The pa-
tient’s fever and abdominal pain resolved
rapidly and laboratory data showed im-
provement 5 days later. Although the stent
waskept inplace for 6monthswithout any
additional intervention, such as removal
or exchange of the stent, therewere no re-
current symptoms.
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Age and immunoglobulin G4-associated autoimmune hepatitis:
author’s response

To the Editor:
We thank Drs Gutkowski and Hartleb for their interest

and comments regarding our study of the identification
and characterization of immunoglobulin G4 (IgG4)-
associated autoimmune hepatitis (AIH) (1, 2). They
raised several important issues.

Gutkowski et al . (3) reported that the magnitude of
immunosuppressive treatment-related reduction in IgG
level was significantly higher in aged patients with AIH.
Thus, elderly patients with AIH may show higher sensi-
tivity to prednisolone therapy. Another important clinical
feature of AIH in elderly patients is a high incidence of
advanced hepatic fibrosis (4, 5). In our study, we clearly
showed that AIH can be classified into either an IgG4-
associated type or an IgG4-non-associated type with the
former showing a marked response to prednisolone treat-
ment (1). These observations together with Gutkowski
and colleagues. prompt us to consider the possibility that
IgG4-associated AIH is a subtype of this autoimmune
hepatic disorder occurring preferentially in elderly pa-
tients. The fact that one of the clinical characteristics of
IgG4-related sclerosing disease is elderly male preponder-
ance supports this notion (6). However, we could not find
any significant differences in age or in the degree of liver
fibrosis between the IgG4-associated and IgG4-non-asso-
ciated AIH patients (1). Moreover, no correlation was
found between the number of IgG4-expressing plasma
cells in the liver and age in our study (H. Chung and T.
Watanabe, unpublished observations). Thus, at present,
we cannot conclude that IgG4-associated AIH occurs
predominantly in elderly patients. As Gutkowski and
Hartleb (2) describe in their comment, both hepatic IgG4
expression and age may be independent factors for the
prediction of responses to prednisolone. It should be
noted that the number of AIH patients in our study is
too small to draw definitive conclusions regarding the
sensitivity to prednisolone in IgG4-associated AIH (1).

We agree with the opinion by Gutkowski and collea-
gues that the age of patients may be a key factor which
influences the sensitivity to prednisolone in IgG4-asso-

ciated or non-associated AIH. The mechanisms by which
the magnitude of immunosuppressive treatment-related
reduction in IgG levels is significantly higher in aged
patients with AIH remain poorly understood. This is also
the case for those by which patients with IgG4-associated
AIH show a marked response to prednisolone therapy.
Elucidation of these mechanisms might provide impor-
tant information not only for the prediction of steroid
sensitivity but also for the understanding of immuno-
pathogenesis in patients with AIH.
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Tsutomu Chiba2
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Variability of perceived fatigue in primary biliary cirrhosis: implications for
symptom assessment

To the Editor:
Fatigue is a significant problem that affects over 50%

of patients with the autoimmune liver disease primary

biliary cirrhosis (PBC) (1, 2). In order to understand the
biological basis of fatigue in PBC, and to develop
effective interventions, it is important that fatigue can
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Abstract
Background: Autoimmune hepatitis (AIH) and autoimmune pancreatitis
(AIP) share clinical and pathological features such as high serum levels of
immunoglobulin (Ig) G and autoantibodies, and lymphoplasmacytic infiltra-
tion, suggesting the presence of common immunological abnormalities.
However, little is known about the possible involvement of IgG4, a hallmark
of AIP, in AIH. Aims: In this study, we examined whether the IgG4 response
contributes to the histopathological and clinical findings in AIH. Methods:
Liver sections from 26 patients with AIH, 10 patients with primary biliary
cirrhosis (PBC), three patients with primary sclerosing cholangitis (PSC) and
20 chronic hepatitis patients with hepatitis C virus (HCV) infection were
immunostained for IgG4. We investigated the relationship among the histo-
pathology, the responses to steroid therapy and the IgG4 staining. Results:
Nine of the 26 liver specimens from patients with AIH showed positive
staining for IgG4 whereas none of the 10 samples from patients with PBC, the
three samples from patients with PSC or the 20 samples from patients with
HCV hepatitis were positive. Patients with IgG4-positive AIH also showed
increased serum levels of IgG. The numbers of T cells, B cells and plasma cells
were significantly increased in the livers of patients with IgG4-positive AIH as
compared with those patients with IgG4-negative AIH. Patients with IgG4-
positive AIH also showed a marked response to prednisolone therapy.
Conclusions: AIH may be classified into either an IgG4-associated type or an
IgG4 non-associated type with the former showing a marked response to
prednisolone treatment.

Autoimmune hepatitis (AIH) is an organ-specific disease
of the liver that is characterized by hypergammaglobuli-
naemia, autoantibodies in the serum and by the presence
of interface hepatitis and plasma cell infiltration on
histological examination (1). The pathogenic mechan-
isms accounting for the development of AIH are still
unknown. Because AIH is associated with certain human
leukocyte antigen subtypes (2) and with the presence of
various autoantibodies (2, 3), it is plausible to assume
that adaptive immune responses mediated by T cells and
B cells are involved. This notion is supported by research
showing that antibodies to autoantigens such as soluble
liver antigen/liver–pancreas antigen and cytochrome P-
450 2D6 are involved in the progression of the disease
(3). In addition, recent findings suggest that T-cell-

mediated immune responses play a major role in the
development of AIH. For example, a predominant infil-
tration of CD41 and CD81 T cells is seen in the livers of
patients with AIH (4). These liver-infiltrating T cells
produce both T-helper type 1 (Th1) and type 2 (Th2)
cytokines that mediate liver damage (5). On the other
hand, the number of CD41CD251 regulatory T cells that
function to suppress the effector Th1 and Th2 responses
is decreased in peripheral blood samples taken from
patients with AIH (6). Thus, the pathogenic mechanisms
of AIH may partially be explained by both an enhanced
effector T-helper response and an impaired regulatory T-
cell response. In contrast to the role played by T cells, our
knowledge regarding the role of B cells and plasma cells
infiltrating the AIH lesions is very limited.
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Recent studies of the immunopathogenesis of auto-
immune pancreatitis (AIP) have shown results that may
potentially be applicable to AIH (7). For example, as in
the case of AIH, patients with AIP show elevated levels of
serum immunoglobulin (Ig) G and autoantibodies (8).
Lymphoplasmacytic infiltration of T cells and plasma
cells is seen in the pancreas of patients with AIP, findings
that are similar to those of the liver of patients with AIH
(9). Furthermore, both AIP and AIH respond well to
steroid therapy (1, 10). Thus, AIH and AIP appear to
share clinical and histological features. It is now generally
accepted that patients with AIP have elevated levels of
serum IgG4 (11) and that plasma cells expressing IgG4
are abundantly seen not only in the pancreas but also in
the other involved organs (12). More importantly, the
presence of IgG4-expressing plasma cells in the liver has
now been convincingly linked to cholangitis and hepati-
tis (13–15). In this respect, IgG4 itself does not seem to
be responsible for the development of liver damage
because this IgG subtype does not cause cell-mediated
lysis owing to poor binding activity to complement (16).
It is possible, however, that abnormal immunological
environments leading to enhanced IgG4 responses,
rather than IgG4 itself, underlie the pathogenesis of the
liver damage seen in AIH. Given the similar clinical and
pathological features between AIH and AIP, we asked the
question as to whether these two autoimmune disorders
share a common pathophysiology. To address this, we
examined the IgG4 expression in the livers of patients
with AIH. Our results identify a subtype of AIH that is
characterized by the infiltration of IgG4-expressing plas-
ma cells and by a marked response to steroid therapy.

Methods

Patients

Twenty-six AIH patients who met the international criter-
ia for the diagnosis of AIH (17) were enrolled in this study
from October 2002 to May 2007. All patients were
admitted to Kinki University Hospital or two affiliated
hospitals. Ten primary biliary cirrhosis (PBC) patients,
three primary sclerosing cholangitis (PSC) patients and 20
chronic hepatitis patients with hepatitis C virus (HCV)
infection were also studied. The diagnosis of PBC was
made based on established criteria [i.e. at least three of the
following: alkaline phosphatase (ALP)-g-glutamyl trans-
peptidase (g-GTP) above the upper limit of normal;
antimitochondrial antibodies positive at a titre of 1:20;
increased serum levels of IgM; the absence of biliary
obstruction as assessed by ultrasonography, computed
tomography or cholangiography; or a compatible liver
biopsy] (18). The diagnosis of PSC was made based on the
findings of endoscopic retrograde cholangiography and
liver biopsy (19). The status of hepatitis B virus (HBV)
and HCV infection was determined by HB surface antigen
and HCV antibody tests. None of the patients with AIH,
PBC or PSC were positive for HBV or HCV infection.

Ethical permission for this study was granted by the
review board of Kinki University.

Histopathology and immunohistochemistry

Liver specimens were obtained percutaneously with an
18G needle under ultrasound guidance before starting
the treatment. The mean length of the specimen was
1.5 cm and each contained six to 15 portal tracts. Liver
tissues were fixed in 10% buffered formalin phosphate
and embedded in paraffin, after which 4 mm sections
were cut and then stained with haematoxylin and eosin,
and elastica van Gieson. The sections were evaluated by
experienced pathologists blinded to the laboratory and
clinical data. Fibrosis was graded as 0 (absent), 1 (peri-
portal fibrosis), 2 (bridging fibrosis), 3 (bridging fibrosis
with lobular distortion) or 4 (cirrhosis). For the histolo-
gical analysis, the following were categorized as either
positive or negative (1, � ): canalicular cholestasis,
portal inflammation, interface hepatitis, ductular prolif-
eration, chronic non-suppurative destructive cholangitis,
bile duct loss, rosette formation and collapse of hepato-
cytes, i.e. dropout of hepatocytes because of massive
necrosis. The following were classed as positive or
negative depending on the number of events visible per
high-power field (HPF): lobular hepatitis (� = 0–3 focal
necrosis/HPF; 1= 4 3 focal necrosis/HPF), plasma cell
infiltration (� = 0–9 cells/HPF; 1= 4 9 cells/HPF);
steatosis [(� = 0–30% cells with fatty change/HPF;
1= 4 30 cells with fatty change/HPF); and eosinophil
infiltration (� = 0–4 cells/HPF, 1= 4 4 cells/HPF)].
Portal inflammation was quantitatively analysed accord-
ing to the Ishak scoring system (20). Immunostaining for
IgG4 was performed in 26 patients with AIH, 10 patients
with PBC, three patients with PSC and 20 patients with
chronic HCV infection. Liver biopsy specimens from
patients with IgG4-associated cholangitis were also
stained with anti-IgG4 as a positive control. After de-
paraffinization and rehydration, all sections on silane-
coated slides were pretreated with proteinase K (Dako,
Kyoto, Japan) for 20min. Endogenous peroxidase was
blocked in 1% hydrogen peroxide for 3min using a
microwave oven. After a second blocking step with 2%
bovine serum albumin, the sections were incubated with
a monoclonal antibody to IgG4 (Zymed Laboratories,
San Francisco, CA, USA) for 10min using a microwave
oven. Immunostaining for IgG, IgG1, CD3, CD20 and
CD38 was performed on samples from the 26 AIH
patients as described previously (21, 22). Briefly, sections
were incubated with biotinylated antibodies to IgG,
IgG1, CD3, CD20 or CD38. Antibodies to IgG, CD3 and
CD20 were purchased from Dako , the antibody to CD38
from Novocastra Laboratories Ltd (Newcastle, UK) and
the antibody to IgG1 from The Binding Site (Birming-
ham, UK). An avidin–biotin technique was used for all
the immunostaining experiments, with diaminobenzi-
dine tetrahydrochloride used for visualization and hae-
matoxylin for nuclear counterstaining.
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Treatment and follow-up

All AIH patients were initially treated with 30–40mg/day
prednisolone, except for four elderly patients with low-
grade activity [as judged by histology and serum alanine
aminotransferase (ALT) levels]. None of the patients
were treated with azathioprine, 6-mercaptopurine or
cyclosporine. Tapering of the prednisolone dose was
performed according to an established protocol (1).
Serum levels of ALTwere monitored every 2 weeks before
normalization and every 3 months after normalization.
The dose of prednisolone was increased in some patients
who showed elevated levels of serum ALT because of the
result of a flare-up of their condition. Treatment con-
tinued during the observation period and no patients
were lost.

Statistical analysis

Fisher’s exact test was used to assess the differences in the
patient distribution of variables such as gender and
concurrent autoimmune diseases. Analysis of variance
(ANOVA) was used to compare variables among the three
groups. If the ANOVA was significant, the Bonferroni
procedure was used for multiple comparisons. Normally
distributed variables were compared using Student’s t-
test and non-normally distributed variables were com-
pared using the Mann–Whitney U-test. The Wilcoxon
signed rank test was used to compare the degree of
infiltration by IgG41 plasma cells. Correlations were
expressed by the Spearman rank correlation coefficient.
Po 0.05 was considered to be statistically significant. All
statistical analyses were performed using SPSS software
version 11.5 (SPSS Inc., Chicago, IL, USA).

Results

Identification of immunoglobulin G4-associated
autoimmune hepatitis

All the AIH patients in this study met the international
criteria for the diagnosis of definite AIH. All the AIH
patients were negative for serum antibodies against
liver–kidney microsome 1 and were diagnosed as type I.
Patients who did not meet the international criteria were
excluded from the study. These data are shown in Table 1.
Liver specimens were obtained from the AIH patients
before starting steroid therapy.
Immunoglobulin G4 immunostaining of the liver

tissues was performed to assess the degree of infiltration
by IgG4-producing plasma cells. We counted the number
of IgG41 cells in at least three portal tracts and calculated
the average number of IgG41 cells in each specimen. We
regarded the specimens as IgG4 positive when more than
five IgG41 plasma cells were identified per HPF accord-
ing to the report by Zhang et al. (23). As shown in Figure
1A and B, nine of the 26 AIH patients (34.6%) showed
positive staining for IgG4 and were classified into IgG4-
associated AIH. In contrast, all 10 patients with PBC,

three patients with PSC and 20 patients with HCV
hepatitis were negative.

We also examined the IgG4 expression in the livers of
two patients with IgG4-associated cholangitis as a posi-
tive control. As shown in Figure 1B, the liver sample is
heavily infiltrated by IgG41 cells as compared with the
samples from the IgG4-associated AIH patients.

Clinical profile of immunoglobulin G4-associated
autoimmune hepatitis

As shown in Figure 2, there were no significant differ-
ences in age, serum levels of ALT, ALP, gGTP, antinuclear
antibody or in the degree of liver fibrosis between the
IgG4-associated and the IgG4 non-associated AIH pa-
tients. The IgG4-associated AIH patients had signifi-
cantly higher total serum IgG levels and AIH scores as
compared with the IgG4 non-associated patients. In
contrast, there was no difference in serum IgG4 levels
between the IgG4-associated AIH and the IgG4 non-
associated AIH patients. In addition, we did not find a
difference in any of the factors in the AIH scoring system,
except for the total serum IgG levels.

Histological analysis of immunoglobulin G4-associated
autoimmune hepatitis

We performed an extensive histological analysis of the
liver samples taken from the IgG4-associated AIH patients
using haematoxylin and eosin-stained tissue. As shown in
Figure 3A, portal inflammation and interface hepatitis
were present in all liver samples from patients with either
IgG4-associated or IgG4 non-associated AIH. In contrast,
plasma cell infiltration and lobular hepatitis were detected
more frequently in the livers of IgG4-associated AIH than
in those of IgG4 non-associated AIH. Although portal
inflammation was seen in all the liver samples from AIH
patients, the degree of inflammation was more severe in
the patients with IgG4-associated AIH (Fig. 3B). Most of
the AIH patients were negative for cholangitis on histolo-
gical analysis. In addition, none of the AIH patients
showed any abnormalities of the bile duct as assessed by
ultrasonography or computed tomography.

Immunohistochemical analysis of immunoglobulin
G4-associated autoimmune hepatitis

Infiltration of T cells, B cells and plasma cells was
examined by immunostaining for CD3, CD20, CD38
and IgG using semiconsecutive sections taken from the
livers of AIH patients. As shown in Figures 4 and 5, the
numbers of CD31 T cells, CD201 B cells, CD381 plasma
cells and IgG1 cells in the livers of patients with IgG4-
associated AIH were greater than those in IgG4 non-
associated AIH patients. Therefore, IgG4-associated AIH
is characterized by the infiltration of T cells, B cells and
plasma cells into the liver tissue of these patients. No
difference was seen in the number of IgG11 cells or the
ratio of IgG11/IgG1 cells between the two subgroups,
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Fig. 1. Identification of immunoglobulin (Ig) G4-associated autoimmune hepatitis (AIH). (A) Number of IgG41 plasma cells/high-power field in
liver specimens from 26 patients with AIH, 10 patients with primary biliary cirrhosis (PBC), three patients with primary sclerosing cholangitis
(PSC) and 20 patients with hepatitis C virus (HCV) hepatitis. Nine of the 26 (34.6%) samples from the AIH patients showed positive staining for
IgG4. All 10 patients with PBC, 20 patients with HCV and three patients with PSC were negative. �Po0.05. (B) Representative sections
showing the immunohistochemical staining of IgG4 in the livers of patients with IgG4-associated AIH, PBC, HCV hepatitis, PSC and IgG4-
associated cholangitis.

Table 1. Clinical characteristics of patients at the time of diagnosis

AIH (n=26) PBC (n=10) HCV (n=20)

Age (years) 60�9 (42–78) 57�13 (28–72) 56� 11 (29–78)
Gender (female/male; %female) 24/2; 92% 9/1; 90% 10/10; 50%�

Concurrent autoimmune diseases 7/26; 27% 0/10; 0% 1/20; 5%
Laboratory data
AST (IU/L) 196�604 (48–2350) 65�56 (25–210) 58� 49 (35–240)w
ALT (IU/L) 216�510 (57–1776) 93�78 (28–234)z 78� 55 (38–229)w
ALP (IU/L) 558�274 (191–1126) 857�269 (480–1217) 244� 128 (147–663)w,‰
Total bilirubin (mg/dl) 0.9�5.3 (0.4–20) 0.5�0.5 (0.4–2.1) 0.7� 0.2 (0.5–1.1)
Albumin (g/dl) 3.9�0.6 (2.3–4.7) 4.0�0.2 (3.7–4.3) 4.1� 0.3 (3.3–4.8)w
Immunoglobulin G (g/dl) 2.2�0.7 (1.1–4.1) 1.4�0.8 (1.2–3.9) 1.8� 0.7 (0.9–2.8)

IAHG score 19 (16–22) – –

Data are expressed as median� standard deviation (range) or frequency.
�Po 0.05 (Fischer’s exact test).

w,z,‰Po 0.05 between AIH and HCV, between AIH and PBC, and between PBC and HCV respectively.

AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; IAHG,

International Autoimmune Hepatitis Group; PBC, primary biliary cirrhosis.
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Fig. 2. Comparison of the clinical characteristics between immunoglobulin (Ig) G4-associated and IgG4 non-associated autoimmune hepatitis
(AIH). Horizontal bars represent median values in each plot. Serum IgG levels and AIH scores were significantly higher in IgG4-associated AIH
patients than in IgG4 non-associated AIH patients (�Po 0.05, ��Po0.01). NS, not significant.

Fig. 3. Comparison of the histological findings between immunoglobulin (Ig) G4-associated and IgG4 non-associated autoimmune hepatitis
(AIH). (A) Haematoxylin and eosin-stained liver tissues obtained from AIH patients were analysed. Plasma cell infiltration and lobular hepatitis
were more frequently detected in the livers of IgG4-associated AIH patients than in IgG4 non-associated AIH patients, whereas portal
inflammation and interface hepatitis were seen in all liver samples. ND, not detected. (B) The degree of portal inflammation as assessed by the
Ishak scoring system.
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suggesting a selective accumulation of IgG41 cells in
IgG4-associated AIH. No correlation was seen between
the number of IgG41 plasma cells and the number of
CD31 T cells, CD201 B cells or CD381 plasma cells in
the livers of patients with IgG4-associated AIH (data not
shown). Moreover, the number of IgG41 plasma cells did
not correlate with the AIH score or the serum ALT level,
suggesting that the number of IgG41 cells is not asso-
ciated with the severity of AIH (data not shown).

Response to steroid therapy in patients with
immunoglobulin G4-associated autoimmune hepatitis

Finally, we compared the response of IgG4-associated
and IgG4 non-associated AIH patients to steroid therapy.
Six patients with IgG4-associated AIH and 16 patients
with IgG4 non-associated AIH were treated with pre-
dnisolone at an initial dose of 30–40mg/day, followed by
maintenance therapy at 5–10mg/day (Fig. 6). No differ-
ence was seen in the treated dose of prednisolone
between IgG4-associated and IgG4 non-associated AIH
patients. As shown in Figure 6, a significant decrease of
serum ALT levels was seen in patients with IgG4-asso-
ciated AIH and those with IgG4 non-associated AIH at 4
weeks after starting prednisolone therapy. Importantly,
the reduced serum ALT levels in IgG4-associated AIH

were maintained at 48, 72 and 96 weeks after starting
prednisolone therapy. This was not the case for the IgG4
non-associated AIH patients. None of the patients with
IgG4-associated AIH showed elevated levels of serum
ALT on prednisolone therapy. In contrast, eight patients
(50.0%) with IgG4 non-associated AIH did show ele-
vated levels of serum ALT, even on prednisolone therapy.
Furthermore, no relapse was seen in the patients with
IgG4-associated AIH, whereas six patients with IgG4
non-associated AIH (37.5%) required incremental doses
of prednisolone because of relapse. Thus, IgG4-asso-
ciated AIH shows a marked response to prednisolone
not only in the initial phase but also in the maintenance
phase of treatment.

Discussion

In this study, we describe a novel subtype of AIH
characterized by infiltration of IgG4-expressing plasma
cells. Our data show that infiltration by IgG41 plasma
cells does occur in a subpopulation of AIH patients but
not in PBC or PSC patients. Thus, tissue staining for
IgG4 can be used to classify AIH into either an IgG4-
associated type or an IgG4 non-associated type. Patients
with IgG4-associated AIH have increased levels of serum
IgG and AIH scores as compared with patients with the

Fig. 4. Numbers of CD31 Tcells, CD201 B cells, CD381 plasma cells, immunoglobulin (Ig) G1 cells and IgG11 cells in the liver specimens from
patients with autoimmune hepatitis (AIH). Horizontal bars represent median values in each plot. The numbers of CD31 T cells, CD201 B cells,
CD381 plasma cells and IgG1 cells were greater in the livers of patients with IgG4-associated AIH than in patients with IgG4 non-associated
AIH (�Po 0.05, ��Po0.01). NS, not significant.
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IgG4 non-associated type. More importantly, predniso-
lone therapy is very effective in patients with IgG4-
associated AIH for both induction and maintenance of
remission. We regarded the tissue specimens as IgG4
positive when more than five IgG41 plasma cells were
identified per HPF as reported by Zhang et al. (23),
although significant differences in the response to pre-
dnisolone and in serum IgG levels were still observed
when we set a positive threshold of 10 IgG41 plasma cells
per HPF as reported by Ghazale et al. (13) (data not
shown). Our data suggest that positive IgG4 staining in
the liver can be used as a surrogate marker for the subtype
of AIH that responds well to prednisolone therapy.
Some of the patients with IgG4-related AIP have

various extrapancreatic lesions. Because these extrapan-
creatic and pancreatic lesions share common histopatho-
logical findings (i.e. abundant infiltration by IgG41

plasma cells), Kamisawa and Okamoto (10) proposed a
new clinicopathological entity: ‘IgG4-related sclerosing
disease’ . Portal inflammation and lobular hepatitis char-
acterized by abundant infiltration of IgG41 plasma cells is
often seen in the livers of AIP patients (12, 15). This AIP-
associated liver inflammation is called IgG4 hepatopathy
(15). One important issue arising from our study is
whether IgG4-associated AIH is a hepatic manifestation
of this systemic disease rather than a subtype of classical

AIH. It should be noted that none of the AIH patients in
this study showed any swelling of the pancreas or
abnormality of the bile or pancreatic ducts as assessed by
ultrasonography or computed tomography findings that
are characteristic of IgG4-associated AIP and cholangitis
(7). In addition, extrapancreatic manifestations of IgG4-
related systemic disease such as sialadenitis, retroperito-
neal fibrosis and inflammatory liver pseudotumour (10)
were absent in all AIH patients studied. More importantly,
serum IgG4 levels in patients with IgG4-associated AIH
were not so high as those in patients with IgG4-related
systemic disease. These results suggest that IgG4-asso-
ciated AIH is distinct from IgG4-related systemic disease,
including AIP and IgG4 hepatopathy, although all show
marked responses to prednisolone therapy. Further exam-
ination of the pancreatobiliary system using endoscopic
retrograde cholangiopancreatography or magnetic reso-
nance cholangiopancreatography may be useful to con-
firm that IgG4-associated AIH is not a hepatic
manifestation of IgG4-related systemic disease including
IgG4-associated cholangitis.

Although enhanced IgG4 antibody responses are linked
to AIP, the role of this antibody in disease development
and progression is poorly understood (7). Enhanced IgG4
antibody responses may be an epiphenomenon associated
with inflammatory reactions (7). One possibility is that

Fig. 5. Immunohistochemical staining of immunoglobulin (Ig) G4, IgG, IgG1, CD3, CD20 and CD38 in the livers of patients with autoimmune
hepatitis (AIH). The top two and bottom two panels show liver sections from IgG4 non-associated and IgG4-associated AIH patients
respectively. The numbers of CD31 T cells, CD201 B cells, CD381 plasma cells and IgG1 plasma cells in the livers of the patients with IgG4-
associated AIH were greater than in those of the patients with IgG4 non-associated AIH.
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the increase in tissue-infiltrating IgG41 plasma cells in
IgG4-associated AIH simply reflects the degree of migra-
tion and accumulation of B cells and IgG1 plasma cells. In
fact, we found that the numbers of CD201 B cells and
CD381 plasma cells are greater in the livers of IgG4-
associated AIH patients than in those of IgG4 non-
associated AIH patients. However, we found no difference
in the number of IgG11 cells or in the ratio of IgG11/
IgG1 cells between the two subgroups. Although the
possibility of a non-selective increase in the migration
and accumulation of B cells cannot be completely ex-
cluded, the results of IgG1 expression suggest that selective
augmentation of IgG4 production occurs in the livers of
patients with IgG4-associated AIH. Therefore, the invol-
vement of factors driving IgG4 class switching may be
considered in the immunopathogenesis of IgG4-asso-
ciated AIH. Further studies are necessary to elucidate the
molecular mechanisms for the selective accumulation of
IgG41 plasma cells in the liver.

Serum levels of IgG4 were not increased in patients
with IgG4-associated AIH. This finding suggests that
tissue staining of IgG4 is more sensitive than serum
IgG4 assays for the diagnosis of IgG4-associated AIH. In
support of this, Zhang et al. (23) reported that visualiza-
tion of IgG41 plasma cells is useful for the diagnosis of

AIP in patients with normal levels of serum IgG4.
However, Umemura et al. (14) reported the case of
IgG4-associated AIH with a marked elevation in serum
IgG4 levels. The reason for this discrepancy remains
unknown. It should be noted that Umemura’s case was
characterized by liver infiltration by many IgG41 cells
(4 40/HPF). This is much higher than we observed in
any of our cases. This suggests that it is the degree of
accumulation of IgG41 cells in the liver that determines
the serum IgG4 response in patients with IgG4-asso-
ciated AIH. Another possibility is that immune environ-
ments, which affect IgG4 responses, may be different in
the peripheral blood and the liver of patients with IgG4-
associated AIH. Indeed, predominant Th1 responses
have been reported in the peripheral blood of patients
with AIP (24), whereas Th2 responses are enhanced in
the pancreas and liver (25). However, further studies
using a large number of AIH patients are necessary to
establish the relationship between serum IgG4 levels and
IgG4 expression in the liver.

Our data show that IgG41 cells are distributed in the
liver of IgG4-associated AIH in a scattered manner rather
than in a densely packed manner. In addition, there is no
difference in serum IgG4 levels between the IgG4-asso-
ciated AIH and the non-associated AIH patients. More

Fig. 6. Serial changes of serum alanine aminotransferase (ALT) levels in patients with autoimmune hepatitis (AIH) during treatment with
prednisolone. Serum levels of ALTwere monitored in six patients with immunoglobulin (Ig) G4-associated AIH and in 16 patients with IgG4
non-associated AIH. These patients were treated with prednisolone. The doses of prednisolone at each time point are shown in the bottom
panel. The results are shown as mean� standard error (�Po 0.05).
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importantly, the number of AIH patients enrolled in this
study may not be sufficient to enable definite conclusions
to be drawn. Thus, one might concern that the difference
between these two groups is small. However, our results
clearly show that the effectiveness of steroid therapy was
different in the two groups of patients (Fig. 6). Future
studies using a larger number of AIH patients would be
required to confirm the difference between IgG4-asso-
ciated AIH and non-associated AIH.
Patients with classical AIH usually show marked

responses to steroid therapy (1). We have shown that
the serum levels of ALT were reduced in most AIH
patients 4 weeks after starting prednisolone treatment.
An interesting observation is that the reduction in the
serum ALT level in the IgG4-associated AIH was greater
than that in the IgG4 non-associated AIH. Furthermore,
remission was maintained in the patients with IgG4-
associated AIH. Therefore, IgG4-associated AIH is
characterized by a marked response to prednisolone
treatment similar to that seen in patients with IgG4-
related systemic disease (26). We found no relapse in
patients with IgG4-associated AIH, whereas six patients
with IgG4 non-associated AIH required incremental
doses of prednisolone because of a relapse.
In conclusion, our data suggest that the immunostain-

ing of liver biopsy specimens for IgG4 can be used to
predict the prognosis of AIH patients by identifying the
subpopulation that shows a marked response to steroid
treatment. Further studies using larger patient groups are
required to confirm these findings.
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Abstract Long term survival of single nodular hepato-

cellular carcinoma (HCC) measuring 2–5 cm in size trea-

ted with radiofrequency ablation (RFA) was compared

between 157 HCCs treated with RFA and 89 HCCs treated

by operation. The 5 year survival rate was not significantly

different between RFA and operation. In addition, the 17th

nationwide survey of the Liver Cancer Study Group of

Japan clearly showed that 5 year survival rate in 858 HCCs

measuring 2–5 cm in size treated with RFA was similar to

that in 6,574 HCCs measuring 2–5 cm in size treated by

operation. In conclusion, RFA achieves outcomes similar

to those of operation for Child-Pugh A patients with HCCs

measuring 2–5 cm in size.

Keywords Hepatocellular carcinoma �
Radiofrequency ablation � Surgery �
Single HCC between 2 and 5 cm

Introduction

Hepatocellular carcinoma (HCC) is a poor-prognostic dis-

ease, and nearly one million people die of this cancer

annually worldwide. Various treatments have been pro-

posed as candidates for a therapeutic policy for HCC. The

guidelines established by the American Association for the

Study of Liver Diseases (AASLD) [1], European Associ-

ation for the Study of the Liver (EASL) [2] and the Japa-

nese ‘‘Evidence-based guidelines’’ [3] recommend local

treatment, mainly radiofrequency ablation (RFA), for 3 or

fewer HCCs measuring 3 cm or smaller. Only the

‘‘Treatment algorithm for HCC’’ proposed by the Japan

Society of Hepatology (JSH) recommends combination

therapy with transcatheter arterial chemoembolization

(TACE) followed by RFA for non-resectable 3-cm or lar-

ger HCCs [4] (Fig. 1).

In this report, we present the outcomes of treatments

performed according to this algorithm at our hospital as

well as those obtained by the Liver Cancer Study Group of

Japan (LCSGJ).

Subjects and methods

The subjects were 157 patients with Child-Pugh A liver

function and a 5-cm or smaller solitary HCC who under-

went RFA or RFA preceded by TACE at the Department of

Gastroenterology and Hepatology, Kinki University School

of Medicine, between 1999 and 2007. There were 122

males and 50 females aged 47–90 years (mean: 68 years),

and 20 were HBV-positive, 129 were HCV-positive, and 8

were virus-negative. The tumor size was 10–50 mm (mean:

19 mm): 85 and 72 nodules measured 2 cm or smaller and

2–5 cm, respectively. The number of RFA sessions was

1–3 (mean: 1.2), and the mean duration of follow-up was

40.3 months. The number of subjects who underwent sur-

gery during the same period was 89.

RFA was performed by using cooled tip needle

(Radionics, Burlington, MA) and preceding TACE was

performed basically in cases the tumors were larger than

2 cm. Lipiodol mixed with epirubin followed by gelatine

sponge was used for Lipiodol TACE. Enough safety mar-

gin (ablative margin) was obtained by ablating an area

larger than the Lipiodol deposited tumor. Overall survival
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of the patients who underwent RFA± preceding TACE

with a solitary tumor smaller than 2 cm or less in size and

those of 2–5 cm in size was evaluated.

Similarly, overall survival of the Child-Pugh A patients

with solitary 2–5 cm sized HCC who underwent resection

was compared with that of the patients who underwent

RFA combined with preceding TACE. Local recurrence

rate and disease-free survival rate were also calculated in

Child-Pugh A patients with 2–5 cm sized HCC who

underwent RFA combined with preceding TACE. The

relationship between recurring segment and overall sur-

vival was also evaluated in Child-Pugh A patients with

2–5 cm sized HCC who underwent RFA combined with

preceding TACE. Risk factors affecting overall survival

were also evaluated in patients who underwent RFA

combined with preceding TACE.

In order to identify the difference of the overall survival

in Liver damage A (almost equivalent to Child-Pugh A)

patients with a solitary 2–5 cm HCC, survival data of the

17th nationwide survey by the Liver Cancer Study Group

was used [5]. For HCCs of 2–5 cm, resection, PEIT and

RFA was performed in 6,574 patients, PEIT in 2,823

patients and RFA in 858 patients. Overall survival was

compared among the 3 groups.

Results

The 5-year survival rate was 79% in the 2-cm or smaller

HCC group treated with RFA and 84% in the 2–5 cm

HCC group treated with TACE preceding RFA, showing

no significant difference (Fig. 2). The latter, when com-

pared with 89 patients who underwent surgery also for

single HCC 2–5 cm in size, did not show statistically

different survivals (84 vs. 78% respectively) (Fig. 3).

Among the 157 cases with a single HCC 2–5 cm, overall

local recurrence occurred in 10, and the 7-year cumulative

local recurrence rate was 8%. The 5-year disease-free
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survival rate of patients with 2 to 5-cm solitary HCC was

15%. Therefore, the 5-year cumulative recurrence rate

was as high as 85%. The recurrent cases were divided

into 32 cases with recurrence localized in the same seg-

ment of the primary lesion and 56 cases with recurrence

in different segments. The prognosis was significantly

poorer in those with recurrence in the same segment than

in those in those with new lesions in different segments

(Fig. 4).

A significant prognostic factor in the Child-Pugh A

single nodular HCC cases with recurrence in the same

segment was as follows: (1) a macroscopic type other than

single nodular type versus single nodular with extra

growth type or multinodular confluent type, (2) a PIVKA-

II level of 100 mAU or higher and (3) AFP level of

100 ng/ml or higher. On multivariate analysis of factors

contributing to the overall survival, the macroscopic type,

AFP, and PIVKA-II were extracted as significant factors.

Factors contributing to disease-free survival were only

AFP and PIVKA-II, but there were no significant differ-

ences between HCCs smaller than 2-cm or those 2–5 cm

(Fig. 5).

Results of the 17th nationwide survey performed

by the Liver Cancer Study Group of Japan

Figure 6 shows the survival curves of patients who

underwent surgery, PEIT and RFA for single 2 to 5-cm

HCCs, respectively [5]: the prognosis was significantly

poorer in the PEIT group (Fig. 6). Conversely, outcomes

were similar comparing those treated with surgery and

those with RFA for single 2–5 cm HCCs (Fig. 6) [4].
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Discussion

For resectable 2 to 5-cm tumors, surgery is the first choice

because recurrence from a satellite lesion adjacent to the

main lesion represents a poor-prognostic factor and it is

more frequent after RFA. Regarding non-resectable liver

cancer due to various reasons, such as a poor systemic

condition, poor liver functional reserve, or in the elderly,

favorable outcomes can be achieved by TACE followed by

RFA in cases of 2 cm or larger hypervascular HCCs [6].

Certainly, it has to be pointed out that the disease-free

survival rate was lower in our patients who were carriers of

single 2 to 5-cm HCCs treated with RFA following TACE

than the 5-year disease-free survival rate (31%) reported by

Eguchi [7] and that in cases of anatomical resection (41%)

reported by the Liver Cancer Study Group of Japan [5].

This is a further confirmation that surgery is the treatment

of choice for resectable single HCCs 2–5 cm in size.

The overall disease-free survival rate of cases with

single HCCs smaller than 5 cm, including both those

lesions smaller than 2-cm or those ranging from 2 to 5 cm,

treated by surgery has been reported to be lower than 40%

by Poon et al. [8]. However, in the current study and those

reported by the Liver Cancer Study Group of Japan after

RFA substituted PEIT in the clinical practice, no significant

differences were noticed in the overall survival between the

surgery and RFA groups, suggesting that a favorable

overall survival rate can be achieved in non-resectable

Child-Pugh A cases with 2 to 5-cm HCCs by employing

certain methods, such as RFA combined with preceding

TACE. AFP, PIVKA-II, and the macroscopic gross type

were extracted as prognosis-determining factors. Thus, the

therapeutic strategy should be comprehensively determined

based on these prognostic factors in addition to tumor size

and liver function status.

In conclusion, single nodular HCC sized 2–5 cm in

diameter can be successfully treated by a combination of

RFA and proceeding TACEwhen operation is not indicated.
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 Viral Hepatitis A to E: An Update in 2010 

 Masatoshi Kudo 

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka , Japan

and clinically overt acute hepatitis A is increasing in ado-
lescents and adults. It is well established that the severity 
of the disease is related to the age of the patients. The 
clinical features and the epidemiological shift of HAV 
underscores the importance in Korea, as well as in other 
countries with similar issues, of childhood vaccination 
and consideration of catch-up vaccination for adolescents 
and adults as well as targeted vaccination for individuals 
at increased risk for infection or its complications.

  An active campaign for universal childhood HAV
vaccination should be continued and catch-up vaccina-
tion, which is directed at people between 10 and 50 years 
of age, should be considered. Additionally, conventional 
high-risk groups and persons more vulnerable to devel-
oping fulminant hepatitis – such as travelers to highly 
endemic areas, patients medicated with clotting factors 
and patients with chronic liver disease – should be vac-
cinated. To provide evidence-based recommendations 
for HAV vaccination, an urgent nationwide survey of 
HAV seroepidemiology as well as regional surveys and 
studies of the cost-effectiveness of vaccination of each 
vaccination strategy are needed.

  The clinical spectrum of HAV infection ranges from 
asymptomatic infection to fulminant hepatitis. Clinical 
manifestations depend on the age of the host; in other 
words, less than 30% of infected young children are 
symptomatic, while about 80% of infected adults mani-
fest as severe hepatitis with remarkably elevated serum 
aminotransferases. Fulminant hepatitis is rare, with a re-
ported incidence from 0.015 to 0.5%. Atypical manifesta-

 Viral hepatitis is still one of the major health-care 
problems worldwide, since hepatitis B and C can cause 
the potentially fatal conditions of hepatocellular carci-
noma (HCC) and/or liver failure. Similarly, hepatitis A is 
still a serious problem in Asia and, interestingly, hepatitis 
E is re-emerging as a topic of medical discussion, since it 
causes fulminant hepatitis even in developed countries 
like Japan.

  The 6th Korea-Japan Liver Symposium was held in 
Kyongju (Korea) on July 18 and 19, 2009, to focus on and 
discuss current and emerging topics related to viral hep-
atitis. The symposium began with eye-opening lectures 
by some of the world’s leading researchers, followed by 
extensive discussion. This issue of  Intervirology  selects 
the most important articles presented to this congress. 

  Hepatitis A 

 Due to improved living conditions and subsequent 
changes in hepatitis A epidemiology, the burden of this 
disease is increasing in many regions. Recently, Korea
has faced a large, community-wide outbreak of hepatitis 
A, which has prompted a vaccination program  [1] .

  Hepatitis A infection is caused by the hepatitis A virus 
(HAV), which is transmitted through the fecal-oral route. 
Lifelong protective antibodies are present after infection. 
The prevalence of anti-HAV in the 10–50-year age range 
has declined rapidly during the last three decades. As a 
result, this age group has a high risk for HAV infection, 
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tions include relapsing hepatitis and prolonged cholesta-
sis, and complicated cases with acute kidney injury have 
been reported  [2] .

  Management of hepatitis A includes general support-
ive care, and critical decisions regarding liver transplan-
tation await further studies on prognostic predictors. 
Fundamental management of hepatitis A is active vacci-
nation. However, a vaccination program should be adapt-
ed to the regional situation, according to differing epide-
miology and disease burden  [2] .

  Hepatitis B 

 Hepatitis B virus (HBV) vaccination has effectively
reduced the acute and chronic infection rates in recent 
years. Since 1983, HBV vaccination has been recom-
mended for all neonates in many countries, including 
Korea. Before the introduction of the HBV vaccination 
program, approximately 8% of the general Korean popu-
lation tested positive for HBsAg. The percentage of vac-
cinated infants has surpassed 98.9% since 1990. The
HBsAg carrier rate in the general population decreased 
to 3.7% in 2007. In particular, the prevalence of HBsAg 
decreased to 0.44% in teenagers and 0.2% in children 
younger than 10 years. In addition, administration of the 
HBV vaccine may have reduced the risk of HCC among 
adults. Despite the administration of hepatitis B immu-
noglobulin and the HBV vaccine to children with
HBsAg-positive mothers, the failure rate of HBV immu-
noprophylaxis was 4.2% in 2008. In Korea, there have 
been no reported cases of HBV surface gene variants such 
as G145R.

  HBV vaccination has effectively reduced the infection 
and chronicity rates of HBV and related complications. 
The overall prevalence of HBV vaccination has exceeded 
99% since 1990. However, acute HBV infection may still 
occur in unvaccinated and uninfected adults. In those 
cases, catch-up vaccination will be needed. Despite con-
siderable effort to reduce HBV infection via the universal 
vaccination of all newborn and school-age children, a 
large proportion of the population was previously infect-
ed with HBV and still harbors the virus. The prevalence 
of HBV carriage in Korea declined after the introduction 
of a universal HBV vaccination program. Korea is now 
classified as an area of intermediate endemicity for HBV. 
The prevention of complications such as cirrhosis and 
HCC in infected individuals requires appropriate thera-
peutic agents  [3] .

  The goals of antiviral therapy in patients with chronic 
hepatitis B are long-lasting suppression of HBV DNA, 
normalization of serum alanine aminotransferase (ALT) 
and prevention of progression of chronic liver disease to 
liver cirrhosis, HCC and liver-related death. Even though 
substantial advances have been made in the treatment of 
chronic hepatitis B in the past decade with the use of oral 
nucleoside/nucleotide analogues (NAs), emergence of an-
tiviral resistance is the most important factor in treat-
ment failure for chronic hepatitis B. Therefore, to prevent 
antiviral resistance, development of antiviral agents that 
act with different mechanisms and at different sites (the 
paradigm of combination therapy for HIV management) 
is needed. However, such antiviral agents are unlikely to 
become available in the near future. Therefore, an under-
standing of the molecular basis of NA resistance and an 
optimal use of NAs are important for the time being. To 
minimize the emergence of drug resistance using cur-
rently available antiviral agents, physicians should avoid 
unnecessary therapy. Once initiated, an antiviral agent 
should suppress viral replication as quickly and com-
pletely as possible. Drug resistance should be continu-
ously monitored. However, once antiviral resistance de-
velops, prompt combination therapy should be initiated 
 [4] .

  Hepatitis C 

 HCC is one of the leading cause of death from cancer 
worldwide. Hepatitis C virus (HCV) is a major cause of 
HCC, accounting for 70% of all HCC cases in Japan. HCV 
genotype 1b, the most prevalent subtype in Japan, started 
to spread in the 1930s among injecting drug users or 
through medical procedures such as blood transfusion 
and use of contaminated syringes. The prevalence of 
HCV infection is much lower in the current younger gen-
eration compared with that in the older generation, par-
ticularly those aged  1 55 years old (0.1–0.2 vs.  6 2%). 
Therefore, the total number of patients with HCV infec-
tion is expected to decrease, even though sporadic HCV 
transmission is mainly seen among young injecting drug 
users. Of note, HCV genotype 2 seems to be spreading 
among young drug users, but the response to antiviral 
therapy in these patients is better than that in older pa-
tients, irrespective of the genotype. Although the number 
of patients who die because of HCC has steadily increased 
over the last 50 years, the incidence of HCC is now de-
creasing, mainly because of the decreased prevalence of 
HCV-related HCC  [5] .
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  The spread of HCV infection in Japan started in the 
1930s, and widespread dissemination of the virus has oc-
curred since then. The risk of iatrogenic HCV transmis-
sion has been almost eliminated; however, sporadic HCV 
transmission still occurs. The prevalence of HCV infec-
tion in the younger generation is extremely low and the 
total number of HCV patients is expected to decrease. 
Although the number of patients who die of HCC has 
steadily increased because of the dissemination of HCV 
infection in the past, it is estimated to decrease in the near 
future because of the decrease in rates of HCV-related 
HCC  [5] .

  New drugs that can be used in combination with in-
terferon (IFN) are being actively developed. Also, at-
tempts are being made to physically remove HCV parti-
cles from the blood. Granulocyte apheresis, plasma ex-
change and hemofiltration have been applied to HCV-
infected patients for the treatment of cryoglobulinemia 
and vasculitis, modalities shown to reduce HCV RNA in 
the blood during treatment. The mechanisms of the clin-
ical results of plasmapheresis have been described, where-
by HCV in the blood is related to the effects of IFN ther-
apy that could be enhanced by removing the virus from 
the blood. Low-density lipoprotein cholesterol apheresis 
and plasma exchange in hypercholesteremic patients 
with HCV infection reduces the quantity of HCV RNA 
in the blood of some patients. Hemodialysis, hemofiltra-
tion and peritoneal dialysis in chronic dialysis patients 
infected with HCV significantly lower HCV RNA levels 
in the blood. Combined granulocyte apheresis with IFN 
therapy for chronic hepatitis C and the prerequisite for 
early reduction of the virus in the treatment of chronic 
hepatitis C are essential. Thus, the potential effectiveness 
of IFN therapy combined with early physical removal of 
the virus is of particular interest  [5] .

  Double-filtration plasmapheresis (DFPP) was ap-
proved in April 2008 in Japan for the retreatment of 
chronic hepatitis C patients with genotype 1b and high 
viral loads, whose HCV was not eradicated by earlier IFN 
therapy or by pegylated IFN plus ribavirin (PEG-IFN/
RBV) combination therapy. In the current issue, Kim et 
al.  [6]  assessed the early viral dynamics of 9 patients with 
non-sustained virological response (non-SVR) to combi-
nation therapy. The overall viral dynamics of DFPP plus 
IFN treatment with or without RBV for 4 weeks showed 
a reduction of  6 1 log in 22% (2 of 9 patients), 55.6% (5/9), 
77.8% (7/9) and 77.8% (7/9) in the viral load at 24 h, 1 
week, 2 weeks and 4 weeks after the start of treatment. In 
contrast, DFPP plus consecutive intravenous IFN- �  for 4 
weeks reduced the viral load by  6 1 log in 33% (2/6), 50% 

(3/6), 83.3% (5/6) and 83.3% (5/6) at 24 h, 1 week, 2 weeks 
and 4 weeks. The viral load declined by  6 2 log in 50% 
(3/6) at 4 weeks after the start of treatment. DFPP plus 
consecutive intravenous IFN- �  for 4 weeks is a promising 
treatment for non-SVR patients  [6] .

  The prerequisite for early virological response (EVR: 
indicating negative HCV RNA at 12 weeks) has been em-
phasized in predicting SVR and non-SVR in chronic hep-
atitis C patients undergoing IFN treatment; those who do 
not reach EVR fail to respond to further therapy. Treat-
ment discontinued in patients not reaching EVR would 
reduce drug costs by more than 20%; consequently, early 
confirmation of viral reduction after initiating antiviral 
therapy for chronic hepatitis C is highly desirable  [6] .

  From the above considerations, DFPP plus consecu-
tive intravenous IFN- �  treatment for 4 weeks is a promis-
ing regimen for non-SVR patients with genotype 1b and 
high viral loads who have been previously treated with 
PEG-IFN/RBV therapy  [6] .

  Sasase et al.  [7]  investigated whether SVR and non-
SVR by chronic hepatitis C patients to PEG-IFN/RBV 
combination therapy are distinguishable by viral factors 
such as the IFN/RBV resistance-determining region 
(IRRDR) and by on-treatment factors through new indi-
ces such as the rebound index (RI). The first RI (RI-1st: 
the viral load at week 1 divided by the viral load at 24 h) 
and the second RI (RI-2nd: the viral load at week 2 di-
vided by the viral load at 24 h) were calculated, and the 
subject patients were divided into 3 groups based on RI-
1st and RI-2nd: an RI-A group (RI-1st  ̂  1.0), an RI-B 
group (RI-1st  1 1.0 and RI-2nd  ! 0.7) and an RI-C group 
(RI-1st  1 1.0 and RI-2nd  6 0.7). The SVR rate was 71.4% 
(10/14) in the RI-A group, 46.2% (6/13) in the RI-B group 
and 20.0% (3/15) in the RI-C group (p = 0.005 between 
the RI-A group and the RI-C group). In IRRDR  6 6 and 
IRRDR  ̂  5, the SVR rate was 81.3% (13/16) and 23.1% 
(6/26) (p = 0.0002), respectively. By combining RI and 
IRRDR as a predicting factor, the SVR rate was 87.5% 
(7/8) in the RI-A group (IRRDR  6 6) and 7.7% (1/13) in 
the RI-C group (IRRDR  ̂  5) (p = 0.0003). Therefore, 
IRRDR combined with RIs is the quite promising pre-
dictor for SVR and non-SVR. With the aid of RIs and 
IRRDR, a more effective PEG-IFN/RBV treatment could 
be within reach  [7] .

  Another approach to increase the SVR rate, the exten-
sion of treatment duration, has been proposed for late vi-
rological responders infected with HCV genotype 1 and 
high viral load. However, the effectiveness of extended 
treatment in patients whose serum HCV RNA becomes 
undetectable later than 24 weeks of treatment (ultra-late 
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virological responder; ULVR) has not yet been deter-
mined. Ueda et al.  [8]  reported that among a total of 130 
patients infected with HCV genotype 1 and high viral 
load treated with PEG-IFN/RBV combination therapy, 10 
ULVR received extended combination treatment beyond 
48 weeks. The duration of the combination treatment for 
ULVR ranged between 59 and 119 weeks and the mean 
duration was 80 weeks. Although the majority of ULVR 
were older female patients ( 6 60 years; older age and fe-
male sex both being factors related to poor therapeutic 
response), 8 patients (80%) achieved SVR. The SVR rate 
correlated well with the duration of the treatment. Five 
ULVR achieved SVR when treatment was continued un-
til serum HCV RNA remained undetectable for longer 
than 48 weeks. From these observations it is concluded 
that the extended duration of PEG-IFN/RBV combina-
tion treatment is a possible strategy to improve treatment 
response in HCV genotype 1 infection, even for ULVR. 
The extension of the treatment does not seem to increase 
side effects or the rate of dose reductions, and treatment 
should be continued until the serum HCV RNA remains 
undetectable for at least 24 weeks and, if possible, for lon-
ger than 48 weeks during the course of treatment  [8] .

  Recently, the significance of serum ferritin levels in 
PEG-IFN/RBV combination therapy for chronic hepati-
tis C has become of interest. Yada et al.  [9]  examined the 
correlation of serum ferritin level with serum ALT levels 
during therapy and response to the therapy. A total of 175 
patients with chronic hepatitis C received the combina-
tion therapy. Correlation between serum ferritin levels 
and serum ALT levels at 12 and 24 weeks of therapy were 
examined. Differences in serum ferritin levels during 
therapy between patients with SVR and non-SVR were 
also examined. The authors found that only 24 (13.7%) 
and 20 (11.4%) patients showed elevated serum ALT levels 
( 6 70 IU/l) at 12 and 24 weeks of therapy, respectively. 
There was no correlation between serum ferritin levels 
and ALT levels. Ninety-five (54.3%) of 175 patients 
achieved SVR. Serum ferritin levels increased dramati-
cally in both SVR and non-SVR groups after starting the 
therapy and were significantly higher in the SVR group 
throughout the therapy. Therefore, they concluded that 
serum ferritin level increases during PEG-IFN/RBV 
combination therapy; however, it did not correlate with 
either serum ALT level or the total dose of RBV. Higher 
serum ferritin levels during combination therapy are as-
sociated with a favorable therapeutic response, which has 
not been reported before.

  Enomoto et al.  [10]  searched HCV genetic elements 
determining the early response to PEG-IFN/RBV thera-

py using HCV genome-wide analysis.   From a total of 88 
chronic hepatitis C patients with HCV-1b treated with 
PEG-IFN/RBV, the whole HCV amino acid sequence was 
determined and analyzed according to the viral response 
during the treatment. Mutations in NS5A-ISDR are as-
sociated with rapid viral response at week 4, and the core 
arginine70glutamine (R70Q) mutation is associated with 
no early viral response at week 12, revealing that core 70 
and NS5A are the most important factors determining 
the virological kinetics during PEG-IFN/RBV therapy. 
Viral genome-wide analysis is a promising tool for eluci-
dating the unknown viral factors involved in different 
pathological pictures, such as disease progression  [10] .

  Hepatitis E 

 The epidemiology of acute viral hepatitis (AVH) is dy-
namic and is affected by many factors including hygiene, 
socioeconomic status and vaccination coverage. A total 
of 4,302 cases of AVH were sequentially studied on a na-
tionwide scale between 1980 and 2008. Acute hepatitis A 
(AHA), acute hepatitis B (AHB), acute hepatitis C (AHC), 
and non-A, non-B and non-C (non-ABC) hepatitis ac-
counted for 1,583 (36.8%), 1,197 (27.8%), 359 (8.3%) and 
1,163 (27.0%) of all AVH. The proportions of AHA, AHB, 
AHC and non-ABC were approximately 40, 25, 10 and 
25%, respectively, between 1980 and 1995. The propor-
tions were approximately 30, 30, 10 and 30% between 
1996 and 2003, and shifted to approximately 10, 40, 10, 
and 40% in the last 5 years. The number of AHB caused 
by genotype A, which is not indigenous to Japan, was 
6.0% between 1991 and 1996 and markedly increased af-
ter 2000 to reach 52% in 2008. Autochthonous acute hep-
atitis E (AHE) accounted for 10–15% of non-ABC hepa-
titis after 2002. The etiology of AVH in Japan has been 
drastically changing. A marked increase of AHB geno-
type A and constant occurrence of autochthonous AHE 
require attention, and necessary measures should be tak-
en  [11] .

  HEV is a major cause of acute hepatitis in many devel-
oping countries where AHE is an important public health 
concern. However, cases of sporadic AHE in people with 
no history of recent travel have been reported in devel-
oped regions such as North America, Europe, Japan and 
Australia. The reporting of such infections together with 
the availability of more comprehensive molecular and se-
rological data has led to the re-evaluation of HEV epide-
miology and the acceptance that autochthonous AHE is 
a clinical problem in developed countries. Information 
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on AHE in non-ABC hepatitis populations in Japan is 
limited, although there are many reports of sporadic or 
epidemic occurrence of AHE. The current study also 
showed the trend of AHE in Japan. AHE constituted 4.9% 
(44/896) of non-ABC hepatitis. Although the number of 
AHE cases (1–6 cases per year) and its ratio to non-ABC 
hepatitis (0–14.5%) are not very high and are insignifi-
cant, the occurrence of AHE became constant after 2002. 
Surprisingly, AHE constituted as much as 11.0% (25/228) 
of non-ABC hepatitis after 2002. The clinical course was 
generally modest and none of the patients showed severe 
type of hepatitis, probably because most domestic cases 
were caused by HEV genotype 3, which has been associ-
ated with milder clinical outcome compared to HEV ge-
notype 4. This phenomenon may reflect the fact that their 
sentinels involve only a few institutes in Hokkaido, where 
HEV genotype 4 is endemic. Nevertheless, the trend of 
AHE requires particular attention, because modes of 
transmission are still often unknown, even after taking 
very careful history of eating particular foods such as raw 
meat of deer, pigs and boars  [11] .

  Fibrosis and Hepatocarcinogenesis by Viral 
Hepatitis 

 FibroScan has many limitations. It cannot be used in 
patients with ascites, thick subcutaneous fat, narrow in-
tercostals spaces and hepatic atrophy. Real-time elastog-

raphy (RTE) does not have such limitations and can be 
used in almost all patients including those with condi-
tions mentioned above, who have difficulty in using
FibroScan. However, RTE requires training to analyze 
the data and also to scan the patients to obtain reproduc-
ible images. To address these issues in RTE, Tatsumi et al. 
 [12]  investigated easy-to-use acquisition techniques to re-
duce inter-observer variability and also to simplify RTE 
image acquisition.

  FibroScan and RTE both correlate highly with the F 
staging of the liver using biopsy. In particular, RTE is very 
useful for the differential diagnosis and staging of the 
liver fibrosis.

  More cases need to be evaluated by FibroScan and 
RTE for liver fibrosis staging and to establish guidelines 
to minimize unnecessary liver biopsies, which will sig-
nificantly benefit the patients with chronic liver diseases. 
Furthermore, RTE might be a very good indicator to pre-
dict the incidence rate of HCC in the near future  [12] .
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common causes of cancer death. The prevalence of HCC 
in Japan has increased over the past 50 years and more 
than 30,000 patients die because of HCC every year, ac-
counting for rates of death of 36.3 and 17.5 per 100,000 
males and females, respectively  [1] . The main causes of 
HCC in Japan are hepatitis C virus (HCV) and hepatitis 
B virus (HBV); nearly 70% of HCC cases are caused by 
HCV  [1] . This situation differs from that in other Asian 
countries where HBV-related HCC is more common, and 
the situation in Japan is more similar to that in Western 
countries  [2, 3] .

  Japan has one of the highest endemic rates of HCV in-
fection. The number of patients with HCV infection is 
estimated to be about 2,000,000 in Japan; 70% of patients 
are infected with HCV genotype 1b, 20% with genotype 
2a, and the rest with genotype 2b. The prevalence of HCV 
infection is closely related to age: the number of HCV car-
riers increases with age and the prevalence of HCV infec-
tion is much higher in people aged over 55 years  [4] .

  Here, we review the history and current status of HCV 
infection in Japan and predict the future changes in rates 
of infection and HCV-related mortality.

 Key Words 
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 Abstract 
 In Japan, hepatocellular carcinoma (HCC) is the fourth lead-
ing cause of death in males and the fifth in females. Hepatitis 
C virus (HCV) is a major cause of HCC in Japan, with 70% of 
cases being HCV related. HCV genotype 1b, the most preva-
lent subtype in Japan, started to spread in the 1930s among 
injecting drug users (IDUs) during and after World War II or 
through medical procedures such as blood transfusion and 
use of contaminated syringes. The prevalence of HCV infec-
tion is much lower in the current younger generation com-
pared with that in the older generation, particularly those 
aged  1 55 years (0.1–0.2% vs.  6  2%). Therefore, the total 
number of patients with HCV infection is estimated to de-
crease, even though sporadic HCV transmission is mainly 
seen among young IDUs. Of note, HCV genotype 2 seems to 
be spreading among IDUs, but the response to antiviral ther-
apy in these patients seems to be better than that in older 
patients, irrespective of the genotype. Although the number 
of patients who die because of HCC has steadily increased 
over the last 50 years, the incidence of HCC is now decreas-
ing, mainly because of the decreased prevalence of HCV-
 related HCC.  Copyright © 2010 S. Karger AG, Basel 
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  When and How Did HCV First Spread in Japan? 

 Mizokami et al.  [5]  demonstrated based on molecular 
clock analysis that HCV genotype 1b, which is the most 
dominant genotype in Japan, started to spread in the 
1930s. They also revealed that HCV genotype 1a started 
to spread in the United States in the 1960s, at least 30 
years later than the spread of HCV genotype 1b in Japan. 
Furthermore, HCV infection is still increasing exponen-
tially in the United States whereas it has been decreasing 
since approximately 1995 in Japan  [5] . The main causes 

of HCV dissemination in Japan included intravenous 
stimulant drug (methamphetamine) abuse among the 
young generation during and after World War II, blood 
transfusion from paid blood donors, and injections using 
contaminated syringes and needles, particularly for the 
treatment of schistosomiasis japonica. Schistosomiasis 
japonica was previously an endemic disease in Japan be-
fore the introduction of intravenous antimony in 1921. 
Interestingly, HCV infection is more prevalent in south-
western regions of Japan compared with north-eastern 
regions  [4] , and areas endemic for schistosomiasis japon-
ica, such as Fukuoka and Hiroshima prefectures, are lo-
cated in south-west Japan. It seems likely that the geo-
graphical distribution of schistosomiasis japonica is at 
least partly attributable to differences in the prevalence 
of HCV infection.

  Resolution of HCV Transmission 

 Tanaka et al.  [4]  investigated the age-specific preva-
lence of HCV infection among first-time blood donors in 
Japan, and found that the prevalence of HCV infection is 
closely correlated with age. The number of HCV carriers 
increased with age and an exponential increase was seen 
in blood donors aged more than 55 years, irrespective of 
the area of Japan. On the other hand, the prevalence of 
HCV infection in blood donors younger than 30 years is 
quite low: 0.13% at 16–19 years and 0.21% at 20–29 years 
 [4] . This suggests that the rate of HCV transmission has 
decreased significantly and that the total number of pa-
tients with HCV is likely to decrease  [6–8] .

  Paid blood donation was commonly performed in Ja-
pan and post-transfusion hepatitis occurred in more than 
half of transfused cases until the beginning of the 1960s 
( fig. 1 ). After the introduction of voluntary blood dona-
tion in 1964 and HBsAg screening in 1972, the risk of 
post-transfusion hepatitis dramatically decreased (to 
around 10%). After the discovery of HCV RNA, screen-
ing tests for first- and second-generation HCV antibodies 
were started in 1989 and 1992, respectively. These screen-
ing tests further decreased the risk of post-transfusion 
hepatitis. Furthermore, nucleic acid amplification tests, 
introduced in 1999, almost eliminated the risk  [8] . Al-
though sporadic HCV transmission still occurs through 
other routes, such as intravenous drug abuse and acci-
dental exposure in medical procedures (e.g. needlestick 
injury), measures to prevent post-transfusion hepatitis 
have significantly reduced the rate of HCV transmis-
sion.
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  Fig. 1.  Risk of post-transfusion hepatitis in Japan. Post-transfu-
sion hepatitis occurred in more than half of transfused cases un-
til the start of the 1960s. However, the risk has decreased signifi-
cantly over the past 50 years because of the introduction of sev-
eral preventive measures. 
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  Fig. 2.  Differences in transmission routes of HCV infection be-
tween genotype 1 and non-1 genotypes among patients aged less 
than 40 years. Intravenous drug abuse was the major route of 
HCV transmission in the non-1 genotypes, while blood transfu-
sion was the major route in genotype 1. 
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  Features of Recent HCV Transmission in Japan 

 As described above, HCV transmission through blood 
transfusion is now an extremely rare event. Instead, in-
travenous drug abuse has become the main cause of HCV 
transmission in developed areas such as Europe and the 
USA  [9, 10] . The estimated prevalence of HCV infection 
among injecting drug users (IDUs) is between 30 and 
80%  [11–13] . The number of IDUs in Japan is steadily in-
creasing, particularly among young people, according to 
the data published by the Ministry of Health, Labour and 
Welfare. Therefore, intravenous drug abuse has become 
an important route of HCV transmission among young 
people  [8, 14] . Satoh et al.  [15]  investigated the HCV ge-
notypes that are spreading among Japanese IDUs and 
found that non-1b genotypes of HCV, particularly geno-
type 2b, seemed to be most prevalent among IDUs. We 
also examined the HCV genotypes in 42 young (less than 
40 years old) chronic hepatitis patients with HCV who 
were treated by peginterferon and ribavirin combination 
therapy at the Kinki University Hospital between 2006 
and 2008. Twenty-one patients (50%) were infected with 
non-1 genotypes of HCV, 20 patients had genotype 2, and 
1 patient had genotype 3. The proportion of non-1 geno-
types in these patients is higher than that in the whole 
Japanese population with HCV infection, which is esti-
mated to be about 30%. Possible transmission routes that 
were assessed by interviewing each patient were com-
pared between those with genotype 1 and those with
non-1 genotypes. As shown in  figure 2 , the major trans-
mission routes appeared to be different between the 2 

types: intravenous drug abuse was the major route of 
non-1 genotype HCV transmission, which is consistent 
with the results of previous reports  [15, 16] . The sustained 
virological response rates in these patients, 72% for geno-
type 1 and 95% for non-1 genotype, are better than those 
in previous reports, probably due to the shorter duration 
of infection (associated with less advanced disease) and 
younger age, both of which are factors associated with 
favorable outcomes of IFN therapy  [17, 18] .

  Accidental exposure to HCV during medical proce-
dures is another important route of transmission, al-
though the risk is believed to be very low (0.3–2.7%)  [19–
21] . These cases are usually monitored carefully after the 
accident and, even if they present with acute hepatitis, 
most cases can be cured by IFN therapy during the early 
phase of infection  [22] .

  In summary, even though sporadic HCV infections 
are still occurring, particularly among young people, it 
seems that this population will not increase the total
population of HCV infection in Japan.

  Future Perspectives on HCV-Related Diseases and 
Mortality 

 In Japan, the number of HCC patients and their mor-
tality rate remain extremely high in comparison with 
other developed countries  [8] . Accordingly, a nationwide 
health screening program for viral hepatitis was launched 
to identify new patients with HCV or HBV infection who 
were unaware of their diseases. The target population of 
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  Fig. 3.  Trends in mortality rates of patients 
with primary liver cancer. The mortality 
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this program included citizens aged over 40 years, and 
the program was carried out between 2002 and 2006. A 
total of 6,280,111 people (26% of the target population) 
were tested in this program, and 99,950 patients with 
HCV infection were newly detected, and some of them 
have already been treated with IFN therapy. Therefore, 
this program will provide a significant contribution to 
decrease the number of patients who suffer from and die 
of HCV-related liver diseases.

  Peginterferon and ribavirin combination therapy is 
the current standard treatment for chronic hepatitis C 
infection and improves the sustained virological response 
rate even in patients infected with HCV genotype 1 and 
who have high viral load  [23] . In addition, several new-
generation drugs, such as protease inhibitors and poly-
merase inhibitors, further enhance the efficacy of IFN 
therapy and will be available soon  [24, 25] . The improved 
efficacy of antiviral therapy for HCV will inevitably con-
tribute to decrease the HCV-related mortality rate.

  Although the number of patients who die of HCC has 
steadily increased over the past 50 years, as shown in  fig-
ure 3 , the incidence of HCC has recently started to de-
crease in Japan, mainly because of the decrease in rates of 
HCV-related HCC  [26, 27] . In addition, the age at diag-
nosis of HCC has increased in parallel with the increased 
proportion of older patients with HCV infection  [27, 28] . 
These trends can be explained by an estimation of the 

decreased number of patients with HCV infection be-
cause of the extremely low prevalence of infection in the 
younger generation in conjunction with improved effi-
cacy of antiviral therapy.

  Conclusion 

 The spread of HCV infection in Japan started in the 
1930s, and widespread dissemination of the virus has oc-
curred since then. The risk of iatrogenic HCV transmis-
sion has been almost eliminated; however, sporadic HCV 
transmission still occurs. The prevalence of HCV infec-
tion in the younger generation is extremely low and the 
total number of HCV patients is expected to decrease. 
Although the number of patients who die of HCC has 
steadily increased because of the dissemination of HCV 
infection in the past, it is estimated to decrease in the near 
future because of the decrease in rates of HCV-related 
HCC.
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consecutive intravenous IFN- �  for 4 weeks reduced the viral 
load by  6 1 log in 33% (2/6), 50% (3/6), 83.3% (5/6) and 83.3% 
(5/6) at 24 h, 1, 2 and 4 weeks. The viral load declined by  6 2 
log in 50% (3/6) at 4 weeks after the start of treatment. DFPP 
plus consecutive intravenous IFN- �  for 4 weeks is a prom -
 i sing treatment for non-sustained virolgical response pa-
tients.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Hepatitis C virus (HCV) infection is the major cause 
of chronic hepatitis, liver cirrhosis, and hepatocellular 
carcinoma (HCC) in industrialized countries. HCV in-
fection is manageable, however, and its complications can 
be prevented by antiviral therapy  [1, 2] . Currently, the 
most effective treatment for chronic HCV infection is 
based on pegylated interferon plus ribavirin (PEG-IFN/
RBV) combination therapy  [3] . Nonetheless, sustained 
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 Abstract 
 Double-filtration plasmapheresis (DFPP) was approved in Ja-
pan in April 2008 for the retreatment of chronic hepatitis C 
patients with genotype 1b and high viral loads, whose hepa-
titis C virus was not eradicated by earlier IFN therapy or by 
pegylated IFN plus ribavirin (PEG-IFN/RBV) combination 
therapy. In this study, we assessed the early viral dynamics of 
9 patients with non-sustained virological response to the 
combination therapy. The overall viral dynamics of DFPP 
plus IFN treatment with or without RBV for 4 weeks showed 
a reduction of  6 1 log in the viral load in 22% (2 of 9 patients), 
55.6% (5/9), 77.8% (7/9) and 77.8% (7/9) at 24 h, 1, 2 and 4 
weeks after the start of treatment. By contrast, DFPP plus 
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virological response (SVR) rates for those infected with 
the most resistant genotypes (HCV-1a and HCV-1b) still 
hover around 50%  [3, 4] .

  To surmount this SVR rate with combination therapy, 
several trials have been undertaken, two of which are: (1) 
retreatment with combination therapy and (2) double-
filtration plasmapheresis (DFPP). By the protocol-de-
fined primary analysis of the former, the SVR rate has 
been 16% at most, even for a 72-week induction group 
 [5] .

  The use of DFPP [approved in Japan in April 2008 for 
the retreatment of chronic hepatitis C (CHC) patients 
with genotype 1b and high viral loads] together with IFN 
administration has produced a substantial reduction in 
the viral load during the early stages of treatment and has 
effected a high SVR  [6] , suggesting that this treatment
is a new modality for CHC patients in difficult-to-treat 
states. In this study, we used DFPP plus IFN to enhance 
the efficacy of the treatment of CHC patients whose HCV 
was not eradicated by earlier PEG-IFN/RBV combina-
tion therapy, and we assessed early viral dynamics associ-
ated with SVR.

  Patients and Methods 

 Patients 
 Nine patients (aged 43–66 years) whose HCV had not been 

eradicated by earlier PEG-IFN � -2b plus RBV combination ther-
apy carried out between 2008 and 2009 were enrolled in this 
study. The patients were divided into 2 groups: partial responders 
(PR; relapse after the end of therapy) and non-responders (NR; no 
disappearance of HCV RNA during therapy). All the patients 
were confirmed to be HCV RNA positive with high transaminase 
levels persisting for 6 months or longer, and with HCV RNA ge-
notype 1b at levels exceeding 10 5  log IU/ml in blood (as deter-
mined before the start of therapy by real-time PCR). Also, the 
patients were negative for hepatitis B surface antigen. Patients 
with platelet counts of  ̂  10  !  10 4 / � l, leukocyte counts of 
 ̂  3,000/ � l, or hemoglobin levels of  ̂  12 g/dl were excluded from 
the study.

  Each patient gave written informed consent and agreed to re-
ceive concomitant DFPP, and the study was approved by the re-
view board of the Kobe Asahi Hospital.

  DFPP and Blood Collection 
 Blood collected from the peripheral vein for DFPP by a Plas-

maflo TM  OP-18W filter (Asahi Kasei Medical, Tokyo, Japan) was 
separated into plasma and cell components. The virus was then 
removed from the plasma by a second filter (Cascadeflo TM  EC-
50W; Asahi Kasei Medical) of an average pore size of 30 nm. For 
each session, the final volume of treated plasma was 50 ml/kg;
the number of sessions was 5 over 2 weeks, and the time of DFPP, 
based on the reduced plasma fibrinogen levels during DFPP, was 
decided by the physicians and as required by the patients.

  Types of IFN for 4 Weeks with DFPP 
 During DFPP, the patients were treated with different kinds of 

IFN: patient 1 with PEG-IFN � -2b plus RBV for 4 weeks; patients 
2 and 3 with IFN- �  3 MU twice daily for 2 weeks and PEG-IFN � -
2a plus RBV for 2 weeks; patients 4 and 9 with IFN- �  3 MU twice 
daily for 2 weeks and IFN- �  6 MU daily for 2 weeks; patient 5 with 
IFN- �  3 MU twice daily for 10 days and IFN- �  6 MU daily for 18 
days, and patients 6, 7 and 8 with IFN- �  3 MU twice daily for 4 
weeks. The dose of PEG-IFN � -2b was 1.5  � g/kg and 180  � g of  � -
2a per week. The RBV dose was 800 mg/day with  � -2b and 600–
800 mg/day with  � -2a. After DFPP plus IFN treatment for 4 
weeks, all patients were scheduled to receive PEG-IFN/RBV com-
bination therapy (patient 1: PEG-IFN � -2b 1.5  � g/kg per week 
plus RBV 800 mg/day; patients 2–9: PEG-IFN � -2a 180  � g per 
week plus RBV 600–800 mg/day).

  Amino Acid Substitutions in the Core Region (aa 30 and 
aa 91) and Number of IFN Sensitivity-Determining Region 
Mutations 
 We measured pre-treatment factors such as prediction of clin-

ical outcome of therapy, amino acid sequence variation in the 
NS5A region (referred to as IFN sensitivity-determining regions) 
and in the core protein regions (aa 70 and aa 91) of HCV with a 
given genotype, and the viral load.

  HCV RNA Measurement 
 The quantity of HCV RNA was measured by real-time PCR 

(detection limit 1.2 log IU/ml), by HCV core antigen (detection 
limit 20 fmol/l), and by RT-PCR (Amplicor HCV monitor v 2.0; 
Roche; detection limit 50 IU/ml).

  Virus Removal at Second Filter Inlet and Outlet 
 Plasma was collected twice from the inlet and outlet of the 

second filter during 1 session of DFPP: once when the treated 
plasma volume reached half of the target quantity, and once when 
DFPP was completed. The change in the quantity of HCV RNA 
was evaluated through the plasma samples collected.

  Viral Reduction and Viral Response Rate 
 The quantity of HCV RNA was converted to a log value at the 

beginning of the treatment (A) and at each of the virus measure-
ment points (B).  � log was then calculated:  � log = logA – logB = 
log (A/B).

  Evaluation of DFPP Safety 
 The subjective and objective adverse events of DFPP were ob-

served, and five clinical factors were measured (platelet and lym-
phocyte counts, and hemoglobin, albumin and fibrinogen levels) 
before the first session of DFPP, before successive sessions on the 
second, third, fourth, fifth and sixth days, and 2 weeks after the 
last session. 

  Statistical Analysis 
 Statistical analysis consisted of analysis of variance for patient 

background factors, and the paired t test for quantities of HCV 
RNA at the second filter inlet during DFPP. The t test was used 
for viral load reductions and Fisher’s exact test for viral response 
rates among the groups. The t test was 2-tailed, and differences of 
p  !  0.05 were considered significant.
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  Results 

 Of the 9 patients, 1 was PR and 8 were NR. Virus mu-
tation in the core region was as follows: wild type (7 pa-
tients) and mutant type (2 patients) at aa 70; wild type (6 
patients) and mutant type (3 patients) at aa 91. IFN sensi-
tivity-determining regions demonstrated mutation 1 (5 
patients) and mutation 0 (4 patients), while mutation 2 
was not seen in any patient. The overall viral dynamics 
of DFPP plus IFN treatment with or without RBV for 4 
weeks showed a reduction in the viral load of  6 1 log in 
22% (2 of 9 patients), 55.6% (5/9), 77.8% (7/9) and 77.8% 
(7/9) at 24 h, 1, 2 and 4 weeks after the start of treatment, 
respectively. The early viral dynamics after DFPP plus 
consecutive intravenous IFN- �  treatment for 4 weeks 
showed a reduction in the viral load of  6 1 log in 33% (2 
of 6 patients), 50% (3/6), 83.3% (5/6) and 83.3% (5/6) at
24 h, 1, 2 and 4 weeks after the start of treatment, respec-
tively. The reduction of the viral load by  6 2 log was ob-
served in 50% (3 of 6 patients) at 4 weeks after the start of 
treatment ( table 1 ).

  Discussion 

 New drugs to replace IFN as well as drugs that can be 
used in combination with IFN are being actively devel-
oped. Also, attempts are being made to find ways to phys-
ically remove HCV particles from the blood. Granulo-
cyte apheresis, plasma exchange and hemofiltration have 
been applied to HCV-infected patients for the treatment 
of cryoglobulinemia and vasculitis, modalities which 
have been shown to reduce HCV RNA in the blood dur-
ing treatment  [6–11] . The mechanisms of the clinical re-
sults of plasmapheresis have been described, whereby 
HCV in the blood is related to the effects of IFN thera-
py that could be enhanced by removing the virus from 
blood  [12–14] . Low-density lipoprotein-cholesterol apher-
esis and plasma exchange in hypercholesteremic patients 
with HCV infection reduces the quantity of HCV RNA 
in the blood of some patients  [15] . Hemodialysis, hemo-
filtration and peritoneal dialysis in chronic dialysis pa-
tients infected with HCV significantly lower HCV RNA 
levels in the blood  [16] . Combined granulocyte apheresis 
with IFN therapy for CHC  [17–19]  and the prerequisite 
for early reduction of the virus in the treatment of CHC 
 [20, 21]  are essential. Thus, the potential effectiveness of 
IFN therapy combined with early physical removal of the 
virus is of particular interest.
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  Asahina et al.  [22]  studied HCV dynamics in both se-
rum and peripheral blood mononuclear cells in 44 pa-
tients, with HCV genotype 1b and high viral loads, ran-
domly assigned to 4 treatment groups: (1) combination 
therapy with 6 MU daily of IFN � -2b plus 800 mg of RBV; 
(2) monotherapy with 6 MU daily of IFN � -2b; (3) mono-
therapy with twice-daily intravenous administration of 3 
MU of IFN- � , and (4) monotherapy with daily intrave-
nous administration of 6 MU of IFN- � . HCV RNA levels 
measured serially by highly sensitive real-time PCR and 
HCV dynamics in both serum and peripheral blood 
mononuclear cells have demonstrated a ‘biphasic’ pat-
tern. The exponential decay slopes of the second phase 
have been significantly higher in the combination or the 
twice-daily dose regimen groups than in group 2 or 4 
(0.10  8  0.08 vs. 0.02  8  0.09 or 0.16  8  0.09 vs. 0.02  8  
0.04 day –1 ; p  !  0.05 and p  !  0.0005, respectively)  [22] . 
Kim et al.  [23]  observed that a daily dose of IFN- �  6 MU 
for 4 weeks effects a 2 log decrease in the HCV RNA load 
in 7 patients with genotype 1b and high viral loads.

  In this study, early viral dynamics were assessed in the 
9 patients non-SVR to the combination therapy. The 
overall viral dynamics of DFPP plus IFN treatment with 
or without RBV for 4 weeks reduced the viral load by  6 1 
log in 22% (2 of 9 patients), 55.6% (5/9), 77.8% (7/9), and 
77.8% (7/9) at 24 h, 1, 2 and 4 weeks after the start of treat-
ment, respectively. DFPP plus consecutive intravenous 
IFN- �  treatment for 4 weeks reduced the viral load by  6 1 
log in 33% (2/6), 50% (3/6), 83.3% (5/6) and 83.3% (5/6) at 
24 h, 1, 2 and 4 weeks after the start of treatment, respec-
tively.  

 The prerequisite for early virological response (EVR; 
indicating negative HCV RNA at 12 weeks) has been em-

phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those who do not reach 
EVR fail to respond to further therapy. Treatment dis-
continued in patients not reaching EVR would reduce 
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is highly desirable  [24] .

  To be able to predict SVR with PEG-IFN/RBV treat-
ment, reduction of the HCV RNA viral load by week 4 is 
considered essential. A 2 log reduction in the HCV RNA 
viral load by week 4 is a prerequisite to achieving SVR 
with PEG-IFN/RBV treatment  [25] . In our study of
DFPP plus consecutive intravenous IFN- �  treatment
for 4 weeks, a reduction in the viral load of  6 2 log was 
achieved in 50% (3 of 6 patients) at 4 weeks after the start 
of treatment.

  From the above considerations, DFPP plus consecu-
tive intravenous IFN- �  treatment for 4 weeks is a promis-
ing regimen for non-SVR patients with genotype 1b and 
high viral loads, previously treated with PEG-IFN/RBV 
therapy. Further study is needed to elucidate the SVR rate 
in a larger number of patients given DFPP plus IFN treat-
ment, especially with consecutive intravenous IFN- � .
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46.2% (6/13) in the RI-B group and 20.0% (3/15) in the RI-C 
group (p = 0.005 between the RI-A group and the RI-C group). 
In IRRDR  6 6 and IRRDR  ̂  5 the SVR rate was 81.3% (13/16) 
and 23.1% (6/26) (p = 0.0002), respectively. By combining RI 
and IRRDR as a predicting factor, the SVR rate was 87.5% (7/8) 
in the RI-A group ( 6 6 mutations in the IRRDR) and 7.7% (1/13) 
in the RI-C group ( ̂  5 IRRDR mutations) (p = 0.0003). 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Recently, global consensus has obtained that a combi-
nation of IFN or pegylated IFN plus ribavirin (PEG-IFN/
RBV) is the treatment of choice for chronic hepatitis C 
(CHC). Notwithstanding this treatment regimen, sus-
tained virological response (SVR) rates of those infected 
with the most resistant genotypes [hepatitis C virus 
(HCV)-1a and -1b] still hover at  � 50%  [1, 2] . It is therefore 
worthwhile to identify the predictive factors that allow 
the selection of patients who would achieve eradication 
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 Abstract 
 We investigated whether sustained virological response 
(SVR) and non-SVR by chronic hepatitis C patients to pegylat-
ed interferon plus ribavirin (PEG-IFN/RBV) combination ther-
apy are distinguishable by viral factors such as the IFN/RBV 
resistance-determining region (IRRDR) and by on-treatment 
factors through new indices such as the rebound index (RI). 
The first RI (RI-1st; the viral load at week 1 divided by the viral 
load at 24 h) and the second RI (RI-2nd; the viral load at week 
2 divided by the viral load at 24 h) were calculated. The sub-
ject patients were divided into 3 groups based on RI-1st and 
RI-2nd: an RI-A group (RI-1st  ̂  1.0), an RI-B group (RI-1st  1 1.0 
and RI-2nd  ! 0.7) and an RI-C group (RI-1st  1 1.0 and RI-2nd 
 6 0.7). The SVR rate was 71.4% (10/14) in the RI-A group, 
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of HCV RNA either before or during therapy, especially 
since IFN/RBV combination therapy is costly and has 
several side effects  [3] .

  Predictors of the effectiveness of IFN-based therapy 
can be classified into pretreatment and on-treatment fac-
tors. Pretreatment factors comprise: (1) host factors such 
as age, gender, obesity, alcohol consumption, hepatic iron 
overload, fibrosis, immune responses and co-infection 
with other viruses, and (2) viral factors that mainly in-
clude viral genotypes and loads, particular amino acid 
sequence variations in the NS5A region  [4, 5]  and in the 
core protein region of HCV  [6]  within a given genotype. 
Moreover, the mean number of mutations in variable re-
gion 3 (V3) plus its upstream flanking region of NS5A 
[amino acid 2334–2379, referred to as IFN/RBV resis-
tance-determining region (IRRDR)] is significantly high-
er in HCV isolates obtained from patients who later 
achieve SVR by PEG-IFN/RBV than in those from non-
SVR patients. On-treatment factors are mainly related to 
viral kinetics within the first few weeks of treatment  [7] .

  In the current study, with the aim of investigating 
whether SVR and non-SVR can be distinguished by viral 
factors such as IRRDR and by on-treatment factors 
through new indices such as the rebound index (RI), we 
calculated the first RI (RI-1st; the viral load at week 1 di-
vided by the viral load at 24 h) and the second RI (RI-2nd; 
the viral load at week 2 divided by the viral load at 24 h), 
as proposed by Nomura et al.  [8] .

  Patients and Methods 

 The 42 patients included in this study, who all demonstrated 
high viral loads ( 1 100 KIU/ml) of serum HCV RNA of genotype 
1b, had been diagnosed with CHC on the basis of abnormal serum 
alanine aminotransferase persisting for at least 6 months, and of 
positive HCV RNA assessed by RT-PCR. None of the patients was 
positive for hepatitis B surface antigen or other liver diseases (au-
toimmune hepatitis, alcoholic liver disease). All the patients re-
ceived a regimen of PEG-IFN � -2b (peginterferon alpha-2b; Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) (1.5  � g/kg/week, 
subcutaneously) in combination with RBV (ribavirin; Rebetol; 
Schering-Plough) 600–1,000 mg/day for 48 weeks. RBV was ad-
ministered at a dose of 600 mg/day (3 capsules) to patients weigh-
ing  ! 60 kg, 800 mg/day (4 capsules) to those weighing  ! 80 kg and 
1,000 mg/day (5 capsules) to those weighing  6 80 kg.

  The efficacy of the combination therapy was evaluated by 
HCV RNA negativity determined by qualitative RT-PCR analysis 
at the end of therapy (end of therapy response) and 6 months after 
the completion of therapy (SVR). The amount of HCV RNA was 
also measured quantitatively by RT-PCR (Amplicor HCV moni-
tor v. 2.0; Roche) before therapy. The lower detection limit of the 
assay was 5 KIU/ml. Samples collected during and after therapy 

were also determined by qualitative RT-PCR (Amplicor; Roche), 
which has a higher sensitivity than quantitative analysis, and the 
results were labeled as positive or negative. The lower limit of the 
assay was 50 IU/ml.

  SVR was defined as undetectable serum HCV RNA at 24 
weeks after the cessation of treatment, and non-SVR as detectable 
HCV RNA at 24 weeks after the discontinuation of treatment. 
Informed consent was obtained from all patients enrolled in the 
study after thoroughly explaining the aims, risks and benefits of 
the therapy. 

  The amount of HCV core antigen was assessed by the IRM as-
say (Ortho Clinical Diagnostics, Tokyo, Japan), which provides a 
good correlation between the amount of HCV core antigen and 
the amount of HCV RNA, as shown in our previous study  [9] . The 
HCV core antigen was measured on days 0, 1 (24 h), 7 (1 week) 
and 14 (2 weeks) according to the detection limit of 20 fmol/l es-
tablished by the manufacturer.

  RI-1st was defined as the coefficient derived by dividing the 
viral load of HCV core antigen at week 1 by that at 24 h, and RI-
2nd was defined as the coefficient derived by dividing the viral 
load at week 2 by that at 24 h  [8] .

  The patients were divided into 3 groups based on RI-1st and 
RI-2nd: group A (RI-1st  ̂  1.0), group B (RI-1st  1 1.0 and RI-2nd 
 ! 0.7) and group C (RI-1st  1 1.0 and RI-2nd  6 0.7).

  NS5A sequence analysis (IRRDR) was performed as described 
 [4] . Briefly, the sequences of the amplified fragments were deter-
mined by direct sequencing without subcloning with the use of a 
Big Dye Deoxy Terminator cycle sequencing kit and an ABI 337 
DNA sequencer (Applied Biosystems, Japan). The aa sequences 
were deduced and aligned with Genetyx Win software v. 7.0 (Ge-
netyx Corp., Tokyo, Japan). Numbering of aa throughout the 
manuscript is according to the polyprotein of HCV genotype 1b 
prototype HCV-J.

  Statistical Analysis 
 Differences between the groups were assessed by the  �  2  test, 

Fisher’s exact test or Student’s t test, the Mann-Whitney test and 
the Kruskal-Wallis test. p  !  0.05 was considered statistically sig-
nificant.

  Results 

 Of the 42 patients treated with combination therapy, 
19 (45.2%) achieved SVR and 23 (54.8%) were still HCV 
RNA positive (non-SVR) 6 months after therapy. No sig-
nificant differences were observed in patient characteris-
tics between SVR and non-SVR, except in platelet counts 
and the degree of fibrosis ( table 1 ), or among the RI-A, -B 
and -C groups ( table 2 ).

  The SVR rate was 71.4% (10/14), 46.2% (6/13) and 
20.0% (3/15) in the RI-A, -B and -C groups, respectively, 
with a significant difference between the RI-A and -C 
groups (p = 0.005), but not significant between the RI-A 
and -B groups and the RI-B and -C groups ( fig. 1 ). In the 
14 patients of the RI-A group, HCV RNA turned negative 
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by week 4 in 3 patients, week 8 in 5 patients, week 12 in 5 
patients and was positive in 1 patient throughout the 
treatment. In the 13 patients of the RI-B group, HCV 
RNA was negative by week 4 in 1 patient, week 8 in 2 pa-
tients, week 12  in 4 patients, at and after week 16 in 5 
patients and remained positive throughout the treatment 
in 1 patient. In the 15 patients of the RI-C group, HCV 
RNA was negative by week 12 in 1 patient, on and after 
week 16 in 6 patients and remained positive throughout 
the treatment in 8 patients ( fig. 2 ).

  The SVR rate was 81.3% (13/16) in the group with  6 6 
mutations in IRRDR, and 23.1% (6/26) in those with  ̂  5 
( fig. 3 ), with a significant difference between the 2 groups 
(p = 0.0002).

  By combining RI and IRRDR, the SVR rate was 87.5% 
(7/8) in the RI-A group (IRRDR  6 6) and 7.7% (1/13) in 
the RI-C group (IRRDR  ̂  5) ( table 3 ), with a significant 
difference between the 2 groups (p = 0.0003).

Table 1. Host-dependent, virus-related profile by response (SVR and non-SVR)

SVR Non-SVR p value

Gender (M/F), n 11/8 13/10 NS
Age, years 56.788.8 59.3810.5 NS
HCV RNA level, KIU/ml 1,68581,477 1,66081,363 NS
HCV core antigen, fmol/l 7,04486,763 9,343812,563 NS
Body weight, kg 59.9811.5 59.8813.6 NS
Treatment history (retreatment/naïve) 6/13 13/10 NS
Platelet count (!104/mm3) 18.784.4 14.885.4 0.02
F0, 1/F2, 3 12/2 5/10 0.004

Table 2. Host-dependent, virus-related profile by response (RI-A, -B and -C groups)

RI-A RI-B RI-C p value

Gender (M/F), n 7/7 9/4 8/7 NS
Age, years 60.085.9 58.589.4 56.1812.8 NS
HCV RNA level, KIU/ml 1,40181,014 2,05381,286 1,59381,772 NS
HCV core antigen, fmol/l 6,08485,106 7,67485,038 11,000815,837 NS
Body weight, kg 62.1816.6 59.5810.4 58.2810.1 NS
Treatment history (retreatment/naïve) 3/11 7/6 9/6 NS
Platelet count (!104/mm3) 15.383.5 18.385.9 16.386.0 NS
F0, 1/F2, 3 7/3 5/4 5/5 NS

Table 3. SVR rate between IRRDR ≤5 and IRRDR ≤6 in RI-A, -B and -C groups

RI-A RI-B RI-C 

IRRDR
≤5

IRRDR
≥6

IRRDR
≤5

IRRDR
≥6

IRRDR
≤5

IRRDR
≥6

SVR 3 7 2 4 1 2
Non-SVR 3 1 5 2 12 0
SVR rate, % 50.0 87.5 28.6 66.7 7.7 100

p value NS NS 0.0024

0.0003
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  Discussion 

 The importance of early virological response (EVR; 
signifying HCV RNA negative at 12 weeks) has been em-
phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those not reaching 
EVR do not respond to further therapy. Discontinuation 
of treatment in patients not reaching EVR would reduce 
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is worth investigating  [10] .

  Treatment with IFN induces a decline in HCV RNA 
levels that can be mathematically measured in 2 phases. 
The decline in the first phase, usually measured at 24 or 
48 h, probably reflects direct inhibition of intracellular 
production and release of HCV  [11] , with IFN efficacy 
ranging from about 70% (approx. 0.7 log units) for stan-
dard IFN (given 3 times a week) to more than 90% (1 log 
unit) for high daily doses of standard IFN or PEG-IFN 
(given once a week)  [12, 13] . The decline in the second 
phase, beginning after 24–48 h, is slower and more vari-
able than that in the first phase, and is thought to reflect 
continued inhibition of replication and the gradual elim-
ination of virus-infected cells  [11] . The decay in the first 
phase has little correlation with the IFN dose, but is more 
rapid with PEG-IFN than with standard IFN prepara-
tions  [10] .
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  Fig. 1.  SVR rate in RI-A, -B and -C groups. The overall SVR rate 
was 71.4, 46.2 and 20.0%, respectively. Significant difference in 
SVR rate is indicated.  
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  Fig. 2.  Relation between response time and virus dynamics. In the 
14 patients of the RI-A group, HCV RNA turned negative by week 
4 in 3 patients, week 8 in 5 patients, week 12 in 5 patients and re-
mained positive throughout the treatment in 1 patient. In the 13 
patients of the RI-B group, HCV RNA was negative by week 4 in 
1 patient, week 8 in 2 patients, week 12 in 4 patients, at and after 
week 16 in 5 patients and remained positive throughout the treat-
ment in 1 patient. In the 15 patients of the RI-C group, HCV RNA 
was negative by week 12 in 1 patient, at and after week 16 in 6 pa-
tients and remained positive throughout the treatment in 8 pa-
tients. 
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  Fig. 3.  SVR rate and IRRDR number. The SVR rate was 23.1% in 
IRRDR  ̂  5 and 81.3% in IRRDR  6 6, which was significantly dif-
ferent. 
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  Lowering HCV RNA during the first phase is essential 
for efficient elimination of HCV during the second phase. 
Decreases in HCV RNA titers within the first 24–48 h 
after the start of IFN would, therefore, be a dependable 
estimate of antiviral efficacy  [12, 13] .

  Early viral kinetics, determined up to week 2, are be-
lieved to express the therapeutic effect of PEG-IFN. The 
concentration of PEG-IFN � -2b in serum peaks after
24 h, then declines gradually  [14, 15] . The viral load is 
thus reduced by 24 h but increases in week 1  [16, 17] ; with 
a large dose of PEG-IFN at each administration, it de-
creases markedly at 24 h but then increases in week 1 re-
gardless of the dose. In the responder group, however, the 
viral load continues to decline each week thereafter  [17] . 

  In this study, we used new indices proposed by No-
mura et al.  [8] : RI-1st and RI-2nd   calculated from early 
viral kinetics. RI-1st was defined as the coefficient de-
rived by dividing the viral load of HCV core antigen at 
week 1 by that at 24 h, and the RI-2nd was defined as the 
coefficient derived by dividing the viral load at week 2 by 
that at 24 h. In the SVR group, a number of patients dem-
onstrated no increase in the viral load at week 1. Patients 
with a high RI-2nd were regarded as poor responders or 
non-responders to PEG-IFN. The RI-2nd of those other 
than non-responders was below 0.7; therefore, 0.7 was
adopted as the reference value for RI-2nd, and the pa-
tients were divided into 3 groups based on RI-1st and RI-
2nd: the RI-A group (RI-1st  ̂  1.0), the RI-B group (RI-1st 
 1 1.0 and RI-2nd  ! 0.7) and the RI-C group (RI-1st  1 1.0 
and RI-2nd  6 0.7). The SVR rate of the RI-A, RI-B and 
RI-C groups was 71.4% (10/14), 46.2% (6/13) and 20% 
(2/10), respectively (p = 0.005 between the RI-A group 
and the RI-C group). RIs are also associated with the ear-
ly clearance of HCV RNA that is related to SVR. 

  In the RI-A group 21.4% (3/14), 35.7% (5/14) and 35.7% 
(5/14) became HCV RNA negative by weeks 4, 8 and 12, 
respectively. In the RI-B group 7.7% (1/13), 15.4% (2/13), 
30.8% (4/13) and 38.5% (5/13) became HCV RNA nega-
tive by weeks 4, 8, 12, and at and after week 16, respec-
tively. In the RI-C group 6.7% (1/15) and 40.0% (6/15) 
became HCV RNA negative by week 12, and at and after 
week 16, respectively. It is believed that the simplified RI-
1st and RI-2nd are evidential indices for determining the 
therapeutic efficacy of PEG-IFN/RBV treatment. 

  We have previously reported that the high degree of 
sequence variation in IRRDR (IRRDR  6 6) significantly 
correlates with SVR, whereas the low degree of sequence 
variation in this region (IRRDR  ̂  5) correlates with non-
SVR  [4] . A significant correlation between the rapid re-
duction of HCV core antigen titers and the degree of se-

quence variation in IRRDR has been observed. This, in 
particular, suggests a possible influence of IRRDR  6 6 on 
HCV replication kinetics during IFN-based therapy, es-
pecially that the direct effect of IFN begins a few hours 
after the first dose. 

  In this study, the SVR rate was 81.2% (13/16) with 
IRRDR  6 6 and 23.1% (6/26) with IRRDR  ̂  5 (p = 0.0002), 
strongly suggesting that IRRDR  6 6 would be a useful 
marker for the prediction of SVR. 

  By combining RI and IRRDR as a predicting factor, 
the SVR rate was 87.5% (7/8) in the RI-A group (RI-1st 
 ̂  1.0) with IRRDR  6 6, signifying that about 90% of 
these patients turned SVR and were, thus, believed to be 
very good responders. An SVR rate of 7.7% (1/13) was ob-
tained in the RI-C group with IRRDR  ̂  5 (p = 0.0003). 

  In conclusion, we propose that IRRDR combined with 
RIs is the most sensitive predictive factor for SVR and 
non-SVR. With the aid of RIs and IRRDR, a more effec-
tive PEG-IFN/RBV treatment could be within reach. A 
more detailed investigation with a larger number of sub-
jects is needed to confirm the current results in patients 
given PEG-IFN/RBV combination therapy.
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 Prolonged PEG-IFN and RBV Is Effective in Patients 
with HCV Genotype 1 and High Viral Load Who 
Achieved Virological Response Later than 24 Weeks 
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tained virological response (SVR). The SVR rate correlated 
well with the duration of the treatment. Five ULVR achieved 
SVR when treatment was continued until serum HCV RNA 
remained undetectable for longer than 48 weeks.  Conclu-
sion:  The extended duration of PEG-IFN and RBV combina-
tion treatment is a possible strategy to improve treatment 
response in HCV genotype 1 infection, even for ULVR. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Peginterferon (PEG-IFN) and ribavirin (RBV) combi-
nation treatment is the standard treatment for chronic 
hepatitis C infection that results in improved sustained 
virological response (SVR), even in patients with hepati-
tis C virus (HCV) genotype 1 and high viral load  [1, 2] . 
Recently, an extension of the treatment duration to 72 
weeks has been proposed for late virological responders 
who have a 2-log decrement in HCV RNA from baseline 
at 12 weeks of the treatment and undetectable serum 
HCV RNA after 13–24 weeks of the treatment  [3, 4] . 
However, the benefit of the extended combination treat-
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 Abstract 
  Objective:  The extension of treatment duration has been 
proposed in late virological responders with hepatitis C virus 
(HCV) genotype 1 and high viral load. However, the effec-
tiveness of extended treatment in patients whose serum 
HCV RNA become undetectable later than 24 weeks of treat-
ment (ultra-late virological responder; ULVR) has not yet 
been determined.  Methods:  A total of 130 patients infected 
with HCV genotype 1 and who had high viral load were treat-
ed with pegylated interferon (PEG-IFN) and ribavirin (RBV) 
combination therapy. We retrospectively analyzed 10 ULVR 
who received extended combination treatment beyond 48 
weeks.  Results:  The duration of the combination treatment 
for ULVR ranged between 59 and 119 weeks, and the mean 
duration was 80 weeks. Although the majority of ULVR were 
older female patients ( 6 60 years) with factors related to 
poor therapeutic response, 8 patients (80%) achieved sus-

 Published online: January 5, 2010 

 Masatoshi Kudo, MD, PhD 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 Tel. +81 72 366 0221, Fax +81 72 367 2880, E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2010 S. Karger AG, Basel
0300–5526/10/0531–0055$26.00/0 

 Accessible online at:
www.karger.com/int 

— 738 — — 739 —



 Ueda et al.

 

Intervirology 2010;53:55–5956

ment in patients whose serum HCV RNA become unde-
tectable later than 24 weeks of the treatment (ultra-late 
virological responder; ULVR) has not yet been deter-
mined.

  In the present study, we addressed the effectiveness 
and feasible duration of the extended PEG-IFN and RBV 
combination treatment in ULVR infected with HCV ge-
notype 1 and who had a high viral load.

  Patients and Methods 

 A total of 130 patients infected with HCV genotype 1 and 
who had a high viral load were treated with PEG-IFN � -2b (Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) and RBV (Re-
betol; Schering-Plough) combination treatment between Janu-
ary 2005 and August 2008 at the Kinki University Hospital. 
PEG-IFN � -2b was administered at 1.5  � g/kg subcutaneously 
each week and RBV was administered orally at a dose of 600 mg 
to patients weighing  ! 60 kg, 800 mg to those weighing 60–80 kg, 
and 1,000 mg to those weighing  6 80 kg daily. The dose reduc-
tion and discontinuation of the combination treatment was de-
termined according to standard protocols. The total duration of 
the treatment was determined by the attending physicians or by 
patient request. The serum HCV RNA was measured before 
commencement of treatment and every month during the treat-
ment by quantitative Amplicor HCV monitor assay (version 2.0, 
Roche Diagnostics; detection limit 500 IU/ml). When the quan-
titative assay showed undetectable levels of HCV RNA, a qualita-
tive Amplicor HCV assay (version 2.0, Roche Diagnostics; detec-
tion limit 50 IU/ml) was applied. We defined patients that had 
undetectable HCV RNA at later than 24 weeks of treatment as 
ULVR.

  Patient characteristics assessed at baseline included age, sex, 
body mass index (BMI), histological results of pre-treatment liver 
biopsy (Metavir scoring: F0 = no fibrosis; F1 = portal fibrosis;
F2 = few septa; F3 = many septa without cirrhosis; F4 = cirrhosis), 
platelet count, serum HCV RNA before treatment, viral amino 
acid (aa) substitutions, and 2-log decrement in serum HCV RNA 
from baseline at 12 and 24 weeks of the treatment. Viral aa sub-
stitutions were determined for the IFN sensitivity-determining 
region (ISDR) in the HCV NS5A and substitutions at positions 70 
and 91 in the HCV core region, as previously described  [5–7] . The 
ISDR was defined as wild type when there were 1 or no aa substi-
tutions, and defined as mutant type when there were 2 or more.

  Results 

 Overall Response in Patients with HCV Genotype 1 
and High Viral Load 
 The SVR rate for combination treatment in all the pa-

tients with genotype 1 and high viral load was 41.5% 
(54/130) by intention-to-treat analysis, and 54.3% (51/94) 
by per-protocol-study analysis.

  Efficacy and Side Effects of Extended Treatment in 
ULVR 
 Among 10 ULVR, 8 patients achieved SVR by the

extended treatment. The characteristics for ULVR are 
shown in  table 1 . Eight patients (80%) were older than 60 
years of age and 7 (70%) were female. Four of the 8 pa-
tients with SVR showed severe fibrosis (F3) or cirrhosis 
(F4). Among 5 patients with SVR who were assessed for 
aa substitutions in HCV RNA, 3 patients showed a mu-
tant type at ISDR and 4 showed wild type at both aa 70 
and aa 91 in the HCV core region, while 2 patients with 
non-SVR showed substitutions at either aa 70 or aa 91. Six 
of 10 (60%) ULVR patients achieved a 2-log decrement of 
serum HCV RNA from baseline at 12 weeks and 8 pa-
tients (80%) at 24 weeks. Eight patients (80%) had unde-
tectable HCV RNA within 36 weeks of treatment and the 
remaining 2 patients (1 each of the non-SVR and SVR 
groups) had undetectable HCV RNA at 48 and 60 weeks, 
respectively. The total duration of the combination treat-
ment ranged from 59 to 119 weeks, with a mean duration 
of 80 weeks. All patients with SVR received extended 
treatment beyond 72 weeks with the exception of 1 pa-
tient, while treatment was stopped before 72 weeks for 2 
patients with non-SVR.

   Figure 1  shows the SVR rates according to the duration 
of maintaining undetectable serum HCV RNA while un-
dergoing treatment (maintenance treatment). The SVR 
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  Fig. 1.  The duration of maintaining undetectable HCV RNA 
while undergoing PEG-IFN/RBV combination treatment (main-
tenance treatment) was correlated with SVR rate. The horizontal 
axis represents the duration between the time serum HCV RNA 
was undetectable and the termination of the treatment.  
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rate correlated well with the duration of the maintenance 
treatment. All 5 ULVR achieved SVR when maintenance 
treatment was continued for longer than 48 weeks.

  The PEG-IFN dose was reduced in 4 of 10 (40%) ULVR 
within 8 weeks of the treatment, and RBV dose was re-
duced in 3 of 10 ULVR within 28 weeks of the treatment. 
Dose reduction of both PEG-IFN and RBV was required 
for 2 patients. Dose reduction was not required during 
the extended treatment duration and none of the treat-
ments were terminated because of side effects.

  Response to the Extended Treatment in Patients with 
Detectable HCV RNA at 24 Weeks 
 The outcomes of the extended combination treatment 

for 22 patients, including 10 ULVR, who had detectable 
HCV RNA at 24 weeks, are shown in  figure 2 . Among 13 
patients who achieved a 2-log decrement in serum HCV 
RNA at 24 weeks, eight patients achieved undetectable 
HCV RNA between 28 and 48 weeks, including 6 with 
SVR. Five patients remained positive for serum HCV 
RNA despite extended treatment for 55–105 weeks with 
a mean duration of 88 weeks. Even in 9 patients who did 
not achieve a 2-log decrement in HCV RNA at 24 weeks, 

Table 1. Patient characteristics of ULVR

Case 
No.

Age
years

Gen-
der

BMI F
stage

Platelet 
count/
�l 

HCV RNA 
KIU/ml

ISDR HCV core
mutation

HCV RNA 2-log
decrease

RNA 
negative
weeks

Total 
treatment 
duration
weeks

SVR

aa 70 aa 91 12 weeks 24 weeks

1 56 F 22.5 2 16.2 975 M W W yes yes 28 77 yes
2 64 F 26.7 3 18.9 2,400 W W W yes yes 28 83 yes
3 71 F 18.5 1 9.9 1,380 M W W yes yes 28 83 yes
4 77 M 23.7 4 7.8 166 ND ND ND yes yes 32 59 yes
5 62 F 19.6 1 23.6 252 M W W – yes 32 85 yes
6 63 F 19.9 3 8.9 895 ND ND ND – yes 32 119 yes
7 65 F 21.2 1 23.2 445 W M W – – 26 82 yes
8 60 F 22.1 3 13.6 1,350 ND ND ND – – 60 81 yes
9 73 M 20.2 1 8.2 943 M M W yes yes 48 62 –

10 64 M 26.6 1 16.8 1,750 W W M yes yes 32 68 –

M = mutant type; W = wild type; ND = not determined. 

RNA-positive at 24 weeks
22 patients

2-log decrement (+)

13 patients

2-log decrement (–)

9 patients

RNA (+)

5 patients

RNA (–) at 28–48 weeks

8 patients

SVR
6 patients

Relapse
2 patients

RNA (+)

7 patients

RNA (–) at 36, 60 weeks

2 patients

SVR
2 patients

  Fig. 2.  Outcomes of the extended combi-
nation treatment in 22 patients who had 
detectable HCV RNA at 24 weeks of treat-
ment. wks = Weeks. 
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2 patients (22%) achieved SVR as a result of extended 
treatment beyond 72 weeks, while the remaining 7 pa-
tients did not.

  Discussion 

 For the treatment of patients infected with HCV geno-
type 1 and who have high viral load, a 72-week course of 
PEG-IFN and RBV treatment has become a standard 
treatment regimen for late virological responders  [3, 4] . 
However, the benefit of extended treatment in patients 
who had undetectable serum HCV RNA later than 24 
weeks of the treatment remains to be elucidated. In the 
present study, the extended combination treatment at-
tained 80% (8/10) SVR in ULVR and 46% (6/13) SVR in 
patients who achieved 2-log decrement in HCV RNA 
from baseline at 24 weeks but still had detectable HCV 
RNA. Furthermore, here we describe 2 cases with SVR 
that failed to achieve a 2-log decrement in serum HCV 
RNA from baseline at 24 weeks.

  Several host and viral factors contribute to SVR in 
PEG-IFN and RBV combination treatment for Japanese 
patients infected with HCV genotype 1 and who have 
high viral load. The host factors include younger age, 
male gender, mild liver fibrosis, platelet count, LDL cho-
lesterol values and  � -glutamyl transpeptidase values.
The viral factors include aa substitutions in the ISDR of 
HCV NS5A and aa substitutions in the HCV core region 
 [5–9] . In addition, the total dose of PEG-IFN or RBV is 
another important factor that can affect the treatment 
outcome  [8, 9] . In the present study, most ULVR were dif-
ficult-to-treat patients with respect to host factors, 8 pa-
tients (80%) were older than 60 years of age and 7 patients 
(70%) were female. Furthermore, 4 of 8 patients with SVR 
(50%) showed severe fibrosis (F3) or cirrhosis (F4) which 

is another well-known refractory factor to IFN treatment. 
These patient characteristics were significantly different 
from those of patients who achieved early virological re-
sponse, having undetectable HCV RNA within 12 weeks 
of the treatment (data not shown). On the other hand, 
ULVR with SVR had positive viral factors regarding the 
aa substitutions in the ISDR and HCV core regions. Al-
though we cannot exclude the possibility that these viral 
factors contributed to SVR rate even in ULVR, an extend-
ed combination treatment regimen is still considered a 
feasible treatment strategy for ULVR.

  There are several limitations to this study. First, the 
Amplicor HCV assay method was used to measure serum 
HCV RNA in this study. The results presented here are 
likely to be different if patients were monitored by Taq-
Man qPCR, a state-of-the-art method with higher sensi-
tivity. Second, this study is retrospective and the duration 
and dose of the treatment varied considerably. Further 
prospective studies are necessary to confirm an optimal 
treatment regimen for ULVR.

  In conclusion, the extended duration of PEG-IFN and 
RBV combination treatment is beneficial in terms of vi-
rological response, even for ULVR. The extension of the 
treatment does not seem to increase side effects or the 
rate of dose reductions, and treatment should be contin-
ued until the serum HCV RNA remains undetectable for 
at least 24 weeks and, if possible, for longer than 48 weeks 
during the course of treatment.
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 PEG-IFN � /RBV Combination Therapy for Chronic 
Hepatitis C Patients Increases Serum Ferritin Level 
while It Improves Sustained Viral Response Rate 
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Emi Ishikawa    Tatsuo Inoue    Satoru Hagiwara    Kazuomi Ueshima  
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sions:  Serum ferritin level increases during PEG-IFN and RBV 
combination therapy; however, it did not correlate with ei-
ther serum ALT level or the total dose of RBV. Higher serum 
ferritin levels during combination therapy appear to be as-
sociated with favorable therapeutic response. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Pegylated interferon (PEG-IFN) and ribavirin (RBV) 
combination therapy is the current standard treatment 
for chronic hepatitis C (CHC) infection, demonstrating 
an improved sustained viral response (SVR) rate even in 
patients infected with hepatitis C virus (HCV) genotype 
1 and who had a high viral load  [1, 2] . Several host and 
viral factors contribute to SVR in the combination treat-
ment for Japanese patients infected with HCV genotype 
1 with high viral load  [3–7] . The host factors include 
younger age, male gender, mild liver fibrosis, platelet 
count, LDL cholesterol values and  � -glutamyl transpep-
tidase values. The viral factors include amino acid substi-
tutions in the IFN sensitivity-determining region of the 
HCV nonstructural 5A (NS5A) protein and in the HCV 
core region.

 Key Words 
 Alanine aminotransferase  �  Chronic hepatitis C  �  
Combination therapy  �  Hemolytic anemia  �  Hepatic iron 
overload  �  Pegylated interferon  �  Ribavirin  �  Serum ferritin  �  
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 Abstract 
  Objectives:  We investigated the significance of serum ferri-
tin levels in pegylated interferon (PEG-IFN) and ribavirin 
(RBV) combination therapy for chronic hepatitis C (CHC) and 
examined its correlation with serum alanine aminotransfer-
ase (ALT) levels during therapy and response to the therapy. 
 Methods:  A total of 175 patients with CHC received the com-
bination therapy. Correlations between serum ferritin levels 
and serum ALT levels at 12 and 24 weeks of therapy were ex-
amined. Differences in serum ferritin levels during therapy 
between patients with sustained viral response (SVR) and 
non-SVR were also examined.  Results:  Only 24 (13.7%) and 
20 (11.4%) patients showed elevated serum ALT levels ( 6 70 
IU/l) at 12 and 24 weeks of therapy, respectively. There was 
no correlation between serum ferritin levels and ALT levels. 
Ninety-five (54.3%) of 175 patients achieved SVR. Serum fer-
ritin levels increased dramatically in both SVR and non-SVR 
groups after starting the therapy and were significantly 
higher in the SVR group throughout the therapy.  Conclu-
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  Hepatic iron overload is frequently observed in pa-
tients with HCV infection and has been considered to be 
associated with disease progression and hepatocarcino-
genesis  [8, 9] . However, the association between hepatic 
iron overload and therapeutic response to IFN therapy 
for CHC remains controversial  [10–12] . We previously re-
ported that elevation of serum alanine aminotransferase 
(ALT) levels during PEG-IFN � -2a monotherapy for CHC 
seems to be caused by hepatic iron overload which may 
be induced by the therapy itself  [13] .

  In this study, we investigated the correlation between 
serum ferritin levels and serum ALT levels during PEG-
IFN and RBV combination therapy for CHC, and also 
investigated whether the elevated serum ferritin level 
during therapy is associated with a therapeutic re-
sponse.

  Patients and Methods 

 Patients 
 This retrospective study was conducted at the Kinki Univer-

sity of Medical Science. Eligible subjects were: CHC patients who 
had received weekly injections of PEG-IFN � -2a or -2b for 24–72 
weeks; who had been followed for more than 24 weeks after treat-
ment, and who had been examined serially for quantitative and 
qualitative HCV RNA, serum ferritin, serum iron, ALT and com-
plete blood cell counts.

  Patients with a high load ( 6 100 kIU/ml) of HCV genotype 1 
were treated for 48–72 weeks, those with a low load ( ! 100 kIU/ml) 
of genotype 1 for 24–48 weeks and those with genotype 2 were 
treated for 24 weeks. PEG-IFN � -2a was administered once a week 
at a daily dose of 90 or 180  � g, PEG-IFN � -2b was administered 
once a week at a daily dose of 1.5  � g/kg body weight. RBV was 
orally administered daily in 2 divided doses. The doses of RBV 
were adjusted based on the subject’s body weight (600 mg for  ̂  60 
kg, 800 mg for 60–80 kg, 1,000 mg for  6 80 kg). Doses were ad-
justed during therapy according to standard indications.

  Patients with hepatitis B virus infection, HIV infection, auto-
immune hepatitis, primary biliary cirrhosis, alcoholic liver dis-
ease, non-alcoholic steatohepatitis, hemochromatosis, Wilson’s 
disease and hemoglobinopathy were excluded. Patients were clas-
sified as responders if they achieved SVR (defined as undetectable 
HCV RNA at 24 weeks after the completion of therapy). The re-
maining patients were categorized as non-SVR. Written informed 
consent was obtained from all patients before treatment and the 
protocol was approved by the ethics committee of the Kinki Uni-
versity School of Medicine.

  Biochemical and Virological Assay 
 Laboratory tests including serum ALT levels, serum iron, se-

rum ferritin and complete blood cell counts were assessed in a 
centralized laboratory using automated methods.

  Quantitative HCV testing was performed using the Cobas �  
Amplicor HCV Monitor Test v.2.0 (Roche Diagnostics, Australia) 
on the Roche Cobas Amplicor Analyzer (Roche Diagnostics) ac-

cording to the manufacturer’s instructions. HCV RNA qualita-
tive determination was performed by real-time PCR on a Cobas 
TaqMan 48 Analyzer or by Cobas Amplicor HCV Test, v.2.0 
(Roche Diagnostics) on the Roche Cobas Amplicor Analyzer with 
a sensitivity limit of at least 50 IU/ml. Laboratory tests and HCV 
RNA were analyzed before treatment and at 4, 12 and 24 weeks 
after initiation of therapy, at the end of the treatment period and 
4, 12, 24 and 48 weeks following completion of therapy.

  Statistical Analysis 
 Data were expressed as the means  8  standard errors. Differ-

ences between groups were determined by Wilcoxon’s signed 
rank test and confirmed by the non-parametric Mann-Whitney 
U test between groups. Correlation between data was tested using 
the non-parametric Spearman rank correlation analysis. Differ-
ences were considered statistically significant at p  !  0.05. Statisti-
cal calculations were performed using the commercially available 
software SPSS v.11.5 (SPSS, Chicago, Ill., USA).

  Results 

 Demographics and Baseline Features 
 Of the 187 patients, 12 discontinued treatment due to 

adverse events. The remaining 175 patients, consisting of 
90 (51.4%) women and 85 men (48.6%), who met the re-
quirements were enrolled in the study. HCV genotype 1 
was prevalent in 151 (86.3%) patients with the remaining 
24 (13.7%) positive for type 2. PEG-IFN � -2b was admin-
istered to 133 (76%) of the patients ( table 1 ).

Table 1. Demographics and baseline characteristics

Patients, n 175
Age 60.280.8
Sex (male/female), n 85/90
BMI, kg/m2 22.980.3
Genotype, n

1 151 (86.3%)
2 24 (13.7%)

Viral load, kIU/ml 2,2008200
WBC, !103/�l 4.980.1
Hb, g/dl 13.880.1
PLT, !104/�l 16.380.5
Serum ferritin, ng/ml 115.6812.5
ALT, IU/l 71.584.3
PEG-IFN, n

�-2a 42 (24%)
�-2b 133 (76%)

BMI = Body mass index; WBC = white blood cell count; Hb = 
hemoglobin; PLT = platelets.
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  Viral Response 
 SVR was achieved by 95 (54.3%) of the 175 patients, 

with the remaining 80 patients not responding even at
24 weeks after completion of the treatment. Of the 95
patients achieving SVR, 50 (52.6%) were male and 45 
(47.4%) were female. There were no significant differenc-
es in the rate of SVR between the 2 sexes (p = 0.243). For 
HCV genotype 2, 21 (87.5%) of 24 patients exhibited SVR. 
Only 74 (49.0%) of 151 patients infected with HCV geno-
type 1 demonstrated SVR. Univariate analysis showed 
that factors significantly associated with SVR were low 
viral load, elevated white blood cell count, high hemoglo-
bin and high platelet count. Serum ferritin levels tended 
to be lower in patients with SVR. There was no significant 
difference in age, sex, body mass index, serum ferritin 
level and serum ALT level between SVR and non-SVR 
patients ( table 2 ).

  Correlation between Serum ALT and Serum Ferritin 
Level 
 Only 24 (14%) and 20 (11%) patients showed elevated 

serum ALT levels ( 6 70 IU/l) at 12 and 24 weeks of the 
therapy, respectively. Among the subjects whose ALT lev-
els were  6 70 IU/l at weeks 12 and 24, the relationship 
between the serum ALT and ferritin levels was investi-
gated using Pearson’s correlation coefficient test. There 

was no significant relation between serum ALT and fer-
ritin levels at each time point (p = 0.838, r = –0.049 at 
week 12; p = 0.142, r = 0.340 at week 24).

  Dynamics of Serum Ferritin Level during and after 
Treatment 
 Serum ferritin levels increased and peaked between 4 

and 12 weeks after commencement of therapy, remained 
high until the end of the treatment period, and returned 
to baseline levels after completion of the treatment. If 
SVR did not occur, serum ferritin levels increased again 
following completion of therapy ( fig. 1 ). The ‘increasing 
ratio of serum ferritin’ was calculated as the ratio of se-
rum ferritin level to baseline serum ferritin level. The in-
creasing ratio of serum ferritin in patients with a SVR was 
significantly higher than that in non-SVR individuals 
during treatment ( fig. 2 ).

  Correlation between Dosage of PEG-IFN or RBV and 
Increasing Ratio of Serum Ferritin 
 We analyzed the relationship between administered 

doses and serum ferritin during the first 4 and 12 weeks 
of treatment by Pearson’s correlation coefficient test. 
There was no significant correlation between the admin-
istered dose of RBV and increasing ratio of serum ferritin 
(p = 0.110, r = 0.166 during the first 4 weeks; p = 0.071,

Table 2. Univariate analysis for SVR

SVR Non-SVR p value

Patients, n 95 80
Age, years 60.281.2 60.189.0 0.418
Sex (male/female), n 50/45 35/45 0.243
BMI, kg/m2 22.684.4 23.280.3 0.173
Genotype <0.05

1 74 (49.0%) 77 (51.0%)
2 21 (87.5%) 3 (12.5%)

Viral load, kIU/ml 1,7008200 2,7008400 <0.05
WBC, !103/�l 5.180.2 4.680.2 <0.05
Hb, g/dl  14.080.1 13.680.2 <0.05
PLT, !104/�l 17.880.6 14.680.7 <0.05
Serum ferritin, ng/ml 135.9814.6 174.1819.9 0.214
ALT, IU/l 73.686.5 69.085.3 0.494
PEG-INF 0.321

�-2a 20 (47.6%) 22 (52.4%)
�-2b 75 (56.4%) 58 (43.6%)

BMI = Body mass index; WBC = white blood cell count; Hb = 
hemoglobin; PLT = platelets
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  Fig. 1.  Serum ferritin levels during and after treatment in patients 
with or without a SVR. Changes over time of serum ferritin levels 
in SVR and non-SVR patients after antiviral therapy are dis-
played. BL = Baseline; ET = end of treatment.  *  p  !  0.05, compar-
ing between groups at each time point. 
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r = 0.172 during the first 12 weeks;  fig.3 ). There was also 
no correlation between PEG-IFN � -2a or -2b and increas-
ing ratio of serum ferritin (PEG-IFN � -2a: p = 0.856, r = 
0.037 at week 4; p = 0.752, r = –0.58 at week 12; PEG-IF-
N � -2b: p = 0.692, r = 0.049 at week 4; p = 0.243, r = 0.132 
at week 12).

  Discussion 

 We previously reported that elevation of serum ALT 
levels correlated to serum ferritin levels during PEG-
IFN � -2a monotherapy for CHC seems to be caused by 
hepatic iron overload, which may be induced by the ther-
apy itself  [13] . In this paper, 28 (44.4%) of 63 patients ex-
hibited elevated ALT levels ( 6 70 IU/l). Also, serum ALT 
levels were elevated ( 6 70 IU/l) in 24 (13.7%) of 175 pa-
tients at week 12, and in 20 (11.4%) of 175 patients at week 
24. In our present study, during PEG-IFN and RBV com-
bination therapy, there was no elevation of serum ALT 
level in almost all patients, and there was no significant 
correlation between serum ferritin and ALT levels.

  RBV, a guanosine analogue which has a broad antivi-
ral spectrum, is known as an immunomodulator inhibit-
ing the viral RNA polymerase, balancing Th1 and Th2 
cell responses and acting by direct cytoprotection  [14, 15] . 
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  Fig. 2.  Increasing ratios of serum ferritin during treatment in pa-
tients with or without a SVR. The ‘increasing ratio of serum fer-
ritin’ was calculated as the ratio of serum ferritin level to baseline 
serum ferritin level. BL = Baseline; ET = end of treatment.  *  p  !  
0.05, comparing between groups at each time point. 

  Fig. 3.  Correlation between administered doses of RBV and in-
creasing ratio of serum ferritin. The ‘increasing ratio of serum 
ferritin’ was calculated as the ratio of serum ferritin level to base-
line serum ferritin level.  a  Correlation between the mean dose of 
RBV and increasing ratio of serum ferritin at week 4.  b  Correla-
tion between the mean dose of RBV and increasing ratio of serum 
ferritin at week 12.     
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 Introduction 

 Currently, percutaneous liver biopsy is considered to 
be the gold standard for determining the index of the 
liver fibrosis in a patient with chronic liver disease in-
cluding hepatitis type C. However, liver biopsy is associ-
ated with risks of complications, lacks accuracy due to 
sampling error, and is physically and psychologically 
uncomfortable for the patient. Transient elastography 
(FibroScan � ) and Real-Time Tissue Elastography �  
(RTE) have been developed as non-invasive methods to 
evaluate the degree of liver fibrosis, potentially provid-
ing alternatives to liver biopsy. FibroScan detects the 
propagation speed of a shear wave transmitted from a 
probe through the liver and calculates the shear modu-
lus of the liver to evaluate the degree of liver fibrosis 
 [1–3] . On the other hand, RTE visualizes a 2-dimension-
al strain image induced by external freehand compres-
sion with the probe or by internal heartbeats. To evalu-
ate the degree of liver fibrosis, it is reported that the pat-
tern of strain image induced by compression becomes 
patchy as fibrosis progresses  [4] . To increase objectivity, 

 Key Words 
 Biopsy, liver  �  FibroScan  �  Fibrosis, liver  �  Real-time tissue 
elastography 

 Abstract 
  Objective:  The aim of this study was to investigate liver fi-
brosis using non-invasive Real-time Tissue Elastography �  
(RTE) and transient elastography (FibroScan � ) methods. 
 Methods:  RTE, FibroScan and percutaneous liver biopsy 
were all performed on patients with chronic liver disease, 
particularly hepatitis C, to investigate liver fibrosis.  Results:  
FibroScan and RTE were compared for fibrous liver staging 
(F stage), which was pathologically classified using liver 
 biopsy. In FibroScan, significant differences were observed 
between F1/F3 and F2/F4, but no such differences were ob-
served between F1/F2, F2/F3 and F3/F4. In RTE, significant 
differences were observed between F1/F2, F2/F3 and F2/F4. 
But for F3/F4, no significant differences were observed.  Con-
clusion:  FibroScan and RTE correlated well with F staging
of the liver. In particular RTE was more successful than Fi-
broScan in diagnosing the degree of liver fibrosis. 
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sult of liver fibrosis index (F stage 1).   

  Fig. 4.  Example of liver RTE image and re-
sult of liver fibrosis index (F stage 2).   
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we proposed an image analysis method to evaluate 
strain image features  [5] . In this paper, we propose a new 
algorithm for RTE to deliver an index which corre-
sponds to the liver fibrosis stage (F stage), and report our 
clinical experience.

  Methods 

 Before IFN treatment, percutaneous liver biopsy, FibroScan 
and RTE examinations were performed on 44 patients with 
chronic hepatitis C. All patients gave their consent for this study. 
Of these 44 patients, 12 had F1, 9 had F2, 10 had F3, and 13 had 
F4, all diagnosed pathologically using percutaneous liver biopsy. 
FibroScan and RTE were performed before the liver biopsy for 
comparison with the F stage of the liver biopsy specimen. Mea-
surements with FibroScan (EchoSens, Paris, France) were per-
formed on the right lobe of the liver through intercostal spaces. 
The mean of 10 valid measurements was used as the index of liv-
er stiffness. RTE was performed with EUB-8500 (Hitachi Medical 
Corp., Tokyo, Japan) through the right intercostal spaces to ob-
tain the elastography images of the liver.

  RTE displays elastic information of the tissue calculated 
from the tissue displacement. The tissue displacement is caused 
either by manual compression and relaxation of the probe or by 
the internal compression and relaxation with the heart. The 
principles underlying RTE are shown in  figure 1  using a spring 
model with the hard and soft springs connected in series. When 
the spring is compressed, a hard spring is displaced to a lesser 
extent than a soft spring, thus the strain calculated from the dis-
placement is small in hard springs and large in soft springs. RTE 
visualizes the relative strain using color gradations, similar to 
ultrasound color Doppler imaging. RTE is being clinically used 
and studied in various regions, such as breast, [6], thyroid gland, 
and prostate  [7] . As discussed in the previous study, the RTE im-
age shows a patchy pattern of colors as liver fibrosis progresses 
from hepatitis to cirrhosis  [4, 5] . This is because the fibrotic re-
gion is harder than the normal liver parenchyma and does not 
spread uniformly. For evaluation of liver, the strain induced by 
heartbeats (diastole) is used to perform RTE to reduce interob-
server variability by compressing with an external probe. Six 
RTE images were collected for each patient and analyzed with 
the prototype analysis software shown in  figure 2  to calculate 9 
image features: mean of relative strain value; standard deviation 
of relative strain value; ratio of blue area in the analyzed region; 
complexity of blue area; kurtosis of strain histogram; skewness 
of strain histogram; entropy; inverse difference moment, and 
angular second moment. Multiple regression analysis was then 
performed with these 9 image features to quantify the index of 
liver fibrosis. Examples of liver RTE images and index of liver 
fibrosis results are shown in  figures 3–6 . As can be seen from 
these figures, as F stage progresses, the liver fibrosis index in-
creases.

  Results 

 FibroScan and RTE findings were compared against 
pathologically classified F-staged patients using liver bi-
opsy. In FibroScan, significant differences were observed 
between F1/F3 and F2/F4, but no significant differences 
were observed between F1/F2, F2/F4 and F3/F4 ( fig. 7 ).

  In RTE, significant differences were observed between 
F1/F2, F2/F3 and F2/F3, but no significant differences 
were recognized between F3/F4 ( fig. 8 ).

  Discussion 

 The percutaneous liver biopsy is most reliable but it is 
invasive and cannot be performed frequently to study the 
progress of fibrosis. Thus non-invasive techniques, such 
as FibroScan and RTE, are more desirable.

  FibroScan is simple and easy to use and displays the 
results on a monitor immediately. The result is based on 
1-dimensional information (1-line) only. In the case of 
RTE, it visualizes 2-dimensional elastic information in 
real time and can be used in most patients.

  FibroScan has many limitations. It cannot be used in 
patients with ascites, thick subcutaneous fat, narrow in-
tercostal spaces, and hepatic atrophy. RTE does not have 
such limitations and it can be used in almost all patients, 
including those with the conditions mentioned above. 
However, RTE requires training to scan patients to obtain 
reproducible images and to analyze the data. To address 
these issues in RTE, we are investigating easy-to-use ac-
quisition techniques to reduce interobserver variability 
and also to simplify RTE image acquisition.

  FibroScan and RTE both correlate highly with the F 
staging of the liver using biopsy. In particular RTE is very 
useful for the differential diagnosis and staging of the 
liver fibrosis. 

  In future, we plan to study more cases to evaluate Fi-
broScan and RTE for liver fibrosis staging and to estab-
lish guidelines to minimize unnecessary liver biopsies, 
which will significantly benefit patients with chronic liv-
er diseases.

  Disclosure Statement 
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  Fig. 5.  Example of liver RTE image and re-
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  Fig. 8.  RTE (liver fibrosis index) and F stage.    *  p  !  0.05;    *  *  p  !  
0.001.        
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EUS-guided in vivo microdialysis of the pancreas: a novel
technique with potential diagnostic and therapeutic application

Masayuki Kitano, MD, Hiroki Sakamoto, MD, Kshaunish Das, MD, Takamitsu Komaki, MD,
Masatoshi Kudo, MD

Osaka-sayama, Japan

Background: Microdialysis has been used in vivo to measure dynamic temporal variations in extracellular or
interstitial concentrations of non-protein–bound substances that are unstable in the systemic circulation.

Objective: To evaluate the technical feasibility and possible complications of EUS-guided in vivo microdialysis of
the pancreas.

Design and Intervention: Under the guidance of an echoendoscope inserted into the stomach of each dog,
the pancreatic parenchyma was punctured by using a 19-gauge needle. A specially developed microdialysis
probe threaded through the lumen of the 19-gauge needle was positioned in the pancreas. The probe was
constantly perfused with saline solution at a flow rate of 1.0 mL/minute.

Setting: Experiments on 8 beagle dogs.

Main Outcome Measurements: The concentration of 5-fluorouracil (5-FU) in the microdialysate was measured
at 10-minute intervals, once before and for 8 times after a single (20 mg/kg) bolus intravenous infusion of 5-FU.

Results: Following the administration of 5-FU, the concentration of 5-FU in all macrodialysate samples exceeded
the cut-off value by more than 100-fold. The 5-FU levels in the microdialysate increased rapidly, peaked by
10 minutes (13.9 mg/mL), and gradually declined thereafter. No local bleeding or accumulation of fluid around
the pancreas was observed.

Limitation: Sampling was unsuccessful in 2 of the 8 dogs because the probe broke while being inserted into the
pancreatic parenchyma.

Conclusion: EUS-guided pancreatic microdialysis is feasible and has multiple potential clinical/therapeutic
applications, including monitoring pharmacokinetics focally and detecting novel biomarkers that are unstable
or undetectable in the plasma.

Since its first preclinical application,1 in vivo microdial-
ysis using a probe with a semipermeable membrane has
been used to measure and monitor the levels of neuromo-
dulators and neurotransmitters in the nervous system and
the GI tract and to study the local tissue pharmacokinetics
of chemotherapeutic agents.2-10 The advantages of micro-
dialysis are that it can be used in vivo in conscious or

unconscious animals or humans to measure dynamic tem-
poral variations in the extracellular or interstitial concen-
trations of unstable, low-molecular-weight (!20-50 kDa),
non-protein–bound substances present in the tissues (re-
ferred to as analytes).2

Although chemotherapywithgemcitabineorS-1 (contain-
ing aprodrugof 5-fluorouracil [5-FU])hasbeenusedrecently
for inoperablepancreatic cancers,11-13 theefficacy andtoxicity
of these drugs vary significantly among patients. Variation
in the activity of the relevant catabolic enzyme at the tissue
level may explain resistance to these drugs.14-16 However,
the local concentrations of drugs in pancreatic cancers in
vivo have not yet been studied. Because of its deep location,
the pancreas is poorly accessible for routine in vivo tissue
analysis compared with other organs. EUS-FNA has been
particularly useful for diagnosing pancreatic diseases, in-
cluding pancreatic cancer.17 We performed a preclinical
study with a large mammal model (beagle dogs) to deter-
mine the technical feasibility and possible complications
of in vivo pancreatic microdialysis when using a specially

Abbreviations: 5-FU, 5-fluorouracil; GC-MS, gas chromatography-mass

spectrometry.
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developed microdialysis probe placed in the pancreatic pa-
renchyma through an EUS-FNA needle, thereby delineating
the tissue pharmacokinetic profile of a chemotherapeutic
agent.

MATERIALS AND METHODS

Microdialysis
Microdialysis can monitor the concentration of any

low-molecular-weight substance around the tip of the
probe after it is implanted into the tissue (Fig. 1). The
low-molecular-weight substance (the analyte) diffuses
through the semipermeable membrane at the tip of the
microdialysis probe, but no catabolic enzymes pass the
membrane (Fig. 1). We used a new microdialysis probe
(Eicom Co Ltd, Kyoto, Japan; membrane length, 3 mm;
whole length, 2 m; outer diameter, 0.22 mm; molecular
cutoff, 50 kDa) that can be inserted via the lumen of
a 19-gauge needle (Echo Tip, Cook Endoscopy Co Ltd,
Winston-Salem, NC) conventionally used for EUS-FNA
(Fig. 2A).

Implantation of the microdialysis probe
Eightmale beagle dogs (meanweight 10.8� 1.3 kg)were

used. Under anesthesia, the dogs were mechanically venti-
lated. An echoendoscope was then inserted into the dog’s
stomach, and the pancreas was observed by EUS from the
distal part of the gastric lumen. The microdialysis probe
was threaded through the lumen of the 19-gauge puncture
needle. With the scanning plane of the echoendoscope dis-
playing the pancreas, the 19-gauge needle was inserted into
the pancreatic parenchyma after puncturing the gastric wall
(Fig. 2B). We allowed the microdialysis probe tip to pro-
trude by approximately 5 mm by retracting only the needle.
The inlet tube was connected to amicroinfusion pump (Mi-
crodialysis pump/CMA/102, CMA Microdialysis AB, Stock-
holm, Sweden), and the probe was then continually
perfused with saline solution at a flow rate of 1.0 mL/minute
via the inlet tube. The dialysate in the outlet tube was
allowed to drain into 1-mL, polypropylene vials.

Sampling of the microdialysate and evaluation
of pharmacokinetics after 5-FU administration

After an equilibration period (10 minutes), the first mi-
crodialysate sample was collected for 10 minutes, and
a blood sample was obtained. Immediately after collection
of these first samples, 5-FU (Kyowa Kirin Co Ltd, Tokyo,
Japan) was administered as a single intravenous bolus at
a dose of 20 mg/kg. Thereafter, microdialysate samples
were collected every 10 minutes until 80 minutes after
5-FU administration, whereas blood was drawn at 1, 10, 30,
and 60 minutes after 5-FU administration. The 5-FU concen-
trations in themicrodialysate and plasma samples weremea-
sured by gas chromatography-mass spectrometry (GC-MS).
The detection limit was 10 ng/mL for a 5-mL sample.18,19

RESULTS

Microdialysis was unsuccessful in 2 of the 8 dogs
because the probe broke during insertion into the pancre-
atic parenchyma. Therefore, the 5-FU concentrations in
the microdialysate and plasma samples from 6 dogs were
measured. 5-FU could not be detected in themicrodialysate
samples taken immediately prior to the administration
of 5-FU (Fig. 3A). However, after the intravenous adminis-
tration of 5-FU, the microdialysate concentrations of 5-FU
increased rapidly, reaching a peak by the first 10-minute
sampling time. The peak was followed by a gradual decline
(Fig. 3A). Additionally, 5-FU was undetectable in the plasma
before administration of the drug, but plasma 5-FU levels
peaked immediately after injection. The plasma levels
then gradually declined in a manner similar to that of the
5-FU levels in the microdialysates (Fig. 3B).

After collection of the microdialysis samples, we
opened the abdomens of the dogs to check for any com-
plications associated with the EUS-guided microdialysis.

Figure 1. Principle of microdialysis. The semipermeable membrane at

the tip of the probe allows diffusion of low-molecular-weight substances

(open black dots) into the dialysate. The latter is collected in aliquots for

analysis.

Capsule Summary

What is already known on this topic

d Microdialysis can be used in vivo in conscious or
unconscious patients to measure dynamic temporal
variations in the extracellular or interstitial concentrations
of unstable non-protein–bound substances in tissue.

What this study adds to our knowledge

d EUS-guided pancreatic microdialysis was successful in 6
of 8 dogs with concentrations of 5-fluorouracil increasing
rapidly, reaching a peak in 10 minutes, and declining
gradually within 60 minutes.
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No local bleeding or abnormal accumulation of fluid was
observed (Fig. 4).

DISCUSSION

By 10minutes after its administration, the level of 5-FU in
the microdialysate had increased, then it declined gradually
over the next hour. Thus, the interstitial concentrations of 5-
FU in the pancreas followed a time course similar to that
seen in the plasma. The 5-FU level in the microdialysate
was very high (13.9 mg/mL) within 10minutes after it was de-
livered intravenously. Because GC-MS has a detection limit
of 10 ng/mL, the concentration of 5-FU could be measured
every minute or at even shorter intervals within the first
10 minutes after drug administration. Although the micro-
dialysate does not reflect the concentration of the analyte
in the whole tissue but only in the interstitial fluid, this
technique may thus be useful for estimating drug delivery
to the target organ. Studies onmicrodialysis in breast cancer

and melanoma patients have shown that concentrations of
chemotherapeutic drugs in the tumor may correlate with
clinical response to treatment, suggesting that this method
may be more accurate and useful than measuring serum
concentrations.5-7 When pancreatic microdialysis becomes
available for clinical purposes, it will be of great interest to
investigate how the local concentrationof 5-FU inpancreatic
carcinomas changes over time. In animal experiments, in
vivomicrodialysis was also used for evaluating the interstitial
concentration of islet hormones and vascular permeability
to proteins in the pancreas.20,21 This raises the possibility
of discovering new local biomarkers for pancreatic
diseases. Moreover, this technique can be used in other or-
gans in which needle puncturing is possible, such as the

Figure 2. A, Microdialysis probe (arrowhead) exposed at the tip of

a 19-gauge EUS-FNA needle (arrow). B, Implantation of the microdialysis

probe (arrowhead) under EUS guidance into the pancreas of a dog.

Figure 3. The concentration of 5-fluorouracil in the microdialysate (A)

and the serum (B) over time after the infusion of 20 mg/kg 5-fluorouracil.

The data are expressed as means � standard error of the mean.
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stomach. Thus, EUS-guidedmicrodialysismay havemultiple
potential uses in clinical pharmacology and oncology.

Because the inner volume of the perfusate fluid in the
outlet tube (2m)maycausea substantial timedelay in sample
collection, a fast perfusion rate is desirable. However, a flow
rateof 2mL/minuteormore resulted in the leakageof theper-
fusateout of themembrane. Therefore,weusedaflowrateof
1.0mL/minute. The in vitro recovery rateof 5-FUby themicro-
dialysis probewas 21%when the flow ratewas 1.0mL/minute.
The interstitial concentration of 5-FU surrounding the tip of
the probe can be estimated from that in the microdialysate
with the in vitro recovery rate of the probe.

Microdialysis, being an invasive technique that involves
probe implantation, could set off an acute inflammatory
response that may influence drug level measurement and
interpretation.4 In addition, the microdialysis probe used
in the present study has an exposed tip and uses a glass fiber
in the perfusion route. These parts are fragile and can be
broken when the probe is implanted in the tissue. Indeed,
we could not collect microdialysates from 2 of the 8 dogs be-
cause the probe broke during implantation. Thus, for clinical
use of this technique, it will be necessary to develop less frag-
ile probes that can be combinedwith a needle. These probes
could possibly be made with a smaller-gauge needle. Many
EUS examinations are currently being conducted with
smaller-gauge needles (25 or 22 gauge). Development of
smaller gauge needles combined with in vivo microdialysis
(in vivo microdialysis needle) would be useful for clinical ap-
plication of this technology.
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Figure 4. The pancreas of a dog after removal of the microdialysis

probe. No bleeding was detected around the puncture (arrowhead).
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Randomized controlled trials [6, 7] and 
meta-analyses [8, 9] have shown that TACE 
is widely performed and recognized as hav-
ing survival benefit in the treatment of pa-
tients with unresectable HCC accompanied 
by well-compensated cirrhosis. However, 
TACE is not always indicated, especially for 
patients with poor liver function and those 
with cancer in an advanced stage, because 
of the risk of hepatic failure and death after 
treatment [10, 11]. Instead, transarterial in-
fusion therapy with an emulsion of iodized 
oil and an anticancer agent, also known as 
lipiodolization [12], has been performed for 
patients in poor condition [13–19].

A few reports have appeared on compari-
sons of the survival associated with transar-
terial iodized oil infusion therapy without 
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H
epatocellular carcinoma (HCC) 
is the fifth most common type of 
cancer and the third most com-
mon cause of cancer mortality in 

the world [1]. The incidence of HCC is in-
creasing in Japan [2], the United States [3], 
and other Western countries [4]. However, 
the number of patients who can undergo cu-
rative therapy such as resection, transplanta-
tion, and percutaneous ablation remains low. 
A 2005 report by the Liver Cancer Study 
Group of Japan showed transarterial chemo-
therapy, including transarterial chemoembo-
lization with iodized oil and gelatin sponge 
particles (TACE) and transarterial iodized 
oil infusion chemotherapy without emboliza-
tion, accounted for the initial treatment of 
36.4% of 16,941 patients with HCC [5].

Keywords: chemotherapy, hepatocellular carcinoma, 
iodized oil infusion, propensity analysis, transarterial 
chemoembolization
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OBJECTIVE. Although iodized oil transarterial chemoembolization (TACE) has been 
found to have survival benefit in the care of patients with unresectable hepatocellular carci-
noma, iodized oil infusion chemotherapy without embolization has not been clearly found in-
ferior to or equal to TACE. The purpose of this study was to determine whether one of these 
therapies is superior to the other or the two are equal in survival benefit and whether embo-
lization with gelatin sponge particles is indispensable to prolonging survival.

SUBJECTS AND METHODS. A prospective nonrandomized observational cohort study 
was conducted over 8 years. Among 11,030 patients with unresectable hepatocellular carcino-
ma, 8,507 underwent TACE, and 2,523 underwent transarterial infusion therapy with an emul-
sion of iodized oil and an anticancer agent as initial treatment. Patients with extrahepatic metas-
tasis or any previous treatment were excluded. The primary end point was all-cause mortality. 
To minimize selection bias, propensity score analysis was used to compare the two groups.

RESULTS. During the follow-up period, 5,044 patients (46%) died. In the analysis of all 
patients, TACE was associated with a significantly higher survival rate than infusion thera-
py without embolization (hazard ratio, 0.60; 95% CI, 0.56–0.64; p = 0.0001). The propen-
sity score analysis showed that the hazard ratio for death in the TACE group (n = 1,699 pa-
tients) compared with the group who underwent infusion therapy without embolization (n = 
1,699) was 0.70 (95% CI, 0.63–0.76; p = 0.0001). The median survival time of the TACE group 
was 2.74 years, and the 1-, 3-, and 5-year survival rates were 81%, 46%, and 25%. The cor-
responding values for the group who underwent transarterial infusion therapy without embo-
lization were 1.98 years and 71%, 33%, and 16%.

CONCLUSION. Propensity score analysis showed that in the treatment of patients with 
unresectable hepatocellular carcinoma, TACE was associated with significantly better over-
all survival rates than was transarterial infusion therapy without embolization. TACE can be 
recommended as initial treatment of these patients.
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embolization and that associated with TACE, 
but no consensus has been reached. Two 
studies [18, 19] showed no significant differ-
ence between the two therapies, another 
study [14] showed infusion without embo-
lization was associated with better survival 
than was TACE in a subgroup of patients at 
high risk, and another study [16] showed the 
reverse. We conducted a prospective nonran-
domized observational cohort study to deter-
mine whether one of the therapies is superior 
to the other or whether the therapies are 
equal in survival benefit. We also evaluated 
whether gelatin sponge particles are indis-
pensable to prolonging survival.

Subjects and Methods
Patient Characteristics

During the 8 years January 1994–December 
2001, the Liver Cancer Study Group of Japan pro-
spectively collected and biannually registered clini-
copathologic data on 72,836 patients with primary 
liver cancer at nearly 800 medical institutions. Data 
were collected with a registration and questionnaire 
sheet with more than 180 questions. From that pop-
ulation, 11,030 patients (15.1%) with unresectable 
HCC were assigned to the current study cohort. 
Among these patients, 8,507 (77%) underwent 
TACE and 2,523 (23%) underwent iodized oil tran-
sarterial infusion therapy without embolization as 
initial treatment. These patients did not receive any 
other therapy during the first investigation period of 
no more than 2 years. Exclusion criteria were extra-
hepatic metastasis to lymph nodes and other organs 
and any previous treatment before the one studied. 
The 8,507 patients who underwent TACE in the 
current study were among 8,510 patients who par-
ticipated in another study [20].

The diagnosis of HCC was based mainly on 
findings with imaging techniques such as sonog-
raphy, dynamic CT, MRI, and angiography or 
on findings at pathologic study of biopsy speci-
mens (4.7%). Abnormal elevation of levels of tu-
mor markers also was found: α-fetoprotein greater 
than 400 ng/mL (normal, < 20 ng/mL) and des-
γ-carboxyl prothrombin more than 100 mAU/mL 
(normal, < 40 mAU/mL). Typical HCC was visu-
alized as high attenuation or signal intensity in the 
arterial phase and low attenuation or signal inten-
sity or washout in the delayed phase (≈ 3 minutes 
after the initiation of contrast injection) of dynam-
ic CT [21, 22] and dynamic MRI and as a hyper-
vascular lesion at hepatic arteriography. Extrahe-
patic metastatic lesions were routinely examined 
with sonography, CT, and chest radiography.

The baseline characteristics of the 11,030 pa-
tients who underwent TACE (n = 8,507) and trans-
arterial infusion therapy without embolization (n = 

2,523) are shown in Table 1. The hepatic function-
al reserve was evaluated as liver damage in grade 
A, B, or C in the classification proposed by the 
Liver Cancer Study Group of Japan in 2000 and 
published in English in 2003 [23] (Table 2). This 
classification consists of five clinical and labora-
tory findings: ascites, serum bilirubin concentra-
tion, serum albumin concentration, indocyanine 
green retention rate at 15 minutes, and prothrom-
bin activity. The severity of each clinical finding 
is evaluated separately. Degree of liver damage is 
based on the highest grade that contains at least 
two findings. This classification is closely relat-
ed to the Child-Pugh classification and is more 
precise for discriminating whether patients with 
Child-Pugh A disease, that is, good candidates for 
surgical resection, have liver damage grade A or B 
[5, 24]. Concerning hepatitis B and C virus infec-
tion, four groups were categorized: negative result 
for hepatitis B virus surface antigen and positive 
result for hepatitis C virus antibody, positive result 
for hepatitis B virus surface antigen and negative 
result for hepatitis C virus antibody, positive re-
sults for both, and negative results for both. Maxi-
mum tumor size had four subgroups, and number 
of tumors had three subgroups.

Tumor Characteristics
The degree of vascular invasion of the portal 

vein consisted of the following four categories: 
Vp0, no invasion; Vp1, invasion to a third-order 
branch; Vp2, invasion to a second-order or seg-
mental portal vein; and greater than Vp3, first-or-
der portal vein including Vp4, main portal trunk. 
The degree of hepatic vein invasion was Vv0, no 
invasion, and greater than Vv1, any hepatic vein 
invasion, including the main hepatic veins and the 
inferior vena cava.

The TNM staging adopted in this study was 
proposed and revised by the Liver Cancer Study 
Group of Japan in 2000 (Table 3) and published 
in English in 2003 [23]. This revised TNM sys-
tem was proposed as a new concordant TNM clas-
sification of primary liver cancer by the Interna-
tional Hepato-Pancreato-Biliary Association [25]. 
Namely, the T category is determined on the basis 
of the following three criteria: single lesion, tumor 
diameter 2 cm or less, and no vascular or biliary 
invasion (Table 3). Category T1 is determined 
when three criteria are fulfilled; T2, two criteria; 
T3, one criterion; and T4, no criteria. Stages I–
IVA are determined mainly by the corresponding 
T category from T1 to T4.

Technique
A 5-French catheter was advanced to the supe-

rior mesenteric artery to confirm the patency of the 
portal vein trunk at postmesenteric portography. 

Common hepatic or celiac arteriography was per-
formed to discern the number and location of le-
sions, tumor size, feeding artery, and presence of 
anatomic variation. A coaxial microcatheter (2.7 or 
3.0 French) was selectively inserted through a 
5-French catheter into the feeding artery as close to 
the lesion as possible. For multiple foci occupying 
the hepatic lobes, the right or left or both hepatic 
arteries were treated. For transarterial infusion 
therapy without embolization, an emulsion of iodized 
oil and an anticancer agent dissolved in contrast 
medium was injected with a three-way stopcock. 
For TACE, the emulsion was followed by injection 
of 0.5- to 1-mm-diameter gelatin sponge particles 
until cessation of blood flow was recognized under 
radiographic monitoring.

The following anticancer agents, in order of fre-
quency used, were administered mostly as single 
agents but in some instances as part of multiple-drug 
therapy: doxorubicin (20–40 mg/m2), epirubicin 
(30–60 mg/m2), analogue of doxorubicin, mitomy-
cin C, cisplatin, or zinostatin stimalamer (4–6 mg/
kg body weight) [26]. The common dose of iodized 
oil was 5 mL/kg body weight (range, 3–10 mL). The 
entire dose of iodized oil and gelatin sponge particles 
was based on tumor size and the extent of the tumor. 
Follow-up consisted of dynamic CT or MRI with 
measurement of a tumor marker such as α-fetoprotein 
or des-γ-carboxyl prothrombin every 3–4 months. 
Therapy was repeated on demand when local recur-
rence (regrowth of the treated tumor), intrahepatic 
metastasis, or a second primary HCC was found and 
the patient would tolerate the therapy.

Statistical Analysis
The survival rates of patients who underwent 

TACE or transarterial infusion therapy without 
embolization were calculated from the date of di-
agnosis of HCC. Follow-up was ended on Decem-
ber 31, 2003. The primary end point was all-cause 
mortality. For the analysis of the patient charac-
teristics of the TACE and therapy without embo-
lization groups, chi-square or Mantel Trend chi-
square tests were used. All-cause mortality was 
analyzed with univariate and multivariate Cox 
proportional hazards regression models.

Because this study was nonrandomized and ob-
servational, potential confounding (selection) bias 
was accounted for with propensity score analysis 
[27–29] and a multivariate Cox proportional hazards 
model. The propensity score is the probability that a 
patient with specific prognostic factors will receive 
treatment. It is a scalar summary of all observed 
prognostic factors. Within propensity score strata, 
prognostic factors in treated and control groups are 
similarly distributed, so that stratifying on propensity 
score strata removes overt selection bias due to the 
prognostic factors. We computed the propensity 
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TABLE 1: Baseline Characteristics of Patients With Unresectable Hepatocellular Carcinoma Who Underwent 
Transarterial Chemoembolization With Iodized Oil and Transarterial Iodized Oil Infusion Chemotherapy 
Without Embolization (n = 11,030)

Background Factor

Transarterial 
Chemoembolization With 

Iodized Oil (n = 8,507)

Transarterial Iodized Oil 
Infusion Chemotherapy 
Without  Embolization 

(n = 2,523)

pNo. of Patients % No. of Patients %

Age (y) 0.0144

< 60 1,845 22 604 24

≥ 60 6,645 78 1,908 76

Sex 0.4076

Men 6,120 72 1,836 73

Women 2,385 28 686 27

Degree of liver damage < 0.0001

A 4,000 51 1,046 45

B 3,052 39 964 41

C 768 10 332 14

Hepatitis B and C virus status 0.664

Hepatitis B surface antigen negative, hepatitis C virus antibody positive 6,063 74 1,795 74

Hepatitis B surface antigen positive, hepatitis C virus antibody negative 895 11 266 11

Both positive 212 3 58 2

Both negative 972 12 311 13

Maximum tumor size (cm) 0.0004

< 2 1,986 24 597 24

2.1–3 1,980 24 577 24

3.1–5 2,319 28 584 24

> 5.1 2,072 25 684 28

No. of tumors 0.0016

1 3,645 43 1,040 42

2–3 2,676 32 689 28

≥ 4 2,065 25 722 29

Degree of portal vein invasion < 0.0001

Vp0 6,881 88 1,777 77

Vp1 322 4 90 4

Vp2 305 4 130 6

≥ Vp3 347 4 297 13

Degree of hepatic vein invasion < 0.0001

Vv0 7,246 97 1,936 95

≥ Vv1 243 3 106 5

α-Fetoprotein level (ng/mL) < 0.0001

< 20 2,745 34 724 30

21–400 3,393 42 994 41

> 401 2,001 25 700 29

TNM stage < 0.0001

I (T1N0M0) 915 12 280 13

II (T2N0M0) 2,908 39 719 34

III (T3N0M0) 2,972 40 775 37

IVA (T4N0M0) 639 9 318 15

Note—Numbers in the sections do not equal those in the number columns because of missing values on the questionaire. Some percentages do not total 100 due to rounding.
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score by using multiple logistic regression with the 
dependent variable receiving TACE. The indepen-
dent variables (prognostic factors) were the first nine 
variables (all but TNM stage) in Table 1.

To provide optimal control for confounding, 
propensity-based matching was used to select con-
trol patients similar to patients undergoing TACE. 
Using a macro (available at http://www2.sas.com/
proceedings/sugi26/p214-26.pdf), we used pro-
pensity scores to match TACE patients to unique 
patients undergoing transarterial infusion therapy 
without embolization. We tried to match the back-
ground characteristics of the patient in the two 
groups by using propensity scores identical to five 
digits. If we could not make the match, we pro-
ceeded to four-, three-, two- and one-digit match-
es. We were able to match 1,699 TACE patients 
to 1,699 patients undergoing transarterial therapy 
without embolization.

For the 3,398-patient propensity score–matched 
sample, the survival curves were obtained with the 
Kaplan-Meier method and compared by log-rank 
test. Although performed with a nonrepresentative 
sample of patients undergoing treatment, matched 
analyses may yield a more valid estimate of treatment 
effect because patients with similar observed charac-
teristics are compared, all of whom are candidates for 

selection of the treatment. All significance tests were 
two-tailed, and a value of p < 0.05 was considered 
statistically significant. All analyses were performed 
with statistical software (SAS version 9.1.3, SAS).

Results
Patient Characteristics in the Whole Sample

In the baseline characteristics of patients 
with unresectable HCC who underwent TACE 
(n = 8,507) and those who underwent iodized 
oil infusion chemotherapy without emboliza-
tion (n = 2,523) (Table 1), there was a signifi-
cant difference between the two groups in the 
following variables: age (p = 0.0144), liver 
function (p < 0.0001), maximum tumor size 
(p = 0.0004), number of tumors (p = 0.0016), 
portal and hepatic vein invasion (p < 0.0001), 
α-fetoprotein value (p < 0.0001), and TNM 
stage (p < 0.0001).

Crude Survival of TACE Patients and Patients 
Undergoing Therapy Without Embolization

During an 8-year follow-up period, 3,671 
patients (43%) in the TACE group died, and 
data on the other 4,836 (57%) were censored; 
1,373 patients (54%) in the therapy without 
embolization group died, and the data on 

1,150 patients (46%) were censored. The me-
dian follow-up period was 1.39 years (range, 
0.003–7.99 years) for the TACE group and 
0.95 year (range, 0.003–7.97 years) for the 
therapy without embolization group. The 
median time and overall survival rates at 
1-, 2-, 3-, 4-, 5-, and 7-years were 2.76 years 
and 82%, 62%, 46%, 34%, 25%, and 15% 
for the TACE group and 1.69 years and 66%, 
45%, 31%, 23%, 15%, and 7% for the ther-
apy without embolization group. There was 
a significant difference between two thera-
pies (hazard ratio [HR], 0.60; 95% CI, 0.56–
0.64; p = 0.0001).

Multivariate analysis of factors affect-
ing time to death of patients who underwent 
TACE and iodized oil infusion chemothera-
py without embolization showed that the fol-
lowing seven covariates were independent 
factors (Table 4): treatment (HR, 0.63; 95% 
CI, 0.59–0.68; p = 0.0001), degree of liver 
damage (p = 0.0001), maximum tumor size 
(p = 0.0001), number of tumors (p = 0.0001), 
portal vein invasion (p = 0.0001), hepatic 
vein invasion (p = 0.001), and α-fetoprotein 
value (p = 0.0001).

Survival of TACE Patients and Patients 
Undergoing Therapy Without Embolization 
Matched by Propensity Score

The baseline characteristics of 1,699 pa-
tients treated with TACE and 1,699 treated 
with transarterial iodized oil infusion che-
motherapy without embolization matched by 
propensity score are shown in Table 5. Un-
like the population as a whole, these two pro-
pensity-matched groups were well balanced. 
Regarding portal vein invasion, a significant 
difference seen among four subgroups was 
not seen in two subgroups categorized as 
Vp0–Vp1 and greater than Vp3.

The median follow-up periods for the 
TACE and infusion chemotherapy with-
out embolization groups were 1.82 and 1.06 
years, respectively. The patients with TACE 
had a lower risk of death than those who 
underwent treatment without embolization 
(HR, 0.70; 95% CI, 0.63–0.76; p = 0.0001). 
The median survival time and overall surviv-
al rates at 1-, 2-, 3-, 4, 5-, and 7-years were 
2.74 years and 81%, 62%, 46%, 34%, 25%, 
and 15% for TACE versus 1.98 years and 
71%, 49%, 33%, 23%, 16%, and 7% for ther-
apy without embolization (Fig. 1).

Discussion
Infusion therapy of an emulsion of iodized 

oil and an anticancer agent without gelatin 

TABLE 2: Degree of Liver Damage According to the Classification of the 
Liver Cancer Study Group of Japan

Clinical or Laboratory Finding

Grade of Liver Damage

A B C

Ascites None Controllable Uncontrollable

Serum bilirubin concentration (mg/dL) < 2.0 2.0–3.0 > 3.0

Serum albumin concentration (g/dL) > 3.5 3.0–3.5 < 3.0

Indocyanine green retention rate at 15 minutes (%) < 15 15–40 > 40

Prothrombin activity (%) > 80 50–80 < 50

Note—Degree of liver damage is based on the highest grade containing at least two findings. For example, 
grade C applies if a patient has three clinical findings, one in column B and two in column C.

TABLE 3: Definitions of TNM Stage Proposed by the Liver Cancer Study 
Group of Japan

Classification Criteria

T category Single lesion, tumor diameter 2 cm or less, and no vascular or biliary invasion

T1 Fulfilling 3 criteria

T2 Fulfilling 2 criteria

T3 Fulfilling 1 criterion

T4 Fulfilling no criteria

TNM stage

I T1N0M0

II T2N0M0

III T3N0M0

IVA T4N0M0, any T N1M0

IVB Any T, N0–1M1

— 762 — — 763 —
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cerous hepatic parenchyma. Pathologic study 
of resected specimens of HCC managed with 
TACE and with therapy without emboliza-
tion revealed that TACE was associated with 
significantly more extensive tumor necro-
sis than was therapy without embolization 
[30, 31], whereas injury to noncancerous he-
patic parenchyma has seldom been report-
ed pathologically and clinically. An animal 
study [32] showed that intraarterial injection 
of iodized oil followed by gelatin sponge par-
ticles caused necrosis in the normal hepatic 
parenchyma that occurred in parallel with an 
increased dose of iodized oil, whereas injec-
tion of iodized oil alone did not induce ne-
crosis. These findings are consistent with our 
impression of these therapies. TACE causes 
postembolization syndrome more frequent-
ly than does iodized oil infusion chemo-
therapy without embolization [19]. One se-
rial clinical study of emulsion of iodized oil 
and zinostatin stimalamer, a lipophilic che-
motherapeutic agent, with and without gela-
tin sponge particles showed that the former 
induced a higher response rate for HCC and 
more frequent impairment of hepatic func-
tion [33] than did the latter [34].

In our study of crude survival, TACE had 
a significantly higher overall survival rate 
than did therapy without embolization (HR, 
0.60; 95% CI, 0.56–0.64; p = 0.0001). The 
median survival time and overall survival 
rates of therapy without embolization at 1-, 
2-, 3-, and 5 years were 1.69 years and 66%, 
45%, 31%, and 15%. The results in the liter-
ature are widely different from one series to 
another: a median survival time of 45 days 
[35], a 1-year survival rate of 25–82% [15, 
19], a 2-year survival rate of 6–54% [15, 17], 
a 3-year survival rate of 24–40% [13, 19], 
and a 5-year survival rate of 18% [16]. The 
1- to 5-year survival rates in our study were 
not inconsistent with those in other studies. 
In our study, patients who underwent TACE 
had better survival rates than patients in Eu-
ropean [10, 11] and other Asian [7] series. 
The results may be due to the more preferable 
patient characteristics in our study for under-
going either transarterial therapy than was 
found in the other studies. More than 40% of 
patients in our study had a solitary HCC, and 
one fourth of them had HCCs smaller than 2 
cm in diameter (Table 1).

Adjustment with multivariate analysis and 
the Cox proportional hazards model showed 
that TACE was associated with a better sur-
vival rate than was therapy without embo-
lization (HR, 0.63; 95% CI, 0.59–0.68). We 
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Fig. 1—Graph shows
comparison of survival 
rates among patients 
with unresectable 
hepatocellular 
carcinoma treated with 
iodized oil transarterial 
chemoembolization 
(TACE) (n = 1,699 
patients) (solid line)
and those treated with 
iodized oil transarterial 
infusion therapy 
without embolization 
(n = 1,699) (dotted 
line) and matched 
by propensity score. 
TACE had significantly 
higher survival rate 
than therapy without 
embolization (hazard 
ratio, 0.70; 95% CI, 
0.63–0.76; p = 0.0001).

TABLE 4: Results of Cox Proportional Hazards Model Multivariate Analysis 
of Factors Affecting Time to Death (n = 11,030)

Variable Estimate Standard Error p

Hazard Ratio

Ratio 95% CI

Treatment (TACE vs no embolization) −0.4556 0.0385 0.0001 0.63 0.59–0.68

Sex (male vs female) 0.0731 0.0383 0.056 1.08 0.99–1.16

Age ( y) (≥ 60 vs < 60) 0.0551 0.0386 0.15 1.06 0.98–1.14

Liver damage

Grade B vs A 0.3711 0.0358 0.0001 1.45 1.35–1.56

Grade C vs A 0.8566 0.0508 0.0001 2.36 2.13–2.60

Maximum tumor size (cm)

2.1–3 vs ≤ 2 0.2076 0.0523 0.0001 1.23 1.11–1.36

3.1–5 vs ≤ 2 0.3802 0.0499 0.0001 1.46 1.33–1.61

≥ 5.1 vs ≤ 2 0.6689 0.0533 0.0001 1.95 1.76–2.17

No. of tumors

2–3 vs 1 0.2593 0.0396 0.0001 1.30 1.20–1.40

≥ 4 vs 1 0.4990 0.0416 0.0001 1.65 1.52–1.79

Vascular invasion

Vp1–≥ 3 vs Vp0 0.6137 0.0520 0.0001 1.85 1.67–2.05

≥ Vv1 vs Vv0 0.2649 0.0806 0.001 1.30 1.11–1.53

α-Fetoprotein (ng/mL)

21–400 vs ≤ 20 0.2562 0.0412 0.0001 1.29 1.19–1.40

≥ 401 vs ≤ 20 0.7338 0.0454 0.0001 2.08 1.91–2.28

Note—TACE = transarterial iodized oil chemoembolization; no embolization = transarterial iodized oil infusion 
chemotherapy without embolization.

sponge particles was developed as a variation 
of TACE in the mid-1980s in Japan mainly to 
prevent posttherapeutic hepatic failure and to 
delay death among patients with poorer liver 
function and a more advanced stage of cancer 
than would be managed with TACE. Therapy 
without embolization continues to account for 

approximately one fourth of transarterial che-
motherapeutic procedures [5].

The survival of patients who have under-
gone TACE and transarterial infusion thera-
py without embolization has stood in delicate 
balance between therapeutic effect against 
HCC and inadvertent injury to the noncan-
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TABLE 5: Baseline Characteristics of Patients in Two Groups Matched by Propensity Score (n = 3,398)

Background Factor

Transarterial 
Chemoembolization With 

Iodized Oil (n = 1,699)

Transarterial Iodized Oil Infusion 
Chemotherapy Without 
Embolization (n = 1,699)

pNo. of Patients % No. of Patients %

Age (y) 0.75

< 60 422 25 414 24

≥ 60 1,277 75 1,285 76

Sex 0.52

Men 1,232 73 1,215 72

Women 467 27 484 28

Degree of liver damage 0.81

A 782 46 778 46

B 696 41 694 41

C 221 13 227 13

Hepatitis B and C virus status 0.95

Hepatitis B surface antigen negative, hepatitis C virus antibody positive 1,282 75 1,269 75

Hepatitis B surface antigen positive, hepatitis C virus antibody negative 165 10 172 10

Both positive 36 2 39 2

Both negative 216 13 219 13

Maximum tumor size (cm) 0.59

< 2 475 28 463 27

2.1–3 431 25 422 25

3.1–5 394 23 413 24

≥ 5.1 399 24 401 24

No. of tumors 0.77

1 772 45 754 44

2–3 472 28 494 29

≥ 4 455 27 451 27

Degree of portal vein invasion 0.03

Vp0 1,432 84 1,428 84

Vp1 91 5 47 3

Vp2 81 5 68 4

≥ Vp3 95 6 156 9

Degree of hepatic vein invasion 0.25

Vv0 1,630 96 1,616 95

≥ Vv1 69 4 83 5

α-Fetoprotein level (ng/mL) 0.19

< 20 560 33 533 31

21–400 724 43 720 42

> 401 415 24 446 26

TNM stage 0.44

I (T1N0M0) 259 15 252 15

II (T2N0M0) 636 37 628 37

III (T3N0M0) 616 36 626 37

IVA (T4N0M0) 188 11 193 11

Note—Some percentages do not total 100 due to rounding.
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compared the survival rates by performing 
patient-to-patient matching and computing 
the propensity score by logistic regression 
of the independent prognostic factors with 
all of the variables in Table 1 except TNM 
stage. As a result, the hazard ratio for death 
in the TACE compared with the therapy 
without embolization group was 0.70 (95% 
CI, 0.63–0.76; p = 0.0001), suggesting that 
TACE significantly reduced the overall risk 
of death 30%. This finding means emboliza-
tion may be indispensable to better surviv-
al among patients with unresectable HCC. 
That is, the more intensive therapeutic ef-
fect of TACE may take precedence over the 
lower risk of inadvertent liver injury associ-
ated with therapy without embolization. Ca-
turelli et al. [36] reported that the worsening 
of liver function expected in the long term 
with TACE did not occur. Results of phase 
2 studies of transcatheter arterial therapy for 
HCC with drug-eluting beads with doxoru-
bicin [37] and 90Y-microspheres [38] and a 
cohort study of bland embolization with tris-
acryl gelatin microspheres without an anti-
cancer agent and iodized oil [39] have been 
reported.

There were limitations to our study. The 
propensity score analysis might have matched 
the background of patients to have the same 
possibility of receiving one of the two ther-
apies. This method, however, includes fac-
tors for insufficiency of treatment protocol 
among institutions and laboratory data that 
might affect survival. Another limitation 
was incomplete information about the doses 
of anticancer agents and iodized oil used, the 
total number of treatments, and Child-Pugh 
class because questions were overlooked on 
the questionnaire of the registration sheet.

Although a randomized controlled trial 
remains the reference standard, our analy-
sis of an entire sample and of matched pa-
tients with a propensity score showed that in 
the care of patients with unresectable HCC, 
the survival rate associated with TACE was 
significantly higher than that associated with 
iodized oil infusion chemotherapy without 
embolization. These results may enhance or 
change decision-making about the strategy 
for transcatheter arterial therapy for HCC.
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The consensus meeting for the diagnosis, management and
treatment for hepatitis C was held in 45th annual meeting
for the Japan Society of Hepatology (JSH) in June 2009 where
the recommendations and informative statements were
discussed including organizers and presenters. The Several
important informative statements and recommendations
have been shown. This was the fourth JSH consensus meeting
of hepatitis C, however, the recommendations have not been
published in English previously. Thus, this is the first report of
JSH consensus of hepatitis C. The rate of development of
hepatocellular carcinoma (HCC) in HCV-infected patients in
Japan is higher than in the USA, because the average age

of the HCV-infected patients is greater and there are more
patients with severe fibrosis of the liver than in the USA. In
Japan, more than 60% of HCV-infected patients are genotype
1b infection, and they show lower response to perinterferon
and ribavirin combination treatment. To improve the
response rate is also an important issue in our country. To
establish the original recommendations and informative
statements to prevent the development of HCC is a very
important issue in Japan.

Key words: chronic hepatitis C, peginterferon, ribavirin,
fibrosis of the liver, hepatocellular carcinoma, HCV mutation

INTRODUCTION

HEPATITIS C VIRUS (HCV) infection is a major
public health problem and a leading course of

death from liver disease in Japan. Two million people are
infected, and more than 30 000 patients die from hepa-
tocellular carcinoma (HCC) and/or liver cirrhosis every

year. HCC is the fourth leading cause of death from
malignant neoplastic disease, and prevention of the
development of HCC is an urgent issue in Japan. The
purpose of this consensus is to provide clinicians with
consensus-based approaches to diagnosis and treatment
of HCV infection.

The consensus meeting for the diagnosis, management
and treatment for hepatitis C was held during the 45th
annual meeting of the Japan Society of Hepatology (JSH)
in June 2009 (Congress President: M. Kudo), where the
recommendations and informative statements were dis-
cussed and compared with AASLD practice guidelines
which has been published in Hepatology.1 This was the
fourth JSH consensus meeting of hepatitis C, however,
the recommendations have not been published in
English previously. This is the first report of the JSH
consensus of hepatitis C. Established information regard-
ing the pathogenesis and contributing factors for disease
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progression which were agreed by the organizers and
presenters are shown as informative statements, and
clinically useful consensuses are shown as “Recommen-
dations”. The rate of development of HCC in HCV-
infected patients in Japan is higher than that in the USA,
because the average age of the patient is greater and
there are more patients with severe fibrosis of the liver
than in the USA. To establish original recommendations
and informative statements to prevent the development
of HCC is a very important issue in our country. The
quality of recommendations or informative statements
is required to show a “class” (reflecting benefit vs risk)
and “level” (assessing strength or certainty) of evidence
according to AASLD practice guidelines (Table 1).1,2

PATHOGENESIS OF HEPATITIS C

HEPATITIS C VIRUS infection causes acute and
chronic hepatitis (CH), cirrhosis and HCC. The

severity and rate of progression of the disease are highly
variable and may reflect both host and viral factors, but

the mechanisms of pathogenesis are incompletely
understood. Thus, understanding the mechanisms of
HCV pathogenesis is an important goal of HCV
research.

Entry pathway of HCV
For the virus, the first step in propagation is enter into
hepatocytes. A decade ago, the HCV envelop protein
E2 was shown to bind human CD81, a tetraspanin
expressed on various cell types including hepatocytes
and B lymphocytes.3 Next, two other essential proteins,
scavenger receptor class B type I (SR-B1)4 and claudin-1
(CLDN1),5 and potentially additional accessory factors
such as glycosaminoglycans and low-density protein
receptors6 were identified as receptors involved in HCV
entry. Finally, the crucial factor was identified as the
tight junction protein occludin (OCLN).7 Interestingly,
both CLDN1 and OCLN are components of tight junc-
tions which are structures forming firm seals between
adjacent cells. The initial adhesion of HCV to hepato-
cytes may be mediated by accessory factors and/or direct
interaction with SR-B1 and CD81 proteins. On transfer
to a tight junction complex, HCV may interact directly
with CLDN1 and/or OCLN, allowing viral uptake into
the cell.

Hepatitis C virus infects only humans and chimpan-
zees. Once these HCV entry factors were identified, the
next concern was to determine which factors dictate
species-specific tropism. CD81 proteins from other
mammals, such as the mouse, are used inefficiently by
HCV.8 Although HCV does not discriminate between
human and mouse SR-B1 and CLDN1, mouse OCLN
like CD81 cannot substitute for the related human
protein in aiding viral entry. These findings indicate that
CD81 and OCLN represent minimal human-specific
entry factors.

Informative statement: CLDN1 and OCLN in addition
to CD81 and SR-B1 are required for entering of HCV
into hepatocytes, and especially CD81 and OCLN rep-
resent minimal human-specific entry factors. (Grade A.)

Evasion of intracellular host defense by HCV
One of the mechanisms by which HCV infection is
likely to lead to be persistent is evasion of intracellular
host defense through a complex combination of pro-
cesses that include interference of interferon (IFN) sig-
naling, modulation of its effectors and continual viral
genetic variation. The HCV genome contains pathogen-
associated molecular pattern (PAMP) signatures which

Table 1 Grading system for recommendations

Description

Classification
Class I Conditions for which there is evidence

and/or general agreement that a given
diagnostic evaluation procedure or
treatment is beneficial, useful and
effective

Class II Conditions for which there is conflicting
evidence and/or a divergence of
opinion about the usefulness/efficacy
of a diagnostic evaluation, procedure
or treatment

Class IIa Weight of evidence/opinion is in favor of
usefulness/efficacy

Class IIb Usefulness/efficacy is less well established
by evidence/opinion

Class III Conditions for which there is no
evidence and/or general agreement that
a diagnostic evaluation, procedure/
treatment is not useful/effective and in
some cases may be harmful

Level of evidence
Level A Data derived from multiple randomized

clinical trials or meta-analysis
Level B Data derived from a single randomized

trial, or non-randomized studies
Level C Only consensus opinion of experts, case

studies or standard of care
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are recognized by the retinoic-inducible gene I (RIG-I)
and specific Toll-like receptors when introduced into
naïve cells.9–11 Viral signaling through RIG-I and its
adaptor protein, IFN promoter-stimulator 1 (IPS-1),
activates IFN regulatory factor-3 (IRF-3) and the host
IFN-a/b response that limits virus infection.12,13 HCV
NS3/4A protease cleaves IPS-1, releasing IPS-1 from the
mitochondrial membrane.14 Cleavage results in subcel-
lular redistribution of IPS-1 and loss of interaction with
RIG-I, thereby preventing downstream activation of
IRF-3 and induction of IFNb.15

Secreted IFNb engages the local tissue through the
autocrine and paracrine processes of binding the IFN-
a/b receptors. This results in activation of the Jak-signal
transducer and activator of transcription (STAT)
pathway, in which the receptor-associated Jak and Tyk1
protein kinases catalyze the phosphorylation of STAT
proteins. The resulting IFN-stimulated gene factor-3
(ISGF3) transcription factor complex localizes in the cell
nucleus, where it binds to the IFN-stimulated response
element (ISRE) within the promoter/enhancer region of
IFN-stimulated genes (ISG). Jak-STAT signaling leads to
a second wave of transcriptional activity stimulating ISG
expression in the infected cells. Expression of the HCV
core protein has been associated with increased expres-
sion levels of suppressor of cytokine signaling (SOCS)-
3.16 The SOCS proteins are known for their role as
negative regulators and inhibitors of Jak-STAT signaling,
where they mediate a classic negative feedback loop on
IFN-a/b receptor signaling events.17 The HCV NS5A
protein has been shown to induce interleukin (IL)-8
production leading to partial inhibition of the IFN-
induced antiviral response, probably through the alter-
ation of ISG expression.18 The HCV NS5A and E2
proteins also bind double-strand RNA-activated protein
kinase (PKR) and inhibit its catalytic activity,19,20 which
allows HCV to evade in part the translational-
suppressive actions of IFN. Thus, HCV evasion of the
host response includes various strategies directed by
viral proteins to control IFN signaling, ISG expression or
function.

Informative statement: HCV evades intracellular host
defenses through a complex combination of processes
that include IFN signaling, modulation of its effectors
and continual viral genetic variation. These mecha-
nisms include cleavage of IPS-1 by the NS3/4A pro-
tease, inhibition of Jak-STAT signaling by HCV-
induced SOCS3, inhibition of the IFN-induced
antiviral response by NS5A-induced IL-8, and/or inhi-
bition of catalytic activity of PKR by the NS5A and E2
proteins. (Grade A.)

Oxidative stress induced by HCV
Oxidative stress is well known to be present in CH-C
to a greater degree than in other inflammatory liver
diseases. Although the mechanisms underlying oxida-
tive stress induced by HCV have not been elucidated
fully, there are several lines of evidence suggesting that
HCV directly generates reactive oxygen species (ROS)
in vitro and in vivo. Hepatic ROS production is signifi-
cantly higher in HCV core transgenic mice than in
normal control mice in the absence of hepatic inflam-
mation.21 HCV core protein also produces ROS in
human hepatoma Huh-7 cells and HeLa cells.22 Analy-
sis of the interaction of HCV core protein with mito-
chondria in transgenic mice and direct interaction of
recombinant core protein and isolated mitochondria
indicated oxidation of the mitochondrial glutathione
pool and an increase in ROS production by the mito-
chondrial electron transport complex I, suggesting that
direct interaction of core protein with mitochondria is
an important cause of the oxidative stress seen in
CH-C.23

Informative statement: Mitochondrial dysfunction
induced by HCV leads to ROS generation that causes
the oxidative stress seen in CH-C. (Grade A.)

Metabolic disorders caused by HCV
Epidemiological studies have suggested a link between
type 2 diabetes and chronic HCV infection, which
implies HCV-induced insulin resistance. A high level
of tumor necrosis factor (TNF)-a and disturbance of
tyrosine phosphorylation of the insulin receptor sub-
strate (IRS)1 by TNF-a has been demonstrated in HCV
core transgenic mice.24 Another possible mechanism is
that HCV core-induced SOCS3 promotes proteosomal
degradation of IRS1 and IRS2 through ubiquitination.25

Hepatic steatosis is one of the histopathological features
in CH-C. HCV core protein inhibits microsomal triglyc-
eride transfer protein activity and secretion of very low
density lipoprotein.26 HCV core protein also upregulates
the sterol regulatory element binding protein (SREBP)1c
promoter activity through the enhanced binding of the
LXRa/RXRa to LXR-response element,27 which leads to
an increase in transcription of genes involved in hepatic
fatty acid synthesis. Hepatic iron accumulation is also a
histopathological feature of CH-C, even though its
levels are not extremely high. HCV-induced ROS down-
regulates the transcriptional activity of hepcidin, a nega-
tive regulator in iron homeostasis, in transgenic mice
expressing the HCV polyprotein28 and in HCV replicon
cells29 (Fig. 1).
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Metabolic disorders caused by HCV such as insulin
resistance, hepatic steatosis and iron accumulation are
clinically important in terms of amplification of oxida-
tive stress and involvement in hepatocarcinogenesis in
CH-C.30–33 In addition, these metabolic disorders are
related to the response to antiviral therapy. Insulin resis-
tance34 and hepatic steatosis35 seem to be negatively cor-
related with response to antiviral therapy in CH-C.

Informative statement: HCV induces insulin resistance,
hepatic steatosis, and/or hepatic iron accumulation,
which is associated with hepatocarcinogenesis in CH-C.
(Grade A.)
Recommendation 1: Insulin resistance and hepatic ste-
atosis seem to be negatively correlated with response to

antiviral therapy in CH-C, whereas it remains contro-
versial whether hepatic iron accumulation is related to a
poor response to therapy. (Level 2a, Grade C.)

Liver biopsy for evaluating pathogenesis
of hepatitis C
Assessment of the extent of liver fibrosis is still of great
importance in terms of predicting the response to
antiviral therapy and hepatocarcinogenesis in CH-C. It
is also apparent that as many as a quarter of CH-C
patients with persistently normal aminotransferase
values have significant fibrosis.36 The recently developed
transient elastography that uses ultrasound and low-
frequency elastic waves to measure liver elasticity has
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Figure 1 Schematic diagram depicting the mechanisms underlying the hepatic iron accumulation induced by HCV. HCV-induced
ROS reduces hepcidin transcription through the inhibited binding of CHOP and/or STAt3 to the hepcidin promoter, and/or
stabilization of HIF that is negative hepcidin regulator. C/EBP, CCAAT/enhancer-binding protein; CHOP, C/EBP homology
protein; FPN, ferroportin; HCV, hepatitis C virus; HDAC, histone deacetylase; HIF, hypoxia inducible factor; ROS, reactive oxygen
species; STAT, signal transducer and activation of transcription.
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improved the ability to define the extent of fibrosis
without a liver biopsy, particularly when combined with
other non-invasive markers,37 but it is not yet ready to
replace liver biopsy. Among the pathological features,
steatosis and excess hepatocellular iron that affect
disease progression and possibly impede treatment
response are difficult to diagnose without liver biopsy.
Thus, a liver biopsy should be considered if it is desir-
able to determine the stage of fibrosis or presence of
steatosis or excess hepatocellular iron for prognostic
purposes or making a decision regarding treatment.

Recommendation 2: A liver biopsy should be considered
if it is desirable to determine the stage of fibrosis or
presence of steatosis or excess hepatocellular iron for
prognostic purposes or making a decision regarding
treatment. (Level 1, Grade C.)

VIRAL LOAD, GENOTYPE, VIRAL MUTATIONS

DEFINITIONS OF VIROLOGICAL responses to IFN
therapy are summarized in Table 2.

HCV RNA assay and genotype
In clinical practice, the usual approach is to test ini-
tially for antibodies to HCV (anti-HCV), then to use
HCV RNA to document viremia. The quantity of HCV
RNA is useful to know before providing and monitor-

ing HCV treatment. For HCV RNA determination,
quantitative tests based on target amplification (reverse
transcriptase polymerase chain reaction [RT–PCR]) and
signal amplification (branched DNA [bDNA]) tech-
niques with differing sensitivity and linear measuring
ranges are commercially available. The COBAS Ampli-
cor HCV Monitor Test v2.0 (Roche Molecular Systems,
Branchburg, NJ, USA), however, requires sample dilu-
tions for accurate quantification of high-titer speci-
mens. In addition, the assay displays relatively low
sensitivities of approximately 600 IU/mL. Recently, the
COBAS AmpliPrep/COBAS TaqMan HCV test (Roche
Molecular Systems) and AccuGene m-HCV (Abbott
Molecular, Des Plaines, IL, USA) have become avail-
able. These meet the requirements for highly sensitive
detection and reliable quantification of HCV in clinical
samples.

There are six major HCV genotypes. Genotype speci-
ficity predicts the likelihood of treatment response and
determines the duration of treatment. Therefore, HCV
genotype should be determined in all HCV-infected
persons prior to treatment in order to determine the
duration of therapy and likelihood of response.38

Many reports showed that sustained virological
response (SVR) rates in IFN monotherapy and IFN plus
ribavirin (RBV) combination therapy were higher in
patients who had lower pretreatment RNA levels and
genotype 2 infections.39–41

Recommendation 3: HCV RNA level and genotype
should be determined in all HCV-infected persons prior
to treatment in order to predict the efficacy of response of
therapy. SVR rate in IFN therapy are higher in patients
who had lower pretreatment RNA levels and genotype 2
HCV infections in IFN therapy. (Level 1, Grade A.)

HCV mutation

IFN sensitivity determining region (ISDR)

Enomoto et al. were able to demonstrate a strong cor-
relation between the number of mutations within the
carboxy terminal region of the NS5A gene, the ISDR
spanning codons 2209–2248, and response to IFN
therapy.42 Thus, no patient infected with HCV with a
wild-type ISDR sequence (identical to the prototype
Japanese HCV strain [HCV-J]) responded to IFN
therapy whereas all patients infected with the “mutant
type”, defined by four or more amino acid substitu-
tions in this region, showed an SVR.43 These initial
findings have been confirmed by other Japanese
studies but controversial data were reported from other
parts of the world, particularly from Europe and the

Table 2 Definitions of virological responses to interferon
therapy

RVR (rapid virological
response)

Undetectable HCV RNA
at week 4

cEVR (complete early
virological response)

Undetectable HCV RNA
at week 12

pEVR (partial early
virological response)

Two log drop of HCV
RNA without
undetectable level at
week 12

LVR (late virological
response)

Undetectable HCV RNA
between week 13 and
24 week

NVR (null virological
response)

Positive HCV RNA
during treatment

Relapse Undetectable HCV RNA
at end of treatment
followed by detectable
level after treatment

SVR (sustained
virological response)

Undetectable HCV RNA
at 24 weeks after
treatment
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USA. This may indicate that geographical factors
account for different sensitivities of HCV genotype 1b
infection to antiviral therapy. Pascu et al. reported that
the distribution of wild-, intermediate- and mutant-
type ISDR sequences differed significantly between
Japanese (n = 655) (44.1%, 37.6% and 18.3%, respec-
tively) and European patients (n = 525) (24.8%, 63.4%
and 11.8%, respectively; P = 0.001). However, there
was a significant positive correlation between the
number of ISDR mutations and SVR rate, irrespective
of geographical region.44

Moreover, Shirakawa et al. reported that a logistic
regression model that includes the sequence of ISDR
of HCV, and other factors (T-helper cell [Th]1/Th2
ratio, bodyweight and neutrophil count) can be
useful for accurately predicting accurately the SVR rate
before pegylated (PEG)-IFN and RBV combination
therapy.45

Recommendation 4: The ISDR should be evaluated
before IFN treatment in order to predict the response to
treatment. (Level 2b, Grade B.)

IFN/RBV resistance-determining region (IRRDR)

El-Shamy et al. have reported recently that a high degree
of sequence variation in the V3 and the pre-V3 regions
(amino acid [aa]2334-2355) of NS5A, which they refer
to collectively as the IRRDR (aa2334-2379), was closely
correlated with virological response in HCV-1b-infected
patients treated with PEG-IFN and RBV.46 A high degree
(>6 aa substitutions) of sequence variation in the IRRDR

should be a useful marker for predicting SVR, whereas a
less diverse (<5) IRRDR sequence predicts non-SVR.

Amino acid substitutions in the HCV core region

Akuta et al. identified pretreatment substitutions of aa70
and aa91 in the core region as independent and signifi-
cant pretreatment factors associated with virological
non-response, based on 48-week combination therapy
of IFN plus RBV.47 Moreover, they identified aa70 and
aa91 substitutions in the core region as predictors of
response to PEG-IFN-RBV therapy in Japanese patients
infected with HCV genotype 1b48 (Table 3). Donlin et al.
reported sequencing the complete pretreatment geno-
type 1 HCV open reading frame using samples from 94
participants in the Virahep-C study to assess the effects
of viral diversity on response to therapy.49 Genotype 1b
sequences from patients with more than 3.5 log declines
in viral RNA levels by day 28 (marked responders) were
more variable than those from patients with declines of
less than 1.4 log (poor responders) in core and NS3.
Moreover, arginine (R) at aa70 in the core region was
related to a marked response.

Recently evaluations were made of the impact of aa
substitutions in HCV core region on hepatocarcinogen-
esis. Akuta et al. reported that cumulative hepatocar-
cinogenesis rates in double wild-type (arginine at
aa70/leucine at aa91) of the HCV core region were sig-
nificantly lower than those in the non-double wild
type in CH-C patients.50 Moreover, another report
showed that a logistic regression model developed

Table 3 Factors associated with sustained virological response to 48-week pegylated interferon plus ribavirin combination therapy
in patients infected with hepatitis C virus genotype 1b, identified by multivariate analysis (n = 114) 52)

Factor Category Risk ratio
(95% confidence
interval)

P

Amino acid substitution
in core region

1: double wild 1
2: non-double wild 0.102 (0.022–0.474) 0.004

Low-density lipoprotein
cholesterol (mg/dL)

1: <86 1
2: 386 12.87 (2.177–76.09) 0.005

Sex 1: male 1
2: female 0.091 (0.017–0.486) 0.005

ICG R15 (%) 1: <10 1
2: 310 0.107 (0.017–0.678) 0.018

g-Glutamyltransferase 1: <109 1
2: 3109 0.096 (0.0011–0.819) 0.032

Ribavirin dose (mg/kg) 1: <11.0 1
2: 311.0 5.173 (1.152–23.22) 0.032
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through analysis of full-length core gene sequences
identified seven polymorphisms significantly associ-
ated with increased HCC risk (36G/C [aaK12N], 209A
[aaR70Q], 271U/C [aaL91M], 309A/C, 435A/C, 481A
and 546A/C).51 HCV core gene sequence data might
provide useful information about HCC risk.

Recommendation 5: Amino acid substitutions in the
HCV core region (aa70 and aa91) should be deter-
mined before IFN treatment in order to predict the
response to treatment. (Level 2b, Grade B.)

NS3 protein secondary structure

Recently, Ogata et al. reported that HCV-1b strains
can be classified into different groups based on the
secondary structure of an amino-terminal portion of
the NS3 protein and that specific strains are more
prevalent among patients with HCC.52 Moreover, the
cumulative incidence of HCC was highest among
patients infected with specific group HCV-1b, in whom
the risk of HCC significantly increased compared
with that among patients infected with another group
(hazard ratio = 4.95 [95% confidence interval = 1.43–
17.11]) after adjustment for age and histological
stage.53

Informative statement: NS3 protein secondary structure
may be related to hepatocarcinogenesis. (Grade B.)

NATURAL HISTORY OF CH-C

Progression to cirrhosis and HCC

PREVIOUS PUBLICATIONS REPORTED that
approximately 60–80% of patients with acute hepa-

titis C develop chronic infection in the natural
course.54–57 Because it is difficult to ascertain precisely
when the HCV infection occurred except for patients
who had blood transfusions, and because chronic infec-
tion progresses slowly and asymptomatically, the
natural entity of the disease has not been elucidated
fully. Seeff et al. compared the long-term prognosis of
HCV antibody-positive and -negative young men and
reported that liver disease-related death was very rare
in HCV antibody-positive patients.58,59 Kenny-Walsh
studied the liver histology of 363 young women
17 years after HCV infection and showed that 83% had
no or mild hepatic fibrosis whilst 2% had liver cirrho-
sis.60 These results demonstrate that progression to
serious liver disease is a rare event two decades after
infection of young people with HCV.

On the other hand, in blood transfusion-associated
CH-C patients the mean interval to liver cirrhosis is

estimated to be approximately 20–30 years and that to
HCC approximately 30–40 years.61,62 Because HCC is
the most serious complication of HCV-infected people,
it is desirable to predict the overall incidence of HCC
in each patient. Up to now, many investigators have
reported a close relationship between the stage of
hepatic fibrosis and incidence of HCC. According to
reports from Japan, the annual incidence of new HCC
in liver cirrhosis is estimated to be approximately
5–8%.63–65

Informative statement: The natural history of CH-C is
highly variable. HCV infection does not have much
impact on the overall mortality of all the infected people,
whereas progression to liver cirrhosis is observed
20–30 years and to HCC 30–40 years after infection.
In Japan, the annual incidence of HCC in liver cirrhosis
is estimated to be 5–8%. (Level 2b, Grade B.)
Recommendation 6: Treatment of HCV-infected people
should be determined in consideration of the higher
annual incidence of HCC in patients with liver cirrhosis
in Japan as compared to Western countries. (Level 2b/3,
Grade B.)

Progression of fibrosis
The rate of progression of fibrosis varies among patients
with CH-C. Poynard et al.66 calculated the average pro-
gression rate of hepatic fibrosis in CH-C to be 0.133
fibrosis units/year. In Japan, Shiratori et al.67 reported
this to be 0.10 fibrosis units/year. In HCV carriers with
persistently normal aminotransferase levels (PNALT),
progression of hepatic fibrosis is slower. Persico et al.68

reported that median histological scores did not differ
after 5 years of follow up in PNALT and Okanoue et al.69

calculated the average progression rate of hepatic fibro-
sis in PNALT to be 0.05 fibrosis units/year.

Informative statement: On average, progression of
hepatic fibrosis in CH-C is 0.10–0.13 fibrosis score
units/year. The hepatic stage/grade score of HCV carri-
ers with PNALT are generally low and the progression of
hepatic fibrosis is slow. Excessive alcohol intake, insulin
resistance and hepatic steatosis are the major factors
which induce the progression of hepatic fibrosis. (Level
2b, Grade B.)

Alanine aminotransferase (ALT) levels
Alanine aminotransferase is an easy tool to evaluate
hepatocellular damage in liver diseases. In the past, a
higher incidence of HCC was reported in liver cirrhotic
patients with elevated ALT levels.70 The normal range of
serum ALT level varies according to the institutions or
hospitals, but it is likely to be located between 30 IU/L
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and 40 IU/L. Recently, Kumada et al.71,72 demonstrated
that the cumulative incidence of hepatocarcinogenesis
increased in parallel with the increase in ALT average
integration value in CH-C even in patients with normal
ALT levels. In a community-based study, an elevated
ALT level (>35 IU/l) was shown to be a significant risk
factor of HCC development.73

Recommendation 7: To prevent the occurrence of HCC,
levels of serum ALT should be controlled at below
30 IU/l. (Level 3, Grade A.)

IFN administration
More than two decades have passed since IFN began to
be used to treat CH-C patients. Nowadays, more than
70% of HCV-infected people can be cured by the com-
bination therapy of PEG-IFN plus RBV. However, even
in patients who were cured of HCV infection and
attained an SVR, the occurrence of HCC may be reported
long after completion of IFN therapy. The risk factor of
HCC occurrence after IFN therapy is a combination of
advanced hepatic fibrosis score before therapy, older age
and male sex.74–76 Bruno et al.75 reported that annual
incidence of HCC occurrence in liver cirrhosis after
attaining SVR was 0.66%, which was one-third of the
incidence of HCC in liver cirrhosis without a virological
response (non-SVR).

Recommendation 8: Surveillance is required for the
occurrence of HCC in patients with CH-C and liver
cirrhosis. Even if IFN-based therapy is successful in
attaining SVR, screening for the detection of HCC by
computed tomography (CT), magnetic resonance
imaging or ultrasonography and measurement of the
serum tumor markers should be carried out routinely,
especially for patients with advanced hepatic fibrosis,
older age and male sex, because they are at high risk for
the occurrence of HCC. (Level 2b, Grade A.)

Indication of IFN therapy for CH-C
Interferon-based therapy is used to treat chronic HCV-
infected patients worldwide and PEG-IFN plus RBV is
the first choice indication for CH-C patients. Because
IFN and RBV have a variety of adverse effects including
depression and thyroid dysfunction, “who and how” to
treat should be determined with caution. The AALSD
practice guideline advocates that treatment decision
should be individualized based on the severity of liver
disease, the potential for serious side-effects, the likeli-
hood of treatment response, the presence of comorbid
condition and the patient’s readiness for treatment.1

Recommendation 9: Treatment decision of IFN therapy
for CH-C should be individualized based on the body/

mental condition, probability of successful therapy and
prolonged survival, and likelihood of provoking serious
adverse effects. Scores of hepatic stage/grade should be
considered as well. For aged patients, in whom HCV
infection is regarded as the major determinant of sur-
vival, IFN-based therapy should be considered with
caution. (Level 3, Grade A.)

PEG-IFN AND RBV COMBINATION THERAPY

Factors associated with virological response
to PEG-IFN and RBV combination therapy

TREATMENT WITH PEG-IFN-a-2A or -2b together
with RBV has been evaluated in two nationwide

phase III registration trials in Japan.77,78 In one trial,
which determined efficacy of PEG-IFNa-2b and RBV,79

the SVR rate to 48-week combination therapy was 48%
(121/254) in patients with HCV genotype 1b and a high
viral load (3100 KIU/mL). Another trial using PEG-IFN-
a-2a and RBV demonstrated an SVR rate to 48-week
combination therapy of 59% (57/96) in patients with
HCV genotype 1b and a high viral load (3100 KIU/
mL).80 Based on these results, the currently recom-
mended standard therapy for the patients with CH-C in
Japan is the combination of a PEG-IFN together with
RBV, except for the treatment naïve patients with a
low viral load for whom a PEG-IFN monotherapy is
recommended.

These clinical trials identified the following factors
that are associated with non-SVR in patients with HCV
genotype 1b and a high viral load: (i) older patients; (ii)
non-responders to previous IFN therapy; (iii) advanced
fibrosis; (iv) female sex; and (v) poor adherence below
80%. In marked contrast to the data from Europe and
the USA, the SVR rate in Japanese female patients
is lower than that in the male patients. Several
community-based retrospective studies in Japan also
demonstrated that female patients, especially older
female patients, are more difficult to treat compared
with other patients.81,82 Other factors associated with
virological response reported from Japan include
the low-density lipoprotein cholesterol level,83

a-fetoprotein (AFP) level,83 whole-body insulin sensitiv-
ity index,84 single nucleotide polymorphisms of MAP-
KAPK3,85 RIG-I/IPS-1 ratio,86 Th1/Th2 ratio45 and PKR
response.87 Association between viral mutations and
treatment response is discussed in depth above.

Recommendation 10: Predictors associated with a non-
SVR to PEG-IFN and RBV include: (i) age older than
60 years, particularly older women; (ii) advanced fibro-
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sis; (iii) non-responder to previous IFN therapy; and
(iv) poor adherence below 80%. (Level 2a, Grade B.)

Response-guided therapy for patients with
HCV genotype 1
Measuring the rate of viral clearance from serum is
helpful in predicting the likelihood of a response to
PEG-IFN and RBV, and useful for determining the
optimal duration of therapy. In two nationwide regis-
tration trials conducted in Japan,77,78 the SVR rate was
high, from 76–100% in patients whose HCV RNA was
cleared rapidly from serum by week 4, and 71–73% in
patients who achieved undetectable HCV RNA from
week 5 to week 12. In contrast, the SVR rate in patients
with late clearance of HCV RNA from week 13 to week
24 was low at 29–36%. No patients without clearance of
HCV RNA by week 24 achieved SVR. It should be noted
that time point of HCV clearance was determined by
measurement of serum HCV RNA utilizing the Ampricor
HCV method in these trials.

Recommendation 11: Measuring the time of viral clear-
ance from serum is helpful in predicting the likelihood of
a response to PEG-IFN and RBV. Measurement of HCV
RNA is recommended at weeks 4, 12 and 24. (Level 1,
Grade A.)
As mentioned above, patients whose HCV RNA mea-

sured by Amplicor HCV had not cleared by week 24
were unable to achieve SVR with 48-week standard PEG-
IFN and RBV therapy. However, in a retrospective study
conducted in 52 patients without HCV RNA clearance
from serum by week 24, the rate of ALT normalization
6 months after the completion of therapy (so-called bio-
chemical response) was 56% (5/9) and 62% (8/13) of

patients achieved ALT normalization up to 2 years after
the completion of therapy (sustained biochemical
response).88 Therefore, the proposal that recommends a
continuation of PEG-IFN and RBV therapy for 48 weeks
in biochemical responders at week 24 even without
HCV clearance has been accepted widely in Japan. This
proposal is in marked contrast to the AASLD practice
guideline,1 in which treatment discontinuation is
strongly recommended in patients whose HCV RNA
remains positive at week 24.

Recommendation 12: It is impossible to achieve SVR in
patients without HCV RNA clearance by week 24 mea-
sured by Amplicor HCV. (Level 1, Grade A.) However,
it is recommended to continue the therapy for 48 weeks
even in patients without HCV RNA clearance by week
24 if ALT normalizes at week 24, because a sustained
biochemical response can be obtained in these patients.
(Level 4, Grade C.)
The strategy of extending therapy in patients with

delayed virological responses, defined as clearance of
HCV RNA between weeks 12 and 24, was evaluated in
five studies.89–93 These results cannot be compared
directly with each other because of the heterogeneous
study populations, differences in the baseline character-
istics and the different regimens utilized amongst them.
Nevertheless, the results showed a trend toward a higher
SVR rate by extending therapy from 48 to 72 weeks in
patients with delayed virological response (Fig. 2).89–93

In Japan, a randomized controlled trial was con-
ducted in 113 patients with HCV genotype 1b and a
high viral load, comparing a 48-week treatment group
and extended treatment group where patients were
treated for an additional 44 weeks after clearance of
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Figure 2 Comparison of sustained virological response rate between 48-week (open column) and 72-week (closed column)
treatment with pegylated interferon and ribavirin in patients with partial early virological responder, which is defined as 32 log
reduction in hepatitis C virus (HCV) RNA level compared to baseline HCV RNA level but detectable HCV RNA at treatment week
12. *Statistical significance between two treatment groups. †Comparison in patients with 380% adherence is shown.
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HCV RNA from serum. In this trial, the SVR rate was
36% in the 48-week treatment group and 53% in the
extended treatment group, and the SVR rate was signifi-
cantly higher in patients in the extended treatment
group who became HCV RNA-negative during the
period week 16–24 (9% vs 78%, P = 0.005).94 In addi-
tion, in a case–control study matched for age, sex and
the timing of HCV RNA clearance from serum, the SVR
rate was high at 62% in the 72-week treatment group
(n = 65) compared to 33% in the 48-week treatment
group (n = 130), and the extended treatment was par-
ticularly effective in patients with HCV core mutations
at aa70 and aa91 as well as patients a with wild type of
ISDR sequence.79 Accordingly, 72-week extended treat-
ment is recommended for patients who are slow to clear
of HCV RNA between weeks 12 and 24.

Currently, HCV RNA clearance from serum is deter-
mined by real-time PCR detection, although most of
former studies utilized the Amplicor HCV method for
this purpose. Because real-time PCR is highly sensitive,
it should be reevaluated in terms of who gains benefit
from extended therapy. Currently, there is no sufficient
evidence to determine this. Nevertheless, substantial
number of community-based Japanese study using
real-time PCR detection suggested that SVR could be
obtained by 72-week treatment if HCV RNA became
undetectable by week 36. Accordingly, when determin-
ing the timing of HCV RNA clearance using real-time
PCR detection, 72-week treatment could be recom-
mended for patients who achieve HCV RNA clearance
between weeks 12 and 36.

Recommendation 13: 72-week extended therapy should
be considered for patients with HCV genotype 1 who
have delayed HCV RNA clearance from serum between
weeks 12 and 24. (Level 2a, Grade B.)
Recommendation 14: When using a real-time detection
PCR method for measurement of HCV RNA, SVR can
be obtained by 72-week extended treatment in patients
who have achieved HCV RNA clearance by week 36.
(Level 2b, Grade C.)

Response-guided therapy for patients with
HCV genotype 2
Six trials have evaluated a shortening of the duration of
therapy from 24 weeks to 12–16 weeks for patients with
chronic HCV genotype 2 and 3.80,95–99 Although the data
from some of these trials suggest that patients with
genotype 2 and 3 infection who achieve viral clearance
from serum by week 4 can shorten their treatment dura-
tion to 12–16 week,80,95,99 the benefit of a shortening the
duration of therapy remains controversial.96 In a recent

study by Mangia et al., the factors associated with
relapse after shorter duration of therapy are identified as
age over 45 years, pre-treatment platelet count of less
than 140 ¥ 109/L, and body mass index over 30 kg/
m2,100 suggesting shortening the duration of therapy can
be considered only in particular patients without pre-
dictors associated with relapse. Because most Japanese
patients have risk factors for relapse such as older age
and advanced fibrosis, shortening the duration of the
therapy is not generally recommended for Japanese
patients with genotype 2, even if they achieve viral clear-
ance by week 4.

PEG-IFN and RBV combination therapy in
patients with compensated cirrhosis
In the early Western registration trials, patients with
HCV-related compensated cirrhosis did achieve SVR but
at lower rates than did those without cirrhosis.101–103

Subsequently, there was one treatment study that
focused exclusively on patients with compensated cir-
rhosis.104 In this study, 124 patients with compensated
cirrhosis were assigned randomly to an RBV 1000/
1200-mg (standard dose) group and 600/800-mg (low
dose) group to determine the efficacy of PEG-IFN and
RBV combination therapy. The SVR was achieved in
52% of patients who received the standard RBV dose
and in 38% of those treated with the low dose. Serious
adverse events developed in 14% and 18% of recipients
of the standard and low RBV doses, respectively, while
dose reduction was necessary in 78% and 57% of the
two groups, respectively. HCV genotype 2/3 and platelet
count over 150 ¥ 109/L were identified as factors
contributing to SVR. Thus, patients with HCV-related
compensated cirrhosis can be treated successfully with
PEG-IFN and RBV but careful observation is needed
because of an anticipated higher rate of adverse effects.
Although PEG-IFN and RBV for patients with compen-
sated cirrhosis has not been approved yet in Japan, the
following recommendation is reasonable.

Recommendation 15: Patients with HCV-related com-
pensated cirrhosis can be treated successfully with PEG-
IFN and RBV but careful observation is needed because
of an anticipated higher rate of adverse effects. (Level 3,
Grade B.)

Retreatment with PEG-IFN and RBV
combination therapy for patients who failed
to respond to previous IFN treatment
Seven randomized controlled trials have been reported
so far that examine the efficacy of PEG-IFN and RBV
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combination therapy in patients who failed to respond
to previous standard IFN therapy with or without
RBV.105–111 The SVR rate varies among these trials ranging
6–45%, and was lower among non-responders to previ-
ous IFN therapy compared with relapsers. In a study
using PEG-IFNa-2b and RBV at two different doses
(1.5 mg/kg per week of PEG-IFNa-2b together with
800 mg/day of RBV or 1.0 mg/kg per week of PEG-IFN
together with 1000–1200 mg/day of RBV), the SVR rate
was low at 10% and 6% in non-responders to previous
treatment, but was high at 50% and 32% in relapsers,
respectively.109 In a phase III clinical trial in Japan, the
SVR rate was also low in non-responders but sufficiently
high in relapsers.77 Accordingly, PEG-IFN and RBV com-
bination therapy is well indicated for patients who
relapse after standard IFN therapy with or without
RBV.

Data on retreatment of patients who failed to respond
to previous PEG-IFN plus RBV therapy have been evalu-
ated in two trials.112,113 In a randomized controlled trial
that used two different doses of PEG-IFN-a-2a (360 or
180 mg/week) with two different durations of therapy
(72- or 48-week),112 an SVR was achieved in 7–14% of
patients. It should be noted, however, that the SVR was
favorable at 52% in patients who achieved HCV RNA
clearance from serum by week 12 in the 72-week treat-
ment arm.112 In the other trial that used PEG-IFN-a-2b
and RBV in 2333 patients who failed to respond to
previous PEG or standard IFN together with RBV, an
SVR was achieved in 56% of patients whose HCV RNA
was cleared from serum by week 12 and in 48% of those
with genotype 1.113 Accordingly, it is reasonable to
propose that SVR could be obtained by retreatment with
PEG-IFN and RBV in patients who achieve HCV RNA
clearance by week 12 of retreatment, even if they failed
to respond to previous PEG-IFN and RBV combination
therapy.112,113 In contrast, in the AASLD practice guide-
line, retreatment with PEG-IFN and RBV is not recom-
mended for patients who did not achieve an SVR after a
prior full course of PEG-IFN and RBV. Because it is still
unclear who is more likely to respond to retreatment
with PEG-IFN and RBV, and new drugs such as protease
inhibitors may be indicated in the near future for
patients who failed to respond to previous PEG-IFN and
RBV therapy, data with retreatment of PEG-IFN and
RBV should be accumulated to enable a conclusive
recommendation.

Recommendation 16: Retreatment with PEG-IFN and
RBV can be considered for non-responders and relapsers
who were treated previously with IFN-based therapy
with or without RBV. An SVR could be obtained in these

patients whose HCV RNA is cleared from serum by week
12 of retreatment with PEG-IFN and RBV. (Level 2b,
Grade B.)

MONOTHERAPY WITH IFN OR PEG-IFN

IN JAPAN, IFN monotherapy has been used to treat
HCV infection since 1992. Today, IFN monotherapy

is used only in patients with specific characteristics
because combination therapy with PEG-IFN and RBV
has achieved a high rate of SVR. Recently, a large ran-
domized control trial (RCT) of maintenance therapy
with a low dose of PEG-IFN was reported.114 There were
no differences in progression of liver disease between a
PEG-IFN group and a control group. However, Japanese
studies of elderly patients or patients who received
maintenance therapy for longer periods showed that
IFN can improve outcomes in advanced hepatic fibrosis.

Naïve patients with low viral loads
Previous studies showed that 3 MIU of IFN mono-
therapy achieved SVR rates of 15–45% in patients with
fewer than 2 ¥ 106 copies of HCV.115–118 Monotherapy
with 180 mg/week of PEG-IFN-a-2a or 1.5 mg/kg per
week of PEG-IFN-a-2b produced SVR rates of 16–46%
in patients with fewer than 2 ¥ 106 copies.119–121 In Japa-
nese patients with fewer than 1 ¥ 105 copies of HCV,
6 MIU of IFN treatment for 24 weeks achieved an SVR
rate of 86% (127/148).122 PEG-IFN monotherapy for
48 weeks similarly achieved an SVR rate of 86% (106/
123). A recent RCT showed that PEG-IFN monotherapy
for 24 weeks produced the same SVR rate as similar
treatment for 48 weeks in patients with fewer than
1 ¥ 105 copies of HCV. On the basis of these results,
monotherapy with IFN or PEG-IFN is considered to be
an effective treatment for naïve patients with fewer than
5.0 log copies/mL of HCV.123

Recommendation 17: Monotherapy with IFN or PEG-
IFN can be considered for naïve patients with low viral
loads (<5.0 log copies/mL). (Level 2a, Grade B.)

Patients with chronic kidney disease
Patients with chronic kidney disease (CKD) who
undergo hemodialysis have a high prevalence of HCV
infection. In Japan, one study reported that HCV RNA
was detected in 117 (22%) of 543 patients who under-
went maintenance hemodialysis.124 Hemodialysis
patients infected with HCV have a higher mortality rate
than uninfected hemodialysis patients.125 This higher
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mortality is attributed to the frequent progression to
cirrhosis and/or HCC in HCV-infected patients who
receive hemodialysis.

Because RBV is excreted renally, it is currently con-
traindicated in patients with CKD who have a creatinine
clearance of less than 50 mL/min. In addition, pharma-
cokinetic studies have shown that the clearance of IFN is
lower in patients who undergo hemodialysis than in
patients who have normal renal function.126

Studies of antiviral therapy in patients who undergo
hemodialysis suggest that IFN monotherapy is generally
well tolerated and that SVR rates are higher than those in
patients with normal renal function.127 The overall SVR
rate was reported to be 33–37% in hemodialysis
patients.128 However, the number of subjects in these
trials was too low to support confident conclusions.
Adverse events are common in this population, and
many patients discontinue therapy prematurely because
of such events. A recent RCT showed in EASL 2008 that
135 mg/week of PEG-IFN-a-2a for 48 weeks achieved an
SVR rate of 39% (23/38), whereas a dose of 90 mg/week
produced an SVR rate of 35% (16/43). In 74% of the
patients, treatment was completed as scheduled.

Another important point is when to initiate antiviral
therapy in hemodialysis patients. IFN might induce
allograft rejection and renal failure.129 Therefore, IFN
therapy should be considered before renal transplanta-
tion. The next issue to be resolved is the efficacy and
safety of low-dose RBV combination therapy in hemo-
dialysis patients.

In 2008, KDIGO proposed guidelines for the treat-
ment of patients with CKD.130 In Japan, a committee
including hepatologists and specialists for CKD is plan-
ning a clinical trial for HCV-infected patients with CKD.

Recommendation 18: 3 MIU of IFN thrice weekly or 90
or 135 mg of PEG-IFN-a-2a weekly is recommended for
patients with CKD. (Level 2a, Grade B.)

Patients with acute HCV infection
Acute HCV infection progresses to chronic infection in
approximately 70% of patients.131 Antiviral treatment
should therefore be considered for this group of
patients. On the other hand, it is difficult to identify
patients with self-limited disease not requiring therapy.
The results of previous studies indicate that anti-HCV
treatment should be initiated if HCV RNA is detected
continuously for more than 12–16 weeks. If treatment is
initiated within this period, monotherapy with IFN or
PEG-IFN achieves an SVR rate of more than 80% in
patients with acute HCV infection.132 Reliable evidence

showing that additional treatment with RBV improves
the SVR rate in such patients is not available.

Recommendation 19: Patients with acute HCV infec-
tion should be considered as candidates for antiviral
therapy. If HCV RNA is detected continuously for 12 or
16 weeks from the onset, treatment with 6 MIU of IFN
or 180 mg of PEG-IFN monotherapy should be initiated.
(Level 2a, Grade B.)

Patients who receive curative treatment
for HCC
Hepatocellular carcinoma frequently recurs in HCV-
infected patients, even after curative therapy for HCC.
Prevention of the recurrence of HCC is essential in such
patients. Several RCT showed that the incidence of HCC
was low in an IFN-treated group, compared to a control
group (Table 4).133,134 For example, Kubo et al. reported
that 3 MIU IFN monotherapy thrice weekly for 96 weeks
inhibited the recurrence of HCC in patients who had
undergone a curative resection.134 Furthermore, Shira-
tori et al. performed an RCT in 74 patients who had
received curative percutaneous ethanol injection
therapy for HCC. They reported that second and third
recurrences of HCC were less frequent in patients who
received IFN.135 In an Italian study of 150 patients who
had undergone curative resection, the recurrence rate of
HCC 2 years after operation was significantly lower
among patients who received IFN.136

Japanese studies showed that the survival rate was
also improved by IFN treatment owing to the sup-
pression of HCC and/or the progression of hepatic
failure.137,138

Recommendation 20: IFN therapy should be considered
for patients after curative treatment for HCC. (Level 1,
Grade A.)

Maintenance therapy for patients with
advanced hepatic fibrosis
Previous studies of patients with advanced hepatic fibro-
sis, defined as a fibrosis score 3 or 4, showed that IFN
monotherapy inhibited the occurrence of HCC, com-
pared to patients who did not receive IFN.64,139,140 In
Japanese studies, IFN was effective not only in SVR
patients, but also in non-SVR patients.139,141 On the other
hand, an Italian study showed that the incidence of
HCC decreased only in cirrhotic patients in whom HCV
was eradicated by IFN therapy.75

Case–control studies in patients older than 60 years
showed that a low dose of IFN reduced ALT and AFP
levels and decreased the incidence of HCC, compared to
a control group.142,143 RCT for IFN monotherapy non-
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responders showed that histological fibrosis and activity
was improved in the assigned IFN-treated group. In con-
trast, in the untreated group, the fibrosis score did not
decline.144 In Japan, several studies support the effective-
ness of low-dose IFN maintenance therapy.145–147 In the
USA, an RCT of 53 patients in whom a histological
response, but not a viral response was induced by 6 MIU
of IFN showed that 3 MIU of IFN for 24 months
improved the degree of hepatic fibrosis.

However, the Hepatitis C Antiviral Long-Term Treat-
ment against Cirrhosis (HALT-C) trial found no differ-
ence in the progression of liver disease between a
low-dose PEG-IFN group and a control group.114 The
large discrepancy in the effectiveness of IFN mainte-
nance therapy between the HALT-C trial and Japanese
trials might be attributed to several factors. First, the
study designs differed. One of the most important dif-
ferences was related to the patients’ clinical character-
istics. For example, patients enrolled in Japanese
studies were older than those in the HALT-C trial.
Elderly patients have a higher incidence of HCC than
younger patients. It is suggested that the tumor-
suppressive effect of IFN maintenance therapy might
be more clearly demonstrated in a high-risk group,
including elderly patients.138

Until more data become available, the decision to
perform IFN maintenance therapy should be made on
an individual basis.

Recommendation 21: IFN maintenance therapy is a
treatment option that can inhibit the progression of liver
disease in patients with advanced hepatic fibrosis, espe-
cially in those who are elderly. However, the effect of
monotherapy with IFN or PEG-IFN remains uncertain
in non-responders to combination therapy with PEG-
IFN plus RBV. (Level 2a, Grade C.)

CONSENSUS ON THERAPEUTIC STRATEGY
FOR CH-C

Indication of antiviral therapy

IKEDA ET AL. elucidated the necessities of antiviral
therapy for elderly patients with chronic HCV infec-

tion.132 At 5 and 10 years, hepatocarcinogenesis rates in
the intermediate (100-140 ¥ 109/L) and low platelet
(<100 ¥ 109/L) groups were 10.9% and 21.6% in
the IFN group (n = 217) and 19.5% and 43.0% in the
untreated group (n = 459), respectively (P = 0.0005).
IFN independently decreased the risk of carcinogenesis
risk with a hazard ratio of 0.56 (P = 0.035). On the
other hand, in the high platelet (3150 ¥ 109/L) group,

no significant difference was found in 5- and 10-year
carcinogenesis rates between the IFN-treated group
(n = 228) and the untreated group (n = 585) (P = 0.69).
Furthermore, IFN treatment significantly increased
cumulative survival in the lower platelet subgroup
(P = 0.0001) but did not affect the higher platelet sub-
group (P = 0.08). Thus, the necessities of antiviral
therapy are shown to be greater in elderly patients with
advanced fibrosis, although adverse effects of IFN are
reported to be more frequent and the efficacy of IFN to
be lower in such patients.148–150

Therefore, the indication of antiviral therapy should
be considered in the following order: the necessity of
treatment, first; safety of treatment, second; and effi-
cacy of treatment for a patient, last. Antiviral therapy
should not be given up because the expected SVR rate
is low.

Recommendation 22: Antiviral therapy should be
offered even to CH-C patients whose SVR rates are
expected to be low if type C chronic liver disease is the
prognostic determinant (prognosis is improved by HCV
elimination) for the individual patient, and the expected
adverse effects are tolerable to the patients. (Level 6,
Grade B/C.)

Effect of drug adherence of PEG-IFN and
RBV on virological response
The relationship between drug exposure and antiviral
effect of PEG-IFN plus RBV combination therapy has
been reported in several papers.101,151–155 McHutchison
et al. revealed that the SVR rate in patients who received
80% or more of their total planned doses of PEG-IFN-
a-2b and RBV for 80% or more of the scheduled dura-
tion of therapy was significantly higher than that of
patients who received less than 80% of one or both
drugs (51% vs 34%) and also suggested that the impact
of dose reduction was greatest in patients for whom the
dose had to be decreased within the first 12 weeks of
treatment.152

Recently, Oze et al. evaluated how reducing drug
doses affects complete early virological response
(c-EVR) defined as HCV RNA negativity at week 12,
using 984 patients with CH-C genotype 1.156 As a result,
the mean dose of PEG-IFN-a-2b, and not RBV, during
the first 12 weeks was the independent factor for c-EVR
(P = 0.02), not RBV.

Hiramatsu et al. reported on whether dose reduction
of RBV (or PEG-IFN) has an effect on virological relapse
in PEG-IFN plus RBV treatment for patients with CH-C
genotype 1.157 In the analysis of 472 patients responding
to PEG-IFN-a-2b plus RBV, stepwise reduction of the
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RBV dose was associated with a stepwise increase in
relapse rate from 11% to 60% (Fig. 3).

Improving the treatment tolerability for genotype 2 or
3 patients has focused on dose reduction of treatment
drugs. Weiland et al. examined low-dose PEG-IFN-a-2a
(135 mg/week) with a weight-based standard dose of
RBV (11 mg/kg daily) for genotype 2 and 3 patients.158

Recently, Inoue et al. reported neither PEG-IFN nor RBV
drug exposure were critical in reaching rapid virological
response and SVR.159

Recommendation 23: In genotype 1 patients, PEG-IFN
is dose-dependently correlated with c-EVR, independent
of RBV dose. The administration over 80% of the sched-
uled dose of PEG-IFN-a-2a or over 1.2 mg/kg per week
of PEG-IFN-a-2b should be chosen as a starting dose: a
marked dose reduction of PEG-IFN should not be risked
at the start even for patients with disadvantage (e.g.
aged patients). (Level 2b/3, Grade B.)
Recommendation 24: In genotype 1 patients, RBV
shows a dose-dependent correlation with the relapse
after treatment. Maintaining the RBV dose over 80% of
the scheduled dose or over 10 mg/kg per day (12 mg/kg
per day, if possible) during the complete treatment
period can lead to suppression of the relapse in HCV
genotype 1 patients responding to PEG-IFN-a-2b plus
RBV, especially in c-EVR patients. (Level 2b/3, Grade
B.)
Recommendation 25: In genotype 2/3 patients, reducing
drug doses of PEG-IFN and RBV (down to 400 mg/day)
has no significant effect on virological responses. (Level
2a, Grade B.)

Treatment for patients without elimination
of HCV
Tarao et al. showed the rate of HCC appearance was
significantly higher in HCV-related cirrhotic patients
with a high ALT value (380 IU/mL) than in those with
a lower ALT value (<80 IU/mL).70 This suggested that
suppression of inflammation in the liver with HCV
infection is very important to prevent the hepatocar-
cinogenesis in patients with HCV-related cirrhosis.

Omata et al. assessed the effects of oral ursodeoxy-
cholic acid (UDCA) on serum biomarkers. CH-C
patients with elevated ALT were assigned randomly to
150 (n = 199), 600 (n = 200) or 900 mg/day (n = 197)
UDCA intake for 24 weeks. As a result, the median
changes in serum ALT at the end of treatment were
shown to be -15.3, -29.2 and -36.2%, respectively,
although serum HCV RNA did not change in any
group.160

A glycyrrhizin product, Stronger Neo-Minophagen C
(SNMC; Minophagen Pharmaceutical, Tokyo, Japan), is
used widely in Japan and has been reported to improve
ALT levels and liver inflammation.161,162 Furthermore,
Ikeda et al. reported liver carcinogenesis was suppressed
by long-term administration of glycyrrhizin, using a
cohort of 1249 patients, and its favorable effect on hepa-
tocellular carcinogenesis in those patients with IFN-
resistant CH-C.163,164

Repeated phlebotomy has been shown to be effective
for the improvement of serum ALT as well as progres-
sion of fibrosis,32 however, it remains controversial
whether the effects of IFN improve with extensive
phlebotomy.165–169

In Japan, Yano et al. showed the iron removal by
repeated phlebotomy improved serum ALT levels in
patients with CH-C.170

Recommendation 26: Patients whose HCV RNA was
not eradicated by PEG-IFN plus RBV and whose ALT
and/or AFP levels were not improved by IFN mono-
therapy or those without indication for IFN therapy
should be treated with the liver-supporting therapy
(SNMC, UDCA), and if the effect of this medication is
inadequate, phlebotomy can be used in combination.
(Level 3/6, Grade B/C.)

Treatment of patients with
decompensated cirrhosis
The compensated patients who failed to eradicate HCV
by antiviral therapy and decompensated patients should
be referred for consideration of liver transplantation and
liver supporting therapy should be performed. Long-
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term nutritional supplementation with oral branched-
chain amino acid (BCAA) has been shown to be useful
to prevent progressive hepatic failure and to improve
surrogate markers.171,172 Early interventional with oral
BCAA was shown to prolong the liver transplant waiting
period by preserving hepatic reserve in cirrhosis.

Recommendation 27: Patients with compensated cirrho-
sis for the prevention of hepatocellular carcinogenesis,
should be treated by not only IFN but also with liver
supporting therapy (SNMC, UDCA) and/or phlebotomy
and/or BCAA in order to improve the liver inflammation
and AFP levels. (Level 3, Grade C.)

Novel antiviral drugs
Telaprevir, a protease inhibitor specific to the HCV non-
structural 3/4A serine protease, reduced HCV RNA levels
rapidly in early studies. McHuthison et al. reported the
improved SVR rate with triple therapy for 12 weeks fol-
lowed by PEG-IFN-a-2a and RBV for 12 weeks.

Thus, the treatment for CH-C is progressing. There-
fore, as a treatment strategy, PEG-IFN plus RBV combi-
nation therapy should be performed early for aged
patients and the patients with the advanced fibrosis.
However, the novel antiviral drugs, such as protease
inhibitors and polymerase inhibitors, should be taken
into account as a candidate of treatment for the patients
who can wait for the oncoming drugs.

Recommendation 28: Novel antiviral drugs, such as a
protease inhibitor or a polymerase inhibitor, in combi-
nation with PEG-IFN plus RBV, can improve the SVR
rates in genotype 1 CH-C patients. (Level 2a, Grade A.)
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Abstract
Hepatocellular carcinoma (HCC) is responsible for approximately 600 000–700 000 deaths
worldwide. It is highly prevalent in the Asia-Pacific region and Africa, and is increasing in
Western countries. Alpha fetoprotein (AFP) alone is insufficient for HCC screening. A
combination with other tumor markers, such as PIVKA-II and AFP-L3, and periodical
ultrasound surveillance is necessary. Sensitivity of AFP in depicting HCC is highest,
followed by PIVKA-II and AFP-L3, but the order of the specificity is inverse, AFP-L3,
PIVKA-II, and AFP. Sonazoid-enhanced ultrasound (US) is extremely useful to character-
ize hepatic tumors equal to or more than multidetector row computed tomography
(MDCT). Sonazoid-enhanced US with defect re-perfusion imaging is a breakthrough
technique in the treatment of HCC. Defect re-perfusion imaging will markedly change the
therapeutic strategy for liver cancer. Gd-EOB-DTPA-magnetic resonance imaging is a
newly developed imaging technique in the detection and diagnosis of HCC. It is the most
sensitive tool in the differentiation of early HCC from dysplastic nodules. Regarding the
treatment strategy, there has been no established systemic chemotherapy for advanced
HCC, except for Sorafenib. Empirically, intrahepatic arterial infusion chemotherapy using
implanted reservoir port is known to be effective in response rate and overall survival for
advanced HCC with vascular invasion. Sorafenib in combination with transcatheter arterial
chemoembolization or adjuvant use after ablation or resection will significantly prolong the
life expectancy if ongoing clinical trials provide positive results. In conclusion, it is
expected that readers will gain deeper insight into the latest progress and updated diagnosis
and treatment of HCC described in this review.
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Surveillance for early detection of HCC

Definition of the population at high-risk
for HCC

Hepatocellular carcinoma (HCC) is responsible for approximately
600 000–700 000 deaths worldwide. It is highly prevalent in the
Asia-Pacific region and Africa, and is increasing in Western coun-
tries.1 Persistent infections with hepatitis B virus (HBV) and
hepatitis C virus (HCV) are the highest risk factors for hepatocar-
cinogenesis. The carcinogenesis risk for HBV-infected persons is
about 200 times higher than for those non-infected, and the risk
may be higher by approximately fivefold in patients with HCV-
related cirrhosis compared with those with HBV-related cirrhosis.
The characteristics of HCV-associated carcinogenesis are fibrosis
stage 4 (F4), in which liver cirrhosis is complete in most cases,
male gender and age 60 years or older. The yearly carcinogenesis
rate of cirrhosis type C is 7–8% in Japan, which is higher than in
Europe, Australia and North America (1–3% per year),2

this difference might be attributed to the higher mean age of
carriers.

Liver cirrhosis induced by causes other than HBV and HCV is
also a risk. Thus, HCC occurs in some cases of liver cirrhosis
associated with nonalcoholic steatohepatitis (NASH), alcoholic
liver disease, primary biliary cirrhosis (PBC), hemochromatosis,
alpha-1 antitrypsin deficiency and autoimmune hepatitis (AIH). For
patients with any of these disorders, the course of the disease should
be followed with close attention to hepatocarcinogenesis. In addi-
tion, alcohol increases the risk of chronic hepatitis B- and
C-associated liver carcinogenesis, and obesity increases the risk of
HCV-related hepatocellular carcinoma (HCC). In summary,
patients with chronic hepatitis B and C and non-viral liver cirrhosis
are defined as high-risk populations for HCC in both Evidence-
Based Practice Guidelines,3 the Consensus-Based Clinical Practice
Manual4 proposed by the Japan Society of Hepatology (JSH), and
the Practice Guideline published by the American Association of
Study of the Liver (AASLD).5 Patients with liver cirrhosis from
HBV or HCV are defined as a super high-risk population.3,4
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Surveillance protocol for early detection
of HCC

For HCC detection, sensitivity of ultrasonography is higher than
serum alpha fetoprotein (AFP) measurement alone, but the speci-
ficities are not markedly different. For liver cirrhosis, a combi-
nation of the two methods has been reported to increase
detection rate compared with detection by ultrasonography or
AFP.3

There is not yet clear evidence to determine the optimal interval
for screening, but HCCs detected in periodic screening by AFP, a
protein induced by vitamin K absence or antagonist-II (PIVKA-
II), AFP lectin fraction (AFP-L3) measurement, and ultrasonogra-
phy are solitary and small in many cases, as compared with those
detected in symptomatic patients. Thus, the Japanese Evidence-
Based Clinical Practice Guidelines3 and Consensus-Based Clinical
Practice Manual4 propose ultrasonography and tumor marker mea-
surement every 3–4 months in the super high-risk population, and
every 6 months in high-risk populations. Based on HCC doubling
times, these intervals appear to be appropriate in Japan, which is
different from Western Countries, where screening is done every
6–12 months.5 At present, all three tumor markers, including AFP,
PIVKA-II, and AFP-L3, are covered under the Japanese national
health insurance as HCC tumor markers. Measurement of two or
more tumor markers increases the sensitivity, while minimizing
the specificity reduction, for small liver cancer. For patients with a
very nodular background liver parenchyma because of cirrhosis or
obesity, and therefore difficult to evaluate ultrasonographically,
periodic imaging screening by dynamic computed tomography
(CT) (MDCT) or dynamic magnetic resonance imaging (MRI)
every 6–12 months is proposed by JSH,4 which is identical to the
protocol in the Japanese Evidence-Based Clinical Practice
Guidelines.3

Result of early detection of HCC in Japan

In Japan, approximately 65% of the patients are detected at an
early stage, for which curative treatment intervention is possible
according to the Nationwide survey in 198 000 patients6 (Fig. 1).
This can be attributed to the establishment of a nationwide sur-
veillance system across Japan.

Markers of HCC tumor biology

Alpha fetoprotein

Alpha fetoprotein is a tumor marker for HCC used worldwide. In
Japan, according to the 17th Nationwide Follow-up Survey of
Primary HCC by the Liver Cancer Study Group of Japan
(LCSGJ),6 most HCC patients were AFP-positive when the cutoff
value was set at 15 ng/mL; however, AFP is positive in some
patients with chronic hepatitis, particularly at the stage of liver
cirrhosis, and in liver regeneration following necrosis. Therefore,
AFP specificity is low depending on the cutoff value, and is con-
sidered inappropriate for screening HCC in the USA.7 Accord-
ingly, to effectively use AFP in clinical practice, it is important to
recognize that sensitivity and specificity vary depending on the
cutoff value.

Lens-culinaris agglutinin-reactive fraction of
alpha fetoprotein

Lens-culinaris agglutinin-reactive fraction of alpha fetoprotein
(AFP-L3) fraction was developed as a tumor marker in Japan.
When the cutoff value was set to 10%, the sensitivity was approxi-
mately 30% (the 17th nationwide Follow-up Survey of Primary
HCC by LCSGJ). Hence its clinical usefulness as an HCC surveil-
lance marker is not appreciated in Western countries;8 however,
AFP-L3 is widely used, mainly in Japan, as a marker representing
the degree of biological malignancy of HCC. Negative conversion
of this marker after treatment is meaningful, although it is only
approximately 50% after curative treatments.9 Conversely, the
prognosis of cases remaining positive after treatment is poor, and
the rate of distant metastases is high; the possibility of early
metastasis within the liver and to other organs should be kept in
mind, in such cases, which require careful follow up for early
detection of recurrence or intervention (such as interferon [IFN]
treatment).

Protein induced by vitamin K absence-II

The sensitivity of protein induced by vitamin K absence-II
(PIVKA-II) was 59% for a cutoff value of 40 mAU/mL according
to the 17th Nationwide Survey by LCSGJ. The specificity is
> 95%, but the positivity rate for 3 cm or smaller HCC is low
(~40%). For HCCs larger than 5 cm, the positivity rate was 97%,
indicating that this marker is superior to AFP. Further, the inci-
dence of portal tumor thrombosis is high in PIVKA-II-positive
cases (annual rate: 21%), and the risk ratio relative to negative
cases is reportedly 5.65.10 Although PIVKA-II is routinely used for
HCC surveillance in Japan, the 2003 Single Topical Conference of
the American Association of Study of the Liver (AASLD) posi-

Figure 1 Treatment for newly diagnosed hepatocellular carcinoma
(HCC) from 1996–2003 according to Nation-wide survey of Liver Cancer
Study Group of Japan. 17th Nationwide survey clearly shows 64.8% of
newly diagnosed HCCs receive potentially curative treatment such as
operation or ablation. In other words, approximately 65% of HCCs are
detected at early stage. , others; , Chemo.; , transcatheter arterial
chemoembolization (TACE); , Ablation; , Ope.
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tioned it as a diagnostic method,11 rather than a screening method,
because of its low sensitivity nature.

Other tumor markers

In addition to the above three tumor markers, glypican-312 and
human telomerase reverse transcriptase (hTERT)13 are attracting
attention as HCC markers. Glypican-3 is a cell membrane protein;
its positivity rate in HCC patients and specificity were reported to
be 40–50 and 95–100%, respectively, showing its usefulness as a
tumor marker. Further, the positivity rate is particularly high in the
early stage, and the sensitivity rises to more than 80% when used
in combination with AFP. In the future, it seems likely that
glypican-3 may be used for clinical practice, such as diagnosis and
screening for HCC.

hTERT is a telomerase-containing protein that has attracted
attention as a cancer marker since the late 1990s. Sensitivity at the
time of blood mRNA measurement was 88%, but specificity was
lower, 70%. It may be clinically applicable by setting an optimum
cutoff value based on a receiver operator curve (ROC).

Newly introduced diagnostic
techniques

Contrast-enhanced ultrasound with a new
contrast agent, Sonazoid

Clinical significance of contrast-enhanced ultrasound

In the management of HCC, despite advances in diagnostic
imaging techniques such as ultrasound (US), CT or MRI, there
remain many limitations, such as screening, staging, evaluation of
treatment response, treatment guidance, localization of local recur-
rence after radiofrequency ablation (RFA), and detection of recur-
rence. Among these problems, Levovist-enhanced US has made a
contribution to differential diagnosis,14,15 evaluation of malignancy
grade,16 evaluation of therapeutic response to transcatheter arterial
chemoembolization (TACE),17–19 and needle insertion guid-
ance.20,21 However, there are still limitations in the evaluation of
the therapeutic response to RFA,22 screening or staging.

Sonazoid (GE HealthCare, Milwaukee, WI, USA) is a newly
introduced second generation ultrasound contrast agent exclu-
sively approved in Japan in 2007. The important characteristics of
Sonazoid are that it facilitates real-time imaging in blood flow
images at low acoustic power and stable Kupffer phase imaging,
tolerable for multiple scanning from 10 to 120 min after its injec-
tion. Sonazoid is considered to be more effective and easier to use
than Levovist in vascular imaging, and allows visualization, even
using non-high-end equipment, and therefore, dependence on
operator’s skill/equipment is decreased, which may facilitate the
widespread use of contrast-enhanced US. Sonazoid-enhanced US
provides very stable post-vascular phase images for up to
60–120 min,23 which resulted in the invention of the breakthrough
method, defect reperfusion imaging. Thus, sonazoid-enhanced
US with defect reperfusion imaging is an innovative technology
that should greatly change the daily clinical practice of HCC
investigation.

Development of defect reperfusion imaging (dual
phase fusion imaging)

We recently developed defect reperfusion imaging24–26 using the
properties of very stable Kupffer images and real-time fine blood
flow images obtained with Sonazoid for typical HCC, which is
depicted by CT but not by B mode scanning. This method is a
breakthrough for accurate localization and treatment guidance.25

Until recently, diagnosis in dynamic studies was usually based on
enhancing patterns according to a time sequence or phase;
however, by introducing the novel idea of dual phase imaging with
the re-injection method, both Kupffer and arterial phase images
are obtained at the same slice of the ultrasound plane, which is
really an innovative technique. Namely, this method is performed
as follows: re-injection of Sonazoid is performed into areas that
show defects in the post-vascular phase.23–26 The introduction of
this method has solved several limitations in the diagnosis and
treatment of HCC, such as detection of small HCCs,27 evaluation
of treatment response,28 or needle insertion guidance. Detection
rate of small HCCs by Sonazoid-enhanced US is even more sen-
sitive than that by MDCT (Fig. 2),27 and it seems likely that this
novel technique will eventually be used worldwide.

MRI using a new contrast agent, Gd-EOB-DTPA
in the diagnosis of early HCC

Hepatocellular carcinoma is known to show multistep progression
from the hyperplastic nodule to early HCC and finally to
moderately/poorly differentiated HCC (Fig. 3). It is important to
differentiate between premalignant nodules and early HCC. The
imaging diagnosis of HCC by CT/MRI has been made by dynamic
acquisition (hemodynamic diagnosis) using extracellular contrast
medium, such as iodine contrast agent or gadolinium-diethylene-
triamine-pentaacetic acid (GD-DTPA). HCC is supplied solely
from arterial, not portal blood flow. Super paramagnetic iron oxide
(SPIO) is specifically taken up by Kupffer cells and has been used
as a liver-specific contrast agent for MRI since 1997; Kupffer cells
are not present in overt HCC.

A newly introduced contrast agent, Gd-EthOxyBenzl-DTPA
(Gd-EOB-DTPA), approved in 2008 in Japan, is a hepatocyte-
specific MRI contrast medium with a different mechanism, using
both dynamic and Kupffer cell imaging. This new contrast
medium is useful to diagnose cases that would have been difficult
using previous techniques such as dynamic MRI or SPIO-MRI.
Gd-EOB-DTPA consists of the extracellular contrast medium,
Gd-DTPA, and the lipid-soluble EOB group. Acquisition of both
water and lipid solubility increases cell membrane permeability
and the agent is therefore taken up by hepatocytes. Although the
mechanism for hepatocellular uptake has not been fully clarified, it
may involve organic anion transporting polypeptide (OATP1)29

(Fig. 4). Recently, it was reported that uptake of Gd-DTPA-EOB is
regulated by OATP1B3 in humans.30 For excretion into bile, the
active transport out of hepatocytes is by multidrug resistant protein
(MRP2) system31 (Fig. 4). Active transport is indicated by the high
biliary excretion rate (~50%) of Gd-EOPB-DTPA. Imaging diag-
nosis of HCC can be made within 10–20 min after Gd-EOB-DTPA
injection.

Typical HCCs show high intensity of Gd-EOB-DTPA in the
arterial-dominant phase and low intensity in the portal-dominant
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phase and thereafter. In the arterial-dominant phase, Gd-EOB-
DTPA is not taken up by normal hepatocytes, and thus, HCC
nodules are intensely stained in the arterial dominant phase. In the
portal-dominant phase and thereafter, Gd-EOB-DTPA is gradually
taken up by normal hepatocytes, increasing the clear contrast
between normal liver parenchyma and HCC nodules (Fig. 5).29,32

After 20 min, the liver/tumor contrast is as high as or superior to
that in CT during arterial portography (CTAP) except for approxi-
mately 5% of overt HCC cases, which show high or iso-intense on
hepatocyte phase image (Table 1). Hepatocyte phase image of
Gd-EOB-DTPA MRI is speculated to be regulated by the balance
of OATP1B3 and MRP2 expression (Table 1).

In well-differentiated early HCC, some nodules may not be
completely shown as defective areas on CTAP, but Gd-EOB-
DTPA uptake is apparently lower than that in the surrounding
normal liver parenchyma, being imaged as a low-intensity nodule.
Well-differentiated early HCCs having Kupffer cells with
enhanced SPIO uptake and receiving portal blood flow on CTAP
have been difficult to characterize by SPIO-MRI or CTAP.
However, they can be imaged clearly as hypointense nodules using
Gd-EOB-DTPA hepatocyte phase MRI in many early HCC cases
due to differences in the biological characteristics. This indicates
that this new contrast agent may lead to a breakthrough in the
diagnosis of early HCC (Table 2) (Fig. 6),32,33 which has been
clinically difficult and difficult even by pathological diagnosis in
biopsy samples. It could be that this technique may be the most
sensitive tool for detection of the phenotypic change of early
hepatocarcinogenesis, much more sensitive than CTAP, computed
tomography hepatic arteriography (CTHA), or SPIO-MRI
(Fig. 7).

There are two reasons why pathological diagnosis of early HCC
is sometimes difficult using biopsy: (i) possibility of sampling
error; and (ii) stromal invasion, an important clue of pathological
diagnosis of early HCCs,34 can occasionally not be found in the
biopsy sample compared with the resected specimen. Recently, a
consensus on pathological diagnosis of early HCC has been estab-
lished between ‘East and West’.34 Diagnosis of early HCC by
Gd-EOB-DTPA-MRI may be the most comparable tool with that
by expert liver specialized pathologist compared with pre-existing
imaging modalities according to multicenter trials (Table 2). Accu-
racy in diagnosing early HCC is as high as 93%, which is much
better than CTAP (Table 2). If so, this will change the diagnostic
algorithm by introducing Gd-EOB-DTPA MRI in hypervascular
and hypovascular liver nodules4 (Figs 8,9).

Value of an integrated staging system

Various staging systems have been proposed for HCC and are used
in the different regions, such as: (i) Okuda stage; (ii) Barcelona
Clinic Liver Cancer (BCLC) stage;35,36 (iii) Cancer of Liver Italian
Program (CLIP) score;37 (iv) Japan Integrated Staging (JIS)

Figure 2 A case of hepatocellular carcinoma (HCC) demonstrated by
Sonazoid-enhanced ultrasound. (a) B-mode image shows ill-defined iso-
echoic nodule measuring 1.83 cm in size. (b) Sonazoid-enhance ultra-
sound (US) clearly demonstrates this nodule as a hypervascular tumor.
(c) Kupffer phase image shows this nodule as a clear defect, suggesting
typical HCC.
�
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score;38,39 and (v) Tokyo Score.40 In Japan, the JIS score, using both
the LCSGJ TNM41 and Child-Pugh stages, is considered to be the
most useful for integrated staging of HCC. The CLIP score has
several disadvantages: specification of the tumor-spreading degree
is approximate, only AFP is used as a biological malignancy
marker, and stratification ability is poor in advanced cases (many
cases cluster to a score of 0–2).

The original JIS score used Child-Pugh staging, but the modi-
fied JIS score using liver damage instead is frequently used by liver
surgeons.42 The modified JIS score may be useful in planning
hepatectomy because LCSGJ liver damage is more strictly classi-
fied. Recently, new staging systems for predicting prognosis have
been developed; for example, the BALAD score,43 which consists

of the albumin level, bilirubin level, and three tumor markers
(AFP, AFP-L3, PIVKA-II). The reported advantages of the
BALAD score are that it does not require a tumor-spreading stage.
The second method is the biological marker-combined JIS score,44

which is a combination of the original JIS score and three tumor
markers (AFP, PIVKA-II, AFP-L3). This staging system seems to
be superior to the original JIS score and BALAD score.44

Globally, CLIP scores and BCLC stage are used in Europe and
North America as staging systems; however, they have different
characteristics: the BCLC stage is basically a treatment-selection
system for deciding on a therapeutic strategy, whereas CLIP and
JIS scores are prognostic predictors for staging. The CLIP score
and BCLC stage tend to predict the prognosis of only large HCCs,

Figure 3 Schematic representation of multistep progression of human hepatocarcinogenesis. Differentiation between early-stage hepatocellular
carcinoma (HCC) and premalignant lesion is extremely important. �, Hyperplastic foci or low grade dysplastic nodule (LGDN); , High grade
dysplastic nodule (HGDN); , Well-differentiated HCC (well HCC); , Moderately differentiated HCC (classical overt HCC). HBV, hepatitis B virus;
HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis.

Figure 4 Pharmacokinetics of Gd-EOB-
DTPA. Gd-EOB-DTPA is uptaken to the hepa-
tocyte by organic anion transporter peptides
(OATP1). Excretion to bile juice is believed
to be regulated by multidrug resistance-
associated protein (MRP)2.
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but the JIS score is most useful to predict the prognosis of many
small liver cancers.

Attention needs to be paid to the fact that the BCLC stage
corresponds to the Japanese treatment algorithm, but is not a
prognostic prediction staging system. For countries incapable of
detecting HCC early or in developing countries with insufficient
screening systems and diagnostic instruments, the CLIP score may
provide good stratification as a prognostic prediction system. In

the future, the JIS score may be used worldwide when surveillance
systems for early detection of HCC become more common.

For practical purposes, the following conditions are essential for
comprehensive analysis or staging of all cases of liver cancer: the
system should: (i) be simple; (ii) have no missing data; (iii) be able
to be used by anyone anywhere; (iv) be easy to memorize; and (v)
be superior for stratifying early, intermediate, advanced, and ter-
minal cases. Considering these conditions, the JIS score or bm-JIS
score may be the most appropriate among current systems for the
overall stratification of liver cancer cases in Japan.

Hepatic arterial infusion chemotherapy
for advanced HCC

Until sorafenib was introduced, there was no effective anticancer
drug for advanced liver cancer. ‘Far advanced liver cancer repre-
sents stage IVa liver cancer accompanied by vascular invasion and
stage IVb liver cancer accompanied by distant metastasis, for
which low-dose fluorouracil platinum (FP) (5FU and cisplati-
num)45 therapy, and hepatic arterial infusion of 5FU in combina-
tion with IFN treatment46 have been established as an effective
treatment option in Japan. In fact, response rate (complete
response + partial response [CR+PR]) reaches to 46% according
to the Nationwide Survey by LCSGJ6 (Fig. 10). In addition, it is
well established that overall survival of the responder is superior to

Figure 5 Typical findings of hepatocellular carcinoma (HCC) on Gd-EOB-DTPA magnetic resonance imaging (MRI). (a) Arterial enhancement (arrow)
is evident or arterial phase. (b) Slight washout is seen on portal phase. (c) Clean defect is seen on hepatocyte specific phase 20 min later.

Table 1 Relationship between expression of OATP1B3/MRP2 and findings on hepatocyte phase

Uptake transporter
(OATP 1B3)

Excretory transporter
(MRP2)

Hepatocyte phase imaging

Dysplastic nodule + + Iso-high intense
Early HCC (+) (+) (Low-intense)

- + Low-intense
Well~Mod.dif.HCC + (5%) + Iso-high intense

- Iso-high intense (green hepatoma)
- (95%) - Low-intense

Poorly dif.HCC - - Low-intense

OATP1, organic anion transporter polypeptides, MRP2, multidrug-resistance-associated protein 2.

Table 2 Accuracy of the differentiation of early hepatocellular carci-
noma (HCC) and premalignant lesions by hepatocyte phase Gd-EOB-
DTPA magnetic resonance imaging (MRI) for hypovascular hepatocytic
nodules

Only resected specimens: 30 Pathological findings

e-HCC DN or RN

Signal intensity in
hepato-biliary phase
with Primovist

Low—slightly low
(24)

23 1

Iso—high
(6)

1 5

AccuracyL 93% (23+5/30). DN, dysplastic nodule; e-HCC, early hepato-
cellular carcinoma; RN, regenerative nodule.
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that of non-responders or best supportive care groups. However,
intra-arterial infusion is complex because establishment of a res-
ervoir port for arterial infusion is necessary; therefore, this tech-
nique is not performed in Western counties.

Recently, maintenance of the blood IFN level using pegylated
IFN (PEG-IFN), and its efficacy in combination with an oral 5FU
prodrug, S-1, (PEG-IFN + S1 combination therapy),47 have been
demonstrated to some extent. Further investigation, including a

Figure 6 Early hepatocellular carcinoma (HCC), which was confirmed by Gd-EOB-DTPA magnetic resonance imaging (MRI). (a) Computed tomog-
raphy hepatic arteriography (CTHA) does not show any hypervascularity. (b) CT during arterial portgraphy (CTAP) shows slight low dense mass on
Segment 6. (c) Gd-EOB-DTPA magnetic resonance imaging (MRI) shows low intense mass at the hepatocyte phase, strongly suggestive of early HCC.
(d) Pathological findings of resected specimen clearly shows vaguely nodular type HCC, suggesting early HCC. (e) Microscopical findings clearly show
well-differentiated HCC with stromal invasion, which is a strong diagnostic clue of early HCC.

Gray zone Impossible to 
even on 

histology

p
diagnose on 

Imaging

RN LGDN HGDN e-HCC Well HCC~Mod. HCCPathological
di idiagnosis

Kupffer cell tnesbAtneserP Hypo

CTHA

CTAP Iso (hyper) Hypo~defect

CTHA

CEUS
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Figure 7 Gd-EOB-DTPA magnetic reso-
nance imaging (MRI) is the most sensitive
technique in the detection of initial phenotypic
change of human hepatocarcinogenesis
among various pre-existing imaging modali-
ties. CEUS, contrast-enhanced ultrasound;
CTAP, CT during arterial portgraphy; CTHA,
computed tomography hepatic arteriography;
EOB, EthOxyBenzl; HGDN, high grade dys-
plastic nodule; LGDN, low grade dysplastic
nodule; MDCT, multidetector row CT; MRI,
magnetic resonance imaging; SPIO, super
paramagnetic iron oxide.
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prospective randomized study, is necessary. Moreover, hepatic
intra-arterial infusion chemotherapy is not recommended in the
AASLD guidelines.5 Although the response rate is high, efficacy,
especially survival benefit of intra-arterial infusion chemotherapy
and that using an intractable delivery port system should be con-
firmed by further randomized studies.

New treatment option: Molecular
targeted agent, Sorafenib

Molecular-targeted drugs are agents that exploit genetic differ-
ences between cancer and normal cells and specifically inhibit
molecules involved in cancer growth and metastasis. The earliest

successful agents have been Imatinib, Trastuzumab, and Gefitinib,
all breakthrough agents developed from basic studies on tyrosine
kinase or serine-threonine-mediated intracellular signal
transduction.

Although HCC is the 3rd greatest cause of cancer death world-
wide, the molecular mechanism(s) of its growth and progression
have not been fully clarified. It is a hypervascular tumor, similar to
renal cell carcinoma, but until recently, the efficacy of angiogen-
esis inhibitors alone has been limited. Sorafenib is a multikinase
inhibitor that clearly prolongs the overall survival in patients with
advanced HCC by 44%;48 it has been approved for advanced HCC
in Western countries since 2007, and is regarded as standard of
care treatment option for advanced HCC with vascular invasion or
extrahepatic metastases.

Hypervascularity in the arterial 
phase on dynamic CT/MRI in 

1:Recommend only at available institutions.

2: Hypervascular benign nodules of FNH adenoma etc.

Detection
by US chronic liver disease

Diagnostic Algorithm 
for hypovascular liver 

2: , ,

Washout in the 
portal/venous phase

yp
nodules (Fig. 9)

CTHA/CTAP
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Figure 8 Diagnostic and treatment algorithm for hypervascular liver nodules according to clinical practice manual recommended by Japan Society
of Hepatology (partially modified and cited from Narita et al. 200930). CEUS, contrast-enhanced ultrasound; CT, computed tomography; CTAP, CT
during arterial portgraphy; CTHA, computed tomography hepatic arteriography; EOB, EthOxyBenzl; FNH, focal nodular hyperplasia; HCC, hepatocel-
lular carcinoma; MRI, magnetic resonance imaging; US, ultrasound.
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Sorafenib, developed by Bayer HealthCare (Germany), is a
low-molecular-weight compound discovered by screening inhibi-
tors of Raf kinase, an important molecule in the mitogen acti-
vating protein (MAP) kinase cascade located downstream of
growth factor receptors. Sorafenib exhibits strong inhibitory
activity for not only wild type c-Raf, but also for V600E mutant
b-Raf and other receptor tyrosine kinases involved in angiogen-
esis and cell growth, such as vascular endothelial growth factor
receptor-2 (VEGFR-2), VEGFR-3, platelet-derived growth factor
receptor (PDGFR), Fms-related tyrosine kinase-3 (Flt-3), and
c-Kit.

The phase III study for HCC (SHARP trial)48 was performed as
a randomized double-blind placebo-controlled multicenter study
initiated in March 2005. The subjects had advanced HCC at ECOG
PS 0–2 with Child-Pugh A liver function and no previous systemic
chemotherapy. There were two study groups, Sorafenib (400 mg
b.i.d.) and placebo treatment, and the primary end point was
overall survival (OS). Secondary endpoints were time to progres-
sion (TTP).

Six hundred and two patients met the inclusion criteria, and 299
and 303 were randomly allocated to the Sorafenib and placebo

8

8

Figure 9 Diagnostic treatment algorithm for hypovascular liver nodules according to Japan Society of Hepatology (cited from Kudo et al. 200750).
CEUS, contrast-enhanced ultrasound; CT, computed tomography; CTAP, CT during arterial portgraphy; CTHA, computed tomography hepatic
arteriography; EOB, EthOxyBenzl; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma; LGDN, low grade dysplastic nodule; MRI, magnetic
resonance imaging; US, ultrasound.

0% 20% 40% 60% 80% 100%

1996-1997

1998-1999

2000-2001

2002-2003

CR
PR
MR
NC
PD

15.9 30.0 11.1 19.5 23.5

8.9 23.0 12.5 28.1 27.5

6.6 13.3 7.8 29.6 42.7

4.1 10.4 6.6 29.4 49.4

Figure 10 Response rate of hepatic arterial infusion chemotherapy
(HAIC) from 1996 to 2003 reported by Nation-wide survey of Liver
Cancer Study Group of Japan. Response rate during 2002–2003
reached 45.9%, which is very high. CR, complete response; MR, minor
response; NC, no change; PD, progressive disease; PR, partial
response. HCC, hepatocellular carcinoma; TACE, transcatheter arterial
chemoembolization.
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groups, respectively. On interim analysis, the median OS was
10.7 months in the Sorafenib group and 7.9 months in the placebo
group, showing 44% improvement (hazard ratio: 0.69,
P-value = 0.0006). TTP was 5.5 months in the Sorafenib group
and 2.8 months in the placebo group, showing 73% prolongation
(hazard ratio: 0.587, P-value = 0.000007). Grade 3 and 4 adverse
events for which a causal relationship with Sorafenib could not be
ruled out were diarrhea and skin reaction.

In August 2007, it was reported that Sorafenib also prolonged
overall and progression-free survival in a phase III study for HCC
performed in the Asia Pacific region, involving 226 Chinese,
Korean, and Taiwanese patients. Data demonstrated similar effi-
cacy and safety of Sorafenib on HCC as in the SHARP study.49 In
Japan, a phase I study has been completed, and a phase III study in
HCC patients following TACE is currently underway. In addition,
a phase III trial for HCC of acyclic Retionid, a vitamin A analog,
after resection or RFA is also underway in Japan.

A global phase III trial of Sorafenib as adjuvant therapy after
surgery or ablation is now ongoing (STORM trial) and a global
phase II trial of Sorafenib as a maintenance therapy with a com-
bination of TACE is also ongoing (SPACE trial). A phase I/II trial
of a combination therapy of Sorafenib with hepatic arterial infu-
sion chemotherapy (HAIC) is also ongoing in Japan (SILIUS
trial). These results are awaited to confirm its usefulness in the
daily clinical practice.

Treatment algorithm for HCC and
impact of molecular targeted agents

Evidence-based treatment algorithm for
HCC in Japan

Treatment algorithm in the west

The treatment algorithms in Europe and North America were pub-
lished as the European Association For the Study of the Liver
(EASL) consensus in 2001,35 and then as the AASLD Clinical
Practice Guidelines in Hepatology in 2005.5 Both were prepared
based on BCLC staging. The BCLC staging classification consists
of stages 0 to D. Palliative treatment only is specified for stage D,
while stage 0 is defined as a very-early stage, specifying 2 cm or
smaller solitary liver cancers with carcinoma in situ, which corre-
sponds to early HCC in Japan. These are solitary, and resection is
desirable when portal pressure and bilirubin levels are normal.
When portal hypertension is present, other potentially curative
treatments, such as liver transplantation and local treatment, are
recommended. For solitary or � 3 HCC, � 3 cm lesions with mild
portal hypertension, liver transplantation or local ablation is rec-
ommended. These are very strict criteria, and only stages 0 and A
are indicated for radical treatments, that is, resection, local abla-
tion, and liver transplantation. The intermediate stage (Stage B)
specifies multinodular lesions, and the advanced stage (Stage C)
specifies cases with vessel invasion or extrahepatic spread. For
Stage B patients, TACE is recommended and for Stage C patients
Sorafenib is recommended as a standard of care treatment.

A consensus-based treatment algorithm for HCC
proposed by the Japan Society of Hepatology

A Japanese expert panel established a consensus-based treatment

algorithm based on therapeutic policies widely used in Japan.50

Since Sorafenib is proved as a standard of care treatment for
advanced HCC with major vascular invasion or extrahepatic
spread,50 a modified version of this consensus-based algorithm has
been proposed.51

The original algorithm first divides cases based on the presence
or absence of extrahepatic lesions, liver function, vascular inva-
sion, number of tumors, and tumor size. It also divides treatment
options into curative treatments (resection or local ablation),
TACE, arterial infusion chemotherapy, liver transplantation, and
palliative treatment. The algorithm essentially follows the
evidence-based treatment algorithm,3 but treatments widely per-
formed in Japan were included by consensus, even though evi-
dence is not always present.

Resection or local ablation is performed for three or fewer
nodules of � 3 cm with no extrahepatic lesion, good liver func-
tion, and no vascular invasion. In this group, local ablation or
resection is potentially curative and a good prognosis can be
expected. Although the number of nodules is three or fewer, when
the tumor exceeds 3 cm, resection or TACE is selected. Additional
local ablation following transarterial treatment (Lipiodol TACE or
HAIC) may increase curability. IFN therapy after curative therapy
has proved to be useful for improving patient survival;52 therefore,
it is recommended to treat patients with HCV who can tolerate IFN
therapy. In the future, Sorafenib may become a first choice of
treatment for adjuvant therapy if positive results are obtained by
ongoing global clinical trial (STORM trial) (Fig. 11).

For patients with four or more lesions, TACE or HAIC is rec-
ommended. Local ablation in combination with TACE or HAIC
may be more beneficial for � 5–6 lesions. Sorafenib may be useful
as a maintenance therapy between several procedures of TACE in
order to reduce the numbers of TACE, thus avoiding the impaired
liver function caused by repeated TACE. As a result, it may be
beneficial to improve patient survival, but there is not yet solid
evidence to support this concept. The positive results of several
clinical trials (SPACE trial, TACTIS trial, Brisk-TA trial) (Fig. 11)
in this setting awaited before this strategy is introduced in the
clinical settings.

For patients with an extrahepatic lesions and good liver func-
tional reserve, Sorafenib is currently the standard of care.

Establishment of an original Japanese treatment algorithm was
necessary because the situation in Japan, including the availability
of transplantation, is different from that in Western counties. The
algorithm established by the Japan Society of Hepatology is not
necessarily based on scientific evidence; indeed, consensus-based
algorithm was combined with an evidence-based algorithm and
opinions of JSH experts. Since it is also difficult to state whether
the European or North American algorithm is strictly based on
evidence, the JSH consensus-based treatment algorithm may be
valid; thus, a treatment algorithm based on large scale of special-
ists’ consensus and treatment strategy performed in real practice in
Japan is important. However, this algorithm should be carefully
revised through prospective trials for issues lacking evidence.

Ongoing clinical trials with molecular
targeted agents

In addition to STORM, SPACE trials and TACTICS trials using
Sorafenib in combinations with TACE (see earlier), the SILIUS
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Figure 11 Consensus-based treatment algorithm for hepatocellular carcinoma (HCC) proposed by the Japan Society of Hepatology modified and
updated in 2009 from its original version in 2007. Sorafenib is a standard of care for advanced HCC with extrahepatic spread and/or vascular invasion
in major branches. Ongoing clinical trials include Sorafenib treatment after resection or ablation (STORM trial), combination therapy of transcatheter
arterial chemoembolization (TACE) + Sorafenib (SPACE trial, TACTICS trial) and TACE + Brivanib (BRISK-TA), combination therapy of
Sorafenib + Hepatic arterial infusion chemotherapy (HAIC) (SILIUS trial), and finally head-to-head trial between Sorafenib and Sunitinib/Brivanib for
advanced HCC. 1: Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not regarded as a prognostic
factor. 2: Sorafenib is the first choice of treatment in this setting as a standard of care. 3: Intensive follow-up observation is recommended for
hypovascular nodules by the Japanese Evidence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed in the
following cases: (i) when the nodule is diagnosed pathologically as early HCC; (ii) when the nodules show decreased uptake on Gd-EOB-MRI; or (iii)
when the nodules show decreased portal flow by computed tomography during arterial portgraphy (CTAP), since these nodules are known to
frequently progress to the typical advanced HCC. 4: Even for HCC nodules exceeding 3 cm in diameter, combination therapy of TACE and ablation
is frequently performed when resection is not indicated. 5: TACE is the first choice of treatment in this setting. HAIC using an implanted port is also
recommended for TACE refractory patients. The regimen for this treatment is usually low-dose fluorouracil platinum (FP) (5FU+CDDP) or intra-arterial
5FU infusion combined with systemic interferon therapy. Sorafenib is also a treatment of choice for TACE refractory patients with Child Pugh A liver
function. 6: Resection is sometimes performed even when number of nodules exceeds four. Furthermore, ablation is sometimes performed in
combination with TACE. 7: Milan criteria: Tumor size � 3 cm and tumor numbers � 3; or solitary tumor � 5 cm. Even when liver function is good
(Child-Pugh A/B), transplantation is sometimes considered for relatively younger patients with frequently or early recurring HCC after curative
treatments. 8: HAIC or Sorafenib is recommended for HCC patients with Vp3 (portal invasion at the 1st portal branch) or Vp4 (portal invasion at the
main portal branch). 9: Resection and TACE is frequently performed when portal invasion is minimal, such as Vp1(portal invasion at the 3rd or more
peripheral portal branch) or Vp2 (portal invasion at the 2nd portal branch). 10: Local ablation therapy or subsegmental TACE is performed even for
Child-Pugh C patients when transplantation is not indicated when there is no hepatic encephalopathy, no uncontrollable ascites, and a low bilirubin
level (< 3.0 mg/dL). However, it is regarded as an experimental treatment since there is no evidence of its survival benefit in Child-Pugh C patients.
A prospective study is necessary to clarify this issue. Even in Child-Pugh A/B patients, transplantation is sometimes performed for relatively younger
patients with frequently or early recurring HCC after curative treatments.
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trial to compare Sorafenib in combination with HAIC is under
investigation in Japan. Furthermore, head-to-head trials of Suni-
tinib versus Sorafenib and Brivanib versus Sorafenib (BRISK-FL
trial) for advanced HCC are ongoing globally. Finally, second line
trials of Brivanib for Sorafenib failure have been initiated as a
global clinical trial (BRISK-PS trial). In addition, Brivanib in
combination with TACE (BRISK-TA trial) is also ongoing. The
results of all of these trials are eagerly awaited for their hope to
provide better outcomes at different stages of HCC (Fig. 11). If
positive results are obtained in these trails, the life expectancy at
each stage could be much prolonged, at least as calculated theo-
retically by using hazard ratios incorporated from the SHARP trial.
Subanalysis data presented at the ASCO 2008 clearly showed that
in HCC patients without vascular invasion or extrahepatic spread
hazard ratio of the prolongation of life expectancy is 0.52 and
median survival time (MST) is 1.5 times better than placebo arms.
If it can be incorporated in earlier stage HCC patients, Sorafenib
will prolong the life expectancy approximately 1.5–2.0 times com-
pared with the standard of care group in early and intermediate
stage patients (Fig. 12). This could be translated that Sorafenib use
in earlier stage in combination with standard of care treatment
(resection, ablation, or TACE) will prolong HCC patients’ life
expectancy (1.5–5.0 years) (Fig. 12).

Conclusion

In this review, recent progress of the management of HCC, includ-
ing issues from surveillance to molecular-targeted therapy for
HCC, has been reviewed. It is strongly expected that this article
will enhance the most up-to-date knowledge on HCC for the
readers of the Journal of Gastroenterology and Hepatology.
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Abstract
Aim: Conventional contrast harmonic sonography has the technical problem
of a short enhancement time during targeting of hepatic malignancies for
radiofrequency (RF) ablation. This study investigated the effectiveness of
contrast harmonic sonographic guidance using perfluorocarbon microbub-
bles (Sonazoid) during RF ablation of hepatic malignancies. Materials and
Methods: Nodules were detected on contrast-enhanced computed tomogra-
phy, but could not be resolved clearly by B-mode sonography. Sixty-six
patients (51 men, 15 women; mean age, 65.8 years) with 108 hepatic
malignancies were enrolled. Fifty-one patients with hepatocellular carcinoma
and 15 patients with liver metastases were treated by RF ablation guided by
contrast harmonic sonography using perfluorocarbon microbubbles for a
target lesion identified as a defect image after the administration of contrast
medium. Results: The maximal diameters of all tumours ranged from 0.7 to
3.5 cm (mean� SD, 1.7 cm� 0.9) on sonography. Complete tumour necrosis
was achieved by a single session of RF ablation in 62 (94%) of the 66 patients,
while two sessions were required for the remaining four (6%) patients. The
average number of treatment sessions was 1.1� 0.3. In the post-vascular
phase, 105 (97%) of a total of 108 malignant hepatic tumours were depicted as
a defect with a margin. Clinical courses have been satisfactory without any
signs of local tumour progression during 1–12 months of follow-up (mean,
4.3 months). Conclusion: Using perfluorocarbon microbubbles, contrast
harmonic sonographic-guided RF ablation is an efficient approach for guiding
further ablation of hepatic malignancies that are not clearly demarcated by
B-mode sonography.

Radiofrequency (RF) ablation is widely performed as a
percutaneous local treatment under real-time sono-
graphic guidance. However, several hepatic malignancies
cannot be detected clearly by B-mode sonography (1–7).
Contrast harmonic sonographic imaging with an intra-
venous contrast agent has been demonstrated to depict
tumour vascularity sensitively and accurately (8–13).
Recently, contrast harmonic sonography has been im-
proved by the development of second-generation con-
trast agents such as sulphur hexafluoride microbubbles
(SonoVue), perflutren lipid microbubbles (Definity), and
perflutren protein microbubbles (Optison). These mi-
crobubbles provide stable nonlinear oscillation in a low-
power acoustic field because of the hard shell of these
bubbles, producing great detail in the harmonic signals in
real time (14–18). However, arterial tumour vascularity
can only be seen for about 1min during the early vascular

phase. As a result, contrast harmonic sonographic-
guided RF ablation using these second-generation con-
trast agents represents a technical problem because of the
short imaging time available for targeting the enhance-
ment of hepatic malignancies and inserting the RF
electrode.

Perfluorocarbon microbubbles (Sonazoid) also belong
to the second generation of contrast agents for sonogra-
phy (19, 20). Unlike other second-generation contrast
agents, perfluorocarbon microbubbles are phagocytosed
by Kupffer cells. Therefore, these microbubbles accumu-
late in the liver parenchyma over time. This contrast
agent can provide a detailed insight not only into the
perfusion features of the microvascular bed of the liver
parenchyma and tumour in the vascular phase but also
liver parenchymal imaging in the post-vascular phase
(21–23). Because hepatic malignancies do not contain
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Kupffer cells, contrast harmonic sonography can easily
distinguish these lesions as defects over time, even when
the lesions are undetectable on B-mode sonography.
In this study, we evaluated the usefulness of contrast

harmonic sonographic guidance using perfluorocarbon
microbubbles during RF ablation of hepatic malignancies
that were poorly depicted by B-mode sonography.

Materials and methods

Patient selection and eligibility

The Ethics Committee of our institution approved the
study protocol. Written informed consent was obtained
from each patient at the time of enrolment.
Between March 2007 and March 2008, 66 patients (51

men, 15 women; age range, 32–88 years; mean age� SD,
65.8 years� 11.7) with 108 hepatic malignancies were
retrospectively analysed in this study (Table 1). Nodules
were detected as tumour enhancement on contrast-
enhanced computed tomography (CT), but could not
be visualized clearly by conventional B-mode sonogra-
phy. Primary malignancies included hepatocellular carci-
noma (HCC) (n= 51). Secondary hepatic malignancies
included patients with colorectal cancer (n= 8), gastric
cancer (n= 4), pancreatic cancer (n= 2) and cervical
cancer (n= 1). Twenty-one patients with hepatic malig-
nancies (HCC, n= 17; metastasis, n= 4) had not been
treated previously for these hepatic lesions. Twenty-eight
patients with hepatic malignancies (HCC, n= 22; metas-
tasis, n= 6) had been treated previously by RF ablation at
other sites in the liver. The remaining 12 HCC patients

and five liver metastasis patients had shown local tumour
progression after various therapies [percutaneous RF
ablation, n= 9; transcatheter arterial chemoembolization
(TACE), n= 8]. Before RF ablation, all patients with liver
metastasis had undergone systemic chemotherapy after
surgical resection of the primary tumour. Forty patients
with HCC had cirrhosis classified as Child–Pugh class A,
while the remaining 11 showed Child–Pugh class B
cirrhosis. The maximal diameters of all tumours ranged
from 0.7 to 3.5 cm (mean� SD, 1.7 cm� 0.9) on contrast
harmonic sonography. The mean maximum diameter
was 1.5 cm� 0.7 for HCCs and 2.0 cm� 1.1 for metas-
tases. The distance from the skin to the deepest edge of
the tumour on sonography ranged from 3 to 12 cm
(mean� SD, 6.1 cm� 2.1).

Hepatocellular carcinomas were diagnosed based on
three-phase contrast-enhanced CT findings such as posi-
tive enhancement in the arterial phase and washout in
the equilibrium phase in patients with chronic liver
disease. Liver metastases were diagnosed by ring en-
hancement on contrast-enhanced CT in patients with
past cancer illness. All patients met the following criteria
for treatment with RF ablation: presence of viable hepatic
malignancies with a maximum diameter not greater than
3.5 cm, percutaneous accessibility of the tumours, ab-
sence of portal tumour thrombus and extrahepatic
metastasis, prothrombin time ratio 4 50%, total bilir-
ubin o 3.0mg/dl and platelet count 4 50 000/ml.

Equipment

B-mode sonographic scans were obtained using a LOGIQ
7 (GE Medical Systems, Milwaukee, WI, USA) or an EUB
8500 unit (HITACHI Medico, Tokyo, Japan). The con-
vex-arrayed transducer of LOGIQ 7 was used at a
frequency of 4 or 6.5MHz. The acoustic power of
contrast harmonic sonography was set at the default
setting with a mechanical index of 0.2. A single focus
point was set at a depth of 10 cm. The convex-arrayed
transducer of the EUB 8500 was used at a frequency of
3.5MHz. The acoustic power of contrast harmonic
sonography was set at the default setting with a mechan-
ical index of 0.2–0.3. A single focus point was set at the
deepest point of the monitor.

The sonographic contrast agent was perfluorocarbon
microbubbles (Sonazoid; Daiichi-Sankyo, Tokyo, Japan)
with a median diameter of 2–3 mm (19, 20). This contrast
agent was reconstituted for injection with 2ml sterile
water for injection. The anticipated clinical dose for
imaging of liver lesions is 0.010ml encapsulated gas per
kilogram of body weight.

Patients were treated by RF ablation (Cooled-tip RF
ablation system; Radionics, Burlington, MA, USA).
Twenty centimetres long, 17G, monopolar internally
cooled electrodes with 3- or 2-cm-long exposed metallic
tips (Radionics) were used to deliver RF energy. A 200W,
480 kHz monopolar RF generator regulated by impe-
dance (CC-1, Radionics) was used as the energy source.

Table 1. Baseline clinical characteristics of the patients

Number of patients (HCC/liver metastasis) 66 (51/15)
Number of lesions (HCC/liver metastasis) 108 (68/44)
Age (years)
Mean� SD (range) 65.8�11.7 (32–88)

Sex
Male/female 51/15

Origin of liver metastasis
Colorectal cancer 8
Gastric cancer 4
Pancreatic cancer 2
Cervical cancer 1

Diameter of the entire hepatic malignancies (cm)
Mean� SD (range) 1.7� 0.9 (0.7–3.5)

Previous treatments
In-patients with HCC

None/RFA/TACE/RFA1TACE 17/24/8/2
In-patients with liver metastasis
SR1SC: SR1SC1RFA 4/11

Data are presented as mean� standard deviation unless otherwise

indicated.

HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; SC, sys-

temic chemotherapy; SR, surgical resection; TACE, transcatheter arterial

chemoembolization.
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A multidetecter CT (LightSpeed VCT, GE Medical
Systems, Milwaukee, WI, USA) was used for diagnosis.
Triple-phase contrast-enhanced CT scans were per-
formed with a 5.0-mm slice thickness at 30, 60 and 180 s
after initiating the injection of contrast media to obtain
hepatic arterial, portal venous and equilibrium phase
images respectively. A total of 100ml of nonionic con-
trast material containing 300mg of iodine per millilitre
(Iomeprol, Eisai Co., Tokyo, Japan) was injected intrave-
nously at a rate of 3ml/s using an automatic power
injector.

Sonazoid-enhanced harmonic sonographic-guided
radiofrequency ablation procedure

All nodules were treated by percutaneous RF ablation
under local anaesthesia (lidocaine 1%). Some patients
were sedated but conscious following an intravenous
injection of 25mg of hydroxyzine and 15mg of pentazo-
cine just before this treatment if necessary. Nodules
4 2 cm in diameter were treated using an electrode with
a 3 cm tip, and noduleso 2 cm were treated using an
electrode with a 2 cm tip.

The contrast harmonic imaging mode was adjusted
after viewing the plane containing the tumour on
B-mode sonography. Real-time images in the optimal
scanning plane were displayed by slightly changing the
scanning slice showing the nodule. Vascular findings are
shown in the vascular phase (from 10 s to the last
5–7min after injection of the contrast agent), and liver
parenchymal findings are shown in the post-vascular
phase (from about 10min after injection of the contrast
agent) because the contrast agent was incorporated into
Kupffer cells or liver sinusoids (23, 24). Therefore,
hepatic malignancies were visualized by enhancement of
intratumoral vessels at the beginning and by defects in
the liver parenchyma during the post-vascular phase.
This defect representing the lesion could be used as a
target for insertion of a single RF electrode (Fig. 1). In
patients previously treated with ablation of hepatic
nodules, we re-injected a new dose of perfluorocarbon
microbubbles ‘in order to confirm tumour vascularity’
before electrode insertion because both ablated lesions
and local tumour progression are shown as defects (25,
26). After the RF electrode penetrated the hepatic malig-
nancy, each ablation was performed for 48min with at

Fig. 1. A 70-year-old man with 2.0 cm local tumour progression of hepatocellular carcinoma (HCC) after percutaneous radiofrequency (RF)
ablation about 1 year ago. (A) Early-phase dynamic computed tomography (CT) scan shows local tumour progression of HCC as an enhanced
lesion (arrow) in segment 7 of the liver. Surrounding area that was previously treated is not enhanced (arrowhead). (B) Right: Contrast
harmonic sonography shows enhancement of viable HCC focus (arrow) in the early vascular phase after administration of perfluorocarbon
microbubbles. Left: A high echoic area (arrowheads) contains both a viable HCC lesion and a necrotic ablation area on B-mode sonography.
(C) Contrast harmonic sonography shows the defect (arrows) imaging in the post-vascular phase and RF electrode (arrowhead) needle inserted.
The RF electrode was placed through the right side of the tumour, and then the left side of the tumour was ablated after the second
penetration of the RF electrode after the first ablation. (D) Early-phase dynamic CT scan obtained three days after RF ablation therapy shows
that the tumour and the surrounding area (arrow) are not enhanced.
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least 60W at the beginning. However, RF electrode
insertion was performed under guidance by contrast
harmonic sonography based on CT information for
hepatic malignancies that did not show tumour vessels
or defects.
All RF ablations were performed percutaneously by

one of four experienced hepatologists (M. K., H. C.,
Y. M., T. H.) with 10, 9, 9 and 7 years of experience,
respectively, in performing sonography-guided interven-
tional procedures including RF ablation.

Assessment of technical effectiveness and follow-up

A few days after treatment, the technical effectiveness of
ablation was assessed based on contrast-enhanced CT
scan findings. A tumour was considered to have been
successfully ablated when there were no longer any
enhanced regions either within the entire tumour during
the arterial phase and at least a 0.5 cm margin of
apparently normal hepatic tissue surrounding the tu-
mour during the portal phase. Part of the tumour was
diagnosed as remaining viable when images of the
ablated area showed nodular peripheral enhancement
(27). The residual portion was treated with additional
RF ablation the following week.

Results

Among the 51 patients with 68 HCCs, seven nodules
showed indistinct margins on B-mode sonography, but
61 nodules could not be accurately detected because of
poor echoic signals because of large regenerated nodules
in the cirrhotic liver (n= 44) or signals that could not
distinguish between viable nodules and previously trea-
ted lesions (n= 17). Among 15 patients with 40 liver
metastases, 14 nodules showed indistinct margins on B-
mode sonography and 26 nodules could not be accu-
rately detected because of previous treatment. In the
post-vascular phase, 93 (86%) of the 108 malignant
hepatic tumours were depicted as a defect with a clear
margin, 12 nodules (11%) were depicted as a defect with
an unclear margin and three nodules (3%) could not be
detected as a defect. In 20 patients (18 HCC; two liver
metastases), perfluorocarbon microbubbles were admi-
nistered again to confirm tumour vessels entering the
defects in the post-vascular phase. Overall enhancement
of the defect was shown in 16 nodules (15 HCC; one liver
metastasis), and partial enhancement was shown in four
nodules (three HCC; one liver metastasis). Eventually, all
tumours could be detected as defects and/or intratumor-
al enhancement on contrast harmonic sonography.
Technical effectiveness of ablation was achieved in a

single session in 62 (94%) of 66 patients, and two
sessions were required for four patients (6%). The
average number of treatment sessions was 1.1� 0.3.
Three patients with HCC and one with liver metastases
received incomplete treatment at the first session. These
four nodules showed an unclear defect or no defect

during the post-vascular phase. For one patient with
HCC and one with liver metastasis, a second treatment
session was necessary because of insufficient ablative
margins after the first session. These two tumours were
located deep in segments 7 or 8 of the liver. For the two
remaining HCC patients, a second session was needed
because a viable area remained in part of the nodule after
the first session. These two residual HCCs included one
that had shown local tumour progression after percuta-
neous RF ablation in segment 6 behind the costal bone,
while the other lesion was surrounded by cirrhosis and
located deep within the liver. However, completion of
treatment was achieved after the second session in both
of these patients.

There were no serious side effects or procedure-related
complications (e.g. haemorrhage, infection, needle tract
seeding, hepatic failure or death). In this study, pleural
effusion (n= 1) with mild dyspnoea occurred and was
resolved by drainage. Grade one to two pain on the
Common Toxicity Criteria of the National Cancer In-
stitute was the most common side effect in 17 patients.
Asymptomatic ascites (n= 1) occurred and then resolved
spontaneously. All of these symptoms were controlled;
the procedure was not discontinued in any of the cases.

Follow-up time ranged from 1 to 12 months
(mean� SD, 4.3� 3.1 months). During the follow-up
period, none of the patients showed local tumour
progression. However, five patients with HCCs and five
patients with liver metastases demonstrated distant me-
tastases in the liver. Subsequently, nine patients under-
went additional RF ablation and the other underwent
TACE.

Discussion

The incorporation of perfluorocarbon microbubbles into
Kupffer cells and sinusoids is very helpful for differential
diagnosis, and for the detection and localization of
hepatic malignancies shown as defect imaging (28, 29).
In this study, defect imaging in the post-vascular phase
was obtained in 105 (97%) of 108 hepatic malignancies
(65 of 68 HCC nodules and all 40 hepatic metastatic
nodules). With perfluorocarbon microbubbles, parench-
ymal imaging could be performed repeatedly at a low
mechanical index level. Especially in patients with liver
metastases, the clear contrast between tumours and liver
parenchyma could be caused by a sufficiency of Kupffer
cells in the liver parenchyma. In HCC patients with Child
A cirrhosis, the contrast was also clear; however, the
defects were not demonstrated well in three HCC
patients with Child B cirrhosis. This might be because of
the decreased number of Kupffer cells and/or the poor
function of phagocyte in patients with cirrhosis.

SonoVue was first launched in October 2001 and is
now available in all European countries. SonoVue micro-
bubbles are filled with sulphur hexafluoride (14). Sona-
zoid was first launched in January 2007 and is currently
available only in Japan, as its use was suspended in the
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US and Europe. Sonazoid consists of perfluorocarbon
microbubbles that are stabilized with a surfactant (19,
20). Both SonoVue and Sonazoid are classified as second-
generation contrast agents for sonography, and are
strongly echogenic in a wide range of frequencies and
acoustic pressures owing to the high flexibility of their
shell. However, 99% of Sonazoid microbubbles are
phagocytosed by Kupffer cells in the liver, whereas only
7.3% of SonoVue microbubbles are phagocytosed in this
manner (23). Sonazoid microbubbles are taken up im-
mediately after an intravenous injection and exist as
microbubbles for 30min within Kupffer cells, and hepa-
tic parenchymal imaging reflects the distribution and
function of Kupffer cells. Therefore, contrast harmonic
sonography with Sonazoid can show a unique ‘post-
vascular image’ in addition to a ‘vascular image’ (21–25).

In 20 patients (18 HCC; two liver metastases), these
hepatic malignancies did not demonstrate intratumoral
vessel images clearly after the first injection of perfluor-
ocarbon microbubbles in the post-vascular phase. These
included four patients with tumours that showed unclear
defects or no defects in the post-vascular phase. In this
study, all nodules were confirmed tumour enhancement
on contrast-enhanced CT. By re-injection of the contrast
medium in these patients, overall enhancement of the
defect was seen in 16 (80%) nodules (15 HCC; one liver
metastasis), and partial enhancement in four (20%)
nodules (three HCC; one liver metastasis). If intratumor-
al vessel images could not be obtained clearly at the first
injection, intratumoral perfusion into the defects could
be observed after a second injection. This defect re-
injection method facilitated an improvement of the
visibility of these hepatic nodules on sonography. More-
over, re-injection of perfluorocarbon microbubbles
might contribute to time shortening of a treatment
session. Arterial finding of hepatic malignancies could
be obtained by the defect re-injection method (24). Thus,
a scanning programme in the early vascular phase after
the first injection can be omitted in the diagnosis process.

Despite difficulties such as hepatic malignancies that
could not be clearly demonstrated on B-mode sonogra-
phy, contrast harmonic sonography guidance allowed
satisfactory results to be achieved. Technically successful
ablation was achieved in the first session in 62 (94%) of
66 patients. A complete treatment response was achieved
after an average of 1.1 treatment sessions. In addition to
improvement of visualization, these results might have
been achieved because we had adequate time to perform
RF ablation with careful targeting of the defects. During
the early vascular phase, a very high skill level is required
because the procedure time is too short to search for the
enhanced hepatic malignancies and insert the RF elec-
trode. For example, after a single intravenous adminis-
tration of sulphur hexafluoride microbubbles (SonoVue;
Bracco SpA, Milan, Italy) in human volunteers, the blood
distribution t1/2 was about 1min and the elimination t1/2
was approximately 6min (30). Contrast-enhanced sono-
graphy with sulphur hexafluoride microbubbles could

show vascular imaging for a longer duration than air-
filled microbubbles (Levovist); nevertheless, contrast
harmonic sonography with sulphur hexafluoride micro-
bubbles for guidance of RF ablation might hasten the
insertion of the RF electrode during the early vascular
phase. Thus, the ability to find defect images in the post-
vascular phase is one of the merits of perfluorocarbon
microbubbles use.

In three patients with HCC and one with liver metas-
tases, tumour ablation was incomplete after the first
session. Despite secondary administration of perfluoro-
carbon microbubbles, only partial reperfusion imaging
of these defects was achieved. Deep tumour location,
location behind the costal bone or insufficient enhance-
ment, that is, poor visibility of nodules would likely make
a second treatment session necessary. Even if acoustic
power of sonography was at a low level, the second-
generation microbubbles became more broken as the
sonography exposure increased in the field of the tumour
(31). Enhancement of the liver parenchyma becomes
weaker by prolonged sonographic exposure, and then
the defects cannot be demonstrated clearly in the post-
vascular phase. Therefore, it might be important to avoid
an excessively long observation of the tumour on con-
trast harmonic sonography in RF ablation.

The principal limitation of this study was the retro-
spective and noncomparative design, which inherently
decreases the statistical strength. Another limitation is
the preliminary nature of this study with the relatively
small number of patients and short follow-up time.
Further prospective studies of this technique with a
larger number of patients are warranted. The outcomes
in this study can be attributed to the combined the effect
of harmonic sonography and the contrast agent, per-
fluorocarbon microbubbles.

In conclusion, perfluorocarbon microbubbles could
facilitate contrast harmonic sonography guidance of RF
ablation by extending the time limitation, simplifying the
procedure and improving detectability. RF ablation
guided by perfluorocarbon microbubble-enhanced sono-
graphy could become an easier and more efficient
approach to treating hepatic malignancies that are not
clearly depicted on B-mode sonography.
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Research articleA novel biomarker TERTmRNA is applicable for 
early detection of hepatoma
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Abstract
Backgrounds: We previously reported a highly sensitive method for serum human telomerase reverse transcriptase 
(hTERT) mRNA for hepatocellular carcinoma (HCC). α-fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP) are good 
markers for HCC. In this study, we verified the significance of hTERTmRNA in a large scale multi-centered trial, collating 
quantified values with clinical course.

Methods: In 638 subjects including 303 patients with HCC, 89 with chronic hepatitis (CH), 45 with liver cirrhosis (LC) 
and 201 healthy individuals, we quantified serum hTERTmRNA using the real-time RT-PCR. We examined its sensitivity 
and specificity in HCC diagnosis, clinical significance, ROC curve analysis in comparison with other tumor markers, and 
its correlations with the clinical parameters using Pearson relative test and multivariate analyses. Furthermore, we 
performed a prospective and comparative study to observe the change of biomarkers, including hTERTmRNA in HCC 
patients receiving anti-cancer therapies.

Results: hTERTmRNA was demonstrated to be independently correlated with clinical parameters; tumor size and 
tumor differentiation (P < 0.001, each). The sensitivity/specificity of hTERTmRNA in HCC diagnosis showed 90.2%/85.4% 
for hTERT. hTERTmRNA proved to be superior to AFP, AFP-L3, and DCP in the diagnosis and underwent an indisputable 
change in response to therapy. The detection rate of small HCC by hTERTmRNA was superior to the other markers.

Conclusions: hTERTmRNA is superior to conventional tumor markers in the diagnosis and recurrence of HCC at an 
early stage.

Background
Since the discovery of circulating nucleic acids (CNAs) in
plasma in 1948, many diagnostic applications have
emerged. Recently, CNAs instead of a protein has
appeared on this scene of practical diagnostic assay, sug-
gesting that cell-free CNAs in the plasma/serum of can-
cer patients have characteristics of tumor-derived nucleic
acids. In addition to DNA-derived from tumor cells [1-4],
a recent development in this new field is the finding of
tumor-related RNA in the plasma/serum of cancer
patients [5]. These features include tyrosine kinase

mRNA [6], telomerase components [7,8], the mRNAs
that are encoded by different tumor-related genes [9-13],
and viral mRNA [14]. In one study, two telomerase mark-
ers in breast cancer yielded 44% of positive rates [7]. Nev-
ertheless, telomerase RNA seems to be a promising
marker by the reason that it can be found even in the
serum of patients with small, undifferentiated breast can-
cers without any metastatic lesions. Dasi et al. showed
that circulating telomerase RNA is a sensitive marker,
using real-time reverse transcription-PCR (RT-PCR) [8].

The telomerase catalytic subunit (hTERT) exerts
important cellular functions, including telomere homeo-
stasis, genetic stability, cell survival and perhaps differen-
tiation [15-20]. hTERTmRNA in serum was detected in
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breast cancer but not in benign diseases, suggesting that
hTERT is available for cancer diagnosis [4].

HCC ranks high among the most common and fatal
malignancies associated with hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection [5]. Although HCC
patients receive possible medical treatments such as tran-
scatheter arterial chemoembolization/embolization
(TACE/TAE), radiofrequency ablation (RFA), and surgery
for primary tumors, intrahepatic and extrahepatic recur-
rence frequently limit patient's survival [6]. Although the
modalities such as ultrasonography (US) and conven-
tional tumor markers such as α-fetoprotein-L3 (AFP-L3)
and DCP are widely used and important for HCC detec-
tion in clinical scenes [7], they still do not provide an
entirely satisfactory solution to detect HCC at the early
stage. Since HCC has been recently classified as a com-
plex disease with a wide range of risk factors and many
cellular signaling pathways have been reported to be
involved in hepatocarcinogenesis, a novel biomarker for
HCC is required [21]. We previously reported that mea-
surement of serum hTERTmRNA by real-time RT-PCR
method was sensitive in detection of tumor-derived
hTERTmRNA even in the HCC patients whose AFP lev-
els were low [9], and was also useful even for other malig-
nancies such as non-small cell lung cancer, ovarian
cancer, and gastric cancer [22-24]. In this large-scale
study that includes follow-up cases, we focused on HCC
of all malignancies and assessed the clinical significance
of hTERTmRNA measurement in HCC diagnosis and
monitored the clinical course.

Methods
Patients and Sample Collection
Four hundred-thirty seven consecutive patients (303
patients with HCC, 89 with CH, and 45 with LC), who
were admitted at Tottori University related Hospitals,
Osaka Red Cross Hospital, and Fukuoka University Chi-
kushi Hospital between November, 2002 and December,
2006, were enrolled in this study. All the HCC patients
had LC or CH as the underlying liver disease. The mean
ages of patients with HCC, LC, and CH were 65, 66, and
61 years, respectively. One hundred-sixty seven patients
were infected with HCV, 97 with HBV, 24 with both
viruses and 15 with no viral markers. The patients were
diagnosed by blood chemistry, US, computed tomogra-
phy (CT), AFP and/or biopsy under US. The clinico-
pathological findings (age, gender, etiology, underlying
liver disease (adjacent lesion), Pugh score, Child classifi-
cation, total bilirubin (TB), albumin (Alb), alanine amin-
otransferase (ALT), AFP, AFP-L3, DCP, HCV titer, HCV
subtype, tumor number, tumor size, differentiation
degree of tumor, and presence of metastasis) were evalu-
ated (Figure 1). HCC was diagnosed according to the
AASLD guidelines and the differentiation of HCC was

diagnosed by liver biopsy. Two hundred one healthy indi-
viduals including 144 females (from 24-87 years old:
mean age 57 years) served as controls. Informed consent
was obtained from each patient and the study protocols
followed the ethical guidelines of the 1975 Declaration of
Helsinki and were approved by the human research com-
mittee of Tottori University. The therapies for HCC
include TAE, transcatheter arterial infusion (TAI), percu-
taneus ethanol injection therapy (PEIT), and RFA.
Regarding follow-up patients, blood samples were taken
basically every two months.

RNA extraction and Real-time quantitative RT-PCR
Harvesting serum samples were performed as previously
described [9]. RNA was extracted with DNase treatment
from serum as reported previously [4,9]. The quantitative
RT-PCR was performed as described previously [5,10].
(a) for hTERT. The RT-PCR condition was an initial incu-
bation at 50 for 30 min followed by a 12-min incubation
at 95, then 50 cycles at 95 (0 s), 55 (10 s), and 72 (15 s),
and a 20 second melting at 40°C. The dynamic ranges of
real-time PCR analysis for hTERTmRNA were more than
approximately 5 copies in this assay and we were able to
exclude the possibility of false negativity in serum sam-
ples from patients with CH, LC and controls. The PCR
yielded products of 143 bp for hTERT (data not shown).
The RT-PCR assay was repeated twice and the quantifica-
tion was confirmed by using LightCycler (Roche, Basel,
Switzerland) with reproducibility.

hTERTmRNA during the treatment and detection of small 
HCC
We examined the therapeutic effectiveness of hTERT-
mRNA during the clinical course. Serum hTERTmRNA
was measured before and 7 days after TAE in 16 HCC
patients. In comparison with AFPmRNA, the half-life of
hTERTmRNA was examined. By monitoring gene expres-
sion in serum up to 6 months after the beginning of ther-
apy such as TAE, TAI, RFA, PEIT, surgical treatment, the
effect of therapies were estimated in 20 patients. Further-
more, we examined hTERTmRNA expression and level of
other conventional tumor markers after they were cate-
gorized by the tumor size (less than 10 mm, 11-20 mm,
21-30 mm, more than 30 mm).

Immunohistochemistry
For immunohistochemical analysis, of 303 patients, 50
HCC patients (24 patients with HCV, 9 with HBV, 10 with
both viruses, and 7 with unknown etiology; 5 patients
with well-, 3 with well~moderately-, 32 with moderately-,
3 with moderately~poorly-, and 7 with poorly-differenti-
ated HCC) with 35 positive and 15 negative conventional
tumor markers, who underwent surgical treatment, were
chosen. The immunohistochemical procedures were
done as reported previously [25]. The sections were incu-
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bated with the following monoclonal antibodies: anti-
hTERT (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-Ki67 (Santa Cruz Biotechnology), anti-
TUNEL (Sigma Chemical, MO, USA), HBsAg (Sigma
Chemical), and HCV core antibody (Sigma Chemical).
Expression degree was confirmed and estimated of
hTERT, Ki-67, and TUNEL by the percentage of posi-
tively-stained cell number [26-28].

Statistical analysis
Multivariate analysis was performed using SPSS 13.0
(SPSS Corp., Tokyo, Japan). Stratified categories in each
clinical parameter were evaluated by One Way ANOVA
and multivariate analysis using a logistic regression analy-
sis model. To assess the accuracy of the diagnostic tests,
the matched data sets (chronic liver diseases patients and
HCC patients) regarding AFP, AFP-L3, DCP, and hTERT-
mRNA were analyzed by using receiver operator charac-
teristic (ROC) curve analysis. The correlation of
hTERTmRNA between HCC tissue and serum was ana-
lyzed using both Paired t test and Spearman's test. The
detection rates of HCC in comparison with tumor size
were evaluated by Friedman test.

Results
RNA extraction and Real-time quantitative RT-PCR
In each quantitative assay, a strong linear relation was
demonstrated between copy number and PCR cycles
using RNA controls for concentration (r2 > 0.99; data not
shown). hTERTmRNA expression showed stepwise up-
regulation with disease progression and the quantifica-
tion was significantly higher in HCC than in LC, CH and
healthy individuals (P < 0.001, P < 0.01 and P < 0.001,
respectively, Figure 2A). ROC curve analyses showed that
the sensitivity/specificity of hTERTmRNA for HCC were
90.2%/85.4% (Figure 2B). Optimal cut-off values for
hTERTmRNA expressions were predicted as 9,332 cop-
ies/0.2 ml by stressing the higher specificity. Forty six
(15%) of HCC patients, whose AFP, AFP-L3, and DCP
were within normal limits, had 4.23 ± 0.32 logarithmic
values of hTERTmRNA, and 20 patients of 46 patients
were positive for this assay.

Multivariate analysis showed that hTERTmRNA was
associated with tumor size and differentiation degree of
tumor (P < 0.001, each, Figure 1 &3). However, hTERT-
mRNA was not associated with age, gender, etiology,
background lesion or number of tumor. On the other
hand, AFP was related to tumor size and differentiation

Figure 1 Multivariate analysis of tumor markers with clinical parameters in patients with HCC.
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(P = 0.008 and P = 0.0199), AFP-L3 was related to num-
ber of tumor and differentiation degree (P = 0.003 and P
= 0.001), and DCP was associated with only number of
tumor (P = 0.029). By Pearson relative test, serum
hTERTmRNA significantly associated with tumor size
and number of tumors (P < 0.033 and P < 0.003, respec-
tively, Table 1). Importantly, hTERTmRNA was related
only to DCP (P = 0.03).

ROC curve analyses showed that the sensitivity/speci-
ficity of hTERTmRNA for HCC were 90.2%/85.4% (Table
2). The sensitivity/specificity of AFP, AFP-L3, and DCP
were 76.6/66.2, 60.5/88.7, and 83.4/80.3, respectively.
Thus, hTERTmRNA was superior to other markers espe-
cially in sensitivity. The positive predictive value (PPV)/
negative predictive value (NPV) of hTERTmRNA were
83.0/85.9. On the other hand, the PPV/NPV for AFP,
AFP-L3, and DCP were 74.6/67.7, 59.6/92.2, and 78.4/
73.5, respectively. Consequently, hTERTmRNA was supe-
rior to other markers in the diagnosis of HCC. Combina-

tions of hTERTmRNA with AFP level improved the
sensitivity/specificity up to 96.0%/87.2%. ROC curve
analysis categorized by viruses was examined and sensi-
tivity/specificity in HBV-infected cases was similar to
that of HCV-infected cases (additional file 1). hTERT and
other markers in LC was not statistically and significantly
different in comparison with that in CH.

Estimation of therapeutic effect and the possibility of early 
HCC detection of hTERTmRNA in comparison with other 
biomarkers
To examine the significance of hTERTmRNA before and
after TAE, serum hTERTmRNA was measured before
and 7 days after TAE in 16 HCC patients (Figure 4A). As a
result, hTERTmRNA significantly decreased after TAE (P
= 0.018), suggesting that changes in hTERTmRNA are
indicative of therapeutic effects on HCC. Comparing the
follow-up data of hTERTmRNA and AFP (Figure 4B, C),

Figure 2 Serum hTERTmRNA and AFP mRNA expression in patients with HCC, LC, and CH, and in healthy individuals and receiver operator 
characteristics (ROC) curve analyses of hTERTmRNA, AFP, AFP-L3, and DCP. A. hTERTmRNA level in liver diseases. Serum hTERTmRNA levels and 
AFPmRNA level in patients with HCC, LC, CH, and healthy individuals by real-time RT-PCR were shown. The 95% confidence interval in each group is 
shown beside the dots. Significant differences between 4 groups are shown in the upper part of the figure. NL, individual with normal liver; CH, chronic 
hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma. Optimal cut-off values for hTERTmRNA expressions were predicted as 9,332 copies/0.2 ml. 
B. ROC curve analysis of hTERTmRNA, AFP, AFP-L3, and DCP was obtained by importing quantified raw data into SPSS II software. The data were ana-
lyzed by Paired t test (P = 0.01) and non-parametric Spearman's test (P = 0.017). AUC of each biomarker in ROC curve analysis is shown. Receiver op-
erator characteristic (ROC) curve analysis of hTERTmRNA, AFP, AFP-L3, and DCP was obtained by importing quantified raw data into SPSS II. The solid 
line, bold dotted line, dotted line, and bold solid line correspond to DCP, AFP, AFP-L3 and hTERTmRNA, respectively.
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the half-life of hTERTmRNA was shorter than that of
AFP.

To clarify the significance of hTERTmRNA in monitor-
ing the effect of therapies in comparison with other bio-
markers, two representative cases were depicted in Figure
5. The quantification of hTERTmRNA was performed
before, 2 and 5 months after RFA in a 73-year-old male
patient whose HCC was a single 21 mm-sized (Figure
5A). hTERTmRNA changed similar to AFP, AFP-L3, and
DCP, suggesting that hTERTmRNA is useful for monitor-
ing the clinical course of HCC. In a 78-year-old female
patient whose HCC was a single 38 mm-sized, a surgical
operation was performed (Figure 5B). The values of AFP,
DCP, and hTERTmRNA were measured before, 2 and 7
months after the operation. The operation was per-
formed successfully in this patient, however recurrence
was found by dynamic CT at 7 months after the opera-
tion. Although neither AFP nor DCP detected the recur-
rence, only hTERTmRNA did. In all the cases that hTERT
detected recurrence in the earlier stage, no other imaging
modality could detect it at the same time, but when we
could find HCC in images such as US, CT, or MR, other
markers began to arise.

Finally, we examined the relationship between the posi-
tive rates of biomarkers and tumor size. Positive rate of
hTERTmRNA was higher than that of the other markers

in each category of tumor size; 6-10 mm, 11-20 mm, 21-
30 mm, over 31 mm by Friedman test (P = 0.017) (Figure
3). However, the positivity of hTERTmRNA expression
tended to reduce slightly in tumors with diameters that
exceeded than 51 mm (5.2 ± 1.9 for 56 patients with 31-
50 mm of HCC, 5.0 ± 1.8 for 43 patients with HCC over
51 mm; mean ± S.D.) (additional file 2). Dot blot regard-
ing the correlation of hTERT mRNA quantification with
tumor differentiation is shown in additional file 3. In a 6
mm HCC case, no marker other than hTERTmRNA was
elevated and only abdominal US caught the evidence of
HCC (Figure 6(a) A, B).

Immunohistochemistry
Immunohistochemical analysis showed that Ki-67 posi-
tivity was observed in the nuclei of cancer cells (Figure
6(b) A). hTERT was observed in both the nuclei and cyto-
plasm of cancer cells (Figure 6(b) B). Some TUNEL-posi-
tive cells were present in cancerous lesions, however the
prevalence was low (Figure 6(b) C). hTERT expression
was significantly associated with the labeling index of Ki-
67 (P = 0.023). When the labeling indices of Ki-67, hTERT
and TUNEL were compared with the differentiation
degree of HCC, both hTERT and Ki-67 were higher in
poorly differentiated HCC than in well and moderately
differentiated HCC (Figure 6(b) D).

Figure 3 Levels of hTERTmRNA in regard to tumor size (6-10 mm, 11-20 mm, 21-30 mm, and over 31 mm).
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Discussion
Since HCC has been recently classified as a complex dis-
ease with a wide range of risk factors and many cellular
signaling pathways have been reported to be involved in
hepatocarcinogenesis, a novel biomarker for HCC is
required [21]. Since an epoch-making assay to detect
telomerase activity was established [11], telomerase has

been examined in many kinds of cancers, precancerous
lesions and normal tissues using the telomeric repeat
amplification protocol and investigated the correlation
with telomere length [29,30]. Notwithstanding that
telomerase was definitely an unprecedented candidate
tumor marker due to its specificity to cancer, it has clini-
cally remained inapplicable because telomerase expres-

Table 2: The sensitivity/specificity of each tumor marker for HCC was depicted.

Sensitivity Specificity OR PPV/NPV Cut-off point

hTERTmRNA 90.2 85.4 19.0 83.0/85.9 3. 97 (logarithmic 
copy number)

AFP 76.6 66.2 11.1 74.6/67.7 <10 (ng/ml)

AFP-L3 60.5 88.7 2.2 59.6/92.2 <10 (%)

DCP 83.4 80.3 7.6 78.4/73.5 <40 (mAU/ml)

The sensitivity/specificity values are 90.2%/85.4% for hTERTmRNA, 76.6%/66.2% for AFP, 60.5%/88.7% for AFP-L3, and 83.4%/80.3% for DCP. 
Regarding a diagnostic assessment in sensitivity and specificity, hTERTmRNA is identified as the most excellent tumor marker. OR: odds ratio, 
PPV: positive predictive value (%), NPV: negative predictive value (%).

Table 1: The sensitivity/specificity of each tumor marker for hepatocellular carcinoma and a statistic evaluation of 
hTERTmRNA level to clinical parameter were shown.

clinical parameter average ± S.E. Pearson test
P value

Multivariate analysis
P value

tumor size (mm) 21.2 ± 0.1 0.033 <0.001

(range: 6-90)

tumor number 1.8 ± 0.1 0.003 N.S.

tumor differentiation N.S. <0.001

AFP (ng/ml) 6146 ± 4554 N.S. N.S.

(n = 353)

AFP-L3 (%) 6.7 ± 1.0 N.S. N.S.

(n = 213)

DCP (mAU/ml) 18780 ± 1044 0.03 N.S.

n = 346)

Miura et al. BMC Gastroenterology 2010, 10:46
http://www.biomedcentral.com/1471-230X/10/46

Page 7 of 12

sion has not been detected stably in body fluid [12]. In
serum, the hTERTmRNA derived from cancer cells
seemed to be undetectable because it becomes instable
by RNase in blood. Since RNAs in serum are unexpect-
edly stable within 24 hrs after drawing blood due to parti-
cle-associated complex in structure [13,14], it has been
suggested that they can be generally detected even in
RNase-rich blood. Actually, hTERTmRNA can be
detected in serum from breast cancer patients and its
maximum sensitivity and specificity are at most 40% and
100%, respectively [4]. The sensitivity in patients with
HCC rose to 89.7% in the semi-quantitative assay, and

thus compared favorably with the previous findings in
which the sensitivity and specificity of AFPmRNA were
69% and 50% for HCC, respectively [31]. Besides, with
respect to HCC detection, AFPmRNA was superior to
AFP level used routinely in clinic [32]. Recently, in the
present study, we reported the sensitivity to detect the
nucleotides in blood in the process of RNA extraction,
including centrifugation steps less than 1500 × g to
remove cellular proteins in serum and a primer set that
can detect hTERTmRNA more efficiently than primers in
the previous reports (data not shown). We previously
reported that hTERT expression was very faint in the

Figure 4 The change of hTERTmRNA before and 7days after TAE. A. Follow-up of serum hTERTmRNA before, 4, 7, 30 and 90 days after TAE. B. Fol-
low-up of serum AFP before, 4, 7, 30 and 90 days after TAE.
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serum from normal individuals indicating that lympho-
cytes and circulating normal cells express very low levels
of hTERTmRNA [9]. Because hTERTmRNA in lympho-
cytes is very low, elevated hTERTmRNA levels in serum
may mean that hTERTmRNA is derived from cancer
cells. Since we could detect negligible amounts of lym-
phocyte markers after three steps of centrifugation of
blood samples, the RNA extraction procedure seemed to
remove lymphocytes effectively. In addition, normal or
damaged hepatocytes express negligible amounts of
hTERT [33,34]. Furthermore, we previously showed the
significant correlation of hTERTmRNA expression
between tumor tissue and serum [32]. These data suggest
that hTERTmRNA detected in serum is derived from
tumor cells.

Previously, we reported that qualitative analysis of
serum hTERTmRNA was superior to AFP for the purpose
of the early detection of HCC, because hTERTmRNA was
detectable in HCC patients with normal AFP levels [9].
AFP is being widely used as a reliable marker of HCC not
in earlier stage but in the advanced stage [35]. However,

in this study, neither AFP was able to distinguish HCC
from non-cancerous liver diseases, nor hTERTmRNA
was correlated with AFP level (P = 0.201), suggesting that
quantitative analysis of serum hTERTmRNA was much
more sensitive for HCC diagnosis even in the early stage.
Because the induction of the abdominal (enhanced-)US,
CT, and MRI into the clinical scene enabled us to detect
smaller-sized HCC [36], the sensitivity of AFP in the early
detection of HCC became less than 70%. Unlike AFP
level, AFPmRNA was significantly correlated with
hTERTmRNA (P < 0.001) and more sensitive than AFP. In
the present study, we measured AFP-L3, since AFP-L3
has been reported to be a more HCC-specific marker
than AFP [37]. Indeed, the level of AFP-L3 correlated sig-
nificantly with differentiation and number of HCC
although that of AFP was correlated with tumor size and
differentiation.

In the present study, of 303 HCC patients, 24 patients
were negative below the calculated cut-off value (9,332;
3.97 as logarithmic number) for serum hTERTmRNA.
Although the reason why hTERTmRNA was negative in

Figure 5 Conventional tumor markers and hTERTmRNA detection during clinical course with therapeutic modalities. A. Changes of AFP, AFP-
L3, DCP and hTERTmRNA in RFA-treated case (male, 73 years old), of which HCC was 21 mm-sized and single. B.Changes of AFP, DCP and hTERTmRNA 
in surgical operation-treated case (female, 78 years old), of which HCC was 38 mm-sized and single.
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these patients is not clear, eleven of 24 hTERTmRNA-
negative HCC patients had decompensated liver cirrhosis
as the underlying disease. It has been reported that dec-
ompensated liver cirrhosis had higher levels of serum
TGF-β that promotes apoptosis of immortalized hepato-
cytes and, in these cases, elevated TGF-β may stimulate
apoptosis, resulting in reduction of hTERTmRNA
[34,38,39]. hTERT-negative cases had no other common
characteristics with age, gender, etiology, child classifica-
tion etc. than tumor size, ALT, and surrounding lesion. In
23 cases (95.8%), ALT was within 1.5 fold normal limits.
In 17 cases (70.8%), surrounding lesion was LC including
decompensated situation. Tumor size in 12 cases (50%)
was over 30 mm, reflecting on the biological features of
cancer itself, as referred in Norton-Simon models regard
tumor growth [40]. AFP and DCP were positive in 16
(66.7%) and 11 (45.8%) cases, respectively, suggesting that
combinative use of these markers contributes to improve
the diagnostic specificity.

Thus, hTERTmRNA is not only improved in both sensi-
tivity and specificity but has a close correlation with
tumor size and number in an early stage of HCC. Since
HCC repeatedly recurs polyclonally after any treatment
as a biological characteristic, the measurement of serum
hTERTmRNA makes it possible to recognize recurrence
or therapeutic effect in details as well as the usefulness for
one-point diagnosis. In this respect, we have to undergo
follow-up study after the treatment of HCC [24]. hTERT-
mRNA expression was closely associated with well to
moderate differentiation degree of HCC and was
enhanced with the proliferation. We should clarify that
serum hTERTmRNA can be detected by what alterations
of other molecules during the cancer progression [41-43].
In lower differentiated HCC, tumor cells are proliferating
and hTERTmRNA has a tendency to correlate with the
differentiation degree and an apoptotic event never
reflect on the serum detection of cancer cell-derived
mRNAs (Figure 6). Nakashio et al. previously reported
the significant correlation of HCC differentiation with

Figure 6 Early detection of small HCC by circulating hTERT mRNA and immunohistochemical analysis of HCC tissues. (a) Imaging diagnosis 
regarding case with 6 mm HCC. A. Ultrasonography and B. computed tomography of the smallest HCC detected by hTERTmRNA. The diameter of HCC 
was 6 mm. Left, ultrasonography; right, CT (b) Immunohistochemical analysis of HCC tissues. A. Ki-67 staining (×400), B. hTERT staining (×400), C. TUNEL 
(×400), D. Labeling indices of Ki-67, hTERT and TUNEL in regard to differential degree of HCC.
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telomerase expression [44]. The results in the present
study confirmed their findings. hTERTmRNA showed
more sensitivity and specificity compared with AFP-
mRNA in HCC patients. However, in liver diseases other
than HCC, hTERTmRNA was not correlated with AFP-
mRNA. The higher specificity of hTERTmRNA in HCC
may be related to fact that AFPmRNA is produced in
HCC cells and injured hepatocytes and hTERT is pro-
duced mainly in HCC cells. Furthermore, we could detect
serum hTERTmRNA expression even in HCC patients
with less than 10 mm moderate-differentiated tumor,
indicating that hTERT are upregulated during rapid pro-
liferation of tumor at the early phase of oncogenesis, de-
differentiation.

Waguri et al. proved that there exist circulating cancer
cells derived from original HCC tissues in blood and they
can detect hTERTmRNA in blood [45]. The present study
suggests that quantification of hTERTmRNAs in serum
has diagnostic implications for HCC. Unless apoptosis of
cancer cells contributes to the early detection of HCC
using serum mRNA, the essence may be immunoreac-
tions [46]. The development of micro vessels may be also
involved in the step [47]. We will evaluate the correlation
of prognosis with hTERTmRNA and the availability of
hTERTmRNA in other cancers by comparison of hTERT-
mRNA with other tumor markers [48], and will study its
usefulness for inflammatory diseases in which cellular
reactions are active [49]. This method depends on RNA
stability in each process of RNA purification, storage, and
quantification. In the light of its superior positivity to
other markers, the assay will be applied for clinical use in
the strict condition because it is required to keep the
serum RNA as it is in blood and avoid the degradation of
RNA quality. Now we are improving RNA stability and
PCR condition to better cost/benefit of this assay. In the
future, another large-scale study will be required to con-
firm our results for monitoring HCC and the feasibility
for its detection even on a primary care level.

Conclusions
In sum, our results support the suggestion that quantifi-
cation of circulating hTERTmRNA expression is clinically
useful for the early detection of HCC. Furthermore,
hTERTmRNA is superior to conventional tumor markers
in the diagnosis and recurrence of HCC at the early stage.
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Abstract In recent years, molecular-targeted agents have

been used clinically to treat various malignant tumors. In

May 2009, sorafenib (Nexavar�) was approved in Japan for

‘‘unresectable hepatocellular carcinoma (HCC)’’, and was

the first molecular-targeted agent for use in liver cancer. To

date, sorafenib is the only molecular-targeted agent whose

survival benefit has been demonstrated in two global phase

III randomized controlled trials, and it has now been

approved worldwide. Phase III clinical trials are now

underway to compare other molecular-targeted agents with

sorafenib as first-line treatment agents, and to evaluate

other multi-kinase inhibitors of the vascular endothelial

growth factor and platelet-derived growth factor receptors,

as well as drugs targeting the epidermal growth factor

receptor, insulin-like growth factor receptor, and mamma-

lian target of rapamycin, in addition to other molecules

targeting other components of the signal transduction

pathways. This review outlines the main pathways

involved in the development and progression of HCC and

the agents that target these pathways.

Keywords Hepatocellular carcinoma �
Molecular-targeted agent � Sorafenib � Sunitinib �
Brivanib � Complete remission

Introduction

Advances in molecular cell biology over the last decade

have clarified the mechanisms involved in cancer growth,

invasion, and metastasis, and enabled the development of

molecular-targeted agents, best represented by trastuzumab

for breast cancer, imatinib and rituximab for hematopoietic

tumors, and gefitinib and erlotinib for lung cancer. These

molecular-targeted agents are broadly classified into two

categories: drugs targeting cancer cell-specific molecules

and nonspecific molecular-targeted drugs for molecular

biological abnormalities induced in the host stroma or

blood vessels by the presence of cancer. Examples of the

former approach include: trastuzumab, which targets

HER2, the expression of which is a poor prognostic factor

for breast cancer; rituximab, which is used to treat B cell

lymphoma, and targets CD20 expressed on normal and

neoplastic mature B cells; and imatinib, which binds to the

ATP-binding site of Bcr-abl, a protein that causes chronic

myelogenous leukemia. However, no critical target mole-

cules responsible for treatment response have been identi-

fied in hepatocellular carcinoma (HCC).

In recent years, clinical trials have been conducted for

many agents that act on growth factor receptors (for

example epidermal growth factor receptor (EGFR) and

vascular endothelial growth factor receptor (VEGFR)) and

intracellular signaling pathways. In addition, multi-kinase

inhibitors, including sorafenib, have emerged and have

been evaluated. Clinical trials are now ongoing to compare

drugs with the same mechanism of action and to test the

combined efficacy and relative merits of these drugs with

existing drugs for many cancers. Because the main treat-

ment option for metastatic, advanced stage cancers, for

example breast and colorectal cancer, is systemic chemo-

therapy, clinical trials are ongoing to investigate how to
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combine molecular-targeted agents with standard therapies

based on the results of long-term, large-scale clinical trials,

and to identify which molecular-targeted agents should be

used as initial or second-line therapy. However, for HCC,

background liver damage limits the indication for systemic

chemotherapy and no anti-cancer drugs were found to be

effective in a large-scale randomized controlled trial

(RCT). However, now that the usefulness of sorafenib has

been demonstrated in clinical trials, the development of

drugs that are effective for poor-prognosis advanced HCC

with distant metastasis and vascular invasion is eagerly

awaited.

Signaling pathways and molecular-targeted agents

in HCC

As in other cancers, the molecular mechanisms involved in

the development and progression of HCC are complex. It

has been shown that, after HBV/HCV infection and alcohol

or aflatoxin B1 exposure, genetic and epigenetic changes

occur, including oncogene activation and tumor-suppressor

gene inactivation, because of an inflammation-induced

increase in hepatocyte turnover and oxidative stress-

induced DNA damage. Through apoptosis and cell prolif-

eration, these changes lead to the multistep development

and progression of a hyperplastic to dysplastic nodule,

early HCC, and advanced HCC. A number of studies have

reported changes in gene expression, chromosomal

amplification, mutations, deletions and copy number

alterations (gain/loss), somatic mutations, CpG hyperme-

thylation, DNA hypomethylation, and molecular abnor-

malities, which can constitute therapeutic targets [1–5].

The binding of growth factors to their receptor proteins

activates protein-phosphorylating enzymes, thus activating

a cascade of proliferative signaling pathways to transmit

proliferative signals into the nucleus. Growth factors, for

example epidermal growth factor (EGF), transforming

growth factor (TGF)-a/b, insulin-like growth factor (IGF),

and vascular endothelial growth factor (VEGF), also

function in liver regeneration after injury, whereas fibro-

blast growth factor (FGF) and the platelet-derived growth

factor (PDGF) family are involved in liver fibrosis and

HCC growth [6–8]. The receptors for these growth factors

are broadly classified into G-protein-coupled receptors and

protein kinases. On ligand binding, these receptors activate

their downstream intracellular molecules in a cascade

fashion. Many of the growth factor receptors and onco-

genes have tyrosine kinase activity, and the tyrosine

kinases are classified into transmembrane receptor tyrosine

kinases such as the EGFR and VEGFR, and cytoplasmic

non-receptor tyrosine kinases such as Abl and Src. On the

other hand, Raf, MAP kinase/ERK kinase (MEK), and

mammalian target of rapamycin (mTOR) are serine/thre-

onine kinases.

In general, the mitogen-activated protein kinase

(MAPK), phosphoinositide 3-kinase (PI3K)/Akt/mTOR,

c-MET, IGF, Wnt-b-catenin, and hedgehog signaling

pathways, and the VEGFR and PDGFR signaling cascades

show altered activity in HCC, and agents targeting these

pathways are under development (Fig. 1, Table 1) [9].

Many molecular-targeted agents are now under develop-

ment; the target signaling pathways and growth factors are

outlined below.

MAPK pathway (RAS/RAF/MEK/ERK)

The MAPK intracellular signaling pathway, which is

mainly involved in cell growth and survival, and regulates

cell differentiation, is upregulated in cancer cells. There-

fore, this pathway has been extensively studied as a ther-

apeutic target. The MAPK pathway is a common

downstream pathway for the EGFR, PDGFR, and VEGFR,

and is universally used for signal transduction downstream

of cytokine receptors, integrin complexes, and G-protein

receptors to Ras. The MAPK pathway also plays an

important role in HCC in that its activation is reportedly

involved in HCC growth and survival [5]. The downstream

extracellular signaling-regulated kinase (ERK) is activated

by two upstream protein kinases, which are coupled to

growth factor receptors by Ras proteins. Ras, which is

activated by ligand binding, activates Raf serine/threonine

kinases and MEK (MAP kinase/ERK kinase), whereas

MEK phosphorylates and activates ERK, which phos-

phorylates proteins involved in cell growth, apoptosis

resistance, extracellular matrix production, and angiogen-

esis [10–13].

Raf and Ras inhibitors

Raf and Ras are proto-oncogenes. In particular, K-Ras

mutations are commonly observed in many cancers,

including pancreatic and colorectal cancers. One study

reported that 30% of HCCs have Ras mutations [14]. To

our knowledge, no agents targeting Ras are planned to

enter clinical trials in the near future. However, because the

binding of Ras protein to the cell membrane and its func-

tional activation require farnesylation, several farnesyl-

transferase inhibitors are being tested for Ras-related

tumors. In addition, vaccine therapy for mutant Ras pro-

teins is currently being tested for solid cancers, including

HCC.

The Raf family consists of three isoforms, A-Raf, B-Raf,

and C-Raf/Raf-1. Genetic abnormalities, for example point

mutations and gene rearrangements, have been reported in

various cancers [15]; however, in HCC, ras/raf mutations
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are rare, and no k-ras or b-raf mutations have been detected

[16]. On the other hand, wild-type Raf-1 was reported to be

hyperactivated in many cancers, including HCC [17–19].

Sorafenib inhibits Raf, and has multiple characteristics in

that it has strong inhibitory activity against Raf-1 (C-Raf)

kinase, B-Raf (wild-type B-Raf and mutant V600E B-Raf)

serine/threonine kinase, the pro-angiogenic receptor tyro-

sine kinases VEGFR, PDGFR, and FGFR1, and tyrosine

kinases such as c-kit, Flt-3, and RET, which are involved in

tumor progression and overall prognosis [20].

MEK

The MEK family consists of MEK1 and MEK2 proteins,

which specifically phosphorylate tyrosine and threonine

residues, and phosphorylates downstream Erk1 and Erk2

[21].

In an immunohistochemical study, MEK1/2 overex-

pression, ERK1/2 overexpression, and ERK1/2 phosphor-

ylation were observed in 100% (46/46), 91% (42/46), and

69% (32/46) of HCCs, respectively, and the in-vitro

treatment of HepG2 and Hep3B cells with MEK1/2

inhibitors inhibited cell growth and upregulated apoptosis

[22].

The MEK inhibitors CI-1040, PD0325901, AZD6244,

and RDEA119/BAY869766 have been tested in several

cancers including solid tumors such as HCC. A phase II

study of AZD6244 (selumetinib, ARRY-142866) and a

phase I/II study of RDEA119/BAY869766 in combination

with sorafenib are being conducted.

Fig. 1 Signaling pathways and

the site of action of molecular-

targeted agents (modified from

Villanueva A et al. [3] and

Llovet and Bruix [5])
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PI3K/Akt/mTOR pathway

The PI3K/Akt/mTOR pathway also plays an important

role in cell growth, survival regulation, metabolism, and

anti-apoptosis. The membrane lipid phosphatidylinositol

4,5-bisphosphate (PIP2) is phosphorylated by phosphati-

dylinositol 3-kinase (PI3K) into phosphatidylinositol

3,4,5-triphosphate (PIP3), which binds to and activates

the serine/threonine kinase Akt. The tumor-suppressor

gene product PTEN (phosphatase and tensin homolog

deleted on chromosome) is antagonistic to PI3K activity.

PTEN is a lipid phosphatase that dephosphorylates ino-

sitol phosphates such as PIP3. The inactivation of PTEN

through gene deletion increases PIP3 levels, and activates

Akt, which inhibits apoptosis, leading to the development

of tumors. The serine/threonine kinase mTOR is an

important mediator in the PI3K/Akt pathway that binds

intracellularly to a protein called raptor or rictor, and

exists as two different complexes, complex 1 and 2

(mTORC1 and mTORC2). mTORC2 (mTOR-rictor)

activates Akt whereas mTORC1 (mTOR-raptor) is acti-

vated downstream of Akt; thus, both molecules regulate

protein synthesis [23].

A study of 528 HCC samples showed that expression of

pAkt, PTEN, p27, and S6 ribosomal protein (pS6) was a

poor prognostic factor for survival [24]. A tissue micro-

array analysis of HCC samples revealed that the loss of

PTEN and overexpression of pAkt and p-mTOR were

correlated with tumor grade, intrahepatic metastasis, vas-

cular invasion, TNM stage, Ki-67 labeling index, and

matrix metalloproteinase (MMP)-2 and (MMP)-9 upregu-

lation, Meanwhile, PTEN mRNA expression in the can-

cerous tissue was downregulated, compared with that in the

non-cancerous tissue. The levels of PTEN, MMP-2, and

MMP-9 mRNA expression were correlated with tumor

stage and metastasis, and the levels of PTEN and MMP-9

mRNA expression were inversely correlated [25]. In an

extensive analysis of 314 HCC samples in terms of muta-

tion analysis, DNA copy number changes, mRNA levels,

and immunostaining, Villanueva et al. found that activation

of the IGF pathway, upregulation of EGF, dysregulation of

PTEN, and aberrant mTOR signaling were present in half

of the samples, and that inhibiting mTOR activity with

everolimus was effective in improved survival and sup-

pression of recurrence [26].

The PI3K inhibitor RG7321 and the Akt inhibitor

perifosine target the PI3K/Akt/mTOR pathway and are in

early stages of clinical development, whereas the mTOR

inhibitors everolimus (RAD001), sirolimus (Rapamune),

and temsirolimus (CCI-779) are at more advanced stages

of development. Everolimus is used to treat sorafenib-

intolerant patients or for patients showing disease pro-

gression after sorafenib administration. A phase III study to

compare everolimus and a placebo (EVOLVE-1: Advanced

Hepatocellular Carcinoma after Disease Progression or

Intolerance to Sorafenib EverOlimus for LiVer cancer

Evaluation) and a phase I/randomized phase II study

(sorafenib ? everolimus vs. sorafenib alone) to test the

efficacy and tolerance of sorafenib in combination with

everolimus are underway. Because mTOR inhibitors have

cytostatic and antiangiogenic effects, they are expected to

be effective in combination with other angiogenesis

inhibitors such as bevacizumab, and may be appropriate

for administration after transarterial chemoembolization

(TACE). Furthermore, because the mTOR pathway is

stimulated by factors such as EGFR, PDGFR, and TGFa,
and is closely related to other signaling pathways including

the Ras/Raf/MEK/ERK pathway, they are likely to show

promising efficacy when used in combination with other

growth factor inhibitors [27].

VEGF/VEGFR, PDGFR, FGFR

Angiogenesis is an important event not only for HCC but

also for cancer growth and metastasis, and occurs because

of complex alterations involving promoting factors such as

VEGF, angiopoietin, and FGF, inhibitory factors including

thrombospondin (TSP) and angiostatin and the surrounding

tissue. The VEGF family consists of VEGF-A, B, C, D, and

E, and placental growth factor (PIGF). The VEGFR family

comprises VEGFR-1 (flt-1), VEGFR-2 (flk-1/KDR), and

VEGFR-3 (flt-4). VEGF-A binds to VEGFR-1 and

VEGFR-2 and is involved in angiogenesis and the main-

tenance of mature blood vessels, whereas VEGF-C and

VEGF-D mainly bind to VEGFR-3, are involved in lym-

phangiogenesis [28, 29]. VEGF isoforms such as VFGF121
and VEGF165 have been identified, and isoform subtypes

also exist, for example EGF166b. Thus, it is clear that these

growth factors do not exhibit angiogenesis-promoting

effects alone, and they have attracted attention as new

therapeutic targets [30].

HCC typically exhibits active angiogenesis. During the

progression from early to well, and to moderately differ-

entiated HCC, angiogenesis increases and cancer cells

acquire the ability to invade vessels and metastasize. Sci-

entific and clinical studies have revealed that, during the

progression from hepatitis to cirrhosis, angiogenesis and

disruption of the vascular architecture are linked to the

progression of HCC, and contribute to increased hepatic

vascular resistance and portal hypertension, and decreased

hepatocyte perfusion [31]. In addition, a meta-analysis has

demonstrated that VEGF expression is a prognostic factor

in HCC [32].

Phase II studies have been started to test the usefulness

of bevacizumab (Avastin�), which directly targets VEGF,

in TACE-treated HCC, and the use of bevacizumab in
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combination with erlotinib (Tarceva�), an EGFR tyrosine

kinase inhibitor.

Sunitinib (Sutent�) is a multi-kinase inhibitor that

inhibits tyrosine kinases such as VEGFR-1, 2, 3, PDGFR-

a, b, and c-Kit. A phase II study of sunitinib in 37

advanced HCC patients showed that the median progres-

sion-free survival (PFS) and median overall survival (OS)

were 3.7 and 8 months, respectively. In that study, adverse

events included grade 3/4 thrombocytopenia in 37.8% of

patients, neutropenia in 24.3%, asthenia in 13.5%, and

hand–foot syndrome in 10.8% [33]. Because sunitinib has a

lower IC50 for each target than sorafenib, it is expected to

have greater antitumor activity. However, this factor may

be responsible for the higher incidence of adverse events

with sunitinib. The main evaluation item in the above

phase II trial was the response rate, which did not reach the

expected value, leading to the conclusion that it was a

negative study [34]. In that study sunitinib was adminis-

tered at 50 mg/day for 4 weeks followed by 2 weeks of rest

per cycle [33], whereas Zhu et al. [34] used a dosing

schedule of 37.5 mg/day for 4 weeks followed by 2 weeks

of rest per cycle, and reported that the median PFS and OS

were 3.9 and 9.8 months, respectively. An ongoing global

cooperative phase III controlled clinical trial to compare

sorafenib and sunitinib head-to-head and to seek approval

for first-line indications for advanced HCC adopted a

sunitinib dosing schedule of 37.5 mg/day. However, in a

‘‘Reflection and Reaction’’ regarding these trial results,

Forner et al. cast doubt on whether the drugs at this dose

could maintain tolerance and ensure efficacy [35]. Because

recruitment is progressing well, the results are expected to

be available soon.

Brivanib is a kinase inhibitor that selectively inhibits

VEGFR-1, 2, and 3, and FGFR-1, 2, and 3. As for suniti-

nib, an international global phase III clinical trial to com-

pare brivanib and sorafenib head-to-head and to seek

approval for first-line therapy for advanced HCC has

already been started, and the results are eagerly awaited.

Japanese centers are participating in this clinical trial.

Because brivanib targets FGF and VEGF, and is associated

with relatively mild adverse effects, a second-line study of

brivanib in sorafenib-ineffective and sorafenib-intolerant

patients and a trial to evaluate the use of brivanib in

combination with TACE are underway. Depending on the

results of these trials, indications for use in HCC may be

obtained; therefore, positive results are eagerly anticipated.

The results have been reported for a phase II study of

brivanib in 55 patients (cohort A) who had not received

systemic therapy for curatively unresectable HCC and 46

patients (cohort B) previously treated with angiogenesis

inhibitors such as sorafenib or thalidomide [36]. The

median TTP and OS were 2.8 and 10 months, respectively,

in cohort A versus 1.4 and 9.8 months, respectively, in

cohort B. Adverse events included fatigue (51.5%), diar-

rhea (41.6%), hypertension (42.6%), anorexia (41.6%), and

nausea/vomiting (40.6/30.7%). Thus, these results demon-

strated the efficacy of brivanib as a second-line treatment.

The results of three phase III clinical trials, BRISK-PS

(sorafenib failure or sorafenib-intolerant patients; briva-

nib ? best supportive care (BSC) vs. placebo ? BSC),

BRISK-FL (advanced HCC; brivanib vs. sorafenib), and

BRISK-TA (patients with unresectable HCC, brivanib vs.

placebo as post-TACE adjuvant therapy) are awaited.

Japanese centers participated in all three trials.

In a Japanese phase I/II trial of TSU-68, an oral

molecular inhibitor of VEGFR, PDGFR, and FGFR, to test

its safety and efficacy in 35 HCC patients, the response rate

was 5.6% (CR, PR, SD, PD, and NE in 1, 2, 15, 16, and 1

patients, respectively), and the disease control rate was

51.4% [37].

In addition, several phase I/II trials are being conducted

to assess kinase inhibitors such as linifanib (ABT-869) and

cediranib (AZD2171), which inhibit VEGFR, PDGFR,

CSF-1R (cFms), Kit, and Flt3. Furthermore, axitinib,

which is currently being tested in renal cell carcinoma, has

also attracted attention as a promising agent for treatment

of HCC because of its efficacy and mild side effects.

EGF/EGFR

EGFR is a member of the human epidermal growth factor

receptor (HER) family that includes EGFR (erbB1), HER2/

neu (erbB3), and HER4 (erb4). All members of this family,

except HER3, have an intracellular tyrosine kinase domain,

and the binding of a ligand to its extracellular domain

triggers signal transduction through the above-described

MAPK and PI3K/Akt/mTOR pathways. Thus, these

receptors are involved in cell growth, differentiation, sur-

vival and adhesion [38]. EGFR overexpression has been

reported in many cancers, and in HCC. For example,

Buckley et al. reported that EGFR, detected by immuno-

histochemical analysis, was overexpressed in 50 (66%) of

76 HCCs, and that fluorescence in-situ hybridization

(FISH) showed extra EGFR gene copies in 17 (45%) of 38

HCCs [39].

EGFR-targeting drugs, which include anti-EGFR anti-

bodies, such as cetuximab and panitumumab, and small-

molecule inhibitors of EGFR tyrosine kinases such as

gefitinib, etc., have been used widely for treatment of

several cancers other than HCC. Unfortunately, except for

phase II trial data, there are few clinical data on the efficacy

of these drugs for the treatment of HCC.

Similar to gefitinib (Iressa�), erlotinib (Tarceva�) is an

oral EGFR tyrosine kinase inhibitor. Philip et al. and

Thomas et al. have reported the results of phase II studies

of erlotinib in HCC [40, 41]; the median OSs in their
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studies were 13 and 10.7 months, respectively. A phase III

clinical study (SEARCH study: Sorafenib and Erlotinib, a

Randomized Trial Protocol for the Treatment of Patients

with Hepatocellular Carcinoma) of sorafenib in combina-

tion with erlotinib versus sorafenib plus placebo is ongo-

ing. Because erlotinib is associated with a high incidence

of skin rash, dry skin, and gastrointestinal toxicity, for

example diarrhea, the results of the SEARCH study should

be evaluated to assess whether this combination therapy

can be used in clinical settings. Thomas et al. conducted a

phase II clinical study of erlotinib in combination with

bevacizumab in 40 advanced HCC patients, and reported

promising results; the median PFS and OS were 9 and

15.7 months, respectively. However, they noted frequent

treatment-related grade 3/4 toxicities, including fatigue

(20%), hypertension (15%), gastrointestinal bleeding

(12.5%), wound infection (5%), diarrhea (10%), elevated

transaminase levels (10%), and thrombocytopenia (10%)

[42], which necessitates further evaluation of drug toler-

ance. Although a clinical study of erlotinib in combination

with bevacizumab (OPTIMOX-3 study) was also con-

ducted in colorectal cancer patients, no tolerance was

observed, which led to a change in the protocol [43, 44].

After the introduction of a number of molecular-targeted

drugs, strategies for the inhibition of similar or different

signaling pathways (vertical or horizontal inhibition) with

several drugs have been proposed. However, the combined

use of molecular-targeted agents has remained largely

unsuccessful, including panitumumab in combination with

bevacizumab for treatment of colorectal cancer [45].

Similarly, results for sorafenib in combination with bev-

acizumab (vertical inhibition) have been reported [46].

Although some therapeutic response was obtained, the

combination therapy resulted in greater toxicity [46], sug-

gesting the need for detailed evaluation of the dosing

regimen.

Lapatinib (Tykerb�) is a dual inhibitor of EGFR and

HER-2/neu, and inhibits tumor growth by downregulating

MAPK, AKT, and p70S6 kinase [47]. In Japan, lapatinib is

indicated for treatment of breast cancer. In a phase II

clinical trial of lapatinib in 26 patients with unresectable

advanced HCC, the median PFS and OS were 1.9 and

12.6 months, respectively, and adverse events included

diarrhea (73%), nausea (54%), and skin rash (42%) [48].

Cetuximab (Erbitux�) is a human/mouse chimeric

monoclonal antibody consisting of the variable region of a

mouse anti-human EGFR monoclonal antibody and the

human IgG1 constant region. Cetuximab inhibits the

binding of endogenous EGFR ligands, for example EGF

and TGFa, to EGFR. In a phase II clinical trial of cetux-

imab in 30 patients with unresectable or metastatic HCC,

the median PFS and OS were 1.4 and 9.6 months,

respectively, and treatment-related toxicities included

grade 3 hypomagnesemia (3.3%) and grade 1/2 acne-like

rash (83.3%), which was observed for the duration of anti-

EGFR therapy in that study [49].

The EGFR is a very interesting therapeutic target. As

described above, use of erlotinib in combination with

sorafenib is still in the research stage. However, on the

basis of results from phase II studies, the efficacy of

cetuximab or lapatinib as monotherapy seems to be limited,

and the results of further studies evaluating their efficacy in

sorafenib-refractory or intolerant patients are awaited with

interest.

HGF/c-Met pathway

Because the hepatocyte growth factor (HGF)/Met pathway

is involved in tumor growth, invasion, and angiogenesis in

a wide range of neoplasms, HGF and Met have recently

attracted attention as therapeutic targets. HGF is a hetero-

dimer consisting of a and b chains bound together by a

disulfate bond. The a chain contains four kringle domains,

and the b chain contains a serine protease-like domain. Met

is a receptor tyrosine kinase for the HGF ligand, and

contains a semaphorin-like domain. HGF or Met overex-

pression and Met gene mutations and duplications have

been reported in various cancers, and abnormalities due to

HGF/Met pathway activation have also been noted [50].

These abnormalities activate the downstream signaling

cascade, leading to epithelial-mesenchymal transition and

increased proliferative, migratory, invasive and metastatic

potentials of cancer cells [50].

HGF/c-MET-targeted drugs, including kinase inhibitors,

HGF inhibitors, and decoy c-Met receptor molecules, are

being developed. Of particular interest is ARQ-197, a

c-Met receptor tyrosine kinase inhibitor which is a non-

ATP-competitive molecule that binds near the ATP-bind-

ing site. A randomized phase II study of ARQ-197 versus

placebo is ongoing in patients with unresectable HCC after

systemic therapy failure.

IGF/IGFR

The IGF/IGFR system is involved in cell growth and the

chemotherapeutic response. The ligands IGF-I and II bind

to their receptors IGF-1R and IGF-2R, and are involved in

DNA synthesis and cell growth. Abnormalities in IGF and

IGF-1R or their overexpression have been reported in

various cancers, including HCC. Their associations with

disease stage, metastasis, and survival [51] and the func-

tions of IGF and IGFR in HCC [52] have been reported.

IGF-targeting drugs are currently being developed, and

mainly include anti-IGF-1R antibodies, for example

BIIB022, AVE1642, and cixutumumab (IMC-A12). A

phase II study of cixutumumab, a phase Ib/II study of
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sorafenib versus sorafenib plus BIIB022, and phase I/II

studies of AVE1642 as monotherapy or in combination

with sorafenib or erlotinib are ongoing.

Sorafenib: trial results and clinical experience

Clinical results for sorafenib in HCC

As described above, sorafenib is a multi-kinase inhibitor of

tumor growth and angiogenesis, and has a strong inhibitory

effect on C-Raf and B-Raf serine/threonine kinases (com-

prising the Raf/MEK/ERK pathway), VEGFR and PDGFR

tyrosine kinases, and FLT-3 and c-kit [20]. To date,

sorafenib is the only molecular-targeted agent approved for

treatment of HCC, on the basis of the results of two large-

scale clinical trials, namely the SHARP (Sorafenib HCC

assessment Randomized Protocol) study [53] and the Asia–

Pacific study [54]. The median OSs for the sorafenib group

in the SHARP and Asia–Pacific studies were 10.7 months

(vs. 7.9 months for the placebo group, P\ 0.001; HR:

0.69) and 6.5 months (vs. 4.2 months for the placebo

group, P = 0.014; HR: 0.68), respectively, indicating that

sorafenib prolongs survival by approximately 50%

(Table 2). These data should compel HCC specialists to

challenge their preconception that systemic anticancer drug

therapy is not effective for HCC.

Current status regarding the use of sorafenib in Japan

Sorafenib was approved in Japan in May, 2009. A survey

has confirmed that, at the time of writing (March, 2010),

over 3,700 patients have been prescribed sorafenib.

Across several centers, 15 Japanese patients have

achieved CR, which was not observed in the SHARP or

Asia–Pacific trials. This suggests that some Japanese

patients may be very sensitive to sorafenib [55]. The

reason for this, and predictive biomarkers, are now

actively under investigation.

On the other hand, it has been reported that hand–foot

syndrome occurs early after sorafenib administration [56]

more often than was noted in the SHARP and Asia–Pacific

studies, and the drug is often discontinued because of the

adverse effects in many patients [56]. As demonstrated in

the SHARP and Asia–Pacific studies, sorafenib is only used

to achieve stable disease; it is, therefore, important to

improve drug efficacy by extending the period of adminis-

tration for as long as possible. Therefore, it is no exagger-

ation to say that, in the case of sorafenib, the ‘‘successful

management of side effects’’ is equal to ‘‘successful treat-

ment.’’ According to ‘‘post-TACE phase III clinical study

[56]’’ performed in Japan and Korea, it is strongly specu-

lated that physicians who are unaccustomed to prescribing

molecular-targeted agents and who fail to see marked effi-

cacy, as induced by conventional chemotherapeutic agents,

often do not understand the properties of this drug, and they

(and the patients) do not fully comprehend therapeutic

efficacy. Moreover, they feel too anxious about side effects

that have not been encountered before. These circumstances

may result in treatment discontinuation in many patients.

Clearly, greater awareness among physicians for therapeu-

tic efficacy and approaches to manage adverse effects is

needed to improve treatment outcomes.

Experience of sorafenib use at our institute

Since the approval of sorafenib on May 20, 2009, we have

treated 90 patients with sorafenib, and few have discon-

tinued therapy because of adverse effects or patient refusal

to continue. Of these 90 patients, two achieved CR [55].

These two CR patients, in whom pulmonary and adrenal

metastases and intrahepatic lesions all disappeared, sur-

vived free of recurrence for more than 2 years and 1 year,

respectively, at the time of writing (March, 2010), i.e., they

are still alive at present. In other patients who apparently

achieved SD, the tumor marker levels reached a plateau

after sorafenib administration, when their levels were rising

rapidly before sorafenib administration. Even if hepatic

lesions do not show a clear tendency to undergo necrosis or

regression on CT images, three tumor markers (AFP,

PIVKA-II, and AFP-L3) are widely considered to serve as

surrogate markers. In fact, there are very few data on serum

tumor markers, except for AFP, outside Japan. Neverthe-

less, Japanese researchers have demonstrated the value of

changes in these markers and the antitumor efficacy of

sorafenib [55].

Interestingly, it has previously been demonstrated that

the levels of PIVKA-II or DCP tend to be increased by

Table 2 Results of the Asia–

Pacific and SHARP studies
End point Asia–Pacific SHARP

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

OS 0.68 (0.50–0.93) 0.014 0.69 (0.55–0.87) \0.001

TTSP 0.90 (0.67–1.22) 0.498 1.08 (0.88–1.31) 0.768

TTP 0.57 (0.42–0.79) \0.001 0.58 (0.45–0.74) \0.001

PFS 0.62 (0.46–0.82) \0.001 0.65 (0.52–0.79) \0.001
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inducing hypoxia [57]. Therefore, PIVKA-II or DCP may

be a good predictive marker for evaluating the hypoxic

response to antiangiogenic therapy for HCC.

Only 17 of the 90 patients showed PD on computed

tomography (CT) images although follow-up period is still

short (less than 10 months). However, because the speed

with which the patient develops progressive disease may

slow down due to tumor growth inhibition, it is very dif-

ficult to determine when to discontinue treatment because

of tumor refraction. Important issues for future studies

include:

1 identification of biomarkers that can be used to predict

therapeutic responses, including CR or PR, in patient

groups;

2 evaluation of the role of tumor markers in the

determination of therapeutic responses;

3 establishing response evaluation criteria that can

determine the therapeutic responses to molecular-

targeted agents; and

4 development of effective second-line therapies after

sorafenib failure (Figs. 2, 3).

In the treatment algorithm (Figs. 2, 3) approved by the

Consensus Meeting of the 2009 Annual Meeting of the

Japan Society of Hepatology (Congress chair: Professor

Masatoshi Kudo), sorafenib is indicated for treatment of

patients with Child-Pugh A HCC with extrahepatic

metastasis, vascular invasion, or refractoriness to TACE or

arterial infusion chemotherapy.

In addition to the pharmaceutical-sponsored clinical

trials of sunitinib and brivanib as first and second-line

therapy in sorafenib-refractory patients, investigator-initi-

ated trials (IIT) of sorafenib in combination with hepatic

arterial infusion chemotherapy (SILIUS trial), pharma-

ceutical and IIT trials of sorafenib in combination with

TACE (SPACE, TACICS and BRISK-TA trials), and a

trial to test the inhibitory effect of sorafenib on tumor

recurrence after curative treatment (STORM trial) are

ongoing, and the results of these trials are eagerly awaited

(Figs. 2, 3). The working hypotheses in these studies can

be deduced by extrapolating the MST and hazard ratios in

overall survival (OS) calculated in a subanalysis of the

SHARP study (Table 3). The results obtained suggest that

starting treatment with molecular-targeted drugs at an

earlier tumor stage in combination with standard treatment

options such as resection, ablation, TACE, or hepatic

arterial infusion chemotherapy can improve the prognosis

of HCC. Thus, sorafenib has the potential to induce a

change of emphasis in the treatment of HCC. For example,

in a subanalysis of the SHARP trial, the hazard ratios for

OS and MST ratio in intermediate stage HCC without

vascular invasion or extrahepatic spread were 0.52 and

1.50, respectively (Table 4). This suggests that survival of

early stage HCC and intermediate stage HCC may be

prolonged from 5 years to 7.5–10 years by using sorafenib

in an adjuvant setting after curative treatment, and from

3 years to 4.5–6 years by using sorafenib in combination

with TACE (Fig. 4).

Early Stage
(Adjuvant setting)

Intermediate Stage
(TACE combined)

Advanced Stage
(First line)

Advanced Stage
(Second line)

sorafenib

sorafenib

sorafenib

Angiogenesis mTOR EGFR

linifanib

brivanib

bevacizumab

brivanib

erlotinib

Gefitinib

Lapatinib

bevacizumab

brivanib

RAD001

Cetuximab

(STORM trial)

(SPACE trial)

(BRISK-TA)

(BRISK-FL)

(BRISK-PS)

Fig. 2 Molecular targeted

agents: ongoing trials in each

stage of HCC
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No

Single 1 3
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Liver Function

Vascular
invasion

Number

Size

Treatment

Hypovascular
Early HCC*3

< 3cm

4 or more

> 3cm

Intensive

follow-up

Ablation

Resection
Ablation

Sorafenib(Vp3,4) *8

HAIC (Vp3,4) *8

TACE (Vp1,2)*9

Resection(Vp1,2) *9

Transplantation
TACE/Ablation 

for Child-Pugh C 
pts*10

Palliative care

TACE *5

HAIC *5

Resection*6

Ablation*6

Within Milan *7

criteria and 
Age < 65

Exceeding Milan 
criteria
or Age > 65

seYseY No

Resection
TACE
TACE+
Ablation*4

Child-Pugh A

Sorafenib

*1, 2

Child-Pugh B/C

Sorafenib *5

(TACE or HAIC refractory, Child A)

Sorafenib
(adjuvant after 
resection or 
ablation)
(STORM)

Ongoing
trial

Sorafenib, Brivanib
(in combination with TACE) 

(SPACE, TACICS, 
BRISK-TA)

Sorafenib
(in combination with 

HAIC) (SILIUS)

(1st line)
Brivanib (1st and 2nd

lines)
(BRISK-FL and 
BRISK-PS)

(1st line)

Brivanib (1st line)

BRISK-FL

*1

Linifanib

Linifanib

Fig. 3 Consensus-based treatment algorithm for HCC proposed by

the Japan Society of Hepatology (JSH) revised in 2010. *1 Treatment

should be performed as if extrahepatic spread is negative, when

extrahepatic spread is not considered as a prognostic factor in Child-

Pugh class A/B patients, *2 sorafenib is the first choice of treatment in

this setting as a standard of care, *3 intensive follow-up observation is

recommended for hypovascular nodules by the Japanese Evidence-

Based Clinical Practice Guidelines. However, local ablation therapy

is frequently performed in the following cases: (1) when the nodule is

diagnosed pathologically as early HCC; (2) when the nodules show

decreased uptake on Gd-EOB-MRI; or (3) when the nodules show

decreased portal flow by CTAP, since these nodules frequently

progress to advanced HCC, *4 even for HCC nodules exceeding 3 cm

in diameter, transcatheter arterial chemoembolization (TACE) in

combination with ablation is frequently performed when resection is

not indicated, *5 TACE is the first choice of treatment in this setting.

Hepatic arterial infusion chemotherapy (HAIC) using an implanted

port is also recommended for TACE-refractory patients. The regimen

for this treatment is usually low-dose FP (5FU+CDDP) or intra-

arterial 5FU infusion combined with systemic interferon therapy.

Sorafenib is also recommended for TACE- or HAIC-refractory

patients with Child-Pugh class A liver function, *6 resection is

sometimes performed when more than four nodules are detected.

Ablation is sometimes performed in combination with TACE,

*7 Milan criteria: tumor size B3 cm and tumor number B3, or

solitary tumor B5 cm. Even when liver function is good (Child-Pugh

A/B), transplantation is sometimes considered for patients with

frequently recurring HCC, *8 sorafenib and HAIC are recommended

for HCC patients with major portal invasion such as Vp3 (portal

invasion in the first portal branch) or Vp4 (portal invasion in the main

portal branch), *9 resection and TACE are frequently performed

when portal invasion is minor, such as Vp1 (portal invasion in the

third or more peripheral portal branch) or Vp2 (portal invasion in the

second portal branch), *10 local ablation therapy or subsegmental

TACE is performed even for Child-Pugh C patients when transplan-

tation is not indicated, when there is no hepatic encephalopathy, no

uncontrollable ascites, and a low bilirubin level (\3.0 mg/dl).

However, it is regarded as an experimental treatment because there

is no evidence of a survival benefit in Child-Pugh C patients.

A prospective study is necessary to clarify this issue

Table 3 Subanalysis data of the SHARP study

Advanced HCC with

vascular invasion

and extrahepatic spread

Advanced HCC without

vascular invasion or

extrahepatic spread

Hazard ratio 0.77 (95% CI: 0.60–0.99) 0.52 (95% CI: 0.32–0.85)

Median OS (MST) Sorafenib 8.9 M (n = 209) (95% CI: 7.6–10.3 M) 14.5 M (n = 90) (95% CI: 14.0 M–N/E)

Placebo 6.7 M (n = 212) (95% CI: 5.2–8.0 M) 10.2 M (n = 91) (95% CI: 8.6–15.5 M)

M, month

Sherman M et al. ASCO 2008
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Summary and future prospects

The results of clinical trials [33, 34, 36, 40, 41, 49, 58–62]

of the molecular-targeted agents described above are

summarized in Table 4. Angiogenesis-inhibiting drugs,

particularly sorafenib, have been evaluated for HCC, and

drugs targeting EGFR and mTOR are being developed. The

results (numerical values) of phase II clinical trials show no

marked differences in the therapeutic efficacy evaluated by

time to progression (TTP) or progression-free survival

Table 4 Results of studies of molecular-targeted agents for HCC

Agent Type Target Number of patients RR (%) PFS (month) TTP (month) OS (month) Reference

Phase III

Sorafenib s.m. C-Raf, B-Raf, 602 (299a) 2 – 5.5 10.7 Llovet [5, 53]

PDGFR, VEGFR 271 (150a) 3.3 – 2.8 6.5 Cheng [54]

Phase II

Sorafenib s.m. C-Raf, B-Raf, 137 2.2 – 5.5 9.2 Abou-Alfa [58]

PDGFR, VEGFR

Sunitinib s.m. VEGFR, PDGFR, 37 2.7 3.7 5.3 8 Faivre [33]

SCFR, FLT3 34 2.9 3.9 4.1 9.8 Zhu [34]

Brivanib s.m. VEGFR, FGFR 55 n.r. – 2.8 10 Raoul [36]

Linifanib s.m. VEGFR, PDGFR 44 6.8 – 5.7 9.3 Toh [59]

Bevacizumab MoAb VEGF 46 13 6.9 – 12.4 Siegel [60]

Erlotinib s.m. EGFR 38 9 – 3.2 13 Philip [40]

40 0 – – 10.7 Thomas [41]

Gefitinib s.m. EGFR 31 3.2 2.8 – 6.5 O’Dwyer [61]

Lapatinib s.m. EGFR 40 5 2.3 – 6.2 Ramanathan [62]

26 0 1.9 – 12.6 Bekaii-Saab [48]

Cetuximab MoAb EGFR 30 0 1.4 – 9.6 Zhu [49]

a Sorafenib arm

%01-5%03%56-06

Standard
Tx

Combined
Tx

Standard
Therapy

Tumor
Stage

Natural
Course

Early Stage HCC
(within Milan criteria)

Curative treatment

1. Resection
2. Ablation
3. Transplant

Median OS
> 36 Month

Curative therapies
OS>5 yrs

Curative therapies
+ Sorafenib et al

OS>7.5-10 yrs?

Intermediate Stage 
without VI/EHS

Mass Reduction

1.TACE
2. HAIC

Median OS
16 Month

TACE
OS 3  yrs

TACE
+ Sorafenib et al

OS >4.5-6  yrs?

Advanced Stage
with VI/EHS

Mass Reduction

1. HAIC
2. Sorafenib

Median OS
6 Month (4-8M)

Sorafenib
OS 10.7M

HAIC
+ Sorafenib et al

OS 1.5-2y?

Fig. 4 Outcomes of standard treatment modalities and expected effects of combination therapy with molecular-targeted agents
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(RFS). However, results from phase II studies may be

subject to patient selection bias and cannot be compared

with results from other trials. Thus, when determining the

therapeutic efficacy of drugs, we should review the efficacy

of the respective drugs, and consider where the theoretical

target molecules are present and what combinations of

drugs have a theoretical rationale, and thus evaluate

options for monotherapy and combination therapy based on

the efficacy and safety data obtained from phase III clinical

trials.

Molecular-targeted agents that have been introduced

into clinical use in recent years are approved for treatment

of specific cancer and are then frequently used to treat other

cancers. Although not discussed here, studies to identify

predictors of efficacy (i.e., biomarkers) for angiogenesis

inhibitors and EGFR tyrosine kinase inhibitors, and factors

involved in drug resistance, are making steady progress,

and the associated therapeutic strategies are undergoing

major changes. Therefore, even in the treatment of HCC, it

is necessary for HCC specialists to expand their knowledge

of and techniques for applying existing treatment modali-

ties (resection, ablation, TACE, arterial infusion chemo-

therapy) to physically remove, destroy, or necrotize the

tumor, and to better understand clinical oncology, partic-

ularly the role and mechanisms of action of molecular-

targeted agents. We are entering an era in which physicians

treating HCC should pay close attention to the develop-

ment of therapeutic agents not only for HCC but also for

other cancers, and be aware of the use of molecular-tar-

geted agents for treating cancers in clinical and basic

research settings, and understand approaches to limit or

control adverse effects associated with these drugs.

Although sorafenib was recently approved, many issues

remain to be addressed, including:

1 how to determine and define refractoriness; and

2 whether to continue TACE or hepatic arterial infusion

chemotherapy (a de facto standard in Japan) in patients

with TACE-refractory tumors or portal tumor thrombi

before starting sorafenib therapy.

For oncology, in particular, the Pharmaceuticals and

Medical Devices Agency (PMDA) in Japan has approved

several drugs based on results from global clinical trials

and on Japanese phase I study data alone. We strongly

recommend that, on the basis of the molecular-targeted

agents currently under development, clinical studies

(including IITs) should be conducted aggressively, and

therapeutic strategies should be devised to resolve the

limitations of currently used therapeutic approaches and to

improve therapeutic outcomes.

The introduction of sorafenib to treat HCC in 2007 in

Western countries and in 2009 in Japan was undoubtedly

the beginning of a change of emphasis, representing a

significant breakthrough for HCC treatment not previously

experienced for this unique tumor.
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Abstract In recent years, molecular-targeted agents have

been used clinically to treat various malignant tumors. In

May 2009, sorafenib (Nexavar�) was approved in Japan for

‘‘unresectable hepatocellular carcinoma (HCC)’’, and was

the first molecular-targeted agent for use in liver cancer. To

date, sorafenib is the only molecular-targeted agent whose

survival benefit has been demonstrated in two global phase

III randomized controlled trials, and it has now been

approved worldwide. Phase III clinical trials are now

underway to compare other molecular-targeted agents with

sorafenib as first-line treatment agents, and to evaluate

other multi-kinase inhibitors of the vascular endothelial

growth factor and platelet-derived growth factor receptors,

as well as drugs targeting the epidermal growth factor

receptor, insulin-like growth factor receptor, and mamma-

lian target of rapamycin, in addition to other molecules

targeting other components of the signal transduction

pathways. This review outlines the main pathways

involved in the development and progression of HCC and

the agents that target these pathways.

Keywords Hepatocellular carcinoma �
Molecular-targeted agent � Sorafenib � Sunitinib �
Brivanib � Complete remission

Introduction

Advances in molecular cell biology over the last decade

have clarified the mechanisms involved in cancer growth,

invasion, and metastasis, and enabled the development of

molecular-targeted agents, best represented by trastuzumab

for breast cancer, imatinib and rituximab for hematopoietic

tumors, and gefitinib and erlotinib for lung cancer. These

molecular-targeted agents are broadly classified into two

categories: drugs targeting cancer cell-specific molecules

and nonspecific molecular-targeted drugs for molecular

biological abnormalities induced in the host stroma or

blood vessels by the presence of cancer. Examples of the

former approach include: trastuzumab, which targets

HER2, the expression of which is a poor prognostic factor

for breast cancer; rituximab, which is used to treat B cell

lymphoma, and targets CD20 expressed on normal and

neoplastic mature B cells; and imatinib, which binds to the

ATP-binding site of Bcr-abl, a protein that causes chronic

myelogenous leukemia. However, no critical target mole-

cules responsible for treatment response have been identi-

fied in hepatocellular carcinoma (HCC).

In recent years, clinical trials have been conducted for

many agents that act on growth factor receptors (for

example epidermal growth factor receptor (EGFR) and

vascular endothelial growth factor receptor (VEGFR)) and

intracellular signaling pathways. In addition, multi-kinase

inhibitors, including sorafenib, have emerged and have

been evaluated. Clinical trials are now ongoing to compare

drugs with the same mechanism of action and to test the

combined efficacy and relative merits of these drugs with

existing drugs for many cancers. Because the main treat-

ment option for metastatic, advanced stage cancers, for

example breast and colorectal cancer, is systemic chemo-

therapy, clinical trials are ongoing to investigate how to
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combine molecular-targeted agents with standard therapies

based on the results of long-term, large-scale clinical trials,

and to identify which molecular-targeted agents should be

used as initial or second-line therapy. However, for HCC,

background liver damage limits the indication for systemic

chemotherapy and no anti-cancer drugs were found to be

effective in a large-scale randomized controlled trial

(RCT). However, now that the usefulness of sorafenib has

been demonstrated in clinical trials, the development of

drugs that are effective for poor-prognosis advanced HCC

with distant metastasis and vascular invasion is eagerly

awaited.

Signaling pathways and molecular-targeted agents

in HCC

As in other cancers, the molecular mechanisms involved in

the development and progression of HCC are complex. It

has been shown that, after HBV/HCV infection and alcohol

or aflatoxin B1 exposure, genetic and epigenetic changes

occur, including oncogene activation and tumor-suppressor

gene inactivation, because of an inflammation-induced

increase in hepatocyte turnover and oxidative stress-

induced DNA damage. Through apoptosis and cell prolif-

eration, these changes lead to the multistep development

and progression of a hyperplastic to dysplastic nodule,

early HCC, and advanced HCC. A number of studies have

reported changes in gene expression, chromosomal

amplification, mutations, deletions and copy number

alterations (gain/loss), somatic mutations, CpG hyperme-

thylation, DNA hypomethylation, and molecular abnor-

malities, which can constitute therapeutic targets [1–5].

The binding of growth factors to their receptor proteins

activates protein-phosphorylating enzymes, thus activating

a cascade of proliferative signaling pathways to transmit

proliferative signals into the nucleus. Growth factors, for

example epidermal growth factor (EGF), transforming

growth factor (TGF)-a/b, insulin-like growth factor (IGF),

and vascular endothelial growth factor (VEGF), also

function in liver regeneration after injury, whereas fibro-

blast growth factor (FGF) and the platelet-derived growth

factor (PDGF) family are involved in liver fibrosis and

HCC growth [6–8]. The receptors for these growth factors

are broadly classified into G-protein-coupled receptors and

protein kinases. On ligand binding, these receptors activate

their downstream intracellular molecules in a cascade

fashion. Many of the growth factor receptors and onco-

genes have tyrosine kinase activity, and the tyrosine

kinases are classified into transmembrane receptor tyrosine

kinases such as the EGFR and VEGFR, and cytoplasmic

non-receptor tyrosine kinases such as Abl and Src. On the

other hand, Raf, MAP kinase/ERK kinase (MEK), and

mammalian target of rapamycin (mTOR) are serine/thre-

onine kinases.

In general, the mitogen-activated protein kinase

(MAPK), phosphoinositide 3-kinase (PI3K)/Akt/mTOR,

c-MET, IGF, Wnt-b-catenin, and hedgehog signaling

pathways, and the VEGFR and PDGFR signaling cascades

show altered activity in HCC, and agents targeting these

pathways are under development (Fig. 1, Table 1) [9].

Many molecular-targeted agents are now under develop-

ment; the target signaling pathways and growth factors are

outlined below.

MAPK pathway (RAS/RAF/MEK/ERK)

The MAPK intracellular signaling pathway, which is

mainly involved in cell growth and survival, and regulates

cell differentiation, is upregulated in cancer cells. There-

fore, this pathway has been extensively studied as a ther-

apeutic target. The MAPK pathway is a common

downstream pathway for the EGFR, PDGFR, and VEGFR,

and is universally used for signal transduction downstream

of cytokine receptors, integrin complexes, and G-protein

receptors to Ras. The MAPK pathway also plays an

important role in HCC in that its activation is reportedly

involved in HCC growth and survival [5]. The downstream

extracellular signaling-regulated kinase (ERK) is activated

by two upstream protein kinases, which are coupled to

growth factor receptors by Ras proteins. Ras, which is

activated by ligand binding, activates Raf serine/threonine

kinases and MEK (MAP kinase/ERK kinase), whereas

MEK phosphorylates and activates ERK, which phos-

phorylates proteins involved in cell growth, apoptosis

resistance, extracellular matrix production, and angiogen-

esis [10–13].

Raf and Ras inhibitors

Raf and Ras are proto-oncogenes. In particular, K-Ras

mutations are commonly observed in many cancers,

including pancreatic and colorectal cancers. One study

reported that 30% of HCCs have Ras mutations [14]. To

our knowledge, no agents targeting Ras are planned to

enter clinical trials in the near future. However, because the

binding of Ras protein to the cell membrane and its func-

tional activation require farnesylation, several farnesyl-

transferase inhibitors are being tested for Ras-related

tumors. In addition, vaccine therapy for mutant Ras pro-

teins is currently being tested for solid cancers, including

HCC.

The Raf family consists of three isoforms, A-Raf, B-Raf,

and C-Raf/Raf-1. Genetic abnormalities, for example point

mutations and gene rearrangements, have been reported in

various cancers [15]; however, in HCC, ras/raf mutations
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are rare, and no k-ras or b-raf mutations have been detected

[16]. On the other hand, wild-type Raf-1 was reported to be

hyperactivated in many cancers, including HCC [17–19].

Sorafenib inhibits Raf, and has multiple characteristics in

that it has strong inhibitory activity against Raf-1 (C-Raf)

kinase, B-Raf (wild-type B-Raf and mutant V600E B-Raf)

serine/threonine kinase, the pro-angiogenic receptor tyro-

sine kinases VEGFR, PDGFR, and FGFR1, and tyrosine

kinases such as c-kit, Flt-3, and RET, which are involved in

tumor progression and overall prognosis [20].

MEK

The MEK family consists of MEK1 and MEK2 proteins,

which specifically phosphorylate tyrosine and threonine

residues, and phosphorylates downstream Erk1 and Erk2

[21].

In an immunohistochemical study, MEK1/2 overex-

pression, ERK1/2 overexpression, and ERK1/2 phosphor-

ylation were observed in 100% (46/46), 91% (42/46), and

69% (32/46) of HCCs, respectively, and the in-vitro

treatment of HepG2 and Hep3B cells with MEK1/2

inhibitors inhibited cell growth and upregulated apoptosis

[22].

The MEK inhibitors CI-1040, PD0325901, AZD6244,

and RDEA119/BAY869766 have been tested in several

cancers including solid tumors such as HCC. A phase II

study of AZD6244 (selumetinib, ARRY-142866) and a

phase I/II study of RDEA119/BAY869766 in combination

with sorafenib are being conducted.

Fig. 1 Signaling pathways and

the site of action of molecular-

targeted agents (modified from

Villanueva A et al. [3] and

Llovet and Bruix [5])
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PI3K/Akt/mTOR pathway

The PI3K/Akt/mTOR pathway also plays an important

role in cell growth, survival regulation, metabolism, and

anti-apoptosis. The membrane lipid phosphatidylinositol

4,5-bisphosphate (PIP2) is phosphorylated by phosphati-

dylinositol 3-kinase (PI3K) into phosphatidylinositol

3,4,5-triphosphate (PIP3), which binds to and activates

the serine/threonine kinase Akt. The tumor-suppressor

gene product PTEN (phosphatase and tensin homolog

deleted on chromosome) is antagonistic to PI3K activity.

PTEN is a lipid phosphatase that dephosphorylates ino-

sitol phosphates such as PIP3. The inactivation of PTEN

through gene deletion increases PIP3 levels, and activates

Akt, which inhibits apoptosis, leading to the development

of tumors. The serine/threonine kinase mTOR is an

important mediator in the PI3K/Akt pathway that binds

intracellularly to a protein called raptor or rictor, and

exists as two different complexes, complex 1 and 2

(mTORC1 and mTORC2). mTORC2 (mTOR-rictor)

activates Akt whereas mTORC1 (mTOR-raptor) is acti-

vated downstream of Akt; thus, both molecules regulate

protein synthesis [23].

A study of 528 HCC samples showed that expression of

pAkt, PTEN, p27, and S6 ribosomal protein (pS6) was a

poor prognostic factor for survival [24]. A tissue micro-

array analysis of HCC samples revealed that the loss of

PTEN and overexpression of pAkt and p-mTOR were

correlated with tumor grade, intrahepatic metastasis, vas-

cular invasion, TNM stage, Ki-67 labeling index, and

matrix metalloproteinase (MMP)-2 and (MMP)-9 upregu-

lation, Meanwhile, PTEN mRNA expression in the can-

cerous tissue was downregulated, compared with that in the

non-cancerous tissue. The levels of PTEN, MMP-2, and

MMP-9 mRNA expression were correlated with tumor

stage and metastasis, and the levels of PTEN and MMP-9

mRNA expression were inversely correlated [25]. In an

extensive analysis of 314 HCC samples in terms of muta-

tion analysis, DNA copy number changes, mRNA levels,

and immunostaining, Villanueva et al. found that activation

of the IGF pathway, upregulation of EGF, dysregulation of

PTEN, and aberrant mTOR signaling were present in half

of the samples, and that inhibiting mTOR activity with

everolimus was effective in improved survival and sup-

pression of recurrence [26].

The PI3K inhibitor RG7321 and the Akt inhibitor

perifosine target the PI3K/Akt/mTOR pathway and are in

early stages of clinical development, whereas the mTOR

inhibitors everolimus (RAD001), sirolimus (Rapamune),

and temsirolimus (CCI-779) are at more advanced stages

of development. Everolimus is used to treat sorafenib-

intolerant patients or for patients showing disease pro-

gression after sorafenib administration. A phase III study to

compare everolimus and a placebo (EVOLVE-1: Advanced

Hepatocellular Carcinoma after Disease Progression or

Intolerance to Sorafenib EverOlimus for LiVer cancer

Evaluation) and a phase I/randomized phase II study

(sorafenib ? everolimus vs. sorafenib alone) to test the

efficacy and tolerance of sorafenib in combination with

everolimus are underway. Because mTOR inhibitors have

cytostatic and antiangiogenic effects, they are expected to

be effective in combination with other angiogenesis

inhibitors such as bevacizumab, and may be appropriate

for administration after transarterial chemoembolization

(TACE). Furthermore, because the mTOR pathway is

stimulated by factors such as EGFR, PDGFR, and TGFa,
and is closely related to other signaling pathways including

the Ras/Raf/MEK/ERK pathway, they are likely to show

promising efficacy when used in combination with other

growth factor inhibitors [27].

VEGF/VEGFR, PDGFR, FGFR

Angiogenesis is an important event not only for HCC but

also for cancer growth and metastasis, and occurs because

of complex alterations involving promoting factors such as

VEGF, angiopoietin, and FGF, inhibitory factors including

thrombospondin (TSP) and angiostatin and the surrounding

tissue. The VEGF family consists of VEGF-A, B, C, D, and

E, and placental growth factor (PIGF). The VEGFR family

comprises VEGFR-1 (flt-1), VEGFR-2 (flk-1/KDR), and

VEGFR-3 (flt-4). VEGF-A binds to VEGFR-1 and

VEGFR-2 and is involved in angiogenesis and the main-

tenance of mature blood vessels, whereas VEGF-C and

VEGF-D mainly bind to VEGFR-3, are involved in lym-

phangiogenesis [28, 29]. VEGF isoforms such as VFGF121
and VEGF165 have been identified, and isoform subtypes

also exist, for example EGF166b. Thus, it is clear that these

growth factors do not exhibit angiogenesis-promoting

effects alone, and they have attracted attention as new

therapeutic targets [30].

HCC typically exhibits active angiogenesis. During the

progression from early to well, and to moderately differ-

entiated HCC, angiogenesis increases and cancer cells

acquire the ability to invade vessels and metastasize. Sci-

entific and clinical studies have revealed that, during the

progression from hepatitis to cirrhosis, angiogenesis and

disruption of the vascular architecture are linked to the

progression of HCC, and contribute to increased hepatic

vascular resistance and portal hypertension, and decreased

hepatocyte perfusion [31]. In addition, a meta-analysis has

demonstrated that VEGF expression is a prognostic factor

in HCC [32].

Phase II studies have been started to test the usefulness

of bevacizumab (Avastin�), which directly targets VEGF,

in TACE-treated HCC, and the use of bevacizumab in
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combination with erlotinib (Tarceva�), an EGFR tyrosine

kinase inhibitor.

Sunitinib (Sutent�) is a multi-kinase inhibitor that

inhibits tyrosine kinases such as VEGFR-1, 2, 3, PDGFR-

a, b, and c-Kit. A phase II study of sunitinib in 37

advanced HCC patients showed that the median progres-

sion-free survival (PFS) and median overall survival (OS)

were 3.7 and 8 months, respectively. In that study, adverse

events included grade 3/4 thrombocytopenia in 37.8% of

patients, neutropenia in 24.3%, asthenia in 13.5%, and

hand–foot syndrome in 10.8% [33]. Because sunitinib has a

lower IC50 for each target than sorafenib, it is expected to

have greater antitumor activity. However, this factor may

be responsible for the higher incidence of adverse events

with sunitinib. The main evaluation item in the above

phase II trial was the response rate, which did not reach the

expected value, leading to the conclusion that it was a

negative study [34]. In that study sunitinib was adminis-

tered at 50 mg/day for 4 weeks followed by 2 weeks of rest

per cycle [33], whereas Zhu et al. [34] used a dosing

schedule of 37.5 mg/day for 4 weeks followed by 2 weeks

of rest per cycle, and reported that the median PFS and OS

were 3.9 and 9.8 months, respectively. An ongoing global

cooperative phase III controlled clinical trial to compare

sorafenib and sunitinib head-to-head and to seek approval

for first-line indications for advanced HCC adopted a

sunitinib dosing schedule of 37.5 mg/day. However, in a

‘‘Reflection and Reaction’’ regarding these trial results,

Forner et al. cast doubt on whether the drugs at this dose

could maintain tolerance and ensure efficacy [35]. Because

recruitment is progressing well, the results are expected to

be available soon.

Brivanib is a kinase inhibitor that selectively inhibits

VEGFR-1, 2, and 3, and FGFR-1, 2, and 3. As for suniti-

nib, an international global phase III clinical trial to com-

pare brivanib and sorafenib head-to-head and to seek

approval for first-line therapy for advanced HCC has

already been started, and the results are eagerly awaited.

Japanese centers are participating in this clinical trial.

Because brivanib targets FGF and VEGF, and is associated

with relatively mild adverse effects, a second-line study of

brivanib in sorafenib-ineffective and sorafenib-intolerant

patients and a trial to evaluate the use of brivanib in

combination with TACE are underway. Depending on the

results of these trials, indications for use in HCC may be

obtained; therefore, positive results are eagerly anticipated.

The results have been reported for a phase II study of

brivanib in 55 patients (cohort A) who had not received

systemic therapy for curatively unresectable HCC and 46

patients (cohort B) previously treated with angiogenesis

inhibitors such as sorafenib or thalidomide [36]. The

median TTP and OS were 2.8 and 10 months, respectively,

in cohort A versus 1.4 and 9.8 months, respectively, in

cohort B. Adverse events included fatigue (51.5%), diar-

rhea (41.6%), hypertension (42.6%), anorexia (41.6%), and

nausea/vomiting (40.6/30.7%). Thus, these results demon-

strated the efficacy of brivanib as a second-line treatment.

The results of three phase III clinical trials, BRISK-PS

(sorafenib failure or sorafenib-intolerant patients; briva-

nib ? best supportive care (BSC) vs. placebo ? BSC),

BRISK-FL (advanced HCC; brivanib vs. sorafenib), and

BRISK-TA (patients with unresectable HCC, brivanib vs.

placebo as post-TACE adjuvant therapy) are awaited.

Japanese centers participated in all three trials.

In a Japanese phase I/II trial of TSU-68, an oral

molecular inhibitor of VEGFR, PDGFR, and FGFR, to test

its safety and efficacy in 35 HCC patients, the response rate

was 5.6% (CR, PR, SD, PD, and NE in 1, 2, 15, 16, and 1

patients, respectively), and the disease control rate was

51.4% [37].

In addition, several phase I/II trials are being conducted

to assess kinase inhibitors such as linifanib (ABT-869) and

cediranib (AZD2171), which inhibit VEGFR, PDGFR,

CSF-1R (cFms), Kit, and Flt3. Furthermore, axitinib,

which is currently being tested in renal cell carcinoma, has

also attracted attention as a promising agent for treatment

of HCC because of its efficacy and mild side effects.

EGF/EGFR

EGFR is a member of the human epidermal growth factor

receptor (HER) family that includes EGFR (erbB1), HER2/

neu (erbB3), and HER4 (erb4). All members of this family,

except HER3, have an intracellular tyrosine kinase domain,

and the binding of a ligand to its extracellular domain

triggers signal transduction through the above-described

MAPK and PI3K/Akt/mTOR pathways. Thus, these

receptors are involved in cell growth, differentiation, sur-

vival and adhesion [38]. EGFR overexpression has been

reported in many cancers, and in HCC. For example,

Buckley et al. reported that EGFR, detected by immuno-

histochemical analysis, was overexpressed in 50 (66%) of

76 HCCs, and that fluorescence in-situ hybridization

(FISH) showed extra EGFR gene copies in 17 (45%) of 38

HCCs [39].

EGFR-targeting drugs, which include anti-EGFR anti-

bodies, such as cetuximab and panitumumab, and small-

molecule inhibitors of EGFR tyrosine kinases such as

gefitinib, etc., have been used widely for treatment of

several cancers other than HCC. Unfortunately, except for

phase II trial data, there are few clinical data on the efficacy

of these drugs for the treatment of HCC.

Similar to gefitinib (Iressa�), erlotinib (Tarceva�) is an

oral EGFR tyrosine kinase inhibitor. Philip et al. and

Thomas et al. have reported the results of phase II studies

of erlotinib in HCC [40, 41]; the median OSs in their
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studies were 13 and 10.7 months, respectively. A phase III

clinical study (SEARCH study: Sorafenib and Erlotinib, a

Randomized Trial Protocol for the Treatment of Patients

with Hepatocellular Carcinoma) of sorafenib in combina-

tion with erlotinib versus sorafenib plus placebo is ongo-

ing. Because erlotinib is associated with a high incidence

of skin rash, dry skin, and gastrointestinal toxicity, for

example diarrhea, the results of the SEARCH study should

be evaluated to assess whether this combination therapy

can be used in clinical settings. Thomas et al. conducted a

phase II clinical study of erlotinib in combination with

bevacizumab in 40 advanced HCC patients, and reported

promising results; the median PFS and OS were 9 and

15.7 months, respectively. However, they noted frequent

treatment-related grade 3/4 toxicities, including fatigue

(20%), hypertension (15%), gastrointestinal bleeding

(12.5%), wound infection (5%), diarrhea (10%), elevated

transaminase levels (10%), and thrombocytopenia (10%)

[42], which necessitates further evaluation of drug toler-

ance. Although a clinical study of erlotinib in combination

with bevacizumab (OPTIMOX-3 study) was also con-

ducted in colorectal cancer patients, no tolerance was

observed, which led to a change in the protocol [43, 44].

After the introduction of a number of molecular-targeted

drugs, strategies for the inhibition of similar or different

signaling pathways (vertical or horizontal inhibition) with

several drugs have been proposed. However, the combined

use of molecular-targeted agents has remained largely

unsuccessful, including panitumumab in combination with

bevacizumab for treatment of colorectal cancer [45].

Similarly, results for sorafenib in combination with bev-

acizumab (vertical inhibition) have been reported [46].

Although some therapeutic response was obtained, the

combination therapy resulted in greater toxicity [46], sug-

gesting the need for detailed evaluation of the dosing

regimen.

Lapatinib (Tykerb�) is a dual inhibitor of EGFR and

HER-2/neu, and inhibits tumor growth by downregulating

MAPK, AKT, and p70S6 kinase [47]. In Japan, lapatinib is

indicated for treatment of breast cancer. In a phase II

clinical trial of lapatinib in 26 patients with unresectable

advanced HCC, the median PFS and OS were 1.9 and

12.6 months, respectively, and adverse events included

diarrhea (73%), nausea (54%), and skin rash (42%) [48].

Cetuximab (Erbitux�) is a human/mouse chimeric

monoclonal antibody consisting of the variable region of a

mouse anti-human EGFR monoclonal antibody and the

human IgG1 constant region. Cetuximab inhibits the

binding of endogenous EGFR ligands, for example EGF

and TGFa, to EGFR. In a phase II clinical trial of cetux-

imab in 30 patients with unresectable or metastatic HCC,

the median PFS and OS were 1.4 and 9.6 months,

respectively, and treatment-related toxicities included

grade 3 hypomagnesemia (3.3%) and grade 1/2 acne-like

rash (83.3%), which was observed for the duration of anti-

EGFR therapy in that study [49].

The EGFR is a very interesting therapeutic target. As

described above, use of erlotinib in combination with

sorafenib is still in the research stage. However, on the

basis of results from phase II studies, the efficacy of

cetuximab or lapatinib as monotherapy seems to be limited,

and the results of further studies evaluating their efficacy in

sorafenib-refractory or intolerant patients are awaited with

interest.

HGF/c-Met pathway

Because the hepatocyte growth factor (HGF)/Met pathway

is involved in tumor growth, invasion, and angiogenesis in

a wide range of neoplasms, HGF and Met have recently

attracted attention as therapeutic targets. HGF is a hetero-

dimer consisting of a and b chains bound together by a

disulfate bond. The a chain contains four kringle domains,

and the b chain contains a serine protease-like domain. Met

is a receptor tyrosine kinase for the HGF ligand, and

contains a semaphorin-like domain. HGF or Met overex-

pression and Met gene mutations and duplications have

been reported in various cancers, and abnormalities due to

HGF/Met pathway activation have also been noted [50].

These abnormalities activate the downstream signaling

cascade, leading to epithelial-mesenchymal transition and

increased proliferative, migratory, invasive and metastatic

potentials of cancer cells [50].

HGF/c-MET-targeted drugs, including kinase inhibitors,

HGF inhibitors, and decoy c-Met receptor molecules, are

being developed. Of particular interest is ARQ-197, a

c-Met receptor tyrosine kinase inhibitor which is a non-

ATP-competitive molecule that binds near the ATP-bind-

ing site. A randomized phase II study of ARQ-197 versus

placebo is ongoing in patients with unresectable HCC after

systemic therapy failure.

IGF/IGFR

The IGF/IGFR system is involved in cell growth and the

chemotherapeutic response. The ligands IGF-I and II bind

to their receptors IGF-1R and IGF-2R, and are involved in

DNA synthesis and cell growth. Abnormalities in IGF and

IGF-1R or their overexpression have been reported in

various cancers, including HCC. Their associations with

disease stage, metastasis, and survival [51] and the func-

tions of IGF and IGFR in HCC [52] have been reported.

IGF-targeting drugs are currently being developed, and

mainly include anti-IGF-1R antibodies, for example

BIIB022, AVE1642, and cixutumumab (IMC-A12). A

phase II study of cixutumumab, a phase Ib/II study of
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sorafenib versus sorafenib plus BIIB022, and phase I/II

studies of AVE1642 as monotherapy or in combination

with sorafenib or erlotinib are ongoing.

Sorafenib: trial results and clinical experience

Clinical results for sorafenib in HCC

As described above, sorafenib is a multi-kinase inhibitor of

tumor growth and angiogenesis, and has a strong inhibitory

effect on C-Raf and B-Raf serine/threonine kinases (com-

prising the Raf/MEK/ERK pathway), VEGFR and PDGFR

tyrosine kinases, and FLT-3 and c-kit [20]. To date,

sorafenib is the only molecular-targeted agent approved for

treatment of HCC, on the basis of the results of two large-

scale clinical trials, namely the SHARP (Sorafenib HCC

assessment Randomized Protocol) study [53] and the Asia–

Pacific study [54]. The median OSs for the sorafenib group

in the SHARP and Asia–Pacific studies were 10.7 months

(vs. 7.9 months for the placebo group, P\ 0.001; HR:

0.69) and 6.5 months (vs. 4.2 months for the placebo

group, P = 0.014; HR: 0.68), respectively, indicating that

sorafenib prolongs survival by approximately 50%

(Table 2). These data should compel HCC specialists to

challenge their preconception that systemic anticancer drug

therapy is not effective for HCC.

Current status regarding the use of sorafenib in Japan

Sorafenib was approved in Japan in May, 2009. A survey

has confirmed that, at the time of writing (March, 2010),

over 3,700 patients have been prescribed sorafenib.

Across several centers, 15 Japanese patients have

achieved CR, which was not observed in the SHARP or

Asia–Pacific trials. This suggests that some Japanese

patients may be very sensitive to sorafenib [55]. The

reason for this, and predictive biomarkers, are now

actively under investigation.

On the other hand, it has been reported that hand–foot

syndrome occurs early after sorafenib administration [56]

more often than was noted in the SHARP and Asia–Pacific

studies, and the drug is often discontinued because of the

adverse effects in many patients [56]. As demonstrated in

the SHARP and Asia–Pacific studies, sorafenib is only used

to achieve stable disease; it is, therefore, important to

improve drug efficacy by extending the period of adminis-

tration for as long as possible. Therefore, it is no exagger-

ation to say that, in the case of sorafenib, the ‘‘successful

management of side effects’’ is equal to ‘‘successful treat-

ment.’’ According to ‘‘post-TACE phase III clinical study

[56]’’ performed in Japan and Korea, it is strongly specu-

lated that physicians who are unaccustomed to prescribing

molecular-targeted agents and who fail to see marked effi-

cacy, as induced by conventional chemotherapeutic agents,

often do not understand the properties of this drug, and they

(and the patients) do not fully comprehend therapeutic

efficacy. Moreover, they feel too anxious about side effects

that have not been encountered before. These circumstances

may result in treatment discontinuation in many patients.

Clearly, greater awareness among physicians for therapeu-

tic efficacy and approaches to manage adverse effects is

needed to improve treatment outcomes.

Experience of sorafenib use at our institute

Since the approval of sorafenib on May 20, 2009, we have

treated 90 patients with sorafenib, and few have discon-

tinued therapy because of adverse effects or patient refusal

to continue. Of these 90 patients, two achieved CR [55].

These two CR patients, in whom pulmonary and adrenal

metastases and intrahepatic lesions all disappeared, sur-

vived free of recurrence for more than 2 years and 1 year,

respectively, at the time of writing (March, 2010), i.e., they

are still alive at present. In other patients who apparently

achieved SD, the tumor marker levels reached a plateau

after sorafenib administration, when their levels were rising

rapidly before sorafenib administration. Even if hepatic

lesions do not show a clear tendency to undergo necrosis or

regression on CT images, three tumor markers (AFP,

PIVKA-II, and AFP-L3) are widely considered to serve as

surrogate markers. In fact, there are very few data on serum

tumor markers, except for AFP, outside Japan. Neverthe-

less, Japanese researchers have demonstrated the value of

changes in these markers and the antitumor efficacy of

sorafenib [55].

Interestingly, it has previously been demonstrated that

the levels of PIVKA-II or DCP tend to be increased by

Table 2 Results of the Asia–

Pacific and SHARP studies
End point Asia–Pacific SHARP

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

OS 0.68 (0.50–0.93) 0.014 0.69 (0.55–0.87) \0.001

TTSP 0.90 (0.67–1.22) 0.498 1.08 (0.88–1.31) 0.768

TTP 0.57 (0.42–0.79) \0.001 0.58 (0.45–0.74) \0.001

PFS 0.62 (0.46–0.82) \0.001 0.65 (0.52–0.79) \0.001
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inducing hypoxia [57]. Therefore, PIVKA-II or DCP may

be a good predictive marker for evaluating the hypoxic

response to antiangiogenic therapy for HCC.

Only 17 of the 90 patients showed PD on computed

tomography (CT) images although follow-up period is still

short (less than 10 months). However, because the speed

with which the patient develops progressive disease may

slow down due to tumor growth inhibition, it is very dif-

ficult to determine when to discontinue treatment because

of tumor refraction. Important issues for future studies

include:

1 identification of biomarkers that can be used to predict

therapeutic responses, including CR or PR, in patient

groups;

2 evaluation of the role of tumor markers in the

determination of therapeutic responses;

3 establishing response evaluation criteria that can

determine the therapeutic responses to molecular-

targeted agents; and

4 development of effective second-line therapies after

sorafenib failure (Figs. 2, 3).

In the treatment algorithm (Figs. 2, 3) approved by the

Consensus Meeting of the 2009 Annual Meeting of the

Japan Society of Hepatology (Congress chair: Professor

Masatoshi Kudo), sorafenib is indicated for treatment of

patients with Child-Pugh A HCC with extrahepatic

metastasis, vascular invasion, or refractoriness to TACE or

arterial infusion chemotherapy.

In addition to the pharmaceutical-sponsored clinical

trials of sunitinib and brivanib as first and second-line

therapy in sorafenib-refractory patients, investigator-initi-

ated trials (IIT) of sorafenib in combination with hepatic

arterial infusion chemotherapy (SILIUS trial), pharma-

ceutical and IIT trials of sorafenib in combination with

TACE (SPACE, TACICS and BRISK-TA trials), and a

trial to test the inhibitory effect of sorafenib on tumor

recurrence after curative treatment (STORM trial) are

ongoing, and the results of these trials are eagerly awaited

(Figs. 2, 3). The working hypotheses in these studies can

be deduced by extrapolating the MST and hazard ratios in

overall survival (OS) calculated in a subanalysis of the

SHARP study (Table 3). The results obtained suggest that

starting treatment with molecular-targeted drugs at an

earlier tumor stage in combination with standard treatment

options such as resection, ablation, TACE, or hepatic

arterial infusion chemotherapy can improve the prognosis

of HCC. Thus, sorafenib has the potential to induce a

change of emphasis in the treatment of HCC. For example,

in a subanalysis of the SHARP trial, the hazard ratios for

OS and MST ratio in intermediate stage HCC without

vascular invasion or extrahepatic spread were 0.52 and

1.50, respectively (Table 4). This suggests that survival of

early stage HCC and intermediate stage HCC may be

prolonged from 5 years to 7.5–10 years by using sorafenib

in an adjuvant setting after curative treatment, and from

3 years to 4.5–6 years by using sorafenib in combination

with TACE (Fig. 4).

Early Stage
(Adjuvant setting)

Intermediate Stage
(TACE combined)

Advanced Stage
(First line)

Advanced Stage
(Second line)

sorafenib

sorafenib

sorafenib

Angiogenesis mTOR EGFR

linifanib

brivanib

bevacizumab

brivanib

erlotinib

Gefitinib

Lapatinib

bevacizumab

brivanib

RAD001

Cetuximab

(STORM trial)

(SPACE trial)

(BRISK-TA)

(BRISK-FL)

(BRISK-PS)

Fig. 2 Molecular targeted

agents: ongoing trials in each

stage of HCC
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HCC

No Yes

Child-Pugh A/B Child-Pugh C

No

Single 1 3

Extrahepatic
Spread

Liver Function

Vascular
invasion

Number

Size

Treatment

Hypovascular
Early HCC*3

< 3cm

4 or more

> 3cm

Intensive

follow-up

Ablation

Resection
Ablation

Sorafenib(Vp3,4) *8

HAIC (Vp3,4) *8

TACE (Vp1,2)*9

Resection(Vp1,2) *9

Transplantation
TACE/Ablation 

for Child-Pugh C 
pts*10

Palliative care

TACE *5

HAIC *5

Resection*6

Ablation*6

Within Milan *7

criteria and 
Age < 65

Exceeding Milan 
criteria
or Age > 65

seYseY No

Resection
TACE
TACE+
Ablation*4

Child-Pugh A

Sorafenib

*1, 2

Child-Pugh B/C

Sorafenib *5

(TACE or HAIC refractory, Child A)

Sorafenib
(adjuvant after 
resection or 
ablation)
(STORM)

Ongoing
trial

Sorafenib, Brivanib
(in combination with TACE) 

(SPACE, TACICS, 
BRISK-TA)

Sorafenib
(in combination with 

HAIC) (SILIUS)

(1st line)
Brivanib (1st and 2nd

lines)
(BRISK-FL and 
BRISK-PS)

(1st line)

Brivanib (1st line)

BRISK-FL

*1

Linifanib

Linifanib

Fig. 3 Consensus-based treatment algorithm for HCC proposed by

the Japan Society of Hepatology (JSH) revised in 2010. *1 Treatment

should be performed as if extrahepatic spread is negative, when

extrahepatic spread is not considered as a prognostic factor in Child-

Pugh class A/B patients, *2 sorafenib is the first choice of treatment in

this setting as a standard of care, *3 intensive follow-up observation is

recommended for hypovascular nodules by the Japanese Evidence-

Based Clinical Practice Guidelines. However, local ablation therapy

is frequently performed in the following cases: (1) when the nodule is

diagnosed pathologically as early HCC; (2) when the nodules show

decreased uptake on Gd-EOB-MRI; or (3) when the nodules show

decreased portal flow by CTAP, since these nodules frequently

progress to advanced HCC, *4 even for HCC nodules exceeding 3 cm

in diameter, transcatheter arterial chemoembolization (TACE) in

combination with ablation is frequently performed when resection is

not indicated, *5 TACE is the first choice of treatment in this setting.

Hepatic arterial infusion chemotherapy (HAIC) using an implanted

port is also recommended for TACE-refractory patients. The regimen

for this treatment is usually low-dose FP (5FU+CDDP) or intra-

arterial 5FU infusion combined with systemic interferon therapy.

Sorafenib is also recommended for TACE- or HAIC-refractory

patients with Child-Pugh class A liver function, *6 resection is

sometimes performed when more than four nodules are detected.

Ablation is sometimes performed in combination with TACE,

*7 Milan criteria: tumor size B3 cm and tumor number B3, or

solitary tumor B5 cm. Even when liver function is good (Child-Pugh

A/B), transplantation is sometimes considered for patients with

frequently recurring HCC, *8 sorafenib and HAIC are recommended

for HCC patients with major portal invasion such as Vp3 (portal

invasion in the first portal branch) or Vp4 (portal invasion in the main

portal branch), *9 resection and TACE are frequently performed

when portal invasion is minor, such as Vp1 (portal invasion in the

third or more peripheral portal branch) or Vp2 (portal invasion in the

second portal branch), *10 local ablation therapy or subsegmental

TACE is performed even for Child-Pugh C patients when transplan-

tation is not indicated, when there is no hepatic encephalopathy, no

uncontrollable ascites, and a low bilirubin level (\3.0 mg/dl).

However, it is regarded as an experimental treatment because there

is no evidence of a survival benefit in Child-Pugh C patients.

A prospective study is necessary to clarify this issue

Table 3 Subanalysis data of the SHARP study

Advanced HCC with

vascular invasion

and extrahepatic spread

Advanced HCC without

vascular invasion or

extrahepatic spread

Hazard ratio 0.77 (95% CI: 0.60–0.99) 0.52 (95% CI: 0.32–0.85)

Median OS (MST) Sorafenib 8.9 M (n = 209) (95% CI: 7.6–10.3 M) 14.5 M (n = 90) (95% CI: 14.0 M–N/E)

Placebo 6.7 M (n = 212) (95% CI: 5.2–8.0 M) 10.2 M (n = 91) (95% CI: 8.6–15.5 M)

M, month

Sherman M et al. ASCO 2008
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Summary and future prospects

The results of clinical trials [33, 34, 36, 40, 41, 49, 58–62]

of the molecular-targeted agents described above are

summarized in Table 4. Angiogenesis-inhibiting drugs,

particularly sorafenib, have been evaluated for HCC, and

drugs targeting EGFR and mTOR are being developed. The

results (numerical values) of phase II clinical trials show no

marked differences in the therapeutic efficacy evaluated by

time to progression (TTP) or progression-free survival

Table 4 Results of studies of molecular-targeted agents for HCC

Agent Type Target Number of patients RR (%) PFS (month) TTP (month) OS (month) Reference

Phase III

Sorafenib s.m. C-Raf, B-Raf, 602 (299a) 2 – 5.5 10.7 Llovet [5, 53]

PDGFR, VEGFR 271 (150a) 3.3 – 2.8 6.5 Cheng [54]

Phase II

Sorafenib s.m. C-Raf, B-Raf, 137 2.2 – 5.5 9.2 Abou-Alfa [58]

PDGFR, VEGFR

Sunitinib s.m. VEGFR, PDGFR, 37 2.7 3.7 5.3 8 Faivre [33]

SCFR, FLT3 34 2.9 3.9 4.1 9.8 Zhu [34]

Brivanib s.m. VEGFR, FGFR 55 n.r. – 2.8 10 Raoul [36]

Linifanib s.m. VEGFR, PDGFR 44 6.8 – 5.7 9.3 Toh [59]

Bevacizumab MoAb VEGF 46 13 6.9 – 12.4 Siegel [60]

Erlotinib s.m. EGFR 38 9 – 3.2 13 Philip [40]

40 0 – – 10.7 Thomas [41]

Gefitinib s.m. EGFR 31 3.2 2.8 – 6.5 O’Dwyer [61]

Lapatinib s.m. EGFR 40 5 2.3 – 6.2 Ramanathan [62]

26 0 1.9 – 12.6 Bekaii-Saab [48]

Cetuximab MoAb EGFR 30 0 1.4 – 9.6 Zhu [49]

a Sorafenib arm

%01-5%03%56-06

Standard
Tx

Combined
Tx

Standard
Therapy

Tumor
Stage

Natural
Course

Early Stage HCC
(within Milan criteria)

Curative treatment

1. Resection
2. Ablation
3. Transplant

Median OS
> 36 Month

Curative therapies
OS>5 yrs

Curative therapies
+ Sorafenib et al

OS>7.5-10 yrs?

Intermediate Stage 
without VI/EHS

Mass Reduction

1.TACE
2. HAIC

Median OS
16 Month

TACE
OS 3  yrs

TACE
+ Sorafenib et al

OS >4.5-6  yrs?

Advanced Stage
with VI/EHS

Mass Reduction

1. HAIC
2. Sorafenib

Median OS
6 Month (4-8M)

Sorafenib
OS 10.7M

HAIC
+ Sorafenib et al

OS 1.5-2y?

Fig. 4 Outcomes of standard treatment modalities and expected effects of combination therapy with molecular-targeted agents
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(RFS). However, results from phase II studies may be

subject to patient selection bias and cannot be compared

with results from other trials. Thus, when determining the

therapeutic efficacy of drugs, we should review the efficacy

of the respective drugs, and consider where the theoretical

target molecules are present and what combinations of

drugs have a theoretical rationale, and thus evaluate

options for monotherapy and combination therapy based on

the efficacy and safety data obtained from phase III clinical

trials.

Molecular-targeted agents that have been introduced

into clinical use in recent years are approved for treatment

of specific cancer and are then frequently used to treat other

cancers. Although not discussed here, studies to identify

predictors of efficacy (i.e., biomarkers) for angiogenesis

inhibitors and EGFR tyrosine kinase inhibitors, and factors

involved in drug resistance, are making steady progress,

and the associated therapeutic strategies are undergoing

major changes. Therefore, even in the treatment of HCC, it

is necessary for HCC specialists to expand their knowledge

of and techniques for applying existing treatment modali-

ties (resection, ablation, TACE, arterial infusion chemo-

therapy) to physically remove, destroy, or necrotize the

tumor, and to better understand clinical oncology, partic-

ularly the role and mechanisms of action of molecular-

targeted agents. We are entering an era in which physicians

treating HCC should pay close attention to the develop-

ment of therapeutic agents not only for HCC but also for

other cancers, and be aware of the use of molecular-tar-

geted agents for treating cancers in clinical and basic

research settings, and understand approaches to limit or

control adverse effects associated with these drugs.

Although sorafenib was recently approved, many issues

remain to be addressed, including:

1 how to determine and define refractoriness; and

2 whether to continue TACE or hepatic arterial infusion

chemotherapy (a de facto standard in Japan) in patients

with TACE-refractory tumors or portal tumor thrombi

before starting sorafenib therapy.

For oncology, in particular, the Pharmaceuticals and

Medical Devices Agency (PMDA) in Japan has approved

several drugs based on results from global clinical trials

and on Japanese phase I study data alone. We strongly

recommend that, on the basis of the molecular-targeted

agents currently under development, clinical studies

(including IITs) should be conducted aggressively, and

therapeutic strategies should be devised to resolve the

limitations of currently used therapeutic approaches and to

improve therapeutic outcomes.

The introduction of sorafenib to treat HCC in 2007 in

Western countries and in 2009 in Japan was undoubtedly

the beginning of a change of emphasis, representing a

significant breakthrough for HCC treatment not previously

experienced for this unique tumor.
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the lecture from Bayer HealthCare, Pfizer, and Bristol-Meyers.

References

1. Farazi PA, DePinho RA (2006) Hepatocellular carcinoma path-

ogenesis: from genes to environment. Nat Rev Cancer 6:674–687

2. Minguez B, Tovar V, Chiang D et al (2009) Pathogenesis of

hepatocellular carcinoma and molecular therapies. Curr Opin

Gastroenterol 25:186–194

3. Villanueva A, Newell P, Chiang DY et al (2007) Genomics and

signaling pathways in hepatocellular carcinoma. Semin Liver Dis

27:55–76

4. Laurent-Puig P, Zucman-Rossi J (2006) Genetics of hepatocel-

lular tumors. Oncogene 25:3778–3786

5. Llovet JM, Bruix J (2008) Molecular targeted therapies in

hepatocellular carcinoma. Hepatology 48:1312–1327

6. Hopfner M, Shuppan D, Scherubl H (2008) Growth factor

receptors and related signaling pathways as target for novel

treatment strategies of hepatocellular cancer. World J Gastroen-

terol 14:1–14

7. Campbell JS, Hughes SD, Gilbertson DG et al (2005) Platelet-

derived growth factor C induces liver fibrosis, steatosis, and

hepatocellular carcinoma. Proc Natl Acad Sci 102:3389–3394

8. Ogasawara S, Yano H, Iemura A et al (1996) Expression of basic

fibroblast growth factor and its receptors and their relationship to

proliferation of human hepatocellular carcinoma cell lines.

Hepatology 24:198–205

9. Kudo M (2008) Hepatocellular carcinoma 2009 and beyond: from

the surveillance tomolecular targeted therapy.Oncology75:S1–S12

10. Roberts PJ, Der CJ (2007) Targeting the Raf-MEK-ERK mito-

gen-activated protein kinase cascade for the treatment of cancer.

Oncogene 26:3291–3310

11. Schmidt CM, McKillop IH, Cahill PA et al (1997) Increased

MAPK expression and activity in primary human hepatocellular

carcinoma. Biochem Biophys Res Commun 236:54–58

12. Huynh H, Nguen TTT, Chow KHP et al (2003) Over-expression

of the mitogen-activated protein kinase (MAPK) kinase (MEK)-

MAPK in hepatocellular carcinoma: its role in tumor progression

and apoptosis. BMC Gastroenterology 3:19–30

13. Calvisi DF, Ladu S, Gorden A et al (2006) Ubiquitous activation

of Ras and Jak/Stat pathways in human HCC. Gastroenterology

130:1117–1128

14. Bos JL (1989) ras Oncogenes in human cancer: review. Cancer

Res 49:4682–4689

15. Beeram M, Patnaik A, Rowinsky EK (2005) Raf: a strategic

target for therapeutic development against cancer. J Clin Oncol

23:6771–6790

16. Tannapfel A, Sommerer F, Benicke M et al (2003) Mutations of

the BRAF gene in cholangiocarcinoma but not in hepatocellular

carcinoma. Gut 52:706–712

17. Jenke HS, Deml E, Oesterle D (1994) C-raf expression in early

ratliver tumorigenesis after promotion with polychlorinated

biphenyls or Phenobarbital. Xenobiotica 24:569–580

18. Beer DG, Neveu MJ, Paul DL et al (1998) Expression of the c-raf

protooncogene, gamma-glutamyltranspeptidase, and gap junction

protein in rat liver neoplasms. Cancer Res 48:1610–1617

19. Hwang YH, Choi JY, Kim S et al (2004) Over-expression c-raf-1
proto-oncogene in liver cirrhosis and hepatocellular carcinoma.

Hepatol Res 29:113–121

Int J Clin Oncol (2010) 15:242–255 253

123

20. Wilhelm SM, Adnane L, Newell P et al (2008) Preclinical

overview of sorafenib, a multikinase inhibitor that targets both

Raf and VEGF and PDGF receptor tyrosine kinase signaling. Mol

Cancer Ther 7:3129–3140

21. Ohren JF, Chen H, Pavlovsky A et al (2004) Structures of human

MAP kinase kinase 1(MEK1) and MEK2 describe novel non

competitive kinase inhibition. Nat Struct Mol Biol 11:1192–1197

22. Huynh H, Nguyen TTT, Chow KHP et al (2003) Over-expression

of the mitogen-activated protein kinase (MAPK) kinase (MEK)-

MAPK in hepatocellular carcinoma: its role in tumor progression

and apoptosis. BMC Gastroenterol 3:19–40

23. Engelma J (2009) Targeting PI3K signalling in cancer: oppor-

tunities, challenges and limitations. Nat Rev Cancer 9:550–562

24. Zhou L, Huang Y, Li J et al (2009) The mTOR pathway is

associated with the poor prognosis of human hepatocellular car-

cinoma. Med Oncol (Epub ahead of print)

25. Chen J, Wang Q, Fu X et al (2009) Involvement of PI3K/PTEN/

AKT/mTOR pathway in invasion and metastasis in hepatocellular

carcinoma: association with MMP-9. Hepatol Res 39:177–186

26. Villanueva A, Chiang DY, Newell P et al (2008) Pivotal role of

mTOR signaling in hepatocellular carcinoma. Gastroenterology

135:1972–1983

27. Treiber G (2009) mTOR inhibitors for hepatocellular carcinoma:

a forward-moving target. Expert Rev Anticancer Ther 9:247–261

28. Ferrara N, Davis-Smyth T (1997) The biology of vascular

endothelial growth factor. Endocr Rev 18:4–25

29. Griffioen AW, Molema G (2000) Angiogenesis: potentials for

pharmacologic intervention in the treatment of cancer, cardio-

vascular diseases, and chronic inflammation. Pharmacol Rev

52:237–268

30. Harper SJ, Bates DO (2008) VEGF-A splicing: the key to anti-

angiogenic therapeutics? Nat Rev Cancer 8:880–887

31. Fernandez M, Semela D, Bruix J et al (2009) Angiogenesis in

liver disease. J Hepatol 50:604–620

32. Schoenleber SJ, Kurtzl DM, Talwalkar JA et al (2009) Prognostic

role of vascular endothelial growth factor in hepatocellular car-

cinoma: systematic review and meta-analysis. Br J Cancer

100:1385–1392

33. Faivre S, Raymond E, Boucher E et al (2009) Safety and efficacy of

Sunitinib in patients with advanced hepatocellular carcinoma: an

open-label, multicenter, phase II study. Lancet Oncol 10:794–800

34. Zhu AX, Sahani DV, Duda DG et al (2009) Efficacy, safety, and

potential biomarker of sunitinib monotherapy in advanced

hepatocellular carcinoma: a phase II study. J Clin Oncol

27:3027–3035

35. Forner A, Llovet JM, Bruix J (2009) Sunitinib and the benefits of

a negative study. Lancet Oncol 10:743–744

36. Raoul JL, Flinn RS, Kang YK et al (2009) An open-label phase II

study of first- and second-line treatment with Brivanib in patients

with hepatocellular carcinoma (HCC). J Clin Oncol 27:15S

Suppl; Abstr 4577

37. Kanai F, Yoshida H, Tateishi R et al (2008) Final results of a

phase I/II trial of the oral anti-angiogenesis inhibitor TSU-68 in

patients with advanced hepatocellular carcinoma. J Clin Oncol 26

(abstract 4589)

38. Ciardiello F, Tortora G (2008) EGFR antagonists in cancer

treatment. N Engl J Med 358:1160–1174

39. Buckley AF, Burgart LJ, Sahai V et al (2008) Epidermal growth

factor receptor expression and gene copy number in conventional

hepatocellular carcinoma. Am J Clin Pathol 129:245–251

40. Philip PA, Mahoney MR, Allmer C et al (2005) Phase II study of

erlotinib (OSI-774) in patients with advanced hepatocellular

cancer. J Clin Oncol 23:6657–6663

41. Thomas MB, Chadhal R, Glover K et al (2007) Phase 2 study of

erlotinib in patients with unresectable hepatocellular carcinoma.

Cancer 110:1059–1066

42. Thomas MB, Morris JS, Chadha R et al (2009) Phase II trial of the

combination of bevacizumab and Erlotinib in patients who have

advanced hepatocellular carcinoma. J Clin Oncol 27:843–850

43. Modified folfox7/bevacizumab or modified Xelox/bevacizumab

with or without erlotinib in first-line metastatic colorectal cancer

(MCRC): results of the feasibility phase of the DREAM-OPTI-

MOX3 study (GERCOR). J Clinical Oncol, 2007 ASCO Annual

Meeting Proceedings Part I, vol 25, No. 18S: 4097

44. Tournigand B, Samson W, Scheithauer C et al (2009) mFOL-

FOX-bevacizumab or XELOX-bevacizumab then bevacizumab

alone or with erlotinib in first-line treatment of patients with

metastatic colorectal cancer (mCRC): interim safety analysis of

DREAM study. J Clin Oncol 27:15S, ASCO Annual Meeting

Abstract No:4077C

45. Hecht JR, Mitchell E, Chidiac T et al (2008) A randomized phase

IIIB trial of chemotherapy, bevacizumab, and panitumumab

compared with chemotherapy and bevacizumab alone for meta-

static colorectal cancer. J Clin Oncol 27:672–680

46. Azad NS, Posadas EM, Kwitkowski VE et al (2008) Combination

targeted therapywith sorafenib and bevacizumab results in enhanced

toxicity and antitumor activity. J Clin Oncol 26:3709–3714

47. Burris HA III, Hurwitz HI, Dees EC et al (2005) Phase I safety,

pharmacokinetics, and clinical activity of Lapatinib

(GW572016), a reversible dual inhibitor of epidermal growth

factor receptor tyrosine kinases, in heavily pretreated patients

with metastatic carcinomas. J Clin Oncol 23:5305–5313

48. Bekaii-Saab T, Markowitz J, Prescott N et al (2009) A multi-

institutional phase II study of the efficacy and tolerability of

Lapatinib in patients with advanced hepatocellular carcinomas.

Clin Cancer Res 15:5895–5901

49. Zhu AX, Stuart K, Blaszkowsky LS et al (2007) Phase 2 study of

cetuximab in patients with advanced hepatocellular carcinoma.

Cancer 110:581–589

50. Comoglio PM, Giordano S, Trusolino L (2008) Drug develop-

ment of MET inhibitors: targeting oncogene addiction and

expedience. Nat Rev Drug Dis 7:501–516

51. Scharf JG, Braulke T (2003) The role of the IGF axis in

hepatocarcinogenesis. Horm Metab Res 35:685–693

52. Chen YW, Boyartchuk V, Lewis BC (2009) Differential roles of

insulin-like growth factor receptor–and insulin receptor–mediated

signaling in the phenotypes of hepatocellular carcinoma cells.

Neoplasia 11:835–845

53. Llovet JM, Ricci S, Mazzaferro V et al (2008) Sorafenib in

advanced hepatocellular carcinoma. N Engl J Med 359:378–390

54. Cheng AL, Kang YK, Chen Z et al (2009) Efficacy and safety of

sorafenib in patients in the Asia-Pacific region with advanced

hepatocellular carcinoma: a phase III randomised, double-blind,

placebo-controlled trial. Lancet Oncol 10:25–34

55. Kudo M (2010) Positioning of a molecular-targeted agent,

sorafenib, in the treatment algorithm for hepatocellular carcinoma

in Japan, including its impact on complete remission. Oncology

(in press)

56. Okita K, Imanaka K, Chiba N et al (2010) Phase III study of

sorafenib in patients in Japan and Korea with advanced hepato-

cellular carcinoma (HCC) treated after transarterial chemoembo-

lization. ASCO Gastrointestinal Cancers Symposium Proceedings

2010: 89 (LBA128)

57. Murata K, Suzuki H, Okano H et al (2010) Hypoxia-induced des-

c-carboxy prothrombin production in hepatocellular carcinoma.

Int J Clin Oncol 36:161–170

58. Abou-Alfa GK, Schwartz L, Ricci S et al (2006) Phase II study of

sorafenib in patients with advanced hepatocellular carcinoma.

J Clin Oncol 24:4293–4300

59. Toh H, Chen PJ, Carr BI et al (2009) A phase II study of ABT-

869 in hepatocellular carcinoma (HCC) : Interim analysis. J Clin

Oncol 27:15s (Suppl; Abstr 4581)

254 Int J Clin Oncol (2010) 15:242–255

123

— 860 — — 861 —



60. Siegel AB, Cohen EI, Ocean A et al (2008) Phase II trial eval-

uating the clinical and biologic effects of bevacizumab in unre-

sectable hepatocellular carcinoma. J Clin Oncol 26:2992–2998

61. O’Dwyer PJ, Giantonio BJ, Levy DE et al (2006) Gefitinib in

advanced unresectable hepatocellular carcinoma: Results from

the Eastern Cooperative Oncology Group’s Study E1203. J Clin

Oncol 24:18S (Suppl, Abstr 4143)

62. Ramanathan RK, Belani CP, Singh DA et al (2009) A phase II

study of Lapatinib in patients with advanced biliary tree and

hepatocellular cancer. Cancer Chemother Pharmacol 64:777–783

Int J Clin Oncol (2010) 15:242–255 255

123
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Introduction 

 Oncology 2010;78(suppl 1):1–6 
 DOI: 10.1159/000315222 

 Management of Hepatocellular Carcinoma: 
From Prevention to Molecular Targeted 
Therapy 

 Masatoshi Kudo  

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka , Japan

of 20 oversea guests, all globally recognized HCC special-
ists, were invited ( table 1 ). Numerous topics were present-
ed followed by extensive discussions with Japanese HCC 
specialists.

  This supplement issue focuses on these topics, from 
the prevention to molecular targeted therapy. I firmly 
believe that readers will gain a deeper insight into the
latest progress and updated diagnosis and treatment of 
HCC.

 Key Words 
 Hepatocellular carcinoma, prevention  �  Molecular targeted 
therapy  �  Sorafenib  �  Treatment algorithm 

 Abstract 
 Hepatocellular carcinoma is a malignant tumor responsible 
for approximately 600,000–700,000 deaths worldwide, and 
is becoming more prevalent not only in South-East Asia and 
Africa, but also in Western countries; therefore, interest in 
hepatocellular carcinoma has mounted in recent years in 
the West, where little or no interest was evident 10–20 years 
ago.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 The 3rd International Kobe Liver Symposium on He-
patocellular Carcinoma (HCC) was held on June 6–7, 
2009, in conjunction with the 45th Annual Meeting of the 
Japan Society of Hepatology on June 4–5 (Congress Pres-
ident: Prof. Masatoshi Kudo). To this symposium, a total 
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Table 1. I nvited overseas speakers at the 3rd IKLS 2009 in Kobe

Luigi Bolondi (Italy) Joong-Won Park (Korea)
Jordi Bruix (Spain) Ronnie T. Poon (Hong Kong)
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Byung Ihn Choi (Korea) Myron Schwartz (USA)
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Kwang Hyub Han (Korea) Mitchell L. Shiffman (USA)
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Joseph M. Llovet (Spain Swan N. Thung (USA)
Jorge Marrero (USA) J. Zucman-Rossi (France)
Vincenzo Mazzaferro (Italy)
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  Prevention 

 Prevention of Hepatitis B Virus (HBV)-Related HCC 
 Primary Prevention of HCC by HBV Vaccination 
 About 350 million people are chronic carriers of the 

HBV worldwide. The efficacy of universal immunization 
has been shown in many countries, with striking reduc-
tions of the prevalence of HBV carriage in children. A 
nationwide vaccination program against HBV launched 
in Taiwan  [1–3]  has drastically reduced the HBsAg car-
rier rate in younger populations  [4] . More importantly, 
follow-up results from the Taiwan vaccination programs 
have shown the incidence of HCC has been significant-
ly reduced in children. The average annual incidence
of HCC in children 6–14 years of age declined from 
0.70/100,000 children between 1981 and 1986 to 0.57 be-
tween 1986 and 1990, and further to 0.36/100,000 be-
tween 1990 and 1994 (p  !  0.01)  [5] .

  Secondary Prevention of HCC by Interferon (IFN) 
Therapy 
 There was one randomized controlled trial  [6]  which 

involved 101 Taiwanese men with chronic hepatitis B, 67 
of whom received IFN and 34 of whom received placebo. 
During 1.1–11.5 years after completion of therapy, the in-
cidence of HCC in untreated patients was higher than 
that in IFN-treated patients (12 vs. 1.5%, p = 0.043). The 
cumulative incidence of HCC was also higher in untreat-
ed patients than treated patients (p = 0.013).

  A meta-analysis of randomized studies comparing 
IFN-treated versus untreated patients with HBV-related 
cirrhosis showed that IFN seemingly decreased the rate 
of HCC  [7] .

  Secondary Prevention of HCC by Nucleoside Analog 
 To date, only one randomized controlled trial suggests 

that lamivudine (LAM) treatment of chronic hepatitis B 
and advanced liver disease does reduce the incidence of 
HCC but with marginal significance (hazard ratio 0.49; 
95% CI 0.25–0.99; p = 0.047)  [8] . A multicenter retrospec-
tive study of 2,795 patients (657 treated with LAM, 2,138 
not treated with LAM) was reported from Japan  [9] . The 
cumulative HCC incidence was significantly lower in the 
LAM group (p  !  0.001). These findings suggest that LAM 
effectively reduces the incidence of HCC in patients with 
chronic hepatitis B.

  Prevention of HCV-Related HCC 
 Primary Prevention by Prevention of Viral 
Transmission 
 It is well known that HCV infection has become prev-

alent recently under artificial circumstances: mother-ne-
onate transmission and sexual transmission of the virus 
are possible but not common. In many countries, new 
acquisition of HCV infection is decreasing due to grow-
ing concern about blood-transmitted infections, espe-
cially about HIV, and this trend should be further en-
couraged considering the absence of an effective vaccina-
tion for either HCV or HIV.

  Secondary Prevention by Treatment of Chronic 
Hepatitis C 
 The effect of IFN therapy on HCC incidence in non-

cirrhotic patients has been evaluated in non-randomized 
studies. All studies agree that the risk is reduced in pa-
tients who show sustained virologic response or persis-
tent normalization of serum ALT levels  [10–13] . Although 
documentation is rather scarce, the combination with 
ribavirin will produce a stronger effect on HCC preven-
tion among overall treated patients  [14] .

  Surveillance for Early Detection of HCC 

 Definition of the Population at High Risk for HCC 
 Liver cirrhosis induced by causes other than HBV and 

HCV is a risk for liver carcinogenesis. Since carcinogen-
esis occurs in some cases of liver cirrhosis associated with 
non-alcoholic steatohepatitis, alcoholic liver disease, pri-
mary biliary cirrhosis and autoimmune hepatitis, the 
course of the disease should be followed with close atten-
tion to carcinogenesis, particularly in viral liver cirrhosis. 
Alcohol increases the risk of chronic hepatitis B- and C-
associated liver carcinogenesis.

  Based on the above, patients with chronic hepatitis B 
and C and non-viral liver cirrhosis are defined as high-
risk populations for HCC in both the Evidence-Based 
Practice Guidelines  [15]  proposed by the Japan Society
of Hepatology and the Consensus-Based Clinical Prac-
tice Manual  [16]  in Japan and Practice Guidelines pub-
lished by the American Association of Study of the Liver 
(AASLD)  [17] . Patients with liver cirrhosis types B and C 
are defined as a super-high-risk population  [15, 16] .

  Surveillance Protocol for Early Detection of HCC 
 No clear evidence is available to determine the optimal 

interval for periodic screening, but HCCs detected in pe-
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riodic screening by AFP, a protein induced by vitamin K 
absence or antagonist-II (PIVKA-II), AFP lectin fraction 
(AFP-L3) measurement, and ultrasonography are soli-
tary and small in many cases, as compared to those de-
tected in symptomatic patients. Thus, the Japanese Evi-
dence-Based Clinical Practice Guidelines  [15]  and Con-
sensus-Based Clinical Practice Manual  [16]  propose 
ultrasonography and tumor marker measurements every 
3–4 months in the super-high-risk population and every 
6 months in high-risk populations.

  Result of Early Detection of HCC in Japan 
 In Japan, approximately 65% of the patients are de-

tected in an early stage, for which curative treatment in-
tervention is possible according to the nationwide survey 
in 198,000 patients  [18] . This can be attributed to the es-
tablishment of a nationwide surveillance system all over 
the Japan.

  Newly Introduced Diagnostic Techniques 

 Contrast-Enhanced US (CEUS) with a New Contrast 
Agent, Sonazoid 
 Clinical Significance of CEUS 
 Sonazoid is a newly introduced second-generation ul-

trasound contrast agent exclusively approved in Japan in 
2007. The important characteristics of Sonazoid are that 
it facilitates real-time imaging in blood flow images at 
low acoustic power and stable Kupffer phase imaging, tol-
erable for multiple scanning from 10 to 120 min after its 
injection  [19] , which resulted in the invention of the 
breakthrough method, defect reperfusion imaging. So-
nazoid-enhanced US with defect reperfusion imaging is 
an innovative technology that will greatly change the dai-
ly practices of HCC.

  Development of Defect Reperfusion Imaging
(Dual-Phase Fusion Imaging) 
 We recently developed defect reperfusion imaging 

 [20–22]  using the properties of very stable Kupffer im-
ages and real-time fine blood flow images obtained with 
Sonazoid for typical HCC, which is depicted by CT but 
not by B-mode scanning. This method is a breakthrough 
for accurate localization and treatment guidance  [21] . 
Until recently, diagnosis in dynamic studies is usually 
based on enhancing patterns according to a time se-
quence or phase; however, by introducing the novel idea 
of dual-phase imaging with the re-injection method, 
both Kupffer and arterial-phase images are obtained at 

the same slice of ultrasound plane, which is really an in-
novative technique. Namely, this method is performed as 
follows: re-injection of Sonazoid is performed into areas 
that show defects in the post-vascular phase  [19–22] . The 
introduction of this method has led to dramatic solutions 
of many limitations in the diagnosis and treatment of 
HCC, such as detection of small HCCs  [23] , evaluation of 
treatment response  [24] , or needle insertion guidance 
 [25] . The detection rate of small HCCs by Sonazoid-en-
hanced US is even more sensitive than that by MDCT 
 [23] .

  MRI Using a New Contrast Agent, Gd-EOB-DTPA, in 
the Diagnosis of Early HCC 
 A newly introduced contrast agent, gadolinium-

diethylene-triamine-pentaacetic acid (Gd-EOB-DTPA), 
approved in 2008 in Japan, is a hepatocyte-specific MRI 
contrast medium with a different mechanism, utilizing 
both dynamic and Kupffer cell imaging. This new con-
trast medium is useful to diagnose cases which would 
have been difficult using previous techniques such as dy-
namic MRI or SPIO-MRI.

  In well-differentiated early HCC, some nodules may 
not be completely shown as a defective area on CTAP, but 
Gd-EOB-DTPA uptake is apparently lower than that in 
the surrounding normal liver parenchyma, being imaged 
as a low-intensity nodule. Well-differentiated early HCC 
having Kupffer cells with enhanced SPIO uptake and re-
ceiving portal blood flow on CTAP has been difficult to 
characterize by SPIO-MRI or CTAP; however, it can be 
imaged clearly as hypointense nodule using Gd-EOB-
DTPA MRI in many early HCC cases due to differences 
in the biological characteristics, indicating that this con-
trast agent may lead to a breakthrough in the diagnosis 
of early HCC  [26, 27] , which has been clinically difficult 
and difficult even by pathological diagnosis when biopsy 
sample is used. In other words, this technique may be the 
most sensitive tool in the detection of the phenotypic 
change of early hepatocarcinogenesis, much more sensi-
tive than CTAP, CTHA, or SPIO-MRI.

  Therefore, diagnostic algorithm will be changed by in-
troducing Gd-EOB-DTPA MRI in hyper- and hypovas-
cular liver nodules  [28, 29] .

  Value of an Integrated Staging System 

 The staging system integrating the TNM and liver 
damage stage is very important. Various staging systems, 
such as (1) Okuda stage, (2) BCLC stage  [30, 31] , (3) CLIP 
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score  [32] , (4) JIS score  [33, 34] , and (5) Tokyo score  [35]  
have been proposed and used in different regions of the 
world. The JIS score, utilizing both the LCSGJ TNM  [36]  
and Child-Pugh stages, is considered to be the most use-
ful for integrated staging of HCC in Japan. In contrast, 
the CLIP score has several disadvantages: specification of 
the tumor-spreading degree is rough, only AFP is used as 
a biological malignancy marker, and stratification ability 
is also poor in advanced cases (many cases cluster to a 
score of 0–2). By contrast, the JIS score is superior for 
score stratification.

  Hepatic Arterial Infusion Chemotherapy for 
Advanced HCC 

 No effective anticancer drug for advanced liver cancer 
had been demonstrated before sorafenib was introduced 
 [37] . ‘Far advanced liver cancer’ represents stage IVa liver 
cancer accompanied by vascular invasion and stage IVb 
liver cancer accompanied by distant metastasis, for which 
low-dose FP (5-FU and cisplatinum)  [38]  therapy and he-
patic arterial infusion of 5-FU in combination with IFN 
treatment  [39]  were established as an effective treatment 
option in Japan. In fact, response rate (CR + PR) reaches 
45.9% according to the Nationwide Survey by LCSGJ  [18] . 
In addition, it is well established that overall survival of 
the responder is definitely better than the non-responder 
or best supportive care group. However, the intra-arteri-
al infusion procedure is complex because establishment 
of a reservoir port for arterial infusion is necessary; there-
fore, this technique is not performed in Western coun-
tries.

  Hepatic intra-arterial infusion chemotherapy is not 
recommended in the AASLD guidelines  [17] ; therefore, 
although the response rate is high, the efficacy of espe-
cially survival benefit of intra-arterial infusion chemo-
therapy and that using an intractable delivery port sys-
tem should be confirmed by further randomized stud-
ies.

  New Treatment Option: Molecular Targeted Agent, 
Sorafenib 

 Sorafenib is a low-molecular-weight compound dis-
covered by screening inhibitors of Raf kinase, an impor-
tant molecule in the MAP kinase cascade located down-
stream of the growth factor receptor. Sorafenib exhibits 
strong inhibitory activity for not only c-Raf, the wild-

type, and V600E mutant b-Raf, but also receptor tyrosine 
kinases involved in angiogenesis and cell growth, such as 
vascular endothelial growth factor receptor (VEGFR)-2, 
VEGFR-3, platelet-derived growth factor receptor, Fms-
related tyrosine kinase-3 (Flt-3), and c-Kit.

  The positive results of a phase III study for HCC 
(SHARP trial)  [40]  gave a strong impact on treatment 
strategy of HCC. This study was performed as a random-
ized double-blind placebo-controlled multicenter study 
initiated in March 2005. The subjects were advanced 
HCC patients at ECOG PS 0–2 with Child-Pugh A liver 
function without previous systemic chemotherapy. Re-
garding the study design, two groups, sorafenib (400 mg 
b.i.d.) and placebo treatment, were established and the 
primary endpoints were overall survival. The secondary 
endpoints were time to progression.

  Ongoing Clinical Trials with Molecular Targeted 
Agents 
 As stated earlier, the STORM trial using sorafenib as 

an adjuvant setting after curative treatment such as resec-
tion or ablation is ongoing as a global trial. In addition, 
the SPACE trial and TACTICS trial using sorafenib in 
combination with TACE are ongoing in Western coun-
tries and Japan, respectively. The SILIUS trial using 
sorafenib in combination with hepatic arterial infusion 
chemotherapy is under investigation in Japan. Further-
more, head-to-head trials of sunitinib versus sorafenib 
and brivanib versus sorafenib for advanced HCC are on-
going globally. Finally, a second-line trial of brivanib for 
the sorafenib failure is also ongoing as a global clinical 
trial  [29] . These trial results are awaited to bring better 
outcomes for different stages of HCC. If positive results 
are obtained by these clinical trials, the life expectancy in 
each stage is expected to be considerably prolonged if a 
theoretical calculation using the hazard ratio on overall 
survival is incorporated from the SHARP trial  [29] .

  In Japan, although a phase III study in HCC patients 
following TACE was revealed to be a negative study  [41] , 
an investigator-sponsored trial of investigating efficacy 
and tolerability of a combination of TACE with sorafenib 
is underway. In addition, a phase III trial for HCC of acy-
clic retinoid, a vitamin A analog, after resection or RFA 
has been completed and will be presented at the Ameri-
can Society of Clinical Oncology Meeting, 2010.

  A global phase III trial of sorafenib as an adjuvant 
therapy after surgery or ablation is now ongoing 
(STORM trial) and a global phase II trial of sorafenib as 
a maintenance therapy with a combination of TACE is 
also ongoing (SPACE trial). These results are awaited to 
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confirm its usefulness in daily clinical practice. A para-
digm shift in HCC treatment may be induced if the pos-
itive results are obtained by these currently ongoing 
sorafenib trials.

  Conclusion 

 Recent progress in the management of HCC, includ-
ing issues from prevention to molecular targeted therapy 
for HCC, has been discussed at this symposium. It is 

strongly expected that this supplement issue will enhance 
the most up-to-date knowledge on HCC of the readers of 
 Oncology .
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 Newly Developed Novel Ultrasound Technique, 
Defect Reperfusion Ultrasound Imaging, Using 
Sonazoid in the Management of Hepatocellular 
Carcinoma 
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fusion US imaging is extremely useful in the depiction and 
confirmation of US undetectable HCCs as well as in the sur-
veillance of HCC in cirrhotic patients. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Imaging techniques in the treatment of hepatocellular 
carcinoma (HCC) are very important. In the manage-
ment of HCC, despite advances in diagnostic imaging 
techniques such as ultrasound (US), computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), many 
difficulties remain, such as screening, staging, evaluation 
of treatment response, treatment guidance, identification 
of local recurring nodules after treatment, and diagnosis 
of intrahepatic recurrence after treatment. In fact, among 
these problems, Levovist-enhanced US has made a cer-
tain contribution to differential diagnosis  [1–3] , evalua-
tion of malignancy grade  [4] , evaluation of therapeutic 
response to transcatheter arterial chemoembolization 
(TACE)  [5–7] , and needle insertion guidance  [8, 9] . How-
ever, there are still significant limitations in the evalua-
tion of the therapeutic response to radiofrequency abla-
tion (RFA)  [10] , screening or staging.

 Key Words 
 Ultrasound, contrast-enhanced harmonic  �  Sonazoid  �  
Hepatic tumors  �  Radiofrequency ablation  �  Guidance, 
treatment-assisted  �  Defect reperfusion imaging  � 
Kupffer phase imaging 

 Abstract 
 The aim of this study is to clarify the usefulness of defect re-
perfusion ultrasound (US) imaging using Sonazoid in the 
management of hepatocellular carcinoma (HCC). A total of 
33 HCC nodules and 34 local recurring nodules after radio-
frequency ablation (RFA), which could not be identified by 
B-mode US but were depicted by dynamic CT, were studied 
by defect reperfusion US imaging with Sonazoid. In addition, 
Kupffer phase Sonazoid-enhanced US in combination with 
defect reperfusion US imaging were used for screening HCC 
in 262 consecutive cirrhotic patients. As a result, 33 US unde-
tectable HCC nodules and 34 local recurring HCC nodules 
were successfully confirmed by Sonazoid-enhanced US with 
defect reperfusion imaging. Subsequently, RFA was success-
fully performed in all of 67 HCC nodules with a Sonazoid-
enhanced US guidance. A total of 7 small HCCs were depict-
ed and confirmed as HCCs by Kupffer phase surveillance and 
defect reperfusion US imaging. In conclusion, defect reper-
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  The main characteristics of Sonazoid are that it facili-
tates stable Kupffer phase imaging tolerable for repeated 
scanning from 10 to 60 min after its injection and the
acquisition of real-time blood flow images at low acous-
tic power. Before the introduction of Sonazoid, it was 
thought that Sonazoid would be more effective than Le-
vovist in real-time vascular imaging, be easier to use, and 
allow a good image even using a non-high-end machine, 
and therefore, dependence on skills/machines would be 
decreased, which may facilitate the widespread use of 
contrast-enhanced US. In addition, although Sonazoid 
US provides very stable Kupffer phase images, it would be 
tolerable for multiple scanning. Taking this into account, 
it was not expected that Sonazoid would markedly change 
HCC practice before its clinical use. However, this pre-
conception has changed since it was launched on January 
10, 2007, in Japan.

  In particular, because an epoch-making technique has 
been invented, we became convinced that Sonazoid US 
with this method is an innovative breakthrough tech-
nique that will greatly change the daily practice with re-
gard to HCC. This epoch-making method is called dou-
ble-contrast US, performed by Sonazoid reinjection into 
areas that show defects in the Kupffer phase  [11] .

  The aim of this study is to evaluate the diagnostic ef-
ficacy of double-contrast US imaging in US ill-defined 
nodules.

  Patients and Methods 

 US Ill-Defined Nodules 
 From January 2007 to May 2008, 33 of 847 consecutive pa-

tients with HCC nodules underwent defect reperfusion US study 
using Sonazoid.  The nodules could not be visualized on B-mode 
US but were visualized as typical HCC on dynamic CT with the 
characteristic findings of arterial enhancement with venous 
washout. 

  Locally Recurring Nodules after RFA 
 After RFA 34 patients with locally recurring nodules that were 

not identified by B-mode US, but were easily identified by dy-
namic CT, were evaluated by defect reperfusion US imaging with 
Sonazoid.

  Screening by Kupffer Phase of Sonazoid CEUS with Defect 
Reperfusion US Imaging 
 262 consecutive cirrhotic patients (198 cases of hepatitis C-

related cirrhosis; 64 cases of hepatitis B-related cirrhosis) were 
screened by Kupffer phase contrast-enhanced US with Sonazoid, 
and defect reperfusion US study was performed in cases in which 
a Kupffer defect was found.

  Sonazoid (0.01 ml/kg) is intravenously injected into a patient 
at high risk of HCC (hepatitis B and C liver cirrhosis) in the out-

patient clinic. Subsequently, in the US department, technologists 
perform Kupffer phase imaging between 10 and 60 min after in-
travenous injection. When a defective area is found on Kupffer 
phase, reinjection of Sonazoid is performed to depict whether an 
arterial supply is present or not in the Kupffer defect nodule.

  Methods 
 Double-contrast US imaging using the properties of very sta-

ble Kupffer images and real-time fine blood flow images provided 
by Sonazoid were performed for typical HCC, which is depicted 
by CT but not by B-mode scanning. Diagnosis in a dynamic study 
is usually based on enhancing patterns according to time se-
quence or phase ( fig.  1 ). However, by changing the basic idea, 
combined Kupffer and arterial phase images are obtained by So-
nazoid reinjection at the Kupffer phase ( fig. 2 ). The ultrasound 
machine used in this study is GE LOGIQ7 (GE Healthcare, Mil-
waukee, Wisc., USA).

MDCT

Dynamic MRI

SPIO-MRI

CEUS

Artery

Early vascular

Vascular

Portal

Late vascular

Equilibrium

Kupffer

Kupffer
(Lovovist)

  Fig. 1.  Common sense of imaging/dynamic studies such as CEUS, 
MDCT, and MRI. Diagnostic imaging is performed based on en-
hancing patterns according to time sequence or phase. 
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Post-vascular
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  Fig. 2.  Innovation: change of IDEA. An innovative technique has 
been developed by reinjecting Sonazoid. Dual-phase imaging that 
combines Kupffer and arterial phase images is obtained by this 
method. 
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  After intravenous injection of Sonazoid (0.01 ml/kg), early 
staining is observed in the vascular phase, and the presence or 
absence of defects is determined by an entire liver scan in the 
Kupffer phase 10–60 min after injection. Subsequently, the probe 
is applied to the area that shows a defect in the Kupffer phase 
10–60 min after intravenous injection of Sonazoid. Sonazoid 
(0.01 ml/kg) is additionally injected, and whether or not arterial 
blood flow enters the defective area is determined (defect reinjec-
tion test). When the fast wash in of arterial flow is observed in the 
Kupffer defect area, this is regarded as a confirmative sign of HCC 
( fig. 3 ).

  Results 

 US Ill-Defined Nodules 
 For 33 HCC nodules that could not be visualized by 

B-mode US but were clearly demonstrated by dynamic 
CT, clear defects could be detected at the Kupffer phase 
of Sonazoid-enhanced US. Furthermore, after reinjection 

of Sonazoid, clear wash in and staining could be detected 
in the Kupffer defect area (defect reperfusion sign, posi-
tive). These patients were all candidates for RFA, and RFA 
under the guidance of Kupffer phase Sonazoid-enhanced 
US was possible in all 33 HCC cases that were not identi-
fied by B-mode US. Sensitivity was as high as 100% 
( fig. 3–5 ).

  Locally Recurring Nodules after RFA 
 Similarly, in 34 cases of local progression nodules or 

recurrence at a different region after RFA, which were 
not identified by B-mode US, localization of the recur-
ring portion was clearly identified in all cases (sensitiv-
ity 100%) with the defect reperfusion US technique ( fig.
3–6 ). Subsequently, RFA was successfully performed on 
all 33 nodules. The remaining one HCC nodule was 
 surgically resected because of the potential bleeding risk 
due to close location to the heart (fig. 6).

Kupffer phase Defect-reinjection test

Defect-reperfusion sign
(+) r typical HCC

Defect

Defect

Enhancement (+)

Enhancement (–)

Defect-reperfusion sign
(–) r nontypical HCC
(RN, post-RFA) 

Reinjection

Reinjection

B-mode ill-defined nodule

Early enhancement with venous
washout on MDCT

Local recurrence after RFA

Detection on MDCT

Screening

(no nodule on MDCT)

Post-vascular phase

Defect

Defect
(necrosis + recurrence)

Depiction of Kupffer defect

Reinjection

Reinjection

Reinjection

Partial enhancement

Enhancement

HCC
confirmed

• Depiction of recurrence

• Needle insertion  
guidance

• Depicting SOL

• HCC confirmed

DRPI

  Fig. 3.  Defect reperfusion imaging for B-
mode ill-defined nodule. Even typical HCC 
nodules that are not identified by B-mode 
US and are shown as early enhancement 
with portal/venous washout can be correct-
ly diagnosed if arterial enhancement is
obtained within the Kupffer defect area 
(Kupffer defect with hypervascularization). 

  Fig. 4.  Defect reperfusion US image. De-
fect reperfusion imaging is useful in the 
detection of nodules that are ill defined
by B-mode US, locally recurrent nodules 
and nodules depicted at screening/surveil-
lance. 
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  Fig. 5.  Distribution of useful cases by de-
fect reperfusion images with Sonazoid-en-
hanced US. 

  Fig. 6.  Local recurring HCC after RFA.
 a  The vascular phase only shows a small 
perfusion defect, whereas the post-vascu-
lar phase (Kupffer phase) clearly shows a 
larger area demonstrated as defected area, 
suggesting local recurrence.  b  Resected 
specimen clearly shows viable recurring 
HCC next to the necrotic area induced by 
previous RFA therapy. 
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  Depiction of HCC by Kupffer Phase Surveillance and 
Confirmation by Reinjection 
 Of 262 consecutive cirrhotic patients, 9 nodules were 

depicted as Kupffer defect by Kupffer phase imaging and 
confirmed as HCC in 7 nodules by reinjection of So-
nazoid (defect reperfusion US imaging). One nodule was 
correctly diagnosed as a hemangioma by defect reperfu-
sion US imaging, and another nodule was confirmed as 
a simple cyst by defect reperfusion US imaging ( fig. 3–5 ).

  The sensitivity and specificity of double-contrast US 
imaging in the diagnosis of HCC were both 100%.

  Discussion 

 It has been extremely difficult to depict small nodular 
lesions in the coarse liver parenchyma even though dy-
namic CT or dynamic MRI clearly show an arterial en-
hancing nodule with venous washout. In our series, 77 
(9.1%) of 847 HCC nodules, which were not identified by 
B-mode US, have been clearly identified by defect reper-
fusion US imaging. If the technique is confined to Kupffer 
phase scanning, the false-positive rate is increased. In ad-
dition to the Kupffer defect, information on arterial vas-
cularity, i.e. reinjection method, increases the diagnostic 
accuracy to 100% even in deep-seated nodules. This is re-
ally a breakthrough technique.

  With this method, nodules that cannot be visualized 
by B-mode US are detected as defects on Kupffer images 
in the stable first Kupffer phase, and subsequently wheth-
er nodules with Kupffer defects have arterial blood flow is 
determined by the reinjection test. This method may be a 
breakthrough in diagnostic imaging ( fig. 2 )  [11] . This dou-
ble-contrast US technique requires no special apparatus 
or analysis, and is the result of a change in the way of 
thinking for contrast-enhanced US. For a typical CT im-
age (so-called early enhancement with late washout nod-
ules), defects are easily detected in the Kupffer phase, and 
subsequently arterial perfusion within the defect is dem-
onstrated by the reinjection test (visualization of staining 
within the Kupffer defects, which is the reverse phenom-
enon of early enhancement with late washout;  fig. 3 ). The 
introduction of this technique has allowed almost 100% 
accuracy of detecting lesions that are shown on CT im-
ages and are not visualized on B-mode US images.

  If the reperfusion test shows no enhancement of a 
Kupffer defect, this defect differs from the nodule detect-
ed by CT ( fig. 3 ). Therefore, this method could be an ep-
och-making treatment aid for HCC, which facilitates 
needle insertion guidance. In addition, this defect reper-

fusion imaging has many possibilities, and is applicable 
for screening HCC in the coarse liver parenchyma, and 
staging HCCs before treatment ( fig. 4 ).

  In screening, this procedure facilitates easy and ca-
pable screening because Sonazoid US can be performed 
in the setting of a routine examination, without taking 
extra time for contrast US study. In addition, operators 
only need to concentrate on the depiction of Kupffer de-
fects in the Kupffer phase in contrast to routine B-mode 
US, in which many regenerative nodules mimic malig-
nant ones. If defects are detected, Sonazoid reinjection 
leads to confirmation of HCC because of information on 
both Kupffer cell function and arterial blood flow in the 
same cross-sectional image ( fig. 4 ,  5 ). This dual-phase fu-
sion imaging allows detection and definitive diagnosis of 
HCC with 100% confidence. In this respect, Sonazoid 
also markedly improves the efficiency of HCC depiction 
on screening.

  In the past, contrast-enhanced US has been considered 
only for nodules previously depicted by B-mode US and 
is inappropriate for screening. However, this concept has 
changed markedly with the introduction of double-con-
trast US imaging using Sonazoid.

  Defect reperfusion US imaging is also useful for the 
localization of recurrent lesions located in a previously 
ablated area (identification of a locally recurring nodule 
by B-mode US is very difficult because of the inhomoge-
neous echo pattern mixed with viable lesions, ablated 
area, and ablated surrounding liver). In this setting, even 
skilled operators have great difficulty in determining the 
viable area on B-mode US images alone, which corre-
sponds to the enhancing area on CT due to numerous US 
cross sections  [12] . This problem was readily overcome by 
defect reperfusion US imaging with Sonazoid, which is 
quite revolutionary ( fig. 4 ).

  Defect reperfusion imaging was particularly useful for 
needle insertion guidance for the treatment of HCC. For 
invisible nodules on B-mode US, needle insertion has 
been performed under the guidance of either real-time 
virtual sonography  [13]  or Levovist- or SonoVue-en-
hanced US  [8, 9] . However, real-time virtual sonography 
requires CT volume data and a special apparatus. In ad-
dition, complete concordance of synchronized images 
from B-mode US that correspond to the cross-sectional 
plane of CT volume data is sometimes difficult. Similar-
ly, under Levovist- or SonoVue-enhanced US, puncture 
should be performed in a very short time in the early vas-
cular phase  [7, 8] . Since this technique requires enough 
experience and expertise, this method has not been wide-
ly accepted.
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  On the other hand, in Sonazoid-enhanced US, Kupffer 
defects are detected very easily, and whether blood flow 
is present in the defective areas can be determined by the 
reinjection test (defect reperfusion US imaging) in all 
cases. Therefore, needle insertion can be easily performed 
during a stable period in the Kupffer phase, and accurate 
needle placement followed by sufficient treatment is pos-
sible with Sonazoid-enhanced US ( fig. 4 ).

  Conclusions 

 Sonazoid-enhanced US is reportedly useful in the 
characterization of hepatic tumors when compared with 
MDCT or Levovist-enhanced US  [14, 15] . More impor-
tantly, we are convinced that Sonazoid-enhanced US 
with defect reperfusion US imaging is an epoch-making 
approach in the diagnosis and treatment of HCC. This 

innovative technique has been invented based on two ma-
jor favorable properties of Sonazoid: real-time blood flow 
images with low acoustic power, and stable Kupffer im-
ages tolerable for repeated scanning in the Kupffer phase. 
Therefore, this breakthrough technique will markedly 
change the therapeutic strategy for HCC. In addition, the 
most important point is that this technique is not possible 
with SonoVue or Definity, which have been approved in 
Europe and China, but is possible only with Sonazoid. In 
this respect, Sonazoid should be made more available 
worldwide.
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mors as the CMN type. The sensitivity, specificity and accu-
racy of CE-US were 96, 80 and 90%, respectively.  Conclusion:  
The PVP image of CE-US with Sonazoid is a useful tool in the 
evaluation of the gross type of HCC and is considered essen-
tial in deciding treatment strategy.

  Copyright © 2010 S. Karger AG, Basel

  Introduction

  Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors in the world. Although the 
prognosis of HCC has become more favorable as a result 
of regular screening of the high-risk population for HCC 
and recent progress in treatment methods  [1–5] , some pa-
tients still have a poor prognosis. Various clinicopatho-
logical features, such as portal vein invasion and satellite 
lesions, have been identified as the prognostic factors
in patients with HCC who underwent hepatic resection 
 [6–12] .

  The nodular type HCCs are classified into three gross 
types according to the macroscopic classification of the 
Liver Cancer Study Group of Japan, namely the single 
nodular (SN) type, the single nodular with extranodular 
growth (SNEG) type, and the confluent multinodular 

 Key Words
  Hepatocellular carcinoma  �  Contrast-enhanced 
ultrasonography  �  Sonazoid  �  Macroscopic classification  �  
Post-vascular phase  �  Single nodular type  �  Single nodular 
with extranodular growth type  �  Confluent multinodular 
type

  Abstract
   Objective:  The purpose of this study was to assess the use-
fulness of post-vascular phase (PVP) images of contrast-en-
hanced ultrasonography (CE-US) in the evaluation of the 
gross types of hepatocellular carcinoma (HCC) that is closely 
related to the malignant potential of the tumor.  Methods:  A 
total of 29 patients with 40 HCCs of  ! 5 cm in diameter, who 
underwent hepatic resection, were enrolled. The gross type 
of the tumor was evaluated using real-time scanning during 
the PVP of CE-US with Sonazoid prior to surgery. The tumors 
were classified into three types based on the macroscopic 
classification of the Liver Cancer Study Group of Japan: single 
nodular (SN) type, single nodular with extranodular growth 
(SNEG) type, and confluent multinodular (CMN) type. The 
ability of CE-US to correctly depict the gross type of HCC was 
evaluated.  Results:  26 tumors were macroscopically diag-
nosed as the SN type, 11 tumors as the SNEG type, and 3 tu-
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(CMN) type  [13] . Among these three gross types, the 
SNEG type and CMN type are associated with portal 
vein invasion, intrahepatic metastasis and poorly differ-
entiated histology  [11, 12] . Patients with the SN type HCC 
showed better survival as compared with patients with 
SNEG type HCC  [12] . Thus, it is important to assess the 
gross type of HCC before treatment, especially in patients 
with early-stage HCC who are candidates for curative 
treatments.

  Recently, contrast-enhanced ultrasonography (CE-
US) with an intravenous contrast agent has enabled the 
detection of intratumoral vascularity with higher sensi-
tivity and specificity  [14–16] . Levovist (Schering, Berlin, 
Germany) was a first-generation contrast agent. It was 
made from galactose-palmitic acid. CE-US using Levo-
vist cannot only provide microflow imaging of liver tu-
mors but can also eliminate clutter signals  [16] . However, 
Levovist bubbles are easily collapsed by ultrasonography 
(US) emissions because of their fragile properties. There-
fore, the images of CE-US using Levovist were obtained 
intermittently and real-time images were only obtained 
within a short period of time. Sonazoid (Daiichi Sankyo, 
Tokyo, Japan; GE Healthcare, Oslo, Norway), a second-
generation contrast agent, has been commercially avail-
able in Japan since January 2007. This contrast agent con-
tains perflubutane within a hard shell  [17–19] . It can pro-
duce stable non-linear oscillations under low acoustic 
pressure with greater detail in the second harmonic sig-
nals in real time  [20, 21] . The post-vascular phase (PVP) 
image of CE-US with Sonazoid represents the function of 
the reticuloendothelial system. Malignant liver tumors 
are usually depicted as defects through the PVP, because 
Kupffer cells are absent or the number of Kupffer cells has 
decreased in these lesions  [22] . Therefore, this image can 
be used to estimate the gross type of HCC according to 
the shape of the defect.

  The aim of the present study was to assess the useful-
ness of PVP images of CE-US using Sonazoid in evaluat-
ing the gross types of HCC.

  Patients and Methods

  Patients
  Twenty-nine patients who had been diagnosed as having HCC 

and had undergone hepatic resection at the Kinki University 
School of Medicine were included in this study. Inclusion criteria 
were as follows: (1) patients with a single tumor of up to 5 cm in 
diameter or with less than four tumors of up to 3 cm in diameter; 
(2) patients without extrahepatic metastasis, and (3) patients who 
underwent curative hepatic resection, defined as the removal of 
all macroscopic residual tumors.

  Macroscopic and Pathological Examination
  Resected specimens were cut in the coronal plane so that the 

largest cross section of the tumor was exposed. An experienced 
surgeon (S.H.), who was blinded to the results of CE-US analysis, 
assessed the classification of the gross types of HCC by careful 
observation of the surgical specimens. The gross type was deter-
mined by the appearance of the tumor in the largest cross section, 
according to the macroscopic classification of the Liver Cancer 
Study Group of Japan. Thus, all of the tumors were classified into 
the following three gross types: SN type defined as those tumors 
showing a clear round shape; SNEG type defined as those tumors 
with similarities to the SN type but accompanied by extranodular 
growths, and the CMN type defined as those tumors forming a 
cluster of small and confluent nodules. For light microscopic ex-
amination, paraffin-embedded sections were stained with hema-
toxylin and eosin and the histological grade of the tumor, vascu-
lar invasion, intrahepatic metastasis and capsule invasion were 
determined.

  Comparison of Clinicopathologic Features and Gross Type
  Of 29 patients with HCC enrolled in this study, 21 patients had 

a single HCC and were divided into the SN group and non-SN 
group (i.e. SNEG and CMN groups) according to the gross type 
of the tumor. The clinicopathologic features of the two groups 
were compared.

  Contrast-Enhanced Ultrasonography
  Sonazoid was reconstituted with 2 ml sterile water for injec-

tion. The injected dose was 0.010 ml/kg body weight. Sonazoid 
was injected as a bolus at a rate of 1 ml/s via a 22-gauge cannula 
placed in the antecubital vein and flushed with 10 ml of normal 
saline.

  The coded phase-inversion harmonic mode of GE LOGIQ 7 
(GE Medical Systems, Milwaukee, Wisc., USA) with a 4-MHz 
convex transducer or a 6.5-MHz transducer was used in this 
study. The acoustic power of the CE-US was set at the default set-
ting with a mechanical index of 0.2 and the dynamic range was 
fixed at 60–65 dB. A single focus point was set at 10 cm deep from 
the surface of the skin. Since the images of the ideal scanning 
plane were displayed in real time, the patients were requested to 
hold their breath. The images were stored as a cine clip with GE 
exclusive raw-data format files in the LOGIQ 7 computer.

  To minimize variation between operators, the CE-US studies 
were performed by either one of two operators (K.H., K.M.) using 
the same examination protocol.  Figure 1  details the protocol for 
CE-US with Sonazoid in our hospital. PVP images, obtained at 
least 10 min after the intravenous injection of Sonazoid, were used 
to characterize the gross type of HCC. Defect reperfusion imag-
ing  [23, 24]  was also performed for all nodules to confirm the in-
tratumoral vascularity, as described previously. All PVP images 
were reviewed by two physicians (H.C., T.I.). These reviewers were 
blinded to any other information regarding the patients, such as 
clinical data and the results of other imaging modalities. When 
there were discrepancies, the reviewers assessed the cine clips to-
gether and discussed them to reach a consensus.

  Statistical Analysis
  The  �  2  test and Mann-Whitney U test were used to compare 

the clinicopathologic features of patients. Sensitivity, specificity 
and accuracy were calculated to evaluate the diagnostic value of 

 PVP of CE-US with Sonazoid and the 
Evaluation of Gross Types of HCC 
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CE-US in the evaluation of the gross type of HCC. A p value of 
 ! 0.05 was considered statistically significant. All the statistical 
analyses were performed using SPSS software version 11.5 (SPSS, 
Inc., Chicago, Ill., USA).

  Results

  Characteristics of Patients
  The characteristics of patients are detailed in  table 1 . 

There were 19 males (65.5%) and 10 female (34.5%) pa-
tients, with a mean age of 67.2 years, involved in the study. 
The underlying liver diseases, diagnosed using a combi-
nation of the serum biomarkers and the imaging find-
ings, were as follows: HCV-related cirrhosis (n = 13); 
HCV-related chronic hepatitis (n = 7); HBV-related cir-
rhosis (n = 4); HBV-related chronic hepatitis (n = 3); 
HCV- and HBV-related chronic hepatitis (n = 1), and cir-
rhosis of unknown causes (n = 1). The mean tumor size 
was 2.4 cm. Macroscopically, 26 tumors (65.0%) were 
classified into the SN group, 11 (27.5%) tumors into the 
SNEG group, and 3 (7.5%) tumors into the CMN group. 
The surgical procedures applied were partial hepatecto-
my in 19 patients, subsegmentectomy in 6 patients, seg-
mentectomy in 3 patients, and lobectomy in 1 patient.

  Differences in Clinicopathologic Findings according to 
Gross Type
  Of 21 patients who had single HCC, 13 patients were 

classified into the SN group, 6 patients into the SNEG 
group, and 2 patients into the CMN group, according to 
the macroscopic findings.  Table 2  summarizes the inter-

Sonazoid  (0.010 ml/kg)
bolus injection

0                     1                      3 6  15
min Post-vascular phaseVascular phase 

= Real-time scan (MI 0.2) 

= Burst (MI 0.9 1.0) 

Early vascular phase    Late vascular phase   

Defect reperfusion imaging
Sonazoid (0.010 ml/kg)

bolus injection

  Fig. 1.  Protocol for CE-US with Sonazoid. 
Change the US mode to coded phase inver-
sion (CPI) mode after B-mode scanning. 
Bolus injection of Sonazoid (0.01 ml/kg). 
Intratumoral arterial enhancement in the 
early-vascular phase ( ! 1 min). PVP ( 1 10 
min) image to depict perfusion defects for 
evaluating the gross types of HCC and for 
searching for other new nodules. Defect 
reperfusion imaging (obtained by reinjec-
tion of Sonazoid) for evaluating the intra-
tumoral arterial vascularity especially for 
the nodules undetected in the early-vascu-
lar phase and for those newly detected. 

  Table 1.   Characteristics of 29 patients with 40 HCCs

 Age, years 67.2 8 7.1 (52–78) 
 Male/female 19/10 
 HBs-Ag/HCV-Ab/HBs-Ag + 

  HCV-Ab/NBNC 
 

7/20/1/1 
 Child-Pugh grade, A/B/C 25/4/0 
 Platelet count,  ! 10 4 / � l 14.0 8 8.8 (3.4–46.9) 
 ICG R15, % 16.5 8 10.1 (1–54) 
 Tumor size, cm 2.4 8 1.1 (0.8–5.0) 
 Tumor marker 

 DCP, mAU/ml  1,232.7 8 5,146.8 (9–27,333) 
 AFP, ng/ml 294.6 8 961.4 (2–4,825) 
 AFP-L3, % 10.7 8 22.6 (0–83.7) 

 Macroscopic classification 
 SN 26 
 SNEG 11 
 CMN 3 

 Operative procedures 
 Lobectomy 1 
 Segmentectomy 3 
 Subsegmentectomy 6 
 Partial hepatectomy 19 

 C ontinuous data are expressed as the mean  8  SD. Data in pa-
rentheses express the range. NBNC = Patients negative for both 
HBs antigen and HCV antibody; ICG R15 = indocyanine green 
retention rate at 15 min; DCP = des- � -carboxy prothrombin;
AFP =  � -fetoprotein; AFP-L3 = lens culinaris agglutinin A-reac-
tive fraction of  � -fetoprotein; SN = single nodular type; SNEG = 
single nodular type with extranodular growth; CMN = confluent 
multinodular type. 
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comparison of clinicopathologic features between the SN 
group and the non-SN group. Patients in the non-SN 
group were significantly older and had significantly 
higher serum des- � -carboxyl prothrombin (DCP) levels, 
as compared with the SN group (p = 0.041 and p = 0.024). 
In addition, there were tendencies for the non-SN group 
to have larger tumors. The capsule invasion and the vas-
cular invasion were also more frequently observed in the 
non-SN group.

  Diagnostic Value of Contrast-Enhanced 
Ultrasonography
  Among a total of 40 nodules, the CE-US diagnosed the 

gross type correctly in 36 nodules, while the remaining
4 nodules were misdiagnosed as shown in  table 3 a. The 
representative cases are shown in  figures 2–4 . The sensitiv-
ity, specificity and accuracy of CE-US for distinguishing 
between the SN type and the non-SN type were 96, 80 and 
90%, respectively ( table  3 b). The characteristics of the 4 
misdiagnosed nodules are detailed in  table 4 . One SN type 
nodule was misdiagnosed as an SNEG type on CE-US, 
while 3 SNEG type nodules were misdiagnosed as the SN 
type. It seems unlikely that there is a fixed cause for the 
misdiagnosis with respect to the size, location, depth from 
the surface of liver, histological grade and tumor markers.

  Discussion

  Establishment of a regular screening program for the 
high-risk population with HCC has increased the num-
ber of cases with small HCC suitable for curative treat-

  Table 2.   Comparison of clinicopathologic features between SN 
group and non-SN group in patients with single HCC

 Variables  SN group
  (n = 13) 

 Non-SN
  group (n = 8) 

 p
  value 

 Age, years  65.8 8 7.4  71.6 8 4.7  0.041 
 Male/female 7/6 5/3  0.948 
 HBs-Ag-positive 4 1  0.669 
 HCV-Ab-positive 8 5  0.675 
 Child-Pugh grade (A/B) 9/4 8/0  0.128 
 Platelets,  ! 10 4 / � l  10.3 8 4.8  16.7 8 13.3  0.121 
 DCP, ≥400 mAU/ml 0 4  0.024 
 AFP, ≥100 ng/ml 2 2  0.978 
 AFP-L3, ≥20% 1 2  0.701 
 Tumor size, cm 2.2 8 1.0 2.8 8 1.2  0.093 
 Capsule invasion, % 7.7  50.0  0.094 
 Positive vascular invasion, % 0  25.0  0.068 
 Positive IM, %  15.4  37.5  0.471 
 Differentiation of HCC, % 

 (well/moderate/poorly) 8.3/66.7/25 0/83.3/16.7  0.671 

 C ontinuous data are expressed as mean  8  SD. Data in paren-
theses express the range. p value indicates whether any significant 
differences exist between the SN group and the non-SN group. 
DCP = Des- � -carboxy prothrombin; AFP =  � -fetoprotein; AFP-
L3 = lens culinaris agglutinin A-reactive fraction of  � -fetoprotein; 
SN = single nodular; ICG R15 = indocyanine green retention rate 
at 15 min. 

 
 

  Table 3.   Summary of the results of CE-US in  a  evaluating the 
gross type of HCC and  b  sensitivity, specificity and accuracy of 
PVP images

 a  M acroscopic classification Total

 SN type  non-SN t ype 

 CE-US  SN type  24 3  27 
 non-SN type 1  12  13 
total  25  15  40 

 b  Sensitivity  Specificity  Accuracy 

 CE-US  96.0%  80.0%   90.0% 

 

a b

  Fig. 2.  SN type HCC.  a  PVP image depict-
ing an SN type.  b  The surgical specimen 
was also diagnosed as an SN type. 
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ments, such as resection and percutaneous ablation. 
However, the number of candidates for resection is lim-
ited, even in cases with small HCC, because of impaired 
liver function due to cirrhosis. Radiofrequency ablation 
(RFA) was introduced in the 1990s and has been widely 
performed for the treatment of unresectable liver tumors 
ever since  [25, 26] . Several factors, such as larger tumor 

size, tumor multiplicity and elevated serum des- � -car-
boxy prothrombin, were identified as a prognostic factor 
in patients with HCC who underwent RFA  [27–29] . How-
ever, the association between the gross type of HCC and 
the efficacy of RFA has not yet been investigated.

  Previous studies have demonstrated the association 
between the gross type of HCC and the prevalence of por-

a b

a b

  Fig. 3.  SNEG type.  a  PVP image depicting 
SNEG.  b  The surgical specimen was also 
diagnosed as SNEG. Arrowheads and ar-
rows represent portions of extranodular 
growth. 

  Fig. 4.  CMN type.  a  PVP image depicting 
confluent multinodular type.  b  The surgi-
cal specimen was also diagnosed as con-
fluent multinodular type. Usefulness of 
the PVP in evaluating the gross types of 
HCC. 
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  Table 4.   Characteristics of 4 misdiagnosed nodules

 Nodule
  No. 

 Gross type
  (specimen) 

 Segment  Size
  cm 

 Diagnosis
  on CE-US 

 Depth
  cm 

 Histological
  grade 

 DCP
  mAU/ml 

 AFP
  ng/ml 

AFP-L3
% 

 1  SN  S6  3.0  SNEG 9  moderate HCC     43     68    <0.5 
 2  SNEG  S8  1.8  SN  11  moderate HCC     26     24    <0.5 
 3  SNEG  S7  1.6  SN 4  moderate HCC }  1,910  4,825 68.1  4  SNEG  S8  0.8  SN 4  moderate HCC 

 N odule Nos. 3 and 4 were found in a patient. CE-US = Contrast-enhanced US; DCP = des- � -carboxy prothrombin; AFP =  � -feto-
protein; AFP-L3, lens culinaris agglutinin A-reactive fraction of  � -fetoprotein. 
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tal vein invasion and intrahepatic metastasis  [11–12, 30] . 
Portal vein invasion was found in 18.7–19.5% of SN types, 
while it occurred in 44.4–50.0% of SNEG types and 33.3–
63.2% of CMN types. Intrahepatic metastasis was found 
in 4.1–30.7% of SN types, 26.7–60.0% of SNEG types and 
26.3–47.6% of CMN types  [11, 12, 30] . Thus, we assume 
that the gross type of HCC is closely correlated with the 
efficacy of RFA and that the assessment of the gross type 
of early-stage HCC before curative treatments is essen-
tial. In cases of SNEG type or CMN type HCC with pre-
served liver function, hepatic resection is considered to 
be a preferable treatment strategy to RFA.

  Sonazoid-enhanced US can repeatedly demonstrate 
the real-time images in a low-power acoustic field be-
cause Sonazoid has hard shells. Therefore, it has become 
much easier to obtain the PVP image that is applicable to 
the evaluation of liver tumors, as well as being a treat-
ment guide for RFA. Furthermore, Sonazoid-enhanced 
US demonstrated a higher sensitivity and accuracy for 
the detection and diagnosis of hepatic malignancies than 
dynamic CT  [20, 21] . The advantage of US, such as high-
er spatial and temporal resolution, and sustainable real-
time scanning with Sonazoid has increased the detection 
ability of CE-US. In the present study, 4 nodules were 
newly detected on the preoperative PVP image, all of 
which had not been detected by either preoperative B-
mode US or CE-CT. It should be noted that supplemental 
partial hepatectomy was performed for each nodule and 
that all 4 nodules were histologically diagnosed as HCC.

  The PVP image reflects the function of the reticuloen-
dothelial system that is mainly determined by the num-
ber and function of Kupffer cells. Additionally, the num-
ber of Kupffer cells present in cancerous tissues decreases 
as the histological grade of the tumor worsens  [22] . We 
previously reported the usefulness of the PVP image us-
ing Levovist to assess the histological grade of nodular 
lesions in cirrhotic liver  [31, 32] . In the present study, all 
nodules were shown as clear perfusion defects on the PVP 

image, with the exception of 7 nodules, 5 nodules were 
shown as defects with unclear boundaries and 2 nodules 
as lower degree defects with clear boundaries. The former 
5 cases were diagnosed as having severe liver cirrhosis ac-
cording to the resected specimens. Therefore, deteriorat-
ed liver function, which is closely correlated with the de-
creased function of the reticuloendothelial system in the 
liver parenchyma, is considered to be mainly attributable 
to the unclear boundaries on the PVP image. The latter 2 
cases were histologically diagnosed as well-differentiated 
HCC. The reticuloendothelial system function has been 
found to be preserved in the tissue of well-differentiated 
HCC  [22] , and this resulted in the lower degree of defects 
on the PVP images of these 2 nodules.

  In the present study, we failed to diagnose the gross 
type of HCC in 4 nodules. Although the reasons attribut-
able to this failure have hardly been determined, 1 SN 
type nodule (No. 1), which had a septum formation, was 
depicted as a nodule with an irregular margin on CE-US 
and was misdiagnosed as an SNEG type. Septum forma-
tion might be one of the key issues related to the correct 
diagnosis of the gross type of HCC using CE-US.

  The results presented in our study with a relatively 
small number of patients are preliminary. The usefulness 
of CE-US in the evaluation of gross type HCC needs to
be compared with other imaging modalities. Although 
there are some limitations in the present study mentioned 
above, the PVP image of CE-US using Sonazoid is a use-
ful tool in the diagnosis of the gross type of HCC and is 
considered to be essential in deciding the treatment strat-
egy for HCC.
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 Depiction of Portal Supply in Early Hepatocellular 
Carcinoma and Dysplastic Nodule:
Value of Pure Arterial Ultrasound Imaging
in Hepatocellular Carcinoma 
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Kupffer uptake. All 5 nodule-in-nodule type early HCCs pre-
sented partial arterial enhancement within hypovascular 
nodule at the PAP followed by isovascular pattern at the por-
tal phase and partial Kupffer defect within isouptake nod-
ules. All 48 overt HCCs showed a hypervascular pattern with 
Kupffer defect on contrast-enhanced ultrasonography. This 
technique can clearly identify whether blood supply in the 
tumor is of arterial or portal origin, and facilitate the nonin-
vasive characterization of nodular lesions associated with 
liver cirrhosis. In conclusion, this newly developed innova-
tive technique can depict pure portal supply in early HCC 
and DN, enabling differentiating premalignant lesions and 
early HCCs from overt HCC even though dynamic CT or MRI 
does not have such capabilities. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Innovation of contrast agents and advances of new ul-
trasound (US) technologies have dramatically changed 
both diagnostic and treatment strategies for hepatocel-
lular carcinoma (HCC)  [1–9] .

  The second-generation US contrast agents, SonoVue 
or Sonazoid, are now routinely available for the diagno-
sis and treatment of HCC. Recently, a new US technique 
called pure arterial phase (PAP) US imaging (PAP-US) 

 Key Words 
 Hepatocellular carcinoma, dysplastic nodule  �  Pure arterial 
phase ultrasound imaging  �  Arterial supply  �  Portal supply  � 
Early hepatocellular carcinoma  �  Nodule-in-nodule type 
early HCC  �  Sonazoid  �  Contrast-enhanced US 

 Abstract 
 Ultrasound (US) contrast agents such as SonoVue and So-
nazoid are commercially available worldwide. Innovation of 
contrast agents and advances of new US technologies have 
dramatically changed both diagnostic and treatment strate-
gies for hepatocellular carcinoma (HCC). Recently, the break-
through technique, pure arterial phase (PAP) US imaging, 
which depicts only intranodular arterial supply by use of 
maximum intensity projection (MIP) images, was developed 
from advanced raw data-storing and accumulation technol-
ogies. A total of 8 dysplastic nodules (DNs), 16 early HCCs, 5 
nodule-in-nodule type early HCCs and 48 overt HCCs were 
included in this study. All 8 DNs (100%) showed arterial hy-
povascularity in the PAP followed by preserved portal perfu-
sion at the portal phase and isouptake at the Kupffer phase 
by Sonazoid-enhanced contrast US. A total of 12 out of 16 
early HCCs (75%) showed similar patterns on vascular and 
Kupffer phase imaging of contrast-enhanced ultrasonogra-
phy. The remaining 4 HCCs showed slightly hypervascular 
pattern without venous washout and slightly decreased 
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has been developed in Japan. This technique clearly de-
picts arterial supply to the nodules at the PAP, and con-
sequently makes it possible to evaluate whether there is 
a portal supply or not within the nodule at the portal 
phase. The purpose of this study is to clarify the sensi-
tivity and specificity in detecting intranodular arterial 
and portal supply in dysplastic nodules (DNs), early 
HCCs, nodule-in-nodule (N-in-N) type HCCs, and 
overt HCCs.

  Patients and Methods 

 Pure Arterial Phase Ultrasound Imaging 
 PAP-US images can be obtained from a combination of two 

technologies: raw data-storing technology ( fig. 1 ) and accumula-
tion image technology of maximum intensity projection (MIP) 

images ( fig.  2 ,  3 ). The US machine used in this study was GE 
LOGIQ 7 (GE HealthCare, Milwaukee, Wisc., USA). PAP was de-
termined as follows: range of interest (ROI) was placed on the 
extranodular hepatic artery, portal vein, and tumor. Contrast 
agent appears in the liver around 5–10 s after intravenous injec-
tion of Sonazoid. The time difference between appearance of ar-
terial flow and portal venous flow at the liver is a  pure arterial 
phase  – PAP. The time-intensity curve in the ROI placed on the 
liver parenchyma can reveal whether the nodule is supplied by 
artery or portal flow ( fig. 4 ,  5 ).

  Patients 
 A total of 73 hepatocyte nodules were included in this study. 

PAP-US imagings were performed in all of these 73 nodules. Eight 
nodules were diagnosed as dysplastic nodule (DN) by histopa-
thology of biopsied samples. Twelve early HCCs were diagnosed 
as early HCC by histopathology of biopsied samples. Five nodules 
were diagnosed as N-in-N type early HCC by CT during hepatic 
arteriography (CTHA), CT during arterial portography (CTAP) 

T/R Beam
former

Probe

Monitor

Memory

Display data controller

Memory

‘Raw’ data controller

Signal process

 Fig. 1. This ultrasound machine (LOGIQ7) 
can store raw data before signal process-
ing, unlike other ultrasound machines. 

Normal Frame average Accumulation

Normal Frame average Accumulation

  Fig. 2.  Schematic representation of accu-
mulation image. This technology displays 
the MIP image at given frame (N) at given 
time.  A  n  = max ( I  n ,    I  n  –1 ,    I  n  –2  …  I  n–N  +1 ). Even 
though there is motion due to respiration, 
relatively good quality MIP image is ob-
tained by this method. 
  Fig. 3.  Difference between accumulation 
image and frame average. Frame average 
displays average intensity during a certain 
time; therefore, the contrast of intensity 
becomes weak as compared with the accu-
mulation image, which displays maxi-
mum intensity.                               
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and histopathological study of biopsied specimens. Seven out of 
48 overt HCCs were diagnosed as moderately differentiated HCCs 
by resected specimens. The remaining 41 overt HCCs were diag-
nosed as typical vascular pattern on dynamic CT or dynamic 
MRI. Typical HCC findings represent arterial enhancement with 
venous washout. CTHA and CTAP were performed to confirm 
arterial supply or portal supply in hypovascular nodules on dy-
namic CT in all 73 nodules.

 stluseR  

 On dynamic CT, 8 DNs, 12 early HCCs, and 5 N-in-N 
type HCCs were demonstrated as low dense nodules (hy-
povascular nodules). All 8 DNs (100%) showed arterial 
hypovascularity in the PAP followed by preserved portal 
perfusion at the portal phase and isouptake at the Kupffer 

of 12 out of 16 early HCCs (75%) showed similar patterns 
on vascular and Kupffer phase imaging of contrast-en-
hanced ultrasonography. The remaining 4 HCCs showed 
slight hypervascular pattern without venous washout 
and slight decreased Kupffer uptake. All 5 N-in-N type 
early HCCs presented partial arterial enhancement with-
in the hypovascular nodule at the PAP followed by iso-
vascular pattern at the portal phase and partial Kupffer 

HCCs showed a hypervascular pattern with Kupffer de-
fect on contrast-enhanced ultrasonography. This tech-
nique can clearly identify whether blood supply in the 
tumor is of arterial or portal origin, and facilitate the 

noninvasive characterization of nodular lesions associ-
ated with liver cirrhosis. CT or MRI could not demon-
strate whether the nodules are supplied by the hepatic 
artery or portal vein. As a result, this innovative tech-
nique can help differentiate premalignant lesions and 

  Absent arterial supply with preserved portal supply 
was confirmed in 100% (8/8) of DNs and 75% (12/16) of 
early HCCs by CTAP. The remaining 4 (25%) early HCCs 
were confirmed as arterial supply by CTHA and CTAP. 
Partial portal supply in the outer part of the nodule with 
central partial arterial supply in the center of the nodule 
was also confirmed on CTHA and CTAP. As a result, de-
tection of intranodular arterial and portal supply were 
completely compatible between PAP US and CTHA/

Levovist
400 mg/ml 

5 ml i.v.

Real-time scan

Intensity

Arterial

10 s 35 s 7–10 min

Intermittent  
scan

PAP

  Fig. 4.  Example case of PAP US imaging
in overt hypervascular HCC.  a  PAP.
 b  (Mixed) vascular phase.  c  Post-vascular 
phase.  d  CTHA.  e  CTAP.  f  Time-intensity 
curves on ROIs placed on the tumor (red), 
extranodular artery (yellow), and extra-
nodular portal vessel (green).  g  PAP in this 
case was revealed to be 3.94 s. By this anal-
ysis, this nodule was revealed to be sup-
plied only by the hepatic artery since tu-
mor vascularity is increased during PAP 
(red).                               
  Fig. 5.  Phase of Sonazoid-enhanced US. 
The vascular phase is divided into two 
phases: PAP and portal phase. In addition 
to the vascular phase, there is a post-vas-
cular (Kupffer) phase, 10 min after intra-
venous injection of Sonazoid.                                           
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Table 1.  Arterial and portal supply determined by PAP-US

DN eHCC N-in-N
eHCC

Overt
HCC

Arterial supply, % 0 (0/8) 25 (4/16) 100 (5/5)* 100 (48/48)
Portal supply, % 100 (8/8) 75 (12/16) 100 (5/5)** 0 (0/48)

D N = Dysplastic nodule; eHCC = early hepatocellular carci-
noma; N-in-N eHCC = nodule-in-nodule type early HCC; PAP-
US = pure arterial phase ultrasound imaging.

* Partial arterial supply in the center of the nodule.
** Partial portal supply with outer part of the nodule.

— 884 — — 885 —



 Kudo   /Hatanaka   /Inoue   /Maekawa   

 

Oncology 2010;78(suppl 1):60–6764

Artery

Liver tissue

DN

Portal vein

DNArtery

Liver tissue

Portal vein

a

b

  Fig. 6.   a  A case of DN, which was already proven to be a portal 
supplying nodule by CTAP. At the PAP there is no arterial supply 
by the analysis of time-intensity curves at the ROI placed on the 
artery, portal vein and nodule.  b  There is no arterial supply at the 
PAP (left), but preserved portal supply at the portal phase (center). 
Kupffer uptake is also observed within the nodule (right).                                         
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  Fig. 7.  PAP US image in a case of N-in-N type HCC.  a  PAP was 
revealed to be 6 s in this case.  b  The PAP US image clearly shows 
the intranodular lesion is supplied by the hepatic artery (left). Ar-
terial vascularity (arrow) is clearly visualized by PAP-US, which 
corresponds to the defective area on Kupffer phase imaging 
(right). At the portal phase (center) the outer part of nodules can 
be evaluated to be supplied by portal venous flow.                                         
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is low and its specificity high. This technique allows the 
depiction of intranodular portal flow in DNs and early-
stage HCC noninvasively. In addition, sensitivity is as 
high as CTAP ( table  2 ). Therefore, N-in-N type HCCs 
and hypovascular HCCs including DNs and early HCCs 
are correctly diagnosed by PAP-US.

  Conclusion 

 This technique will be useful for characterization of 
nodular lesions associated with liver cirrhosis such as 
DNs, N-in-N type HCC, early HCC, and overt HCC.

 Disclosure Statement 

   The authors declare that they have no financial conflict of in-
terest.     
 

  Discussion 

 The results obtained by PAP-US imaging clearly 
showed that both DNs and eHCCs are mainly fed by por-
tal flow and not arterial flow. Therefore, it is not possible 
to differentiate early HCCs from DNs. Gadolinium eth-
oxybenzyl (Gd-EOB) MRI is reportedly much more sensi-
tive in the differentiation of these two pathological condi-
tions  [10] . However, at least PAP-US imaging can clearly 
identify the portal flow feeding nodules, such as DNs and 
eHCCs, facilitating the differentiation from overt HCC. 
This technique also provides portal flow supplying nod-
ules, which are basically benign nature nodules  [11] . These 
nodules develop to the overt HCCs at a very slow rate.

  In addition to the arterial and portal supply to the 
nodule, isovascularity with low uptake of the Sonazoid at 
the Kupffer phases is a more important finding to differ-
entiate early HCCs from DNs, although its sensitivity

PAP Kupffer phasePortal phase

Hypovascular Iso – high Iso – high

Pure arterial supply
(N-in-N)

Iso (– partial defect) Partial defect
(N-in-N)

Pure arterial supply  Hypervascular Defect

DN and early HCC 

N-in-N type HCC
(early HCC) 

Overt HCC and
few early HCCs
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  Fig. 8.  Differential diagnosis of HCC from 
premalignant/borderline lesions with PAP 
US image. DNs and 75% of early HCC are 
demonstrated as pure portal venous sup-
ply and N-in-N type early HCCs are dem-
onstrated as a small hypervascular lesion 
within the hypovascular lesion. Overt 
HCC is revealed to be purely supplied by 
the hepatic artery.                                             

Table 2.  Comparison of PAP-US and CTHA/CTAP

Diagnosis n P AP-US Arterial flow
on CTHA

Portal flow
on CTAParterial supply portal supply

Dysplastic nodule 8 – (100%) + (100%) – (100%) + (100%)
Early HCC 12 + (25%) + (75%) + (25%) + (75%)
N-in-N HCC 5 + partial (100%) + partial (100%) + partial (100%) + partial (100%)
Overt HCC 41 + (100%) – (100%) + (100%) – (100%)

PA P-US = Pure arterial phase ultrasound; CTHA = CT during hepatic arteriography; CTAP = CT during arterial portography.
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 Introduction 

 Hepatocellular carcinoma (HCC) is the most common 
liver malignancy worldwide, accounting for 75–90% of 
all hepatic cancers in Europe and North America  [1] . 
Most of these primitive liver neoplasms are found in pa-
tients with cirrhosis and account for 80% of all newly di-
agnosed HCC  [2] . It is estimated that 65% of patients with 
HCC will be considered for tumor-directed treatment  [3] . 
Amongst these, due to multicentricity or advanced prim-
itive liver disease, only 15% will be considered suitable 
candidates for surgery  [3] . In such cases, locoregional 
percutaneous and intraarterial treatments have been de-
veloped for non-surgical alternatives for HCC patients. 
Percutanous treatment is one of the potentially curative 
therapies for early-stage HCC  [4]  and is principally car-
ried out by inducing thermal or chemical necrosis with 
radiofrequency ablation (RFA) or percutaneous ethanol 
injection (PEI), respectively  [5] . Intraarterial treatment is 
considered the best option for intermediate-stage HCC 
 [4]  and is performed mainly by embolizing HCC with or 
without contemporaneous administration of cytotoxic 
agents, with transarterial chemoembolization (TACE) 
and transarterial embolization (TAE)  [6] .

 Key Words 
 Contrast-enhanced ultrasound  �  Embolization  �  
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 Abstract 
 Most hepatocellular carcinomas (HCC) are diagnosed in pa-
tients with cirrhosis and/or when tumor burden is too ad-
vanced for surgical treatment. In many of these cases the 
only suitable therapy is locoregional, percutaneous and/or 
intraarterial treatment. Moreover, the best way to guide and 
assess response to locoregional HCC treatment are two is-
sues under discussion today. First-generation and subse-
quent second-generation microbubble contrast agents, to-
gether with contrast-enhanced ultrasound (US) imaging, 
have expanded the role of US techniques in HCC treatments. 
In this review our purpose is to illustrate the advantages, lim-
its and potential of contrast-enhanced US application for lo-
coregional HCC treatment.  Copyright © 2010 S. Karger AG, Basel 
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  All these locoregional treatments require imaging tar-
geting. Conventional B-mode ultrasound (cUS) is fre-
quently employed for guiding percutaneous treatment of 
the liver  [7, 8] . Contrast-enhanced ultrasound (CEUS) 
imaging, which generally improves HCC detection and 
may render lesions detectable, even if not previously iden-
tified with cUS, could, in many cases, be used for HCC 
targeting. Moreover, in several instances, CEUS imaging 
has been employed to help the fluoroscopic guidance of 
transarterial treatments as well  [9] .

  Assessment of post-HCC treatment response is a cur-
rent issue as it is of paramount importance to detect re-
sidual or recurrent viable HCC in order to schedule new 
treatment for patients and accurately target residual/re-
current lesions. Dynamic computed tomography (CT) 1 
month after ablation is currently preferred as the standard 
imaging modality for assessing treatment efficacy  [10] . 
However, CEUS represents a viable alternative with sev-
eral inherent advantages: no exposure to ionizing radia-
tion, examination can be done not only by axial planes but 
also by different/infinite planes, real-time scanning of the 
lesion during contrast phases, and, lastly, the same imag-
ing and operator could subsequently target and treat the 
viable lesion. Moreover, CEUS imaging is currently per-
formed at a lower cost when compared to dynamic cross-
sectional imaging  [11]  and this is of particular importance 
in emerging economies where HCC is prevalent  [1] .

  Targeting HCC 

 Ultrasound imaging is more often used as a primary 
guidance technique in percutaneous HCC treatment due 
to its facility and easy access to bedside. However, cUS is 
severely limited when HCC cannot be detected at base-
line as well as in patients with residual liver tumors fol-
lowing percutaneous or intraarterial treatments. It is in 
such cases that contrast-enhanced imaging is best able to 
detect most previously undetectable and residual lesions. 
Upon application of CEUS, the most frequent HCC fea-
ture during the vascular phase is of an enhanced nodule 
(typical HCC). In the postvascular phase HCC becomes 
an unenhanced area surrounded by enhanced parenchy-
ma. Even if atypical HCC remains unenhanced during 
the CEUS vascular phase, this defect in the postvascular 
phase could allow for nodule targeting.

  CEUS before Harmonic Gray-Scale Imaging 
 Carbon dioxide CEUS (US angiography) is a rather 

complicated procedure, which requires hepatic artery 

cannulation under fluoroscopic guidance before inject-
ing carbon dioxide directly into the HCC arterial supply. 
Moreover, it has a very high sensitivity and is able to de-
tect HCC vascularization in most cases even if the lesion 
is only 1 cm in diameter  [12] . In addition, a possible ad-
vantage of carbon dioxide CEUS is its ability to more 
clearly depict viable lesions with optimal time-resolution 
during the arterial phase. This important characteristic 
can improve the diagnosis of residual tumors or their lo-
cal recurrence after treatment which justifies its use now-
adays for selected cases  [13] .

  The first proof of the usefulness of CEUS in guiding 
percutaneous treatments of HCC is found in a study on 
carbon dioxide CEUS published in 1992 by Imari et al. 
 [14] . In this study of 22 patients with 31 histologically-
proven HCC, carbon dioxide CEUS enabled the detection 
of 7 nodules that were previously undetectable at cUS. Io-
dized oil-ethanol was injected into 5 of these nodules un-
der carbon dioxide CEUS guidance rending the lesions 
hyperechoic, and allowing further successful treatment 
with PEI under cUS guidance.

  PEI has also been attempted under carbon dioxide 
CEUS guidance whereby the nodules were treated direct-
ly without injection of the iodized oil-ethanol. Takeshima 
et al.  [15]  employed this procedure for 28 early and very 
early HCCs that had not been detected with the cUS and 
had a detection rate of only 35.7% at the dynamic CT.

  In a prospective study on 46 cirrhotic patients with 64 
HCC, carbon dioxide CEUS permitted PEI treatment for 
5 lesions not previously detected, 3 residual HCCs after 
primary PEI and/or TACE, 5 residual HCCs after second-
ary PEI treatment as well as 14 new lesions found during 
follow-up  [16] . Recently, Miyamoto et al.  [13]  employed 
carbon dioxide CEUS to depict viable tumors in 13 out of 
14 recurrent HCCs, previously assessed with dynamic CT 
6 of which had been treated with RFA under carbon di-
oxide CEUS guidance.

  In selected cases, US guidance was able to permit se-
lective cannulation of the HCC feeding artery during in-
traarterial procedures. Two studies have been published 
on this topic which included a total of 86 patients who had 
received TAE guided by carbon dioxide CEUS  [9, 17] . In 
these studies, the rationale was to use the highly sensitive 
US angiography when digital subtraction angiography 
failed to detect the tumor. Another study, utilizing mi-
crobubbles produced by mixing carbon dioxide together 
with human albumin or intralipid, employed carbon di-
oxide CEUS-guided TAE in 21 patients and PEI in 1 pa-
tient  [18] . The study reported that carbon dioxide CEUS 
depicted nodules not previously detected in 9 of the pa-
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tients. With regard to the procedure itself, the author 
emphasized that the imaging was clearer with the intra-
lipid and carbon dioxide mixture than that made using 
human albumin.

  An attempt to use Doppler CEUS for guiding percuta-
neous ablation of HCC was reported only in one study 
whereby 20 patients were treated with PEI after transarte-
rial infusion of chemotherapy for 23 HCC  [19] . Each of 
the lesions was hypervascular at color Doppler CEUS be-
fore PEI. After treatment, both the dynamic CT and the 
biopsy showed the absence of enhancement for each nod-
ule and complete necrosis, respectively.

  Harmonic Gray-Scale CEUS 
 Microbubble disruption (first-generation microbub-

ble agents) or simple collapsing-expanding (second-gen-
eration microbubble agents) due to US pressure result in 
non-linear emission of US with the generation of har-
monics from the insonating frequency. The combination 
of transducer/receiver systems and software dedicated to 
harmonic imaging allows for the enhancement of signals 
emanating from microbubbles and reduces the signal 
from tissue.

  First-generation microbubble agents, when injected in 
the peripheral vein, survive pulmonary transit reaching 
the liver through the hepatic artery and portal vein after 
an interval of 10–30 s and slightly more seconds later, re-

spectively. These microbubbles are made of air with an 
external shell of albumin, galactose and/or palmitic acid, 
which stabilize their structure ( table 1 ).

  The enhancement of this generation of agents requires 
the disruption of microbubbles with a high-energy out-
put (high mechanical index). Therefore, CEUS studies 
with these compounds are technically challenging be-
cause the microbubbles are disrupted as they enter the 
field of view, limiting their effect.

  Second-generation compounds for CEUS are made up 
of a core of inert gasses such as esafluoride sulfur or per-
fluorocaburs, stabilized by an external shell of albumin 
or phospholipids ( table 1 ). With respect to the first gen-
eration, these contrast agents enable strong enhancement 
without microbubble disruption using a contrast-specific 
imaging mode with a low mechanical index. The micro-
bubbles have excellent durability, enabling continuous 
real-time imaging.

  Since these technologies were first available, they have 
been used for HCC targeting during percutaneous treat-
ments. To date, five prospective studies  [20–24] , two ret-
rospective analyses  [25, 26]  and one prospective random-
ized trial  [27]  have been published on this theme. Four 
studies report on the use of Levovist  [20, 21, 26, 27] , three 
on Sonazoid  [22–24]  and only one on SonVue  [25] . The 
latter study included patients with liver metastases as well 
 [25] .

Table 1. M icrobubble contrast agents for CEUS in 51 original studies on guiding or assessing response to locoregional treatments for 
HCC [9, 13–27, 35–47, 49–70]

Agent Core Other compounds External shell (Routine) Use Studies

Microbubbles which do not pass pulmonary circulation (injected into the hepatic artery)
Carbon dioxide CO2 saline and/or autologous 

blood and/ or heparin
or human albumin or
intralipid

ultrasound angiography
for selected cases

16%

First-generation microbubble agents
Levovist air galactose and palmitic acid abdominal, cardiologic 55%

Second-generation microbubble agents
SonoVue sulfur exafluoride phospholipids abdominal, cardiologic 12%
Optison perfluoropropane albumin cardiologic 2%1

Imagent perfluoroexane phospholipids cardiologic 2%1

Definity perfluoropropane liposomes abdominal, cardiologic 2%
Sonazoid perfluorobutane phospholipids abdominal 12%

1 Optison and Imagent were both employed indifferently in the same study [62].
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  Harmonic gray-scale CEUS targeting emerges from 
the published literature as a highly sensitive and effective 
image-guiding tool, proving a consistent detection rate of 
75–100%  [20–24, 26, 27]  ( table 2 ). The detection rate is 
lower than 93% in only two studies  [21, 26] . In the first of 
these, Minami et al.  [21]  treated 16 recurrent HCCs with 
RFA located at the hepatic dome and reported on 13 of 
them (81%). Visualization of these difficult lesions was 
possible by using Levovist-enhanced harmonic CEUS to-
gether with production of artificial pleural effusion. Ar-
tificial pleural effusion with the mean infused volume of 
673 ml obtained both an increase in tumor depiction and 
lung covering during RFA treatment. The second study is 
a retrospective analysis beginning with HCC surveil-
lance for 40 patients with cirrhosis  [26] . In this study, only 
24 of the 32 HCCs diagnosed with a total of 47 hypervas-
cular lesions were detected (75%). Harmonic CEUS then 
guided PEI or RFA for 19 of those HCC.

  The only randomized controlled trial on harmonic 
gray-scale CEUS-guided RFA against cUS-guided RFA 
 [27]  produced interesting results. Forty patients diag-
nosed with 40 local HCC progressions were randomized 
into the two arms. The harmonic CEUS-guided arm 
demonstrated a significantly higher complete response 
rate after one RFA course (94.7 vs. 65.0%, p = 0.043). Un-
fortunately, follow-up results were inconsistent. During 
the medium time of 21.5 and 19.4 months, respectively, 
both arms showed two local recurrences (10.5 vs. 10%,
p = 0.96). We believe that a larger trial could eventually 
provide more conclusive results. Moreover, a large retro-
spective analysis of 162 patients treated with RFA-guided 

harmonic gray-scale CEUS for 192 HCC and 97 liver me-
tastases  [25]  resulted in recommending its routine use. In 
this study the impressive results of only 5.9% incomplete 
tumor necrosis (17 on 289 treated nodules) were obtained 
after the introduction of CEUS targeting compared to the 
previous 16.1% of cUS-guided treatments. Unfortunately, 
the recurrence rate in these patients was not reported.

  A more specific indication may pertain to treatments 
guided by harmonic gray-scale CEUS. Tamai et al.  [28]  
reported on a single case suggesting harmonic gray-scale 
CEUS-guided RFA as an optimal approach for treating 
spontaneously ruptured HCC. TAE is currently consid-
ered a first-line treatment for treatment of spontaneously 
ruptured HCC  [29] . However, angiographic localization 
of the ruptured bleeding site is reportedly successful in 
20% of patients at most  [30] . In the above-mentioned 
case, harmonic CEUS with Levovist was able to accurate-
ly evidence the damaged area of the tumor. Subsequently, 
due to the patient’s poor liver function, RFA was the pre-
ferred choice at TAE for in a single session it simultane-
ously contained hemostasis and complete HCC necrosis. 
Further studies are needed to elucidate indications for 
such treatment.

  The postvascular/Kupffer phase, which starts 5–10 
min after Sonazoid injection and lasts for more than 60 
min, enables the new technique of defect-reperfusion im-
aging that was recently proposed by Kudo et al.  [11] . With 
this technique the HCC nodule is evidenced as a defect 
during the postvascular/Kupffer phase and is enhanced 
during the vascular phase by reinjecting Sonazoid. Par-
ticularly in cases of previously treated HCC, this enables 

Table 2. D etection rate for harmonic gray-scale CEUS associated with percutaneous treatments for HCC

Reference (first author) Patients/
HCC, n

Size of nodule
(range), cm

Local recurrent
HCC, n

Percutaneously
treated HCC, n

Microbubble
agent

Detection
rate, %

Numata, 2003 [20] 30/56 0.6–4.8 40 RFA 7/PEI 19 Levovist 93
Minami, 2004 [21] 15/161 1–2.5 16 RFA 14 Levovist 81
Maruyama, 2007 [26] 402/32 0.5–2 NR RFA 5/PEI 14 Levovist 75
Numata, 2008 [22] 85/108 0.7–2.5 74 RFA 14 Sonazoid 97
Maruyama, 2009 [23] 442/NR 0.5–2.4 NR RFA 11/PEI 20 Sonazoid 963

Miyamoto, 2009 [24] 42/52
124/12

0.7–3 12
12

RFA 50
RFA 12

Sonazoid
Sonazoid

96
100

NR = Not reported.
1 Only recurrent nodules located at hepatic dome were included.
2 Even hypervascular nodules not definitively diagnosed as HCC were included.
3 More lesions found after CEUS with angiography.
4 Subgroup of local recurrence patients, assessed with defect-reperfusion imaging.
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easy focus on the portion of residual or recurrent HCC, 
which is contrasted with both the normal liver and the 
defect area of the treated HCC ( fig. 1 ).

  Myamoto et al.  [24]  used this defect-reperfusion imag-
ing together with the RFA for 12 previously treated HCC 
in 12 patients. Conventional gray-scale CEUS guided the 
RFA for 38 more untreated HCCs in 30 patients. The de-
tection rate with this strategy was 96% for all nodules (52 
HCC) and 100% for local recurrent HCC with defect-re-
perfusion imaging. Complete necrosis was obtained after 
a first RFA course for 48 of these tumors.

  Assessing Treatment Response 

 After locoregional percutaneous or intraarterial HCC 
treatments, an imaging assessment may allow for further 
treatment of any residual or recurrent HCC. An accurate 
diagnosis of this residual/recurrent HCC can be pivotal 
for patient prognosis. Nowadays the use of the Response 
Evaluation Criteria in Solid Tumors (RECIST) guidelines 
 [31]  for the assessment of tumor response is not consid-
ered the correct approach for HCC. This is because of the 
scarce relationship between HCC necrosis in HCC and 
tumor shrinkage, especially after locoregional treatments 
 [32] . Moreover, when the tumor is not detectable at base-
line by unenhanced imaging, the RECIST guidelines are 
technically not applicable.

  For transarterial treatments which contemplate the 
use of lipiodol, several authors evaluated the response to 
treatment by observing iodized oil retention  [33] . In these 
cases, complete dense lipiodol retention is considered 

synonymous with complete response. However, retained 
lipiodol could possibly mask enhancement of the viable 
tumor with dynamic CT, and could only indicate that the 
procedure has been optimally executed.

  The European Association for the Study of the Liver 
(EASL) guidelines  [10]  indicate that the presence of viable 
HCC is detected by enhancement of the treated lesions 
whereas the non-enhanced area reflects tissue necrosis. 
In fact, successfully treated HCC is devoid of vascularity 
showing constant avascular features during follow-up if 
there is no recurrence. Based upon this, we believe that 
evaluation of tumor vascularity is the best way to assess 
accurate response to locoregional treatments and that 
only non-enhancing atypical HCC must be assessed fol-
lowing RECIST guidelines  [34] .

  Since April 1998, 34 studies  [35–69]  that consider dif-
ferent CEUS techniques have been published. Of these, 23 
were on harmonic gray-scale CEUS  [48–70] , 12 were on 
Doppler CEUS modalities  [36–48] , one study compared 
both approaches  [48]  and another reported on carbon di-
oxide CEUS  [35]  Two studies have been excluded from 
our discussion due to the unavailability of papers  [71, 72] .

  CEUS before Harmonic Gray-Scale Imaging 
 Carbon dioxide CEUS has also been employed for the 

assessment of HCC after locoregional treatment. Cur-
rently, only one study exists on this theme  [35] . In 66 
HCCs treated with PEI, TACE (or a combination of both) 
and carbon dioxide, CEUS proved an excellent positive 
predictive value of 100% when compared with follow-up 
results. In the same cohort the positive predictive value 
for angiography was lower (87.8%).

  Power and color Doppler modalities have been used 
with early developing microbubble agents. However, their 
main limitation was poor time resolution during the vas-
cular phases (arterial phase is masked from color bloom-
ing), which was responsible for many HCCs showing up 
as hypovascular at the workup before treatment. For this 
reason, in the 12 Doppler CEUS studies considered for 
assessing response to locoregional treatments, several 
nodules had been excluded from analysis  [36–47] . Out of 
507 nodules from 444 patients which represent the over-
all considered population subject of our review, a total of 
22 nodules were excluded from analysis.

  Specificity of Doppler CEUS modalities in assessing 
treatment response shows an average value of 99.4% 
(range 93–100%)  [36–47] . Unfortunately, its sensitivity 
and negative predictive value has proven to be frequently 
low with a reported average value of only 74.4% (range 
33.3–100%) and 77.5% (range 8.3–100%), respectively 

B-mode Postvascular phase
defect

Reperfusion

Local
recurrence or
residual tumor

Ablated area

  Fig. 1.  Defect-reperfusion imaging proposed by Kudo et al.  [11] . 
During reperfusion, an enhanced viable tumor is clearly contrast-
ed by enhanced parenchyma and a defect of a previously treated 
area [reproduced with permission].   
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 [36–47] . As such, its low negative predictive value is dis-
couraging for routine use. In the only study comparing 
the efficacy of power Doppler CEUS and harmonic gray-
scale CEUS, the power Doppler CEUS performed poorly 
(sensitivity of 33.3 vs. 83.3%)  [42] .

  Harmonic Gray-Scale CEUS 
 Doppler CEUS modalities have been greatly supplant-

ed by harmonic gray-scale CEUS which has proven to be 
more sensitive and less complex. Indeed, the joint guide-
lines of the American Association of the Study of the Liv-
er (AASLD) and the EASL  [4]  and the Japanese ‘evidence-
based guidelines’  [48]  all indicate harmonic gray-scale 
CEUS amongst the diagnostic tools useful for HCC imag-
ing.

  Studies published on harmonic gray-scale CEUS for 
assessing the response to locoregional treatments encom-
pass a total of 1,244 enrolled patients  [42, 49–70] . Post-
treatment assessment was made on 1,314 nodules in 16 
studies following RFA  [42, 49, 50, 54–57, 59, 61, 63, 65–

70] , in 3 studies following PEI  [57, 59, 67] , and in 11 stud-
ies following TACE  [49–53, 57, 60, 62, 64, 66, 69] . Five of 
these studies also contemplated the use of combined 
treatments  [49, 50, 57, 67, 69] .

  The overall detection rate for residual/local-recurrent 
HCC was 3.2–92.3% reporting an average sensitivity, 
specificity, positive predictive value and negative predic-
tive value of 86.1% (range 27.3–100%), 90.3% (range 65–
100%), 84.1% (range 50–100%) and 95.6% (range 78.3–
100%), respectively  [42, 49–70]  ( table 3 ). In the few stud-
ies that reported its value, the interobserver agreement 
was very high, with a range of 92.1–97.3%  [66, 68] . In one 
study the  �  coefficient for harmonic gray-scale CEUS 
was higher than that for multidetector CT (0.89 vs. 0.66) 
 [69] .

  Reported assessment timing was wide ranging from a 
few hours to 1,882 days  [42, 49–70] . However, for most 
studies assessment was made around 1 week after treat-
ment  [49, 51–54, 56, 60, 64] , when artifacts due to proce-
dure disappeared. Moreover, Salvaggio et al.  [66]  report-

Table 3. H armonic gray-scale CEUS in assessing response to locoregional treatments for HCC

Reference (first author) Patients/
HCC, n

Size of nodule
(range), cm

Treatment scheduled Microbubble
agent

Gold
standard

Sensitivity
(PPV/NPV, %)

Ding, 2001 [50] 43/50 1–10 RFA 15/TACE 7/
TACE + RFA 19/TACE + PEI 2

Levovist CT 94.6 (100/95.1)

Ding, 2001 [49] 26/32 1–6 RFA 6/TACE 10/RFA + PEI 3/1

TACE + RFA 3/TACE + PEI 8
Levovist CT 93.3 (100/93.8)

Numata, 2001 [51] 29/39 2.72 TACE Levovist CT 100 (100/100)
Meloni, 2001 [42] 35/43 1.2–5.8 RFA Levovist CT 83.3 (100/93.9)
Morimoto, 2003 [52] 29/49 NR TACE Levovist biopsy 100 (81.3/100)
Minami, 2003 [53] 40/44 1.5–11 TACE Levovist CT 100 (50/100)
Wen, 2003 [54] 67/91 1–5 RFA Levovist CT 95.3 (100/97)
Choi, 2003 [55] 75/81 1.3–4.8 RFA Levovist CT 100 (100/100)
Shimizu, 2004 [56] 40/64 1–6 RFA Levovist CT3 100 (86.7/100)
Pompili, 2005 [57] 47/56 1–7.5 RFA 3/PEI 31/TACE 12/1

RFA + PEI 3/TACE + PEI 7
SonoVue CT 100 (88.5/100)

Morimoto, 2005 [58] 48/72 0.7–3 RFA Levovist biopsy or Rx 83.3 (100/98.5)
Vilana, 2006 [59] 41/41 13–41 RFA 5/PEI 36 SonoVue CT 27.3 (75/78.3)
Kim, 2006 [60] 29/31 0.6–12 TACE Levovist angiography 93 (68/92)
Dill-Macky, 2006 [61] 19/22 1.5–3.7 RFA Definity CT or MRI 40 (66/83)
Kono, 2007 [62] 33/42 1–10 TACE Imagent of Optison CT 100 (94.4/100)
Lu, 2007 [63] 151/NR NR RFA or MWTA SonoVue CT or MRI 66.74 (98.2/66.7)
Xia, 2008 [64] 28/43 0.9–10 TACE Sonazoid MDCT 100 (68/100)
Ricci, 2008 [65] 100/100 2.6–4.8 RFA SonoVue CT 92.3 (97.4/100)
Salvaggio, 2009 [66] 139/148 NR RFA 100/TACE 39 SonoVue MDCT 83.3 (100/96.8)
Gallotti, 2009 [67] 69/90 0.5–4.9 RFA 34/PEI 435 SonoVue MDCT 61.3 (73.1/81.3)
Luo, 2009 [68] 63/63 10–30 RFA Sonazoid MDCT 100 (50/100)
Shiozawa, 2010 [69] 71/87 0.8–6.5 RFA 55/TACE 22/1

TACE + RFA 10
Sonazoid MDCT 81.5 (NR/NR)

MWTA = Microwave thermoablation; RX = resection; MRI = gadolinium-enhanced magnetic resonance imaging; MDCT = multidetector comput-
ed tomography; NR = not reported.

1 Nodules. 2 Average diameter. 3 Even biopsy when CT was negative. 4 Patient-based analysis. 5 Eight patients had both treatments.
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ed on a subgroup analysis from his series of patients who 
were screened with harmonic gray-scale CEUS immedi-
ately after RFA and had a subsequent extension of the 
ablated area if a residual tumor was present and was 
showed better sensitivity in this group compared with 
those assessed at 30 days (100 vs. 95.6%).

  In most studies dynamic CT at 30 days represented the 
gold standard  [55, 57, 59, 62, 65–68] . However, in several 
instances this imaging technique proved to have a lower 
sensitivity when compared to harmonic gray-scale CEUS 
with values of 64–92.3 and 93–100%, respectively, where-
by the gold standard was angiography or follow-up re-
sults  [60, 65] .

  Xia et al.  [64]  comparing results 1 week after TACE of 
Sonazoid-enhanced CEUS with defect-reperfusion imag-
ing and multidetector CT reported significantly higher 
sensitivity for the former (100 vs. 61.5%, p  !  0.01). When 
analyzing studies which only included lesions of  ̂  5 cm 
in diameter, the average sensitivity for harmonic gray-
scale CEUS reported lower values when compared with 
all lesions, whereas specificity appeared to have improved 
(74.9 vs. 86.1% and 96.9 vs. 90.3%)  [54, 55, 58, 59, 61, 65, 
67, 68] . The more constantly developed vascularity in big-
ger lesions may justify this evidence. The detection rate 
reported for residual/local-recurrent HCC with harmon-
ic gray-scale CEUS was 3.2–45.1% after RFA  [42, 54–56, 
58, 61, 63, 65, 68] . Average sensitivity, specificity, positive 
predictive value and negative predictive value for har-
monic gray-scale CEUS in assessing response to RFA 
were 84.5% (range 66.7–100%), 98.3% (range 94–100%), 
85.2% (range 66–100%) and 96.7% (range 83–100%), re-
spectively  [42, 54–56, 58, 61, 63, 65, 68] .

  TACE, which is currently not a standardized proce-
dure, had a wide recurrence rate ranging from 25.6 to 
92.3% with harmonic gray-scale CEUS which reflects its 
current acceptance  [51–53, 60, 62, 64] . Upon assessment 
of the response to TACE, average sensitivity, specificity, 
positive predictive value and negative predictive value for 
harmonic gray-scale CEUS were 98.8% (range 93–100%), 
71.7% (range 31.6–100%), 77% (range 50–100%) and 
100%, respectively  [51–53, 60, 62, 64] , proving that assess-
ment for TACE with harmonic gray-scale CEUS had an 
average-to-lower specificity when compared to RFA (71.7 
vs. 98.3%).

  In the above-referenced study, Salvaggio et al.  [66]  in 
patients treated with RFA or TACE reported a slightly 
higher accuracy in defining the efficacy of RFA over 
TACE with an agreement of 97 and 92%, respectively. 
They attributed this result to the presence of dense lip-
iodol retention in 3 false negatives at the CT. In the only 

study that considered different percutaneous proce-
dures analyzing harmonic gray-scale performance sep-
arately for each procedure  [67] , overall specificity for 
RFA and PEI combined was 88.1% while for RFA only it 
was 100%. Nonetheless, the reported sensitivity was 
very low (20%), perhaps because of the artifacts during 
assessment which were done immediately after the RFA 
session.

  From an oncologic point of view, HCC ablation should 
be performed with an established safety margin. An ab-
lated area that exceeds a tumor diameter of 0.5–1 cm ap-
pears to prevent HCC recurrence as proven in studies on 
RFA  [73, 74] . Therefore it is reasonable to consider com-
plete HCC response if the ablation area includes a safety 
margin of  6 0.5 mm.

  In several cases the systematic creation of a safety mar-
gin during RFA has been reported as part of treatment 
strategy  [54, 55, 57, 70] . Wen et al.  [54]  tried to assess the 
presence of at least 0.5 cm of safe margins by employing 
harmonic gray-scale CEUS, demonstrating a poor sensi-
tivity of 10% when compared with dynamic CT as the 
current gold standard. Virtual ultrasonography, together 
with harmonic gray-scale CEUS, shows that first-time 
CEUS was able to detect these safety margins  [70] . In this 
case, virtual reconstruction of images, merging data from 
multidetector CT before RFA and Levovist-enhanced 
CEUS after treatment enabled real-time detection of safe-
ty margins with a sensitivity rate of 92.3%.

  Three-dimensional CEUS represents a new CEUS-as-
sociated technology which enables a detailed visualiza-
tion of nodule vascularization together with high spatial 
resolution. The only published study on this technology 
utilized for post-RFA assessment showed a sensitivity and 
specificity of 97 and 100%, respectively  [68] . We believe 
that this method to evaluate the treatment response 
shows promise, especially for the planning of further per-
cutaneous treatment. In fact, when there is residual/re-
current HCC acquisition of three-dimensional images, 
subsequent reviewing from different orientations may al-
low for correct needle placement.

  Conclusion 

 In current clinical practice, CEUS is becoming ever 
more common, involving many diagnostic and therapeu-
tic fields which are expanding its application. At present, 
CEUS is part of the hepatologist’s or interventional radi-
ologist’s armory for treatment of HCC in combination 
with locoregional procedures.
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  The two main chapters of this review have outlined the 
history of CEUS technologies as they have developed and 
been applied for guiding and assessing locoregional treat-
ments of HCC. Since the first studies reporting good re-
sults with carbon dioxide and Doppler approaches have 
been published, the first true breakthrough has been in 
introducing harmonic US technology. Following this, 
harmonic gray-scale CEUS has been accepted as a reliable 
diagnostic tool for HCC  [4, 48] .

  For HCC targeting, CEUS represents a significant im-
provement in all steps of tumor ablative treatment. Pub-
lished literature has shown that it can greatly simplify 
patient management and even possibly reduce costs by 
lowering the number of courses of treatment. However, 
comparative studies need to be made.

  The use of CEUS in assessing treatment is now a wide-
ly accepted alternative to dynamic cross-sectional imag-
ing. Overall sensitivity and specificity in the detection of 
HCC vascularity after treatment has proven comparable 
to other imaging tools. In addition, CEUS can also be re-
liably employed in targeting treatment if percutaneous 
ablation is required.
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 Will Gd-EOB-MRI Change the Diagnostic 
Algorithm in Hepatocellular Carcinoma? 
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during arterial portography, and offers a high accuracy rate. 
Thus, Gd-EOB-DTPA MRI will have a significant impact on di-
agnostic algorithm for HCC.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 A hepatocyte-specific contrast agent, gadolinium eth-
oxybenzyl diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA) (Primovist � ), was approved in Japan in 
January 2008. This contrast agent is hepatocyte specific 
and enhances the blood pool: it is taken up by hepato-
cytes and excreted into the biliary tract. Compared with 
another liver-specific contrast agent, superparamagnetic 
iron oxide (SPIO; Resovist � ), the liver parenchyma is 
strongly stained white in the hepatocyte phase on T 1 -
weighted images, 20 min after the intravenous injection 
of Gd-EOB-DTPA. Nodules lacking normal hepatocytes, 
such as hepatocellular carcinoma (HCC), are depicted as 
low-intensity masses. These effects occur in addition to 
its ability for hemodynamic evaluation. Thus, Gd-EOB-
DTPA may be referred to as a white liver agent. In con-
trast, SPIO stains the entire liver black (black liver) on 
T 2 -weighted images, which are inferior to T 1 -weighted 
images in terms of spatial resolution. Thus, Gd-EOB-
DTPA contrast imaging offers a diagnostic tool that is 

 Key Words 
 Gd-EOB-DTPA  �  Early hepatocellular carcinoma  � 
Dysplastic nodule  �  Liver tumor  �  Hepatocellular carcinoma 

 Abstract 
 A hepatocyte-specific contrast agent, gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA), 
was approved in Japan in 2008. This contrast agent enhanc-
es the blood pool and also is hepatocyte specific: it is taken 
up by hepatocytes and excreted into the biliary tract. Ap-
proximately 50% of the administered dose of Gd-EOB-DTPA 
is taken up by normal hepatocytes and subsequently excret-
ed into the biliary tract, while the remaining 50% is excreted 
via the kidney. Hepatocellular uptake is considered to repre-
sent passive diffusion mediated by organic anion transport-
er polypeptide 1 (OATP1), which is expressed on the hepato-
cyte membrane. Gd-EOB-DTPA-enhanced MRI may offer a 
breakthrough for the diagnosis of liver tumors, particularly 
early hepatocellular carcinoma (HCC). The differentiation of 
dysplastic nodules from early HCC has remained difficult, 
even for pathologists specialized in liver tumors, but Gd-
EOB-DTPA MRI facilitates an objective diagnosis with accu-
racy close to that of HCC-specialized pathologists. In conclu-
sion, Gd-EOB-DTPA MRI facilitates the diagnosis of hypervas-
cular advanced HCC and the differentiation of early HCC and 
dysplastic nodules, which used to be difficult, even with CT 
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simple to interpret for hepatologists and MRI-special-
ized radiologists, and is a breakthrough diagnostic tool 
in liver imaging.

  Imaging Findings in HCC according to Pathological 
Differentiation Grade 

 Approximately 50% of the administered Gd-EOB-
DTPA is taken up by normal hepatocytes and subse-
quently excreted into the biliary tract, while the remain-
ing 50% is excreted via the kidney. Hepatocellular uptake 
is considered to represent passive diffusion mediated by 
organic anion transporter polypeptide 1 (OATP1), which 
is expressed on the hepatocyte membrane  [1] , ATP-de-
pendent active transport by the canalicular membrane 
organic anion transporter (cMOAT) or multidrug resis-
tance-associated protein 2 (MRP2) is considered to be re-
sponsible for the excretion from hepatocytes into bile 
ducts  [2]  ( fig. 1 ). The dependence of Gd-EOB-DTPA up-
take on OATP1B3 in human liver was recently reported 
 [3] , as OATP1B3 was expressed in cases with positive
Gd-EOB-DTPA uptake in the hepatocyte phase during 
Gd-EOB-MRI, even in well- to moderately differentiated 
HCC. However, OATP1B3 expression was not associated 
with bile production ability (green hepatoma) or the 
pathological differentiation grade  [3] . Based on these 
findings, the mechanism shown in  table 1  is also consid-

ered to be one explanation for the relationship of expres-
sion of OATP1B3 and Gd-EOB-MRI findings. The ex-
pression of the uptake transporter OATP1B3 and the ex-
cretory transporter MRP2 remains normal in dysplastic 
nodules; therefore, dysplastic nodules are not shown as 
low-intensity lesions on the hepatocyte phase of Gd-EOB-
MRI.

Endothelial
cell 

OATP1

Liver
cell 

Small
bile duct 

Uptake to the liver cell by
organic anion transporter
polypeptides (OATP1)  

OATP1: organic anion transporter polypeptides
MRP2: multidrug-resistance-associated protein 2

Excretion to bile
juice by MRP2 

Sinusoid

Based on rat study

Kupffer cell

Excretion to bile juice

Gd-EOB-DTPA

�

�

�

�

�

  Fig. 1.  Pharmacokinetics of Gd-EOB-
DTPA. 

Table 1.  Relationship between the expression of OATP1B3/MRP2 
and findings in the hepatocyte phase

Uptake 
transporter 
(OATP 1B3)

Excretory 
transporter 
(MRP2)

Hepatocyte
phase imaging
of EOB-MRI

Dysplastic nodule + + Iso- to high intensity
– (rare?) + Low intensity

Early HCC + (rare?) + Isointensity
– + Low intensity

Well- to
mod. diff. HCC + (5–10%) { + Iso- to high intensity

– Iso- to high intensity
– (90–95%) – Low intensity

Poorly diff. HCC – – Low intensity

O ATP1 = Organic anion transporter polypeptides; MRP2 = 
multidrug-resistance-associated protein 2.
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  Gd-EOB-MRI Findings in Dysplastic Nodules and 
HCC according to Pathological Differentiation 
Grade 

 HCC develops in a multistep fashion from dysplastic 
nodules and early-stage well-differentiated HCC (early 
HCC) ( fig. 2 ). In early HCC with pathological HCC stro-
mal invasion  [4–9] , OATP1B3 expression decreases, and 
EOB uptake is decreased, visualized as an area of low
intensity in the hepatocyte phase of Gd-EOB-MRI.
However, even in some early HCCs, the expression of
OATP1B3 may be reduced or lost, similar to that of mod-
erately to poorly differentiated HCC; therefore, these ear-

ly HCCs may show hypointensity in images on the hepa-
tocyte phase of Gd-EOB-MRI.

  By contrast, the signal intensity is not reduced in the 
hepatocyte phase Gd-EOB-MRI in about 5% of cases of 
well- to moderately differentiated hypervascular HCC. 
These were reported to be so-called ‘green hepatomas’, 
suggesting that OATP1B3 is even expression in some cas-
es of well- to moderately differentiated HCCs. In cases 
expressing OATP1B3, but with decreased MPR2 expres-
sion, Gd-EOB-DTPA may be retained in bile and hepato-
cytes, which may mimic ‘green hepatoma’. In cases show-
ing normal MRP2 expression, because Gd-EOB-DTPA is 
excreted in a similar fashion from the HCC cells, simi-
larly to that from normal hepatocytes, equivalent signal 
intensity is shown. Based on these assumptions, early 
HCC cases with normal OATP1B3 expression may also 
be present at each stage of human hepatocarcinogenesis 
from a dysplastic nodule to early HCC and well- to mod-
erately differentiated HCC ( fig. 2 ) ( table 2 )  [10] .

  In every-day clinical practice, some nodules detected 
by ultrasonography were diagnosed as well-differentiated 
HCC based on the histopathological diagnosis of biop-
sied specimens, even though the signal intensity was not 
reduced in the hepatocyte phase of Gd-EOB-MRI. Thus, 
some exceptional well-differentiated HCCs may express 
OATP1B3 on the hepatocyte membrane.

  Another problem that should be clarified is whether 
all dysplastic nodules do not show low signal intensity in 

De novo hepatocarcinogenesis
HBV
HCV

Alcohol
NASH, etc.

Hyperplastic
foci LGDN HGDN Nodule-in-

nodule
type HCC

Well-diff.
HCC

Mod. diff. 
HCC

Mod. diff. 
HCC

DN well HCC

Hyperplastic foci or low grade dysplastic nodule (LGDN)

High-grade dysplastic nodule (HGDN)

Well-differentiated HCC (well HCC)

Moderately differentiated HCC (classical overt HCC)

Well-dif.
HCC

Premalignant lesion Early-stage HCC Progressed HCC

  Fig. 2.  Schematic representation of multi-
step progression of human hepatocarcino-
genesis. 

Table 2.  Accuracy of the differentiation of early HCC and prema-
lignant lesions by hepatocyte-phase Gd-EOB-DTPA MRI for hy-
povascular hepatocytic nodules [cited from 10]

Only resected specimens (n = 30) Pathological findings

eHCC DN or RN 

Signal intensity in hepatobiliary phase with Primovist
Low to slightly low (n = 24) 23 1
Iso to high  (n = 6) 1 5

Ac curacy: 93% (23+5/30). eHCC = Early hepatocellular carci-
noma; DN = dysplastic nodule; RN = regenerative nodule.
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the hepatocyte phase of Gd-EOB-MRI. Because dysplas-
tic nodules are usually diagnosed based on the pathology 
of biopsied samples, there is a possibility that such nod-
ules exist. However, in a study performed by Sano and 
Ichikawa’s group  [11]  in which only resected specimens, 
not biopsied specimens, were investigated, all of the dys-
plastic nodules showed isointensity in the hepatocyte 
phase. Thus, OATP1B3 expression may rarely be reduced 
in dysplastic nodules, as determined pathologically in re-
sected specimens by liver-specialized pathologists, as re-
ported by the authors of a recently published consensus 
paper on early HCC  [8] . In our experience, we have rare-
ly encountered dysplastic nodules showing low intensity 
on Gd-EOB-DTPA hepatocyte phase in resected cases 
 [10] . Pathological diagnosis by biopsy sample alone is of-
ten limited and may underestimate the pathology be-
cause it is difficult to diagnose biopsied specimens as ear-

ly HCC, even by liver-specialized pathologists, because of 
possible sampling error problems, limitations of biopsy, 
or the lack of evidence for stromal invasion, even if atyp-
ical cells and atypical structures mimicking early HCC 
are noted  [4–9] . Therefore, comparisons of pathological 
findings of resected specimens and Gd-EOB-DTPA MRI 
findings are essential.

  Differentiation of Early HCC from Dysplastic 
Nodules by Gd-EOB-MRI 

 As described above, early HCC is hypovascular on dy-
namic imaging in most cases. Its accurate diagnosis has 
remained difficult even with CT during hepatic arteriog-
raphy (CTHA) and CT during arterial portography 
(CTAP). Although slightly reduced portal blood flow on 

Hypervascularity in the arterial 
phase on dynamic CT/MRI in 

chronic liver disease

Washout in the 
portal/venous phase

or
corona enhancement

Treatment

EOB-MRI
Kupffer phase on 

Sonazoid CEUS

Uptake (–) Uptake (+)

Pseudolesion 
A-P shunt

Biopsy

HCC Hypervascular benign nodule

HCC

Treatment

Diagnostic algorithm 
for hypovascular liver 

nodules (Fig. 4)

CTHA/CTAP

Hypervascular on CTHA
Hypovascular on CTAP

HCC

Treatment

1

2

Treatment Follow-upFollow-up

1:Recommended only at available institutions.
2: Hypervascular benign nodules of FNH, adenoma, etc.

Detection
by US

Typical
HCC

  Fig. 3.  Diagnostic and treatment algorithms for hypervascular liver nodules proposed by the Japan Society of 
Hepatology, revised in 2010. 
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CTAP is suggestive of early HCC, some cases show iso-
perfusion. The pathological diagnosis of resected speci-
mens by liver-specialized pathologists was early HCC in 
most cases showing hypointensity in the hepatocyte 
phase of Gd-EOB-MRI, and that of most cases showing 
isointensity or high intensity on the hepatocyte phase was 
dysplastic nodules ( table 2 ). This indicates that the func-
tional diagnosis using Gd-EOB-DTPA MRI is more sen-
sitive for the detection of early changes during hepato-
carcinogen  esis than hemodynamic imaging  [12–16] , 
SPIO-MRI  [17, 18] , Kupffer phase imaging of Sonazoid-
enhanced ultrasound  [19, 20]  and evaluation of portal 
blood flow on CTAP, which was previously the most sen-
sitive technique for the differentiation of early HCC and 
dysplastic nodules.

  There are two problems remaining: (1) whether some 
dysplastic nodules showing low intensity in the hepatocyte 

phase of Gd-EOB-MRI are actually present, and (2) how 
frequently the nodules showing isointensity or high inten-
sity in the hepatocyte phase of Gd-EOB-MRI include those 
pathologically diagnosed as early HCC. These two points 
should be urgently clarified by collecting cases worldwide. 
A hypovascular nodule showing positive uptake on SPIO-
MRI and in the Kupffer phase of contrast-enhanced ultra-
sonography with Sonazoid can be diagnosed as a hepato-
cellular nodule (i.e. nodules of hepatocyte origin). It is es-
sential to obtain biopsy specimens of such nodules showing 
hypointensity on the hepatocyte phase of Gd-EOB-MRI, 
and to compare the findings with those from follow-up 
studies to assess their natural courses. This approach will 
allow us to grade the malignant potential of nodules show-
ing low intensity on the hepatocyte phase of Gd-EOB-
MRI. This study is now being conducted by the Japan Liv-
er Oncology Group (JLOG 0902 trial).

1: When the nodule is hypovascular on dynamic CT or dynamic MRI,
Sonazoid-enhanced contrast US is recommended to confirm whether 
it is truly a hypovascular nodule.

2: Recommended only at available institutions.

3: Biopsy is not always necessary in this setting.
Hypovascularity in the 

arterial phase on dynamic 
CT/MRI

Diagnostic algorithm 
for hypervascular 
nodules (Fig. 3)

– + Sonazoid
CEUS

Arterial hypervascularity

Hypovascular Diagnostic algorithm for 
hypervascular nodule (Fig. 3)

EOB-MRI
Kupffer phase on 

Sonazoid CEUS

1

2
CTHA/CTAP

Arterial flow (+)
Portal flow

Arterial flow 
Portal flow (+)

HCC
Biopsy

Treatment

Well-diff. HCC LGDN

Treatment Follow-up

Detection 
by US

>1.5 cm <1.5 cm

>1.5 cm <1.5 cm

>1.5 cm

4: The cases with decreased uptake of Sonazoid without decreased 
uptake of EOB are rare.

  Fig. 4.  Diagnostic and treatment algorithms for hypovascular liver nodules proposed by the Japan Society of 
Hepatology, revised in 2010. 
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  Impact of Gd-EOB-DTPA on the Diagnostic 
Algorithm for Hypovascular Hepatocellular Nodules 

 The 2010 revisions of the diagnostic algorithms for hy-
povascular HCC, as presented in the consensus-based 
clinical practice manual edited by the Japan Society of 
Hepatology in 2007  [21] , are shown in  figures 3  and  4 . For 
the hypervascular nodules diagnosed by dynamic CT or 
MRI in which no washout is observed, SPIO-MRI and 
Sonazoid-enhanced US was recommended as the next 
imaging tool in the 2007 version; however, SPIO-MRI has 
been almost completely replaced by the more specific and 
sensitive technique, Gd-EOB-MRI. CTHA and CTAP 
can also be omitted from the diagnostic procedure in 
routine clinical settings. These techniques can also be 
performed when deemed necessary. Similarly, SPIO-MRI 
and Kupffer phase imaging of Sonazoid-enhanced US 
were recommended for hypovascular nodules detected 
by dynamic CT or MRI in the first version. However, sim-
ilar to that for hypervascular nodules, SPIO-MRI has 
been completely replaced by Gd-EOB-MRI. CTHA and 

CTAP can also be omitted in the routine clinical setting. 
However, MDCT should not be omitted because of the 
limited availability of MRI instruments compared with 
MDCT in Japan. However, the value of Gd-EOB-MRI as 
an examination tool will undoubtedly become more im-
portant in the future  [10, 22] .

  As proposed by Sano and Ichikawa’s group  [11] , to in-
vestigate the malignant potential of HCC nodules in 
high-risk patients, Gd-EOP-DTPA MRI should be per-
formed at least once a year to determine the presence of 
hypointensity nodules in the hepatocyte phase in cases 
with cirrhotic liver. Furthermore, as described above, it is 
important to obtain biopsy samples in such nodules 
showing low intensity and compare them with the natu-
ral course to establish a therapeutic strategy.

  It is possible to diagnose early HCC by Gd-EOP-DTPA 
MRI with an accuracy close to that of pathologists spe-
cialized in evaluating early HCC ( fig. 5 ). However, wheth-
er such cases should be clinically treated at that point is 
unresolved. This should be clarified by comparing the 
pathological findings with their natural courses.

d

EOB-MRI hepatocyte image

Early HCC

CTHA CTAP

a b c

  Fig. 5.  A case of early HCC.  a  CTHA shows 
no findings.  b  CTAP shows no perfusion 
defect.  c  Hepatocyte phase of EOB-MRI 
shows clear hypointense nodule, which 
suggests early HCC.  d  Resected specimen 
confirmed the typical vaguely nodular 
type HCC with stromal invasion, i.e. typi-
cal early HCC. 
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  Conclusion 

 Gd-EOB-MRI offers a breakthrough technique for the 
diagnosis of liver tumors, particularly early HCC. The 
differentiation of dysplastic nodules from early HCC is 
difficult, even for pathologists specialized in liver tu-
mors. However, Gd-EOB-MRI is an objective diagnosis 
method that offers accurate diagnosis similar to that of 
pathologists specialized in HCC. As described above, 
there are several problems that need to be resolved: (1) 
How frequently does early HCC possess normal expres-
sion levels of OATP1B3 and show isointensity or high in-
tensity on the hepatocyte phase of Gd-EOB-MRI, and (2) 
whether the intensity of dysplastic nodules is not reduced. 
These problems should be clarified in studies of resected 
liver specimens in which the precise pathological exami-
nation is possible. Moreover, whether transporters other 
than OATP1B3 and MRP2 are responsible for Gd-EOB-
DTPA uptake and excretion, and whether the expression 

level of MRP2 at each differentiation stage affects the im-
age findings of Gd-EOB-MRI, remains to be solved.

  In conclusion, Gd-EOB-DTPA MRI facilitates the di-
agnosis of hypervascular advanced HCC, and the differ-
entiation of early HCC and dysplastic nodules with a high 
accuracy rate  [10] , which was difficult, even with CTAP. 
In addition, because Gd-EOB-DTPA MRI, which has 
been a breakthrough in hepatic tumor imaging over the 
last two decades, will play a major role in the staging of 
primary and metastatic liver cancer and the diagnosis of 
benign nodules, it will provide a significant impact on di-
agnostic imaging of the liver tumors, especially of HCCs.
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 Radiofrequency Ablation for 
Hepatocellular Carcinoma:
Assistant Techniques for Difficult Cases 
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 Results:  In total, complete ablation was achieved in 514 of 
535 (96%) nodules in difficult cases. For RFA with artificial 
pleural effusion, artificial ascites and ENBD, complete re-
sponse was confirmed in all cases. For contrast-enhanced 
US- and CT sonography-assisted ablation, complete re-
sponse was 95%. Early complications were recognized in 24 
cases (4.5%). All cases recovered with no invasive treatment. 
Local tumor recurrence was investigated in 377 nodules of 
245 patients, and 69 (18%) nodules were positive. Tumor re-
currences in each assisted technique were 14.7% in artificial 
pleural effusion cases, 7% in artificial ascites, 12.5% in ENBD 
tube cases, 31% in virtual CT sonography, and 8.5% in con-
trast-enhanced US.  Conclusion:  Although local tumor pro-
gression needs to be carefully monitored, assisted tech-
niques of RFA for difficult cases are well tolerated and ex-
pand the indications of RFA.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is a common disease 
worldwide. In patients with HCC, radiofrequency abla-
tion (RFA) has recently been established as a promising 

 Key Words 
 Radiofrequency ablation  �  Pleural effusion  �  Endoscopic 
nasobiliary drainage 

 Abstract 
  Purpose:  To confirm the safety and effectiveness of tech-
niques to assist radiofrequency ablation (RFA) for difficult 
cases, we retrospectively evaluated successful treatment 
rates, early complications and local tumor progressions.  Pa-
tients and Methods:  Between June 1999 and April 2009, a 
total of 341 patients with 535 nodules were treated as diffi-
cult cases. Artificial pleural effusion assisted ablation was 
performed on 64 patients with 82 nodules. Artificial ascites-
assisted ablation was performed on 11 patients with 13 nod-
ules. Cooling by endoscopic nasobiliary drainage (ENBD) 
tube-assisted ablation was performed on 6 patients with 8 
nodules. When the tumors were not well visualized with con-
ventional B-mode ultrasonography (US), contrast-enhanced 
US-assisted ablation with Levovist �  or Sonazoid �  or virtual 
CT sonography-assisted ablation was performed. Contrast-
enhanced US-assisted ablation was performed on 139 pa-
tients with 224 nodules and virtual CT sonography-assisted 
ablation was performed on 121 patients with 209 nodules. 
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and safe percutaneous technique  [1–3] . RFA has steadily 
become first-line ablative management of small- to inter-
mediate-sized (3 cm) HCC at many centers. It has a pri-
mary effectiveness rate of 88–99% in the management of 
HCC  [4–8] .

  However, there are some limitations to RFA. The first 
limitation is the location of HCC. When the HCC is lo-
cated directly under the diaphragm, peripheral lesions 
that abut organs such as the large bowel or stomach and 
are located no more than 5 mm from a major bile duct, 
RFA can damage these organs.

  Resection is recommended in patients who have HCCs 
in such locations, if they have good liver function. How-
ever, in patients in whom liver function is poor and resec-
tion is not recommended, so far there is no curative ther-
apy.

  A second problem is that multiple sessions of RFA 
therapy are often needed to manage HCCs poorly defined 
by B-mode ultrasonography (US)  [9] . Tumors located 
near lesions as mentioned above or tumors that are poor-
ly defined by B-mode US are considered too difficult to 
treat by RFA. Thus, these cases possibly result in compli-
cations or do not allow sufficient treatment.

  We performed RFA with assistant techniques for dif-
ficult cases, for example, artificial pleural effusion, ar-
tificial ascites, contrast-enhanced US with Levovist �  
(Schering, Berlin, Germany) or Sonazoid �  (Daiichi-San-
kyo, Tokyo, Japan; GE Healthcare, Milwaukee, Wisc., 
USA), virtual CT sonography, and cooling by endoscopic 
nasobiliary drainage (ENBD) tube to resolve the difficult 
status.

  To confirm the safety and effectiveness of these assis-
tant techniques, we retrospectively evaluated successful 
treatment rates, early complications and local tumor re-
currence as indicators of insufficient treatment from the 
perspective of tumor location and status in HCC patients 
treated with RFA.

  Patients and Methods 

 Between June 1999 and April 2009, 1,105 (724 primary and 381 
for recurrent) HCC patients were treated using percutaneous RFA 
at the Department of Gastroenterology and Hepatology, Kinki 
University School of Medicine. Curative RFA was intended in 680 
(94%) of 724 patients, and a total of 1,259 nodules were complete-
ly ablated. In 44 patients, RF ablation was intended for a total of 
160 nodules to reduce tumor burden, with some nodules being left 
unablated in each patient because of their multiplicity. 535 nod-
ules were in a high-risk location as defined above, and 341 patients 
(41%) had at least one nodule in a high-risk location ( table 1 ). All 
patients met the following criteria for treatment with percutane-

ous RFA: percutaneous accessibility of the tumor; absence of por-
tal venous and extrahepatic metastasis; presence of liver cirrhosis 
(Child-Pugh A or B); prothrombin time ratio  1 50%; total biliru-
bin concentration  ! 3.0 mg/dl, and platelet count  1 50,000/ � l. Pa-
tients were excluded if they had an excessive bleeding tendency 
(platelet count  ! 50,000/ � l or prothrombin activity  ! 50%), or re-
fractory ascites. The study was performed according to the guide-
lines of the Helsinki Declaration. Written, fully informed consent 
was obtained from each patient before treatment.

  Diagnosis of HCC 
 The diagnosis of HCC was made by the presence of typical tu-

mor features, using dynamic CT or MRI, such as hyperattenua-
tions in the arterial phase and hypoattenuations in the portal 
phase  [10, 11] . All patients underwent dynamic CT or MRI 1 
month before RFA.

  Definition of Difficult Cases for RFA 
 On the basis of previous literature, we defined locations adja-

cent to large vessels (i.e.  ! 5 mm from a first or second branch of 
the portal vein, the base of the hepatic veins and the inferior vena 
cava) or extrahepatic organs (i.e. lung, gallbladder, right kidney 
and gastrointestinal tract) as difficult cases. We also defined tu-
mors poorly defined on B-mode US as difficult cases.

  Ablation-Assisted Technique in Difficult Cases 
 When the targeted nodule was close to the diaphragm, we 

used an artificial pleural effusion method with 5% glucose to 
separate from the lung  [12] ; when it was close to the gastrointes-
tinal tract, we infused 5% glucose as artificial ascites into the ab-
dominal cavity to separate from the gastrointestinal tract to pre-

Table 1.  Characteristics of the 341 patients with 535 nodules

Variables

Age, years 69.489.6
Sex, M/F 237/104
HBsAg (+) 40

HCV Ab (+) 256
Non-B/non-C 45
Size of tumor, cm 1.781.09
Child-Pugh classification

A 231
B 110
C 0

Number of nodules
1 189
2 99
3 37
4 16

Curative cases
Yes 514 (96%)
No 21 (4%)

Follow-up, days 617 (23–2,894)
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vent thermal injury; when the tumor edge was located no more 
than 5 mm from a major bile duct, as revealed by CT or US, 
ENBD tube was performed to cool and reduce the rates of biliary 
complications; when the tumors were not well visualized using 
conventional B-mode US, we performed contrast-enhanced US-
guided ablation with Levovist �  or Sonazoid �  or virtual CT so-
nography  [13] .

  Equipment and Techniques 
 We used GE LOGIQ 700 EXPERT Series, LOGIQ 7 (General 

Electric Medical Systems, Milwaukee, Wisc., USA) and Aplio 
(Toshiba Medical Systems, Toshiba, Tokyo, Japan) when we per-
formed RFA with artificial pleural effusion, artificial ascites and 
contrast-enhanced US with Levovist and Sonazoid. EUB 8500 
(Hitachi Medico) was used as the virtual CT sonography system 
with magnetic navigation.

  When the target nodule was located close to the bile duct, an 
ENBD tube was inserted deeply into the peripheral branch of the 
target bile duct before RFA.

  RFA Technique and Equipment 
 All RFAs were performed percutaneously by experienced hep-

atologists, each of whom had more than 6 years of experience in 
US-guided interventional procedures and RFA. The treatments 
were performed under local anesthesia and conscious sedation. 
Conscious sedation was induced with 5–20 mg of diazepam. Lo-
cal infiltration anesthesia was induced with 5–15 ml of 1% lido-
caine (Liduokayin, Yimin). The patients were conscious when the 
electrode was placed. Vital signs, including blood pressure, heart 
rate, and oxygen saturation, were continuously monitored during 
the procedure. Patients were treated with a cooled-tip needle RFA 
system (Cool-tip, Covidien), which is a 480-kHz alternative cur-
rent generator that can produce a maximum power of 180 W 
through a 17-gauge monopolar cooled-tip needle electrode. A 
thermocouple embedded in the electrode ensures that the tem-
perature at the tip of the needle is constantly monitored. The ra-
diofrequency electrode temperature was maintained at  ! 18   °   C by 
application of circulating chilled (0   °   C) saline solution to the can-
nula sheath  [14] .

  We selected a single 2-cm exposed tip for nodules of  ! 2 cm in 
diameter and a single 3-cm exposed tip for larger nodules.

  Assessing the Effect of RFA and Follow-Up 
 We assessed treatment response, early complications and local 

tumor recurrence rates. Treatment response was assessed by dy-
namic CT or MRI 1–5 days after the end of treatment. Complete 
response was confirmed by the absence of enhanced areas. Early 
complication was defined as that occurring within 30 days after 
RFA and requiring additional invasive therapy and/or lengthened 
hospitalization of  1 1 week. Dynamic CT and US were performed 
every 3–4 months after RFA. Local tumor recurrence was defined 
as the appearance of viable tumor during follow-up that was con-
tiguous with the zone that had been considered completely ab-
lated.

  Statistical Analysis 
 Cumulative incidence of local tumor recurrence was calcu-

lated using the Kaplan-Meier technique. All analyses were per-
formed with statistics software (SPSS, version 11, SPSS) for Micro-
soft Windows.

  Results 

 Successful Treatment Rates 
 Complete ablation was achieved in 514 of 535 (96%) 

nodules in difficult cases.
  Complete response was confirmed in all cases in 

whom RFA was performed with artificial pleural effu-
sion ( fig.  1 ), artificial ascites ( fig.  2 ) and cooling by 
ENBD tube ( fig. 3 ). We obtained complete responses in 
213 of 224 cases (95%) with contrast-enhanced US-as-
sisted RFA ( fig. 4 ). In 11 residual cases, one additional 
session of percutaneous ethanol injection (PEI) was per-
formed for 4 nodules because the residual tumor areas 
were closely located adjacent to large vessels. Transcath-
eter arterial chemoembolization (TACE) was performed 
for the remaining 7 cases because we detected other 
multiple nodules using dynamic CT after the first RFA 
session in 5 cases, and we were unable to obtain com-
plete responses in the last 2 cases using one additional 
RFA session. In virtual CT sonography-assisted RFA 
sessions ( fig. 5 ), we obtained complete responses in 199 
of 209 cases (95%). In the remaining 10 cases, hepatec-
tomy was performed in one because of the bleeding dur-
ing the RFA session, and the other 9 cases had TACE 
because we could not ablate the residual tumors by a 
further RFA session.

  Early Complications 
 Among the 535 nodules, complications were recog-

nized in 25 cases (4.6%). In the artificial pleural effusion 
cases, 5 patients (6%) presented complications: 3 patients 
presented with pneumothorax and 2 patients presented 
with injury to the diaphragm. They recovered without 
treatment, and there were no further complications. 
There were no complications in the artificial ascites cases. 
In the ENBD tube cases, 4 patients (67%) presented com-
plications: 2 patients with hepatic infarction and 2 pa-
tients with dilatation of the bile duct. They recovered 
with antimicrobial therapy. In the contrast-enhanced US 
cases, 9 patients (4%) presented complications: 3 patients 
presented with hepatic infarction, 2 with pneumothorax, 
2 with injury to the diaphragm, and 2 with dilatation of 
the bile duct. They recovered without treatment, and 
there were no further complications ( table 2 ). In the vir-
tual CT sonography cases, 7 patients (5.8%) presented 
complications: 2 with dilatation of the bile ducts, 2 with 
injury to the diaphragm, 1 with hemothorax, 1 with he-
patic infarction, and 1 with bleeding.
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a b

c d

  Fig. 1.  Case presentation of RFA with arti-
ficial pleural effusion.  a  A 72-year-old 
man with 1.0-cm HCC in the right hepatic 
dome. Gadolinium ethoxybenzyl diethyl-
enetriamine pentaacetic acid (Gd-EOB-
DTPA)-enhanced magnetic resonance 
(MR) imaging shows tumor (arrow) as a 
low-intensity area.  b  On B-mode US, we 
could not detect the entirety of the tumor 
(arrow) because of the influence of lung 
artifacts (arrowheads).  c  After intratho-
racic injection of 5% glucose solution, we 
could detect all parts of the tumor (ar-
rows), located in segment VIII of the liver. 
 d  After the session, the nodule was com-
pletely ablated. 
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  Fig. 2.  Case presentation of RFA with arti-
ficial ascites.  a  A 62-year-old man with 
2.0-cm HCC. Dynamic CT shows a hyper-
vascular tumor (arrow) in segment V.  b  On 
B-mode US, the tumor (arrow) is seen 
close to the gastrointestinal tract.  c  A fluid 
space using 5% glucose was prepared to 
function as an insulator between the nod-
ule and the gastrointestinal tract (arrow-
heads).  d  We achieved complete necrosis of 
the tumor without complications. 
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  Local Tumor Recurrence 
 Local tumor recurrence was only evaluated among the 

curative cases. Among the 341 patients in whom all nod-
ules were to be ablated, 99 were lost to follow-up before 
the first routinely performed follow-up CT 3–4 months 
after RFA. Thus, local tumor recurrence was investigated 

in 377 nodules of 242 patients, and 69 (18%) nodules were 
positive. In the artificial pleural effusion cases, 9 of 61 
(14.7%) nodules revealed local tumor recurrence ( fig. 5 ); 
artificial ascites cases and ENBD tube cases had 1 nodule 
each (7 and 12.5%); virtual CT sonography cases had 45 
of 144 (31%) nodules ( fig. 6 ), and 13 of 152 (8.5%) nodules 
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  Fig. 3.  Case presentation of RFA with cool-
ing with ENBD.  a  A 70-year-old man with 
2.2-cm HCC. Dynamic CT shows a hyper-
vascular tumor (arrow) closed to the por-
tal vein.  b  On B-mode US, the tumor (ar-
rows) is seen close to the portal vein
(arrowheads).  c  A nasobiliary drainage 
tube was inserted endoscopically into the 
right hepatic bile duct.  d  We achieved 
complete necrosis without biliary compli-
cations. 

a b c

  Fig. 4.  Case presentation of RFA with contrast-enhanced US.
 a  A 70-year-old man with recurrent HCC. Early-phase dynamic
CT scan shows an outgrowth pattern of locally progressive HCC 
(arrows) in the right hepatic lobe. The lesion borders on an

unenhanced area which was previously treated.  b  Contrast-en-
hanced US shows enhancement of the viable focus of the HCC 
(arrows).  c  After the session, the nodule was completely ablated.   
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( fig. 7 ) in contrast-enhanced US revealed local tumor re-
currence. All local recurrence tumors were again treated 
with RFA, PEI, or TACE.

  Discussion 

 There are some reports about the assistant methods 
for RFA of difficult cases. But there are no reports that 
mention the variety of assistant methods for RFA. In this 

study, complete ablation was achieved in 515 of 535 (96%) 
nodules in difficult cases. The treatment success rate in 
this study was equal to those reported by others  [1, 16–
20] . The overall early complication rate of our study was 
4.6%  [21, 22]  which may be higher than those reported in 
other studies. We have experienced many complications 
especially in the ENBD tube cases (67%). Because this 
procedure has a potentially cooling effect on tumor cells 
near the cooled bile duct, it is necessary to ablate the side 
of the tumor located near the bile duct to reduce the re-
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  Fig. 5.  Kaplan-Meier estimates of local recurrence in 61 nodules 
assigned to RFA with artificial pleural effusion.         

  Fig. 6.  Kaplan-Meier estimates of local recurrence in 144 nodules 
assigned to RFA with virtual CT sonography.         
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Table 2.  Early complications and local recurrence in 341 patients

                                  Assistant methods: Artificial
pleural effusion
(64 patients with
82 nodules)

Artificial
ascites
(11 patients with
13 nodules)

ENBD
(6 patients
with
8 nodules)

CT virtual
sonography
(121 patients with
209 nodules)

CE-US
(139 patients
with
224 nodules)

2Complications
Pneumothorax 2
Injury of diaphragm 3 2 2
Hepatic infarction 2 1 3
Dilatation of bile duct 2 2 2
Hemothorax 1
Bleeding 1

Total cases 5/64 (6%) 0 4/6 (67%) 7/121 (5.8%) 9/139 (4%)

D ata presented as number of cases. CE-US = Contrast-enhanced US.
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sidual tumor. The effort of thorough ablation increased 
the total number of electrode insertions, and this may 
have led to an increase in complications.

  Local tumor progression was 18%, which is high com-
pared to previous reports  [23, 24] . The main reason may 
have been the lack of adequate safety margins for the ab-
lated area surrounding the target rumors. In the present 
study, we performed RFA with artificial pleural effusion 
or ascites for 94 nodules. In these cases located in the cap-
sule or sub-capsule area, it is difficult to obtain a safety 
margin along the capsule. This is also thought for ENBD 
tube-assisted RFA cases because of its cooling effect as 
mentioned above  [21] . Although RFA for difficult cases 
has a relatively high tumor progression rate due to the 
location of the tumor, we can cover and treat local tumor 
progression by careful follow-up.

  In the present study, RFA therapy with CT sonography 
had the highest local tumor progression rate (31%). The 
main reason is that in CT sonography cases the tumor 
was not clearly visualized with B-mode US and the punc-
ture area was determined by CT images. Although we 
easily compared the virtual CT sonographic images with 
B-mode US images, virtual CT sonography sometimes 
did not show the images coincidently with the B-mode 
US images, making view adjustment difficult. Imaging 
incompatibility might have occurred due to variation in 
the length of breath-holding during CT and the sono-
graphic examinations. The difference also enhanced by 
an increase in distance between the magnetic sensor at-

tached to the transducer and the magnetic generator  [14] . 
Therefore, the needle might not reach the appropriate 
area, resulting in a lack of adequate safety margins and 
an increase in local tumor progression.

  In contrast-enhanced US-assisted RFA, we first used 
Levovist. It has been reported  [22]  that contrast-enhanced 
harmonic US with Levovist is useful to guide percutane-
ous local ablation therapy for HCC poorly depicted using 
conventional B-mode US. However, microbubble-based 
contrast agents such of Levovist can easily collapse when 
exposed to the sonographic pulse. After the second-gen-
eration contrast medium Sonazoid was commercially 
used in Japan in January 2007, contrast-enhanced US has 
entered a new era. Sonazoid consists of shelled micro-
bubbles and is strongly echogenic in a wide range of fre-
quencies and acoustic pressures  [25] . Furthermore, this 
contrast agent is stable for at least up to 3 h after injection 
and tolerable for multiple scannings in the low-power 
acoustic field  [26] . When the target area of the tumor is 
difficult to detect at first, we can again try to observe the 
tumorous vascularity by re-injecting the contrast agent, 
while Levovist failed. Contrast harmonic US guidance 
with Sonazoid is an efficient approach to RFA of HCC 
nodules that are not clearly demarcated using B-mode 
US, particularly in the case of local tumor progression of 
HCC.

  In conclusion, assistant techniques for RFA of difficult 
cases are well tolerated and expand the indications for 
RFA, especially for nodules that are poorly defined on B-
mode US. However, local tumor recurrence needs to be 
carefully monitored.
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  Fig. 7.  Kaplan-Meier estimates of local recurrence in 152 nodules 
assigned to RFA with contrast-enhanced US.         
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combined, artificial pleural effusion- and ascites-combined, 
and contrast-enhanced ultrasonography-guided RFAs are 
good examples. Adjuvant therapy, such as interferon and 
molecular targeted therapies following curative therapy, is 
expected to further improve survival after RFA. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Radiofrequency ablation (RFA) for hepatocellular car-
cinoma (HCC) was introduced in Japan in 1999, and 
started to be covered by the national health insurance in 
April 2004. This is a breakthrough therapy for HCC. This 
report will outline the latest progress in HCC treatment: 
the indications for RFA, techniques devised to treat com-
plications and difficult cases, and positioning in the 
treatment algorithm.

  Indications and Contraindications for RFA 

 Percutaneous RFA is a treatment method causing the 
coagulation necrosis of liver tumors by dielectric heating 
with radio waves (460  8  5 Hz) around an electrode in-
serted into a lesion. Since RFA is currently considered to 
be a superior local treatment to ethanol injection with 
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 Abstract 
 Percutaneous radiofrequency ablation (RFA) for hepatocel-
lular carcinoma (HCC) was introduced in Japan in 1999. It has 
been established as a main local treatment method world-
wide including Japan. On comparing outcomes between re-
section and RFA, they were comparable when cases were 
limited to those with 3 or fewer tumors 3 cm or smaller in 
many reports, based on which RFA has become the main 
treatment for small HCCs. The 5-year survival rate following 
RFA was as high as 57% in patients registered in the Liver 
Cancer Study Group of Japan, 73% when cases were limited 
to liver damage A (Child-Pugh A), and 83.8 and 76.3% in liver 
damage A (Child-Pugh A) cases with a single 2-cm or smaller 
and 2- to 5-cm liver tumor, respectively, showing outcomes 
equivalent to those of resection. The outcomes at our facil-
ity were also favorable: the 5-year survival rates of Child-
Pugh A liver function HCC cases with 3 or fewer tumors 3 cm 
or smaller following RFA and resection were 84 and 78%, re-
spectively. Various complications and limitations of RFA have 
previously been reported, but the advances of physicians’ 
skills and development of various techniques have reduced 
complications and expanded the indications for RAF. TACE-
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regard to the overall survival and recurrence rates world-
wide, it is indicated for local treatment  [1–4]  as a first 
choice of treatment modality.

  Expandable and Cool-tip types of electrode needles 
are available for RFA at present. An about 3-cm area can 
be necrotized by a single ablative treatment, and, accord-
ingly, treatment of a 2.5-cm or smaller tumor can be com-
pletely ablated by a single RFA session. Currently, 3 or 
fewer tumors 3 cm or smaller are generally indicated for 
RFA. It is occasionally applied to tumors  1 3 cm, but a 
combination with transcatheter arterial chemoemboliza-
tion (TACE) described below is desirable for hypervascu-
lar HCC  1 3 cm because of associated problems, such as 
local residual and microsatellite lesions and residual mi-
crovascular invasion.

  Contraindications for RFA are jaundice, refractory as-
cites, a bleeding tendency, and a 50,000/mm  [3]  or lower 
platelet count. Relative contraindications include lesions 
close to the stomach and intestine, gallbladder, and bile 
duct and the heart. For these lesions, other approaches, 
such as laparoscopic ablation, are recommended. Patients 
with pacemakers are also contraindicated for RFA.

  Position in Treatment Algorithm in Japan, North 
America, and Europe 

 There are two established treatment algorithms in Ja-
pan: ‘Evidence-based clinical guidelines for the diagnosis 
and treatment of HCC’ published in 2005  [5]  and revised 
in 2009  [6] , and ‘Consensus-based clinical practice man-
ual for HCC’  [7, 8]  edited by the Japan Society of Hepatol-
ogy (JSH). The former recommends: (1) hepatectomy for 
a single tumor regardless of the tumor size, but local 
treatment may be selected for a 2-cm or smaller tumor in 
Child-Pugh B patients, (2) hepatectomy or local treat-
ment when the number of tumors is 2 or 3 and the tumor 
size is within 3 cm, and (3) liver transplantation for Child-
Pugh C patients with 3 or fewer tumors 3 cm or smaller 
or a single tumor with a tumor size within 5 cm (Milan 
Criteria).

  In the latter, edited by the JSH, in addition to the above 
indications, RFA combined with TACE is recommended 
for tumors  1 3 cm. RFA is also recommended for 4 or 
more nodules if applicable. Furthermore, the application 
of RFA may be attempted for Child-Pugh C HCC patients 
within the Milan Criteria when no refractory ascites is 
present and the bilirubin level is 3 mg/ml or lower. Local 
treatment is recommended as well as ‘strict extensive 
close follow-up’ for a single early-stage hypovascular 

HCC diagnosed by liver biopsy or imaging. Since the 
‘Consensus-based HCC treatment algorithm’ reflects 
treatment actually performed in clinical practice, the in-
dication for RFA is wider than that by the ‘Evidence-
based algorithm’.

  In Europe and North America, the algorithm estab-
lished by the American Association of the Study of the 
Liver Disease (AASLD)  [9]  recommends local treatment 
for 3 or fewer 3-cm or smaller early-stage HCCs and 2-cm 
or smaller very-early-stage HCCs with complications, 
such as portal hypertension. Although the typical treat-
ment algorithms in Japan, North America, and Europe 
are slightly different, basically, RFA is recommended for 
3 or fewer 3-cm or smaller HCCs.

  Outcomes and Survival following RFA: Comparison 
with Those after Resection 

 Indications for RFA are 3 or fewer 3-cm or smaller tu-
mors, as descried above. According to the Nationwide 
Follow-Up Survey of Primary Liver Cancer in Japan
reported by the Liver Cancer Study Group of Japan
(LCSGJ), there were no significant differences in the 
5-year survival rate between RFA and resected cases in 
all RFA- and hepatectomy-treated cases ( fig.  1 ), liver 
damage A (Child-Pugh A) patients ( fig. 2 ), single 2-cm or 
smaller HCC cases ( fig. 3 ), or single 2- to 5-cm HCC cas-
es ( fig. 4 )  [10] . However, Hasegawa et al.  [11]  recently re-
ported that the recurrence rate was significantly higher 
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  Fig. 1.  Overall survival of resection and RFA (all cases) cited from 
the report of the 18th Nationwide Follow-Up Survey of Primary 
Liver Cancer performed by the LCSGJ. 
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in RFA-treated cases, although no significant difference 
was noted in the overall survival rate. Similarly, no sig-
nificant difference in the 5-year survival rate was noted 
between RFA and resected cases at our institution ( fig. 5 ). 
Similar findings were also noted in other reports  [12–18] . 
Based on these, resection is recommended for cases with 3 
or fewer tumors 3 cm or smaller in which resection is read-
ily applicable with regard to the liver function and localiza-
tion, and only a small amount of liver tissue is sacrificed, 
but RFA is recommended for tumors located in a deep re-
gion, when the liver function capacity is graded as Child-
Pugh B, or the tumor extends over the bilateral lobes.

  In actual cases, RFA is applicable for all cases of Child-
Pugh B (or liver damage class B) with 3 or fewer 3-cm or 
smaller HCCs, but hepatectomy is not in many cases. The 
applicability of resection is limited even in Child-Pugh A 
patients with 3 or fewer 3-cm or smaller HCCs. Cases with 
3 or fewer 3-cm or smaller HCCs for which both resection 
and RFA may be applicable account for only 10% of all 
cases. Inversely, resection should be selected for some cas-
es when complete control by RFA is impossible while the 
liver function is well preserved. Currently, a multicenter 
randomized controlled study (prospective randomized 
study of surgery or RFA for early HCC: SURF Trial) is un-
derway in Japan, involving cases with 3 or fewer tumors
3 cm or smaller for which both hepatectomy and RFA are 
applicable, and the results are anticipated. It has been 
 reported that protein induced by vitamin K absence II 
(PIVKA-II) was the most sensitive recurrence-predictive 
factor following curative RFA of HCC  [19] .

  Advances of Techniques for RFA Difficult Cases 

 The indication for RFA has been expanded by devising 
various techniques to previously contraindicated cases 
with difficulty in the application or the high-risk nature 
of RFA  [20] .

  Large HCC 
 In cases of HCCs exceeding 3 cm in size, recurrence 

(often appearing as local recurrence) arises from a satel-
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  Fig. 2.  Overall survival of resection and RFA (liver damage class 
A cases only) cited from the report of the 18th Nationwide Follow-
Up Survey of Primary Liver Cancer performed by the LCSGJ. 

  Fig. 3.  Overall survival of resection and RFA (liver damage class 
A cases with TNM stage I: a single 2-cm or smaller tumor without 
vascular invasion) cited from the report of the 18th Nationwide 
Follow-up Survey of Primary Liver Cancer performed by the
LCSGJ. 
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  Fig. 4.  Overall survival of resection and RFA (stage I: liver damage 
class A cases with a single 2- to 5-cm tumor) cited from the report 
of the 18th Nationwide Follow-Up Survey of Primary Liver Can-
cer performed by the LCSGJ. 
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lite lesion around the main nodule and the proximity of 
the ablated area due to residual microscopic vascular in-
vasion overlooked on imaging. For such lesions, lipiodol 
TACE-preceded RFA is actively performed, aiming at the 
treatment of satellite nodules and microscopic vascular 
invasion and ensuring an accurate margin by lipiodol in-
jection  [21–26] . It was clarified in the consensus meeting 
‘HCC Treatment’ at the 45th Annual Meeting of the JSH 
in Kobe in 2009 (Congress Chairman: Prof. Masatoshi 
Kudo)  [27]  that about 90% of physicians performing RFA 
employ lipiodol TACE-preceded RFA for 3-cm or larger 
HCCs. Lipiodol TACE-preceded RFA is relatively cura-
tive and can be readily performed for the following rea-
sons: (1) lipiodol regurgitates into the portal branches via 
the peribiliary venous plexus, causing a transient liver in-
farction state, which reduces the cooling effect, expand-
ing ablative area, and results in (2) the coagulation of sat-
ellite lesions  [28] . Yamakado et al.  [24]  reported that the 
survival rates of large HCC cases treated with resection 
and lipiodol TACE-preceded RFA were almost equiva-
lent.

  Right Subdiaphragmatic Lesion 
 Ultrasonographic imaging of right subdiaphragmatic 

lesions may be difficult and treatment was previously im-
possible, but these problems were overcome by RFA in the 
presence of 5% glucose solution or normal saline infused 
into the intrapleural cavity as artificial pleural effusion 
 [25, 29–32] . By introducing this technique, our depart-
ment can treat all cases with right subdiaphragmatic le-
sions with great success.

  Cases Unclear on B-Mode Ultrasonography 
 Although HCCs may show typical features on contrast 

CT or MRI, arterial enhancement with venous washout 
may not be imaged on B-mode ultrasonography because 
of a coarse liver parenchymal echo or because the differ-
entiation of a new recurrent lesion from necrotic nodules 
may be difficult on B-mode ultrasonography alone due to 
previously performed RFA. Such cases were previously 
treated with CT-guided RFA  [33]  and RFA under synchro-
nized ultrasonography and CT, i.e. real-time virtual so-
nography (RVS)-guided RFA. By introducing these tech-
niques, the therapeutic efficiency was drastically increased 
 [34–37] . However, the recent advances of contrast media 
for ultrasonography, particularly Sonazoid, facilitated ac-
curate pinpoint treatment guidance by Kupffer-phase and 
subsequent defect reperfusion imaging through reinjec-
tion  [38–40] . This is really a major breakthrough  [40–45] .

  Localization of Locally Recurrent Cancer 
 Recurrent lesions may not be localized by B-mode ul-

trasonography in some cases of local recurrence, despite 
local marginal recurrence being apparently present on 
dynamic CT. For these cases, defect reperfusion imaging 
with Sonazoid is extremely useful  [38–40] . RVS was also 
previously used in these cases  [34–37] , but this is no lon-
ger necessary.

  Tumors Located on the Intraabdominal Free Surface 
 Tumors present on the intraabdominal free surfaces 

possess the risk for complications, such as gastrointestinal 
and gallbladder perforations, because they are located 
close to the other organs, such as the intestine and gall-
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bladder  [46] . Since such cases have actually been reported, 
special caution is necessary to avoid fatal complications. 
Although it was previously contraindicated, artificial 
preparation of a space between the intestine and nodule 
by infusing normal saline or 5% glucose (artificial ascites 
method) for treatment has recently become possible  [47, 
48] . These techniques markedly expanded the indication 
for RFA. Laparoscopic resection or laparotomic RFA had 
to be inevitably performed in these cases before the intro-
duction of artificial ascites, but more than 90% of cases 
are now treatable by the ‘artificial ascites method’.

  Lesions Proximal to the Hepatic Portal Glisson’s 
Capsule 
 When a HCC is located near a peripheral vessel, al-

though it sometimes injures an artery or portal vein and 
causes hepatic infarction, the damage is minimal. What 
is of concern is the risk of bile duct injury-associated 
complications, such as biloma or abscess. For a large tu-
mor present in the hepatic portal region, injuring a large 
bile duct in the Glisson’s capsular region by ensuring a 
safety margin is of concern, which may cause major com-
plications. On the other hand, less strict treatment may 
result in local recurrence. Taking this into consideration, 
ethanol injection can be performed for lesions near ves-
sels in such cases. Ethanol injection is effective to some 
extent, but the therapeutic effect is limited compared to 
RFA. For such cases, many institutions including ours 
employ a method in which an endoscopic nasobiliary 
drainage tube is inserted into the bile duct, and RFA is 
performed with cooling by the perfusion of ice-cold water 
through the tube  [49, 50] . This procedure markedly re-
duced the probability of bile duct injury. We consider that 
this method should be routinely employed and investiga-
tion involving a larger number of cases is necessary
because an increased risk for liver abscess has been re-
ported  [51] .

  Lesions in the Caudate Lobe 
 The risk of RFA for lesions in the caudate lobe is high 

because many vessels are present when adopting a right 
intercostal approach. Similarly, the RFA needle inevitably 
penetrates into the intraabdominal cavity in a left lobe 
approach. Treatment is possible in more than 70% of
cases if the puncture pathway is carefully selected  [52] , 
but laparoscopic treatment (resection or RFA) is recom-
mended for institutions with insufficient experience and 
cases to avoid a risk of hemorrhage. Laparoscopic surgery 
is selected for about 10% of cases with lesions in the cau-
date lobe at our institution.

  Importance of Ensuring a Safety Margin in RFA 

 Concept of a Safety Margin Based on RECICL 
 The concept of a ‘safety margin’ has been considered 

important in RFA for HCC. In the assessment criteria of 
local liver cancer treatment in the 2010 revised version 
(RECICL: response evaluation criteria in cancer of the 
liver)  [53] , the assessment is distinctly divided into two 
categories based on the presence or absence of a safety 
margin: when the region with an intensity lower than that 
in the late phase on pretreatment CT is slightly wider 
than the lesion in terms of the entire circumference, the 
lesion is judged as 100% necrotized (TEIVa), while the 
disappearance of the tumor stain alone lacking a slightly 
wider unstained region is judged as TEIVb  [53] .

  Basis for the Necessity of a Safety Margin for RFA 
 In simple nodule-type HCCs, intrahepatic metastatic 

lesions are present at a site within 2 mm from the prima-
ry lesion in 66.7% of cases and 5 mm in 11.1%  [54] . Ac-
cordingly, for this type, intrahepatic metastatic lesions 
can be included in the treatment area by setting a safety 
margin of 5 mm. Similar findings have been reported in 
which satellite nodules were present in 19% of 194 resect-
ed cases of 3-cm or smaller tumors, and 33% of these were 
present within 5 mm from the main tumor  [55] , indicat-
ing that local recurrence develops from residual micro-
satellite HCC lesions overlooked on RFA due to undetect-
able residual cancer by imaging, and local recurrence 
may occur even after a sufficient margin is ensured. Re-
currence appears to arise from residual cancer after RFA, 
while recurrence from a microsatellite or by microvascu-
lar invasion other than the main nodule may also appear 
as a local recurrence (late local recurrence) in some cases. 
Therefore, ensuring a safety margin in RFA is important 
for not only the simultaneous treatment of microsatellite 
lesions, but also to ensure an enough tumor ablation on 
the assumption of partial volume effect-associated limi-
tation on evaluation of the therapeutic effect by imaging.

  Does a Safety Margin Inhibit Local Recurrence? 
 In our study, the local recurrence rates after 4 years 

were 2.6 and 20.8% in cases in which a 5-mm or wider 
safety margin could be ensured and in cases in which the 
margin was narrower than 5 mm, respectively, showing 
a significant difference  [28] .

  A significant difference in the local recurrence rate be-
tween cases with a tumor size of  ̂  2.3 and  1 2.3 cm has 
been reported, while the local recurrence rate was sig-
nificantly lower in cases with a sufficient safety margin 
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than in those with an insufficient safety margin, regard-
less of the tumor size in another report  [56] . Nishijima
et al.  [57]  categorized the presence of no margin, a par-
tially lacking margin, margin narrower than 5 mm, and 
complete margin wider than 5 mm as R0, R1, R2, and R3 
on the assessment of the therapeutic effect of RFA, re-
spectively, and found that significant differences were 
present between R0 and R1 or between R2 and R3, but not 
between R1 and R2, showing that ensuring a margin, 
even though it is narrow, reduces the local recurrence 
rate. This was also extracted as the sole significant inde-
pendent factor on multivariate analysis. Similarly, the lo-
cal recurrence rate was significantly different between 
cases with and those without a sufficient safety margin 
 [58] . A sufficient margin was also the sole predictor of
the local recurrence rate on multivariate analysis  [58] . For 
tumors  1 2 cm, preceding TACE was extracted as a prog-
nostic factor, in addition to a sufficient safety margin.

  Does the Inhibition of Local Recurrence Improve 
Survival? 
 Although the Barcelona Clinic Liver Cancer (BCLC)

group reported that a complete response to the first treat-
ment was related to later survival  [59] , this report has 
problems: the initial response rate was 70%, showing a 
markedly lower local control rate following the initial 
treatment as compared with Japanese standard, and the 
5-year local recurrence rate was markedly high (74%), 
suggesting that there is no concept of a safety margin in 
RFA in Western countries. The therapeutic effect is nor-
mally assessed only by CT 1–2 months after RFA in West-
ern countries, unlike in Japan where RFA is repeated 
thoroughly until arterial enhancement of the tumor com-
pletely disappears and a safety margin is ensured on the 
first treatment  [27] . Accordingly, the 5-year survival rate 
is nearly 50% in cases indicated for local treatment in Ja-
pan, but only 27% in their results. In any case, on the 
comparison of Child-Pugh A cases, the survival rate of 
complete responders who ‘eventually’ developed no local 
recurrence was significantly higher than of those who 
‘eventually’ developed local recurrence, and a significant 
difference in the survival rate was also noted in Child-
Pugh B cases. This is the first report that the presence or 
absence of local recurrence determines survival.

  It also indicates that the survival of recurrence-free 
cases including recurrence in other regions (sustained 
complete response) is significantly better than that of cas-
es with recurrence in local or other regions.

  In a report involving 192 cases of complete ablation by 
RFA, there was a significant difference in survival be-

tween groups with and without local recurrence, and this 
recurrence pattern was also significant on multivariate 
analysis  [60] . In another report, the survival time of pa-
tients who developed local recurrence within 1 year (ear-
ly local recurrence group) was significantly shorter than 
that of patients who developed local recurrence after 1 
year (late local recurrence group)  [61] . The safety margin-
ensured rate was significantly different between RFA and 
ethanol injection. Generally, a safety margin can be more 
easily ensured in RFA than in ethanol injection. Subse-
quently, as is widely recognized, the recurrence rate is 
lower in RFA, and the overall survival rate following RFA 
is also superior to that following ethanol injection  [1, 2, 
62, 63] .

  We also observed a significant difference in survival 
between groups which developed local recurrence and 
‘eventually’ did not ( fig.  6 ). Multivariate analysis also 
clarified this, showing that the presence or absence of
local recurrence was a significant independent factor.

  It is clear that the establishment of a safety margin
inhibits local recurrence. It is also clear that survival is 
improved in cases in which a safety margin is ‘eventual-
ly’ achieved. Therefore, syllogistically, ‘ensuring a safety 
margin on the first treatment improves survival’.

  Summary of the Importance of a Safety Margin 
 In summary: (1) ensuring a safety margin is essential 

to treat microsatellite lesions and compensate for the un-
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certainty of imaging evaluation; (2) local recurrence is 
inhibited in nodules with an ‘eventually’ achieved safety 
margin; (3) the survival of ‘eventually’ local recurrence-
free cases is favorable compared to cases who develop lo-
cal recurrence, and (4) the presence or absence of a safety 
margin in the first treatment is a prognostic factor.

  Assessment of the Therapeutic Effect of RFA 

 The assessment of the therapeutic effect of RFA is very 
important. Basically, the local recurrence rate following 
a single RFA treatment depends on how strictly the ther-
apeutic effect is assessed. In Japan, as a rule, treatment is 
completed when the presence of a safety margin (ablative 
margin) around the entire tumor is three-dimensionally 
confirmed  [27, 53] . Accordingly, it is difficult to establish 
a safety margin employing the standard procedure in the 
absence of lipiodol in many cases when the tumor size 
exceeds 2 cm. Therefore, for hypervascular HCCs  1 2 cm, 
a far lower local recurrence rate can be achieved when 
TACE or arterial lipiodol injection is performed prior to 
RFA, although invasiveness slightly increases  [58] .

  The assessment was previously performed employing 
CT alone, but after a second-generation contrast medi-
um for ultrasonography (SonoVue or Sonazoid) was in-
troduced, assessment using this medium may be optimal 
when the original tumor can be confirmed on B-mode 
ultrasonography because contrast-enhanced ultraso-
nography does not require pretreatment images, and the 
temporary and spatial resolutions are markedly high  [64, 
65] . This excellent method may omit the need for the 
ther apeutic effect assessment by CT. In our study, confir-
mation of the margin of the original tumor on B-mode 
ultrasonography was optimal on the day of RFA or the 
following day. Thus, evaluation employing contrast-en-
hanced ultrasonography should be performed early after 
treatment  [66] . A demerit of the therapeutic effect assess-
ment immediately after treatment is the presence of 
RFA-induced inflammatory hyperemia, but as long as 
the margin of the nodule before treatment can be con-
firmed, the differentiation of residual tumor staining or 
inflammatory hyperemia can be easily distinguished. 
However, the margin can be identified immediately after 
treatment or the following day in only 50–60% of cases; 
therefore, dynamic CT is still necessary for the remain-
ing approximately 40%. The use of superparamagnetic 
iron oxide MRI is unique, but its procedure is slightly 
complex  [67] .

  Adverse Events and Complications of RFA 

 Literature Reports 
 Generally, adverse events represent unexpected results 

which may frequently occur, including pain, asymptom-
atic pleural effusion, a small volume of ascites around the 
liver, and blood retention. Symptoms called postablation 
syndrome, such as slight fever and systemic malaise, may 
develop after RFA. Their persistence mainly depends on 
the volume of necrotized tissue.

  Complications are divided into serious and non-seri-
ous. When serious complications are left untreated, life is 
threatened, or some disease/disorder develops and re-
quires readmission or the prolongation of hospitalization 
 [68–70] .

  Mulier et al.  [51]  analyzed 82 reports published before 
the end of 2001, and identified 20 (0.5%) fatal and 327 
(8.9%) moderately to severely complicated cases out of 
3,670 cases: abdominal hemorrhage occurred in 1.6%, ab-
dominal infection in 1.1%, bile duct injury in 1.0%, liver 
failure in 0.8%, pulmonary complications in 0.8%, burn 
in 0.6%, intrahepatic vascular injury in 0.6%, visceral or-
gan disorder in 0.5%, and cardiac complications in 0.4%. 
They considered that mild complications may have been 
neglected and some complications may have been over-
looked due to a short follow-up period, such as biliary 
stenosis and seeding, pointing out that the incidence may 
have been underestimated.

  Livraghi et al.  [71]  reported 6 (0.3%) fatal cases and 50 
(2.2%) and 110 (4.7%) cases of severe and mild complica-
tions, respectively, out of 2,320 cases with 3,554 lesions 
treated with RFA in 41 medical institutions in Italy. The 
mortality was due to intestinal perforation-associated 
multiorgan failure in 2 patients, and peritonitis-induced 
sepsis, mass bleeding following tumor rupture, liver fail-
ure following right intrahepatic bile duct stenosis, and 
sudden death 3 days after RFA in 1 patient each. Many 
cases of severe complications involved intraabdominal 
hemorrhage, seeding, intraabdominal abscess, and intes-
tinal perforation, and the incidence of these complica-
tions was high in cases punctured many times. Although 
many experts think that RFA is simple, Livraghi et al.  [71]  
pointed out that the procedure is complex, and sufficient 
experience is necessary to perform it safely.

  Curley et al.  [72]  divided 608 cases of complications 
following RFA into those which occurred within (early 
phase) and after (late phase) 30 days, and found that the 
incidence of early-phase complications was high in cases 
treated with laparotomic RFA or those who had hepatic 
cirrhosis (43 cases, 7.1%), while the late-phase complica-
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tions (15 cases, 2.4%) were bile duct injury, ascites, and 
liver failure. They emphasized that complications may 
appear several months after RFA, and HCCs located in 
the hepatic portal region should not be included in the 
indications for RFA because of a high risk of complica-
tions, such as bile duct injury.

  Kasugai et al.  [73]  reported that 9 patients (0.3%) died 
and complications occurred in 207 patients (7.9%) within 
3 months after 3,891 ablations in 2,614 patients in Japan. 
The mortality was due to acute aggravation/sarcomatous 
change in 3 patients, liver failure in 2 patients, and bile 
duct injury/biloma, ascites, gastrointestinal hemorrhage, 
and acute myocardial infarction in 1 patient each. When 
pleural effusion and ascites were excluded, as reported in 
other countries, complications occurred in 114 patients 
(4.4%) and 1 patient died within 1 month (0.04%), show-
ing a markedly low incidence of complications and mor-
tality. The main complications are as follows: (1) intrahe-
patic complications: bile duct injury/biloma, portal vein 
thrombus, liver abscess, acute aggravation/sarcomatous 
change; (2) complications of the puncture line and prox-
imal organs: pleural effusion, ascites, abdominal wall 
burn, injuries of other organs (peritonitis, large intesti-
nal perforation), hemothorax, liver capsular hematoma, 
pneumothorax, gastrointestinal hemorrhage, and perito-
neal dissemination, and (3) systemic complications: jaun-
dice, liver failure, and hypotension. However, the compli-
cation rate was almost 0% in about half of the depart-
ments, suggesting that the incidence of complications can 
be reduced by making efforts to perform RFA safely. 
There have been several reports on complications of tu-
mor seeding  [74–79] , but it can be dealt with by devising 
various techniques.

  Prevention of Complications 
 RFA has been attracting attention as a treatment 

method for HCC because of its relatively low invasive-
ness. Not only elevating the survival rate and reducing 
the incidence of local recurrence but also avoiding com-
plications as much as possible are major tasks.

  Indication 
 When Curley et al.  [80]  treated 110 cases of HCC com-

plicated by hepatic cirrhosis with RFA, complications oc-
curred in 4 of 50 Child-Pugh A cases (8%), 2 of 31 Child-
Pugh B cases (6.5%), and 8 of 29 Child-Pugh C cases 
(27.6%), showing that the incidence of complications was 
high in Child-Pugh C cases. Although RFA is less inva-
sive, sufficient caution is necessary in cases with an im-
paired liver function.

  The risk for infection, such as liver abscess, after RFA 
is high in patients following biliojejunal anastomosis and 
in diabetic patients  [71, 81] . Preventive antibiotic admin-
istration to high-risk patients has been attempted, but its 
scientific basis is unclear. The diagnosis of liver abscess is 
easy when fever, leukocytosis, and gas in the lesion are 
noted after RFA, but it may be asymptomatic or manifest 
only as malaise and a slight fever. Moreover, it may de-
velop late after several months, to which attention should 
be paid.

  The bile duct near the hepatic portal tract is consid-
ered protected by a cooling effect of the portal vein and 
hepatic artery distributing in parallel to the bile duct, but 
many complications in the early phase have been report-
ed. Moreover, tumors located at a site within 1 cm of the 
hepatic portal tract were excluded from the indication in 
many reports. Some reports stated that ethanol injection 
should be selected, instead of RFA, for tumors in the he-
patic portal tract  [82] .

  Other reports stated that RFA is applicable for all in-
trahepatic regions, and that tumors adjacent to the gall-
bladder  [82]  and digestive tract  [46]  can be safely treated. 
However, once intestinal perforation occurs, it may lead 
to multiorgan failure. The application of RFA should be 
carefully decided on when the tumor is adjacent to the 
intestine, gallbladder, hilar bile duct, and diaphragm, and 
close follow-up after treatment is necessary  [51, 71, 82] . 
When the tumor is adjacent to the intestine after surgery 
in the upper abdominal region, it is desirable to perform 
laparoscopic or laparotomic RFA, and not percutaneous 
treatment, or switch to ethanol injection  [71] .

  Technical Aspect 
 Since the treatment method is not simple, complica-

tion-inducing elements of RFA are complex: some involve 
RFA instruments and electrodes, while others involve 
various concomitantly employed techniques and treat-
ments. Elements of instruments and electrodes include 
types of generator and electrode, anesthetic and guidance 
methods, way of elevating the output, frequency of punc-
ture, timing of treatment completion, and the presence or 
absence of coagulation of the puncture pathway.

  Thermal coagulation of the puncture pathway under 
the liver capsule before removing the electrode is the 
most reliable method to prevent mass hemorrhage, blood 
leakage and needle tract tumor seeding, and its adoption 
is strongly recommended  [51] . When the tumor is present 
near the liver surface, hemorrhage is particularly likely to 
cause peritoneal dissemination  [79] , but thermal coagu-
lation of the puncture pathway may prevent seeding. 
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Since the risk of hemorrhage is always present after punc-
ture, the vital sign should be carefully monitored for 3–
4 h after surgery.

  Giorgio et al.  [83]  performed 375 RFAs with concomi-
tant saline infusion in 336 patients, and severe complica-
tions occurred in 3 (0.9%), including 1 fatal case.

  Many studies reported that RFA may rather promote 
tumor advancement when a residual tumor is present due 
to insufficient treatment or when portal invasion is pres-
ent  [84–88] .

  Intrahepatic hematoma may develop due to injury of 
large vessels  [81] , and the avoidance of blood vessel punc-
ture prevents its occurrence. When an expandable nee -
dle is used, it is difficult to completely avoid blood ves -
sel puncture because the simultaneous observation of
all electrodes is impossible, but this is possible when a 
monopolar needle electrode is used.

  In a study reported by Kasugai et al.  [73] , technical 
procedures, such as laparotomic RFA, the use of artificial 
pleural effusion and ascites, a CT guidance, and concom-
itant therapy, such as TACE or PEI, were associated with 
a high incidence of complications. It should be kept in 
mind that the addition of these procedures and concom-
itant treatment may increase the risk of complications. 

 RFA is performed percutaneously in most of the cases, 
but there is no marked difference in the incidence of com-
plications in laparoscopic or laparotomic RFA  [51] . Thus, 
the differential application of these methods is desirable. 

  Tertial Prevention for Cases following Curative RFA 

 Recurrence occurs at 15–20% of the annual incidence 
rate even after curative treatment, such as resection or 
RFA, which is a characteristic of HCC. Therefore, tertial 
prevention, i.e. inhibition of recurrence, is the most ur-
gent issue. The most frequently employed treatment is in-
terferon therapy  [89–91] . When the liver function dam-
age is mild, hepatitis C should basically be treated by 
eradicating hepatitis C virus through pegylated interfer-
on and ribavirin combination therapy. A marked inhibi-
tion of the recurrence rate in virus-eradicated cases has 
been reported. It has also been reported that even though 
the virus was not eliminated, long-term low-dose inter-
feron maintenance therapy is significantly effective for 
inhibition of second and third recurrences, although no 
difference was noted for the first recurrence. As a result, 
because of the lowering the recurrence and the numbers 
of treatments such as RFA or TACE, long-term low-dose 
interferon maintenance therapy improves the prognosis 

in patients with curative RFA  [89] . Therefore, at present, 
from an academic viewpoint, improvement of survival
by recurrence-inhibitory long-term low-dose interferon 
therapy is highly recommended for cases following cura-
tive RFA for which conventional interferon ribavirin 
combination therapy is not feasible because of low platelet 
counts or other complications.

  Difference in the Concept of RFA Therapy between 
Japan and Western Countries 

 Although RFA was originally developed in Western 
countries, the local control rate by RFA is in the 90% 
range in the literature, not reaching 100%. In contrast, 
the CR rate is usually 100% in Japan because treatment is 
repeated until the necrosis rate reaches 100% and a safety 
margin is ensured  [27] . Even if a safety margin cannot be 
ensured, treatment is continued until arterial enhance-
ment disappears in most cases, being practically 100% 
necrosis. This is the difference in the way of thinking 
about RFA between Western countries and Japan. In 
Western countries, physicians do not consider repeating 
RFA until tumor staining disappears and a safety margin 
is ensured. In most of the cases, patients are discharged 
after only a single RFA treatment without assessment of 
the therapeutic effect by CT, and the effect is assessed af-
ter about 1–2 months by CT. This condition may be the 
cause of the markedly poorer outcomes of RFA in Child-
Pugh A cases with 3 or fewer 3-cm or smaller HCCs in 
Western countries.

  TACE-combined RFA is sometimes performed in 
Western countries, but less frequently. In any case, RFA 
conducted in Western countries may be imprecise com-
pared to that performed in Japan. The quality of RFA in 
Japan is the best in the world and it may be the most fre-
quent method considering that more than 100 cases are 
annually treated at more than 40 institutions in Japan. In 
Western countries, RFA with the concomitant use of 
doxorubicin-eluting beads has recently been performed 
 [92] . The results of this treatment may attract some inter-
est.

  Conclusion 

 The current status and outcomes of RFA for HCC in 
Japan and other countries were described. In addition to 
interferon administered to inhibit recurrence after RFA, 
an international cooperative clinical trial (STORM trial) 
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potent pancytopenia and poor hepatic reserve. Therefore, 
this regimen should be performed carefully with regular 
monitoring of hematological function. 
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in Japan and the fifth most com-
mon cancer worldwide  [1–3] . It was established in Japan 
that surveillance of high-risk groups, such as patients 
with hepatitis C virus (HCV) or hepatitis B virus (HBV), 
can enable the detection of HCC in the early stage. How-
ever, about 10% of patients with HCC are still detected in 
advanced stages  [4] . In the early stage, HCC is treatable 
by standard therapies such as hepatic resection, radiofre-
quency ablation (RFA) and transcatheter arterial chemo-
embolization (TACE). Interferon therapy improves the 
prognosis of patients who are curatively treated by he-
patic resection or RFA  [5–9] . However, many patients re-
quire repeated treatment, and the standard therapies may 
not be effective in such patients. In the intermediate stage, 
TACE is considered to be the standard treatment, but 
TACE is  often not curative and is commonly repeated. 
Moreover, TACE is contraindicated in patients with HCC 

 Key Words 
 Hepatocellular carcinoma  �  Hepatic arterial infusion 
chemotherapy  �  Cisplatin  �  5-Fluorouracil  �  Low-dose FP 

 Abstract 
  Background:  Although hepatic arterial infusion chemother-
apy (HAIC) using low-dose 5-fluorouracil (5-FU) and cisplatin 
(low-dose FP) is commonly used for advanced hepatocellu-
lar carcinoma (HCC) with vascular invasion in Japan, few re-
ports have investigated the efficacy and safety of this ap-
proach. We investigated the efficacy and toxicity of HAIC us-
ing low-dose FP for patients with advanced HCC as a phase 
II trial.  Methods:  Low-dose FP consisted of a continuous arte-
rial infusion of 5-FU (250–500 mg/day, 5 days/week, for the 
first 2 weeks) and cisplatin (10 mg/day, 5 days/week, for the 
first 2 weeks). Then, 5-FU (1,000 mg/body for 5 h) and cispla-
tin (10 mg/body) were administered once weekly.  Results:  In 
these patients treated with low-dose FP, the response rate 
was 38.5%, the median time to progression was 4.1 months 
(95% CI 2.1–6.1 months) and the median survival time was 
15.9 months (95% CI 9.8–22.0 months). The most frequent 
adverse events were myelosuppression such as neutropenia 
or thrombocytopenia.  Conclusions:  HAIC using low-dose FP 
is an effective treatment option for locally advanced HCC. 
However, it is not well tolerated hematologically because of 
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that has progressed into the portal vein, particularly the 
main trunk. In such cases, hepatic arterial infusion che-
motherapy (HAIC) using low-dose 5-fluorouracil (5-FU) 
and cisplatin (low-dose FP) is often selected. HAIC has 
been established as a treatment option in Japan. However, 
there is little evidence of the efficacy of this method. 
Therefore, we performed a phase II trial to investigate the 
efficacy and toxicity of low-dose FP for patients with ad-
vanced HCC.

  Materials and Methods 

 Patients 
 Fifty-two patients with advanced HCC, who were admitted to 

the Department of Gastroenterology and Hepatology, Kinki Uni-
versity School of Medicine, were enrolled in the current study 
between April 2004 and August 2006. Advanced HCC was con-
sidered as the presence of a portal vein tumor thrombus or HCC 
refractory to TACE. Written informed consent was obtained from 
each participant after explaining the advantages and risks of 
HAIC using low-dose FP.

  Eligibility Criteria 
 The eligibility criteria of this therapy were as follows: (1) ad-

vanced HCC, which was uncontrollable with standard treatment 
such as TACE, or HCC with vascular invasion; (2) age under 80 
years; (3) Eastern Cooperative Group performance status of 0 or 
1; (4) Child-Pugh grade A or B; (5) encephalopathy degree 0; (6) 
leukocyte count  1 2,000 cells/mm 3 , hemoglobin level  1 10 g/dl, 
platelet count  1 75,000 cells/mm 3 ; (7) serum creatinine  ! 1.5 mg/
dl, and (8) serum total bilirubin level  ! 3.0 mg/dl.

  HAIC was performed in cases in which the intrahepatic tumor 
threatened the patient’s life, even in the presence of extrahepatic 
spread.

  Catheter Placement 
 Angiography was performed from the right femoral artery us-

ing the Seldinger technique. Arteriography of the celiac trunk and 
the superior mesenteric artery was performed to detect HCC and 
its feeding artery, and arterioportography via the superior mesen-
teric artery was performed to evaluate the portal vein patency. To 
avoid gastrointestinal mucosal injury due to anticancer agents, 
arteries supplying the gastrointestinal tract were embolized by 
the metallic coils. A 5-Fr heparin-coated catheter was placed and 
the tip of the catheter was located in the gastroduodenal artery 
and fixed by the metallic coils. The side hole of the catheter was 
located at the common hepatic artery (GDA-fixed method)  [10] . 
Another tip of the catheter was connected to the injection port 
system and implanted in a subcutaneous pocket in the right in-
guinal part in front of the femoral region.

  Treatment 
 Cisplatin and 5-FU were administered via the implanted port 

system. 5-FU was administered continuously using an ambula-
tory balloon infusion pump (LV2; Baxter, Chicago, Ill., USA) at a 
dose of 250–500 mg/day for 5 days/week for the first 2 weeks. Cis-
platin was administered manually at the dose of 10 mg/day for 5 

days/week for the first 2 weeks ( fig. 1 ). The dose of these drugs was 
reduced according to hepatic reserve. To prevent emesis caused by 
cisplatin, 5-HT3 antagonists were given. After 2 weeks, the dose 
of cisplatin was changed to 10 mg/body and 5-FU was adminis-
tered using an ambulatory balloon infusion pump (LV50; Baxter) 
at the dose of 1,000 mg/body for 5 h every week until HCC pro-
gressed (requiring a change in treatment) or an unacceptable ad-
verse event occurred.

  Evaluation and Statistical Analysis 
 Response was assessed according to the Response Evaluation 

Criteria in Solid Tumors (RECIST)  [11]  every 2 months on treat-
ment. The overall survival time was calculated from the date of 
initiation of this therapy to the date of any cause or confirmed 
survival. The time to progression was calculated from the date of 
initiation of this therapy to the date of radiological progression. 
The overall survival and time to progression were analyzed using 
the Kaplan-Meier method. Statistical analysis was conducted us-
ing SPSS version 11.5.1 for Windows. Toxicity was assessed ac-
cording to the Common Terminology Criteria for Adverse Events 
v3.0 (CTCAE)  [12] .

  Results 

  Table 1  summarizes the clinical profiles of the 52 pa-
tients (46 males, 6 females) treated with low-dose FP. The 
mean age was 61.3 years (range 30–79; median age 63.5 
years old). The numbers of patients at United Internation-
al Consensus Committee (UICC) stages III, IVA and IVB 
were 10, 36 and 6, respectively. The number of patients at 
American Joint Committee of Cancer (AJCC)  [13]  stages 
II, IIIA, IIIB and IV were 9, 37, 2 and 4, respectively. Three 
patients were at an intermediate stage and 49 at an ad-
vanced stage based on Barcelona Clinic Liver Cancer 
(BCLC)  [14]  grading. Forty-two patients had macroscopic 
vascular invasion, including portal vein thrombosis. Four 
patients had extrahepatic spread including bone metasta-

5-FU: 250–500 mg/24 h for 5 days    Rest (2 days)

5-FU: 250–500 mg/24 h for 5 days Rest (2 days)

CDDP
10 mg/body

CDDP
10 mg/body

Week 1

Week 2

  Fig. 1.  Schedule of the low-dose FP during the first 2 weeks. 
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ses or lung metastases. Twelve patients were infected with 
HBV, 30 were infected with HCV, 9 were not infected with 
either HBV or HCV, and 1 was infected with HBV and 
HCV. Overall, 38 patients were at Child-Pugh grade A and 
14 at Child-Pugh grade B.

  Three patients (5.8%) withdrew during follow-up on 
their own accord and were not evaluated; therefore, tu-
mor response could be assessed in 49 of 52 patients. In the 
intent-to-treat analysis (comprising all treated patients), 
4 of 52 patients (7.7%) achieved complete response (CR) 
and 16 (30.8%) achieved partial response (PR). Stable dis-
ease (SD) was observed in 14 patients (26.9%) and pro-
gressive disease (PD) was observed in 15 patients (28.8%). 
Therefore, the objective response rate was 38.5%. The dis-
ease control rate (CR + PR + SD) was 65.4%.

  The cumulative survival rate of the 52 patients is 
shown in  figure 2 . The 1-, 2- and 3-year cumulative sur-
vival rates were 53.3, 34.8, and 26.1%, respectively. The 
median survival time was 15.9 months (95% CI 9.8–22.0 
months). The patients with PR or CR had a median sur-
vival of 40.7 months (95% CI 11.3–70.1), whereas the pa-
tients with SD or PD had a median survival of 6.8 months 
(95% CI 5.6–8.0 months). The overall survival (OS) of the 
patients with PR or CR was significantly longer than that 
of patients with SD or PD (median OS: 40.7 vs. 6.8 months; 
p  !  0.0001) ( fig. 3 ). The median time to progression was 
4.1 months (95% CI 2.8–5.2 months) ( fig. 4 ).

  Adverse Effects 
 The treatment-related adverse effect was assessed in 

two categories: events potentially related to the antican-
cer agent and events potentially related to the implanted 
catheter system. The events related to the antitumor agent 
are summarized in  table  2 . Hematologic toxicities, in-
cluding leukopenia, neutropenia, anemia, and thrombo-
cytopenia, were relatively severe. Grade 3 leukocytope-
nia, neutropenia, anemia and thrombocytopenia were 
observed in 10 (19.2%), 12 (23.1%), 5 (9.6%), and 22 (42.3%) 
patients, respectively. Grade 4 thrombocytopenia with-
out any associated bleeding event was observed in 2 pa-
tients (3.8%); 1 of these patients required thrombocyte 
transfusion. Grade 3 hyperbilirubinemia was observed in 
7 patients (13.5%). These toxicities were improved by dis-
continuing the treatment or reducing the dose of antican-
cer agents. Non-hematological events were mild and well 
tolerated. Grade 1 anorexia, fatigue, mucositis and diar-
rhea were often observed. These events were managed by 
symptomatic therapy without discontinuing the treat-
ment.

  In terms of implanted catheter system-related compli-
cations, obstruction of the hepatic artery was observed in 
1 patient. Anticoagulation therapy was performed but the 
obstruction did not improve. No infection of the catheter 
system was observed. No treatment-related deaths were 
observed.

Table 1.  Patient characteristics

Age 61.3 (30–79)
Sex male/female 46/6
Stage (UICC) III/IVA/IVB 10/36/6
Stage (AJCC) II/IIIA/IIIB/IV 9/37/2/4
Stage (BCLC) B (intermediate)/

C (advanced)
3/49

MVI yes/no 42/10
EHS yes/no 4/48
Cause of disease HBV/HCV/NBNC/

HBV+HCV
12/30/9/1

Child-Pugh class A/B 38/14
ALB, g/dl median (range) 3.5 (2.7–4.8)
BIL, mg/dl median (range) 1.0 (0.3–2.5)
PT, % median (range) 81.5 (48.3–120.0)

UICC = United International Consensus Committee; AJCC = 
American Joint Committee of Cancer; BCLC = Barcelona Clinic 
Liver Cancer; MVI = macroscopic vascular invasion; EHS = ex-
trahepatic spread; NBNC = not infected with HBV and HCV.

0

0.2

0.4

0.6

0.8

1.0

0 6 12 18 24 30 36 42 48

C
u

m
u

la
ti

v
e

su
rv

iv
a

l

Survival time (months)

+
+ +++

+++

+++
+

+

+++

+
++

++++

MST: 15.9 months

(95% CI 9.8–22.0 months)

n = 52

  Fig. 2.  Kaplan-Meier analysis of overall survival of 52 patients 
treated by HAIC with low-dose FP. 

— 928 — — 929 —



 HAIC Using Low-Dose 5-FU and 
Cisplatin for Advanced HCC 

 Oncology 2010;78(suppl 1):148–153 151

  Discussion 

 According to the Consensus-Based Treatment Algo-
rithm for HCC of Japan Society of Hepatology  [15] , TACE 
is recommended if there are two or three tumors and 
their diameters exceed 3 cm, or if there are more than 
four tumors. However, once HCC has progressed into the 

portal vein, particularly the main trunk, TACE is contra-
indicated. Treatment with anticancer agents is necessary 
if the standard therapy is not indicated.

  Chemotherapy as a treatment option for HCC has lim-
itations, as follows: (1) HCC is a malignancy that is com-
monly less sensitive to anticancer agents, and (2) because 
of the pancytopenia and poor hepatic reserve caused by 
the underlying liver cirrhosis, it is not possible to admin-
ister adequate doses of anticancer agents to cause tumor 
shrinkage.

  HAIC, a regional chemotherapy, offers a feasible ap-
proach to elicit a greater antitumor effect than systemic 
chemotherapy and can reduce toxicity against other sys-
temic organs  [16] . In addition, the HCC tends to remain 
in the liver, even if it advances. Accordingly, HAIC is the 
most suitable treatment option for locally advanced 
HCC.

  On the other hand, there are several problems associ-
ated with HAIC, as follows: (1) skill is required to appro-
priately insert the catheter; (2) catheter placement is very 
invasive for patients; (3) infection may occur via the cath-
eter system, and (4) the catheter system or hepatic artery 
may become obstructed  [17] . In this study, 1 patient ex-
perienced obstruction of the hepatic artery. If injection 
into the port system is difficult or if the patient has any 

Table 2.  Adverse events

Grade 1 
n (%)

Grade 2 
n (%)

Grade 3 
n (%)

Grade 4
n (%)

Leukocytes 12 (23.1) 16 (30.8) 10 (19.2) 0 
Hemoglobin 30 (57.7) 10 (19.2) 5 (9.6) 0 
Platelets 10 (19.2) 16 (30.8) 22 (42.3) 2 (3.8)
Neutrophil 5 (9.6) 14 (26.9) 12 (23.1) 0 
Bilirubin 15 (28.8) 19 (36.5) 7 (13.5) 0 
Anorexia 8 (15.4) 0 0 0 
Fatigue 10 (19.2) 0 0 0 
Fever 7 (13.5) 0 0 0 
Mucositis 5 (9.6) 0 0 0 
Diarrhea 4 (7.7) 0 0 0 

C lassified according to the Common Terminology Criteria for 
Adverse Events v3.0 (CTCAE).
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complaint about the gastrointestinal tract, obstruction of 
the catheter system or hepatic artery should be consid-
ered and examined.

  The pharmacokinetic rationale of HAIC using low-
dose FP can be divided into two concepts. The first is the 
role of cisplatin as a biochemical modulator, and the sec-
ond is the dose and duration of 5-FU administration.

  Low-dose FP consists of a combination of low-dose 
cisplatin plus 5-FU, because of their synergistic effects 
 [18, 19] . This combination is frequently used in the treat-
ment of gastrointestinal tract malignancies. Cisplatin has 
a wide spectrum of antitumor effects in various malig-
nancies. In combination with 5-FU, cisplatin plays a role 
as a modulator rather than an effector, and enhances the 
antitumor effect of 5-FU by increasing the intracellular 
concentration of reduced folate  [20] .

  5-FU is also widely used to treat various malignancies. 
The advantage of continuous arterial infusion of 5-FU is 
that 5-FU acts time-dependently on tumor cells. It was 
reported that administration of lower doses of 5-FU for 
longer times was more effective in producing direct cyto-
toxic effects in human tumor cells than when adminis-
tered at higher doses for shorter times  [21] . Many inves-
tigators have reported the efficacy of this combination 
therapy for advanced HCC  [22–25] . Okuda et al.  [26]  re-
ported that the CR rate and effective response rate of 
HAIC using cisplatin and 5-FU were 29.0 and 71.0%, re-
spectively. Meanwhile, Ando et al.  [27]  reported that the 
response rate of HAIC using low-dose cisplatin and 5-FU 
was 48.0%.

  In this study, the objective response rate for low-dose 
FP was 38.5% and successful disease control was achieved 
in 65.4% of patients. This result is relatively high consid-
ering that these patients were contraindicated to stan-
dard therapies such as hepatic resection, RFA or TACE. 
In addition, the prognosis of the patients who achieved 
CR or PR was markedly improved.

  Most patients with HCC have poor hepatic reserve and 
pancytopenia caused by underlying viral-related cirrho-
sis. In this study, grade 3–4 hematological toxicities were 
relatively common, but no subjective symptom was ob-
served and these toxicities were improved by discontinu-
ing the treatment. Non-hematological toxicities such as 
anorexia, fatigue and fever were observed but were not 
severe. Thus, it seems that HAIC will not deteriorate pa-
tients’ quality of life.

  However, HAIC has several limitations, as follows: (1) 
HAIC is not effective for patients with extrahepatic 
spread and (2) HAIC cannot be performed if the hepatic 
artery is obstructed. In such cases, systemic chemother-

apy is required. Sorafenib, a multikinase inhibitor, was 
recently introduced for unresectable HCC.

  Sorafenib is a low-molecular-weight compound dis-
covered by screening inhibitors of Raf kinase. It exhibits 
strong inhibitory activity for tumor progression and an-
giogenesis  [28, 29] . Positive results of a phase III study for 
HCC (SHARP trial)  [30]  has had a marked impact on the 
treatment strategy for HCC. Therefore, sorafenib will 
likely be used in various stages of HCC, and various clin-
ical trials such as in an adjuvant or combination setting 
are ongoing.

  It is still unclear whether HAIC using low-dose FP or 
systemic chemotherapy using sorafenib should be used in 
patients with vascular invasion, such as in the presence of 
a portal vein tumor thrombus, without extrahepatic 
spread. Our results indicate that the overall survival of 
patients with CR and PR was significantly longer than 
that of patients with SD and PD. The SHARP trial  [30]  
revealed that sorafenib prolonged the overall survival 
and time to progression, but the response rate of sorafenib 
was extremely low (CR and PR were 0 and 2%, respec-
tively) compared with that of HAIC using low-dose FP 
(CR and PR were 7.7 and 30.8%, respectively). Accord-
ingly, we suggest that HAIC using low-dose FP might
be more efficacious than systemic chemotherapy using 
sorafenib in this clinical setting.

  HAIC using low-dose FP is an effective treatment op-
tion for locally advanced HCC and offers advantages over 
sorafenib, such as tumor shrinkage. However, low-dose 
FP may not be well tolerated hematologically because of 
potent pancytopenia and poor hepatic reserve. Therefore, 
this regimen should be performed carefully with regular 
monitoring of hematological function. Sorafenib in com-
bination with HAIC using low-dose FP might provide 
greater clinical efficacy for advanced HCC and we have 
started a phase I/II study to investigate this approach.
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 Positioning of a Molecular-Targeted Agent, 
Sorafenib, in the Treatment Algorithm for 
Hepatocellular Carcinoma and Implication of 
Many Complete Remission Cases in Japan 

 Masatoshi Kudo    Kazuomi Ueshima 

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka , Japan

ic advanced HCC patients have been reported in Japan, an 
event that is rarely reported in other countries. Of the 90 cas-
es treated by ourselves, 2 achieved CR. Factors indicating 
systemic cancer spread, including multiple liver lesions, 
lymph node metastases, adrenal metastases, lung metasta-
ses and vascular invasion, were completely absent in both 
cases of CR by 2 and 1 year, respectively. Similarly, three tu-
mor markers (AFP, PIVKA-II, and AFP-L3) completely returned 
to normal values. Although cases of CR are rare, it seems that 
there might be racial differences in terms of gene mutations. 
Clinical trials for other molecular-targeted agents, including 
sunitinib, brivanib, or linifanib, are ongoing and their out-
comes are eagerly awaited. According to a subanalysis of the 
SHARP study, it is expected that sorafenib in combination 
with resection, ablation, TACE or HAIC will markedly prolong 
the overall survival in early-, intermediate- and advanced- 
stage HCCs.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Sorafenib is a multikinase inhibitor that targets tumor 
growth (RAF-MEK-ERK) and angiogenesis (VEGFR, 
PDGER) signal transduction pathways. Two global phase 
III trials (SHARP  [1]  and Asia-Pacific Study  [2] ) showed 

 Key Words 
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 Abstract 
 Sorafenib, a molecular-targeted agent that inhibits tumor 
cell proliferation and angiogenesis by inhibiting RAF serine-
threonine kinase and VEGF, PDGF, Flt-3, c-Kit receptor tyro-
sine kinase, was approved in Europe and North America in 
2007 and in Japan on May 20, 2009. In the 10 months since 
its approval, sorafenib has been prescribed for more than 
3,700 patients with advanced hepatocellular carcinoma 
(HCC), and its efficacy has been confirmed in many cases.
According to the consensus statements of the Japan Society 
of Hepatology in 2010, sorafenib is recommended for ad-
vanced HCC with extrahepatic spread or major vascular inva-
sion such as invasion of the 1st branch of the portal vein or 
the main portal branch of the portal vein in patients with 
Child-Pugh A liver function. In addition to that, transcatheter 
arterial chemoembolization (TACE) or hepatic arterial infu-
sion chemotherapy (HAIC) refractory HCC patients with 
Child-Pugh A liver function are also candidates of sorafenib 
monotherapy as a second-line treatment option. To date, 15 
cases with complete remission (CR) to sorafenib in metastat-

 Published online: July 8, 2010   Oncology

 Masatoshi Kudo, MD, PhD 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 Tel. +81 72 366 0221, ext. 3149, Fax +81 72 367 2880, E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2010 S. Karger AG, Basel
0030–2414/10/0787–0154$26.00/0 

 Accessible online at:
www.karger.com/ocl 

— 932 — — 933 —



 Sorafenib in the Treatment Algorithm for 
HCC 

 Oncology 2010;78(suppl 1):154–166 155

that sorafenib prolonged the survival of patients with ad-
vanced hepatocellular carcinoma (HCC). The results of 
these studies were rapidly disseminated worldwide and 
were enthusiastically accepted by physicians specializing 
in liver cancer treatment. Based on the positive results of 
the SHARP trial  [1] , the EU and USA approved sorafenib 
for advanced HCC in October and November 2007, re-
spectively.

  The following four factors may explain why the results 
of this study were well accepted worldwide, particularly 
in Japan. First, the study quashed the strong assumption 
or belief held by physicians specialized in liver cancer that 
systemic chemotherapy is not effective for liver cancer, 
unlike other cancers. Although no effective systemic che-
motherapeutic drug was available before the introduc-
tion of sorafenib, very effective locoregional therapy was 
available for unresectable HCC, unlike other cancers, 
and survival for locoregional therapy was similar to that 
for resection. This is a major difference between liver can-
cer and other cancers. The commonly held view for liver 
cancer therapy is that ‘treatment by physically destroying 
cancer cells’ is effective and, thus, preferred over chemo-
therapy. Locoregional interventional treatments include 
transcatheter arterial chemoembolization (TACE), etha-
nol injection therapy, microwave coagulation therapy, 
and radiofrequency ablation (RFA), and physically de-
stroying cancer cells.

  In addition, HCC is often complicated by liver cirrho-
sis, and the accompanying pancytopenia rapidly results 
in excess toxicity, such as bone marrow suppression, of 
systemically administered cytotoxic anticancer drugs, 
limiting their doses and reducing their therapeutic effect. 
Thus, poor tolerability is a significant problem of system-
ic anticancer therapy and explains the poor efficacy of 
these drugs for HCC.

Table 1.  Comparison between the Asia-Pacific and SHARP studies

End 
point

Asia-Pacific S HARP
hazard ratio
(95% CI)

p 
value

hazard  ratio
(95% CI)

p 
value

OS 0.68 (0.50–0.93) 0.014 0.69 (0.55–0.87) <0.001
TTSP 0.90 (0.67–1.22) 0.498 1.08 (0.88–1.31) 0.768
TTP 0.57 (0.42–0.79) <0.001 0.58 (0.45–0.74) <0.001
PFS 0.62 (0.46–0.82) <0.001 0.65 (0.52–0.79) <0.001

OS = Overall survival; TTSP = time to symptomatic progres-
sion; TTP = time to progression; PFS = progression-free survival.
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  Fig. 1.  Consensus-based treatment algorithm for hepatocellular carcinoma proposed by the Japan Society of 
Hepatology in 2010. The positioning of sorafenib and the ongoing trials on sorafenib or other molecular-tar-
geted agents are shown. 

No
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Hypovascular
early HCC3
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age ≤65

Exceeding
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No

Single 1–3 ≥4
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1, 2

Yes

Child-Pugh B/CChild-Pugh C Child-Pugh A

YesExtrahepatic spread

Vascular invasion

Liver function

Number

Size

Treatment

Ongoing trial

• Intensive
 follow-up
• Ablation

• Resection
• Ablation

• Sorafenib
(adjuvant 
after 
resection 
or ablation)
(STORM)

• Resection
• TACE
• TACE +
 ablation4

Sorafenib5

(TACE and HAIC refractory,
Child A)

• Sorafenib, Brivanib
 (in combination with TACE)
 (SPACE, TACICS, BRISK-TA)

• TACE5

• HAIC5

• Resection6

• Ablation6

• Sorafenib 
 (Vp3,4)8

• HAIC (Vp3,4)8

• TACE (Vp1,2)9

• Resection 
 (Vp1,2)9

• Sorafenib
 (in combination 
 with HAIC) (SILIUS)

• Linifanib (1st line)
• Brivanib (1st line)

• Transplantation
• TACE/ablation
 for Child-Pugh C
 patients10

Palliative care Sorafenib

• Linifanib (1st line)
• Brivanib (1st and 
 2nd lines)
(BRISK-FL and 
BRISK-PS)

>3 cm≤3 cm

1 Treatment should be performed as if extrahepatic spread were negative, 
when extrahepatic spread is not regarded as a prognostic factor. 

2 Sorafenib is the first choice of treatment in this setting as a standard of 
care. 

3 Intensive follow-up observation is recommended for hypovascular nod-
ules by the Japanese Evidence-Based Clinical Practice Guidelines. How-
ever, local ablation therapy is frequently performed in the following cases: 
(1) when the nodule is diagnosed pathologically as early HCC, (2) when 
the nodules show decreased uptake on Gd-EOB-MRI, or (3) when the nod-
ules show decreased portal flow by CTAP, since these nodules are known 
to frequently progress to the typical advanced HCC. 

4 Even for HCC nodules >3 cm in diameter, combination therapy of TACE 
and ablation is frequently performed when resection is not indicated. 

5 TACE is the first choice of treatment in this setting. HAIC using an implant-
ed port is also recommended for TACE refractory patients. The regimen 
for this treatment is usually low-dose FP (5-FU+CDDP) or intra-arterial 
5-FU infusion combined with systemic interferon therapy. Sorafenib is 
also recommended for TACE refractory patients. 

6 Resection is sometimes performed even when there are >4 nodules. Fur-
thermore, ablation is sometimes performed in combination with TACE. 

7 Milan criteria: tumor size ≤3 cm and tumor numbers ≤3; or a solitary tumor 
≤5 cm. Even when liver function is good (Child-Pugh A/B), transplantation 
is sometimes considered for frequently recurring HCC patients. 

8 Sorafenib and HAIC are recommended for HCC patients with Vp3 (portal 
invasion at the first portal branch) or Vp4 (portal invasion at the main por-
tal branch). 

9 Resection and TACE is frequently performed when portal invasion is min-
imal such as Vp1 (portal invasion at the third or more peripheral portal 
branch) or Vp2 (portal invasion at the second portal branch). 

10 Local ablation therapy or subsegmental TACE is performed even for Child-
Pugh C patients when transplantation is not indicated as there is no he-
patic encephalopathy, no uncontrollable ascites, and a low bilirubin level 
(<3.0 mg/dl). However, it is regarded as an experimental treatment since 
there is no evidence of its survival benefit in Child-Pugh C patients. A pro-
spective study is necessary to clarify this issue. 
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  Second, although Japanese HCC specialists have been 
active, believing that their treatment historically leads the 
world in liver cancer therapy since most of the treatment 
options including TACE, ablation, hepatic arterial infu-
sion chemotherapy (HAIC), and systematic hepatectomy 
(anatomical resection) were invented in Japan, there has 
been no effective treatment for advanced-stage HCC with 
extrahepatic spread for the reason described above. There-
fore, the finding that sorafenib prolongs the survival of 
patients with advanced-stage HCC, particularly those 
with distant metastases, was unexpected and surprising.

  Third, unlike the current developmental process for 
cytotoxic anticancer agents, sorafenib was the first drug 

to have been developed by identifying the target molecule 
through researching the molecular mechanisms involved 
in carcinogenesis and progression, resulting in drug de-
velopment. Although it is well known that molecular-
targeted agents for lung cancer (gefitinib, erlotinib), renal 
cancer (sorafenib, sunitinib), and colorectal cancer (beva-
cizumab, cetuximab) have been introduced into clinical 
practice, liver cancer specialists never expected that such 
a marked survival-prolonging effect could be achieved by 
a drug for HCC, which is a completely different situation 
from solid tumors in other organs as described above.

  Fourth, the results of the SHARP and Asia-Pacific stud-
ies dispelled the common belief that the response rate is a 

Table 3.  Molecular-targeted agents for hepatocellular carcinoma: study results

Agent Type Target Number
of patients

RR 
%

PFS 
months

TTP 
months

OS
months

References

Phase III
Sorafenib s.m. C-Raf, B-Raf, PDGFR, VEGFR 602 (299*) 

271 (150*)
 2.0
 3.3

–
–

5.5
2.8

10.7
6.5

Llovet et al. [1], 2008
Cheng et al. [2], 2009

Phase II
Sorafenib s.m. C-Raf, B-Raf, PDGFR, VEGFR 137  2.2 – 5.5 9.2 Abou-Alfa [18], 2006
Sunitinib s.m. VEGFR, PDGFR, SCFR, FLT3 37

34
 2.7
 2.9

3.7
3.9

5.3
4.1

8.0
9.8

Faivre et al. [15], 2007
Zhu et al. [16], 2009

Brivanib s.m. VEGFR, FGFR 55  n.r. – 2.8 10 Raoul [19], 2009
Linifanib s.m. VEGFR, PDGFR 44  6.8 – 5.7 9.3 Toh [20], 2009
Bevacizumab MoAb VEGF 46 13 6.9 – 12.4 Siegel [21], 2008
Erlotinib s.m. EGFR 38

40
 9
 0

–
–

3.2
–

13 
10.7

Philip [22], 2005
Thomas [23], 2007

Gefitinib s.m. EGFR 31  3.2 2.8 – 6.5 O’Dwyer [24], 2006
Lapatinib s.m. EGFR 40

26
 5
 0

2.3
1.9

–
–

6.2
12.6

Ramanathan [25], 2009
Bekaii-Saab [26], 2009

Cetuximab MoAb EGFR 30  0 1.4 – 9.6 Zhu [27], 2007

n .r. = Not reported; s.m. = small molecule; MoAb = monoclonal antibody.

Table 4.  Subanalysis of the SHARP study

Advanced HCC with vascular
invasion or extrahepatic spread

Advanced HCC without vascular
invasion or extrahepatic spread

Hazard ratio 0.77 (95% CI 0.60–0.99) 0.52 (95% CI 0.32–0.85)
Median overall survival (MST)

Sorafenib, months 8.9 (n = 209; 95% CI 7.6–10.3) 14.5 (n = 90; 95% CI 14.0–N/E)
Placebo, months 6.7 (n = 212; 95% CI 5.2–8.0) 10.2 (n = 91; 95% CI 8.6–15.5)

N /E = Not evaluable. Sherman et al., ASCO 2008.
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surrogate of survival. Physicians treating liver cancer have 
endeavored to increase the local control rate, believing that 
the presence of a tumor response prolongs survival, while 
a poor response indicates treatment failure of TACE, RFA, 
or HAIC. However, the results of the SHARP study pro-
posed a new concept: patients live longer on molecular-
targeted therapy, even though the objective response rate 
is low, leading to a paradigm shift in liver cancer therapy.

  In this review, we discuss the positioning of sorafenib 
in the treatment algorithm in Japan, complete remission 
(CR) cases treated with sorafenib, and the future perspec-
tives including current ongoing clinical trials of molecu-
lar-targeted agents.

  Mechanism of Action of Sorafenib and Results of 
Recent Studies 

 The mitogen-activated protein kinase (MAPK) cas-
cade, located downstream of growth factor receptors, 
plays an important role in cell growth and survival. Raf 
protein is an important regulatory factor in this cascade, 
and sorafenib was discovered by screening for inhibitors 
of Raf protein activity  [3, 4] . Sorafenib is a potent inhi-
bitor not only for the RAF isoforms c-RAF (RAF1)
and wild-type and mutant (V600E) b-RAF but also vas-
cular endothelial growth factor receptor-2 (VEGFR-
2), VEGFR-3, platelet-derived growth factor receptor

Before treatment 2 months later 3 months later

a

  Fig. 2.  Complete remission case 1. A 68-year-old male with chronic hepatitis B and stage IVB HCCs and 
Child-Pugh A liver function.  a  In 2004, the patient underwent surgery followed by nine sessions of TACE. In 
2009, HCC invasions were found in the inferior vena cava and multiple metastases were found in the lung. 
Sorafenib monotherapy (800 mg) was then started. 2 months later, all tumors including a tumor in the in-
ferior vena cava and lung disappeared completely.     
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(PDGFR) and Fms-related tyrosine kinase-3 (Flt-3), 
which are involved in angiogenesis and are receptor tyro-
sine kinases involved in cell growth. Thus, sorafenib is a 
multikinase inhibitor that exhibits multiple effects: it acts 
directly on cancer cells to inhibit their growth, and af-
fects the surrounding vascular endothelial cells to inhib-
it angiogenesis  [5–10] .

  In the SHARP  [1]  and Asia-Pacific  [2]  studies, the me-
dian overall survival with sorafenib was 10.7 months 
(placebo group 7.9 months; p  !  0.01) in the SHARP study 
and 6.5 months in the Asia-Pacific study (placebo group 
4.2 months; p  !  0.01), showing an apparent difference 
between the 2 studies. However, the hazard ratios for 

overall survival, time to progression, and progression-
free survival were similar in both studies ( table 1 ). Over-
all, sorafenib appeared to prolong patients’ survival ( ta-
ble 1 ). The Asia-Pacific study tended to include more pa-
tients with advanced stage cancer compared with the 
SHARP study. In the SHARP study, approximately 30% 
of the patients did not exhibit distant metastases or vas-
cular invasion, suggesting that patients in an intermedi-
ate stage, who are usually candidates for TACE, were in-
cluded in the SHARP study. Taken together, the poorer 
conditions of the Asian patients in the Asia-Pacific study 
may at least partly explain the shorter overall survival in 
that study.
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Fig. 2. Complete remission case 1. A 68-year-old male with chronic hepatitis B and stage IVB HCCs 
and Child-Pugh A liver function.  b  Clinical course of the tumor markers. The AFP and PIVKA-II 
levels and the AFP-L3 fraction markedly decreased and normalized during sorafenib treatment. The 
patient is now under long-term treatment with sorafenib at 400 mg/day, and the HCC has not recurred 
for more than 1 year.
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  Positioning of Sorafenib in the HCC Treatment 
Algorithm 

 According to the consensus statements of the Japan 
Society of Hepatology in 2010, sorafenib is recommend-
ed for advanced HCC with extrahepatic spread or major 
vascular invasion such as the 1st branch of the portal 
vein invasion or the main branch of the portal vein in-

vasion in patients with Child-Pugh A liver function. In 
addition to that, TACE or HAIC refractory HCC pa-
tients with Child-Pugh A liver function are also candi-
dates of sora fenib monotherapy as a second-line treat-
ment option  [11]  ( fig. 1 ).

Before sorafenib treatment

a

  Fig. 3.  Complete remission case 2. A 68-year-old male with chron-
ic hepatitis B with stage IVB HCC and Child-Pugh A liver func-
tion.  a  The initial development of HCC was detected in February 
2007, and TACE was performed. The HCC recurred in April 2007 
and hepatectomy was performed, followed by intraarterial infu-
sion chemotherapy with an implanted port, but the infusion was 
discontinued due to arterial obstruction. Multiple lung, lymph 
node, and left adrenal metastases were confirmed, and the patient 

was referred to our institute. At our hospital, S-1 + PEG-IFN com-
bination therapy was performed, but the response was progressive 
disease (PD). Epirubicin and MMC were systemically adminis-
tered, but the PD response remained. Oral administration of 800 
mg sorafenib was initiated on January 5, 2008. Computed tomog-
raphy (CT) before sorafenib administration shows intrahepatic 
multiple HCCs, portal tumor thrombus, and left adrenal, lymph 
node and multiple lug metastases can be seen. 
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  Clinical Experience of Complete Remission Cases 
with Sorafenib 

 Many patients with advanced-stage HCC accompa-
nied by distant metastases that is considered untreatable 
at many hospitals visit our institution and are willing
to have any potential treatment. Since the approval of 
sorafenib in Japan on May 20, 2009, it has been used to 
treat more than 3,700 patients with advanced HCC in Ja-
pan. Of these, 15 patients have been reported to achieve 
CR  [12] . To date, we have treated 90 patients at our insti-
tution with sorafenib monotherapy, and 2 achieved CR 
( fig. 2 ,  3 ). By contrast, there have been very few reports of 

Pre 1M 2M 3M

b

cases achieving CR in other countries  [13, 14] . Based on 
these findings, there might be a racial difference concern-
ing gene mutation that influences the response to sorafe-
nib, differing between ethnic groups, similar to the EGFR 
mutation for gefitinib.

  Clinical Trial Status of Molecular-Targeted Agents 
for HCC 

 The agents shown in  tables 2  and  3  are currently un-
der development. Drugs that have entered phase III clin-
ical trials are briefly outlined here. Molecular-target-

 Fig. 3.  Complete remission case 2. A 68-year-old male with chronic hepatitis B with stage IVB HCC and Child-
Pugh A liver function.  b  One month later, all of the tumors in the lung, liver and the lymph node metastases 
completely disappeared except in left  adrenal gland.
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ing drugs for liver cancer and their target molecules
are shown in  figure 4   [15] . The results of clinical trials of 
molecular-targeted agents for HCC are summarized in 
 table 3   [16–27] .

  Sunitinib (Sutent  �  ; Pfizer) 
 Sunitinib is a low-molecular-weight oral tyrosine

kinase inhibitor, which not only inhibits VEGFR and 
PDGFR but also Flt-3 and C-Kit. Compared with sora-
fenib, sunitinib slightly more frequently showed grade 
3–4 toxicity in phase II studies  [16, 17] , including throm-
bocytopenia, neutropenia, and hemorrhage. Sunitinib 

Resected specimen of left 

adrenal gland

c

also strongly inhibits angiogenesis, which is thought to be 
involved in its strong efficacy.

  On a global basis, a head-to-head study of sunitinib 
versus sorafenib as a control in patients with advanced 
HCC has unfortunately been terminated in April 2010 
because of its toxicity and insufficient efficacy based on 
the recommendation by an independent data monitoring 
committee.

  Brivanib (Bristol-Myers) 
 Brivanib is a low-molecular-weight oral kinase inhibi-

tor that selectively inhibits VEGFR and FGFR. In a phase 
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 Fig. 3.  Complete remission case 2. A 68-year-old male with chronic hepatitis B with stage IVB HCC and Child-
Pugh A liver function.  c  Left adrenal metastasis became small during 6-month follow-up; however, there re-
mains enhancing thin layer at the peripheral area. Therefore, the left adrenal gland was surgically resected. 
Pathological study of the resected specimen showed entire necrosis at the central area with normal adrenal gland 
at the periphery of the adrenal gland. Cancer-free status was therefore confirmed.
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II study of 36 Asian and 20 non-Asian patients with ad-
vanced HCC, the overall survival rate in the Asian pa-
tients was 10.0 months, showing a favorable outcome 
compared with that (6.2 months) achieved by sorafenib 
in the Asia-Pacific study. However, a simple comparison 
of the 2 studies is not appropriate because of differences 
in patient characteristics.

  Three global trials of brivanib are now ongoing: one, 
a placebo-controlled study, is for adjuvant therapy after 
TACE (BRISK-TA trial); the second is a first-line clinical 
trial for brivanib versus sorafenib for advanced HCC 
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(BRISK-FL trial); and the third is a second-line, placebo-
controlled clinical trial in sorafenib-resistant HCC 
(BRISK-PS trial).

  Retinoid (NIK-333; Kowa) 
 Retinoids represent a broad range of compounds that 

bind to and activate retinoic acid (RAR) and retinoid 
(RXR) receptors, two nuclear hormone receptors. Reti-
noid-333 is an acyclic retinoid that was developed in Ja-
pan. It activates transcription via RAR and RXR, and in-
duces differentiation, and is expected to induce apoptosis 

 Fig. 3.  Complete remission case 2. A 68-year-old male with chronic hepatitis B with stage IVB HCC and Child-
Pugh A liver function.  d  For more than 1 year, there was no recurrence (sustained cancer-free status) and the 
patient is now under longterm treatment with sorafenib at 200 mg/day. Clinical course of the tumor markers:
5 months after sorafenib administration, the high AFP level (10,559 ng/ml) returned to normal (1 ng/ml). Sim-
ilarly, the high PIVKA-II level (45,270 mAU/ml) returned to normal (27 mAU/ml) and the high AFPL3 fraction
(60.0 %) returned to normal (<10%). The patient is now under long-term treatment with sorafenib at 200 mg/day.
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of precancerous HCC cells, and inhibit carcinogenesis by 
inducing differentiation  [28, 29] . In Japan, a phase II/III 
study of adjuvant therapy with retinoid after resection or 
RFA was recently completed and the results were present-
ed at the annual meeting of the American Society of Clin-
ical Oncology (ASCO) in 2010. Although the study did 
not reach its primary endpoint, the results in recurrence-
free survival were favorable to some extent.

  Other Drugs 
 A phase II study of TSU-68 (Tiho Pharmaceuticals) in 

combination with TACE was recently completed and pre-
sented at ASCO in 2010. At present, the feasibility of a 
phase III study is being investigated. C-met inhibitor and 
mTOR inhibitor (RAD001) is also entering a phase III 
clinical study as a second-line therapy in patients with 
sorafenib-intolerant or resistant cancer ( table 2 ).

  Future Perspectives of Molecular-Targeted Therapy 
for HCC 

 The SHARP study showed that sorafenib inhibits the 
growth and progression of HCC and inhibits angiogen-
esis. What do these findings mean? Even cases of liver 
cancer indicated for curative treatment, such as resection, 
RFA or TACE, show the similar phenotype of advanced 
cancer, including hypervascularity, vascular invasive-
ness, and a high recurrence rate of intrahepatic metasta-
sis. Although the therapeutic policy varies depending on 
the cancer stage, all of hypervascular HCCs are included 
in the same category; so-called ‘advanced cancer’ which 
has a strong potential to recur at a yearly rate of 15–20%. 
In other words, the treatment policy is dictated by the 
cancer stage; however, the existence of these characteris-
tics indicates that the cancer should be treated as an ad-
vanced cancer. Accordingly, it may be possible to extrap-
olated the results of the SHARP study to most HCC cases 
classified into various stages. Of course, this should be 
evaluated in prospective clinical trials and, in fact, global 
trials are already underway, which are expected to show 
that sorafenib improves prognosis in the following set-
tings: (1) adjuvant therapy after curative treatment 
(STORM trial); (2) TACE combination therapy (global 
SPACE trial and Japanese TACTICS trial), and (3) com-
bination therapy with HAIC (Japanese SILIUS trial). In-
deed, when considering a subanalysis of the SHARP 
study presented at ASCO in 2008 by Sherman et al.  [30] , 
the hazard ratio for overall survival in patients without 
extrahepatic spread or vascular invasion was 0.52, indi-
cating that sorafenib improved survival twofold relative 
to the placebo group. Furthermore, the median survival 
time of these patients was approximately 15 months with 
sorafenib compared with 10 months in the placebo group 
( table  4 ). These results indicate that when sorafenib is 
used in combination with TACE or adjuvant therapy after 
resection or ablation, overall survival should be much 
prolonged as presented in  figure 5 .

  It must be noted that sorafenib is associated with some 
unusual adverse events that are not normally encoun-
tered with other cytotoxic chemotherapeutic agents, and 
include skin reactions to the hands and feet, diarrhea and 
hypertension. In addition, liver dysfunction, hepatic en-
cephalopathy, acute interstitial pneumonia, or bleeding 
are the big issues that need to be well managed as they are 
life-threatening events. Hepatologists mainly prescribe 
this drug in Japan as opposed to other countries where 
oncologists prescribe sorafenib as well. To adequately 
prescribe and manage molecular-targeted agents, hepa-
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  Fig. 4.  Signaling pathways and molecular-targeted agents. Mono-
clonal antibodies (VEGFR: bevacizumab, EGFR: cetuxinab), ty-
rosine kinase inhibitors (VEGFR: sorafenib and sunitinib, EGFR: 
erotinib, lapatinib), serine/threonine kinase inhibitors (Raf: 
sorafenib, mTOR: rapamycin and everolimus, PIK: KL-755). 
 Cited from Spangenberg et al. [15]. Reproduced with permission.       
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tologists should have a thorough knowledge of the pos-
sible adverse events and be aware of treatment options. 
This is important not only to avoid unnecessary adverse 
events, but also to maximize the efficacy of such agents 
by continuing drug administration for as long as possible, 
and thus prolonging survival.

  One year has passed since sorafenib was approved in 
Japan on May 20, 2009. Molecular-targeted agents, such 
as sorafenib, may have a significant impact on the treat-
ment of liver cancer and markedly change the algorithm 
originally established in 2007 for treating liver cancer in 
Japan, as shown in  figure 5   [31, 32] , and revised by the 
Japan Society of Hepatology in 2010  [11] . The results of 
the SHARP and Asia-Pacific studies and the 1-year expe-
rience in Japan with 15 CR cases among a total of more 
than 3,700 cases offer hope to many HCC patients, par-
ticularly those with advanced HCC with major vascular 
invasion or extrahepatic spread.
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  Fig. 5.  Outcomes of standard treatment modalities and expected future outcomes of combination therapy with 
molecular-targeted agents. By combining molecular-targeted agents with resection or ablation, life expectancy 
is expected to be increased to 7.5–10 years. In addition, for intermediate stage HCC, the prognosis is expected 
to be increased to 4.5–6 years by combination with TACE. OS = Overall survival.       
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cated for Child-Pugh C patients within Milan Criteria. In con-
clusion, these consensuses seem to well reflect the real prac-
tice pattern of the management of HCC in Japan and provide 
valuable information for other countries as well. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 A total of three Consensus Meetings were held during 
the 45th Annual Meeting of the Japan Society of Hepatol-
ogy (JSH) on June 4–5, 2009, and the 3rd International 
Kobe Liver Symposium on Hepatocellular Carcinoma 
(HCC) (IKLS; June 6–7, 2009) held in succession in Kobe. 
The first one was the Consensus Meeting on HCC (par-
ticipated in by Japanese HCC specialists only) of the An-
nual Meeting of the JSH, one held as part of the interna-
tional symposium during the session of the Annual Meet-
ing also participated in by foreign experts, and one during 
the 3rd IKLS, for which 20 foreign HCC experts and 200 
Japanese HCC experts were selected from a total of 786 
Council members representing the 10,737 members of 
the JSH who voted using answer pads after topic presen-
tations.

  The experts consisted of 68% internists or hepatolo-
gists, 25% surgeons, 3% radiologists, 2% pathologists, and 

 Key Words 
 Hepatocellular carcinoma  �  Japan Society of Hepatology  �  
Consensus Meeting 

 Abstract 
 This article presents the current consensus on the manage-
ment of hepatocellular carcinoma (HCC) formed at the 45th 
Annual Meeting of the Japan Society of Hepatology (June 
4–5, 2009) and the 3rd International Kobe Liver Symposium 
(June 6–7, 2009) held in Kobe. Concluded important consen-
suses, which were well accepted by Japanese HCC special-
ists, are as follows. (1) Patients with type B or type C liver cir-
rhosis, who are an ultrahigh-risk group of liver cancer, should 
be screened every 3–4 months by ultrasonography and 
measurement of AFP and PIVKA-II. (2) Gd-EOB-MRI is useful 
for the diagnosis of early HCC. (3) The JIS score is more useful 
for the staging of liver cancer than the BCLC staging system, 
which is a global standard. (4) The TNM staging system by 
the Liver Cancer Study Group of Japan is superior to the TNM 
stage by the AJCC/UICC. (5) The therapeutic algorithm in the 
Japanese guidelines for the management of liver cancer is 
superior to the BCLC treatment algorithm. (6) Early stage. Liv-
er cancers should be treated by radiofrequency ablation if 
they are  ̂  2 cm, and by surgical resection if they are Child-
Pugh A solitary lesions. (7) Liver transplantation is only indi-
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2% from other fields. This report outlines the current 
consensus regarding the latest diagnostic and therapeutic 
issues for HCC in Japan by presenting excerpts of the re-
sults of these meetings.

  Screening 

 According to Western guidelines (BCLC algorithm), 
the screening interval need not be changed depending on 
the degree of fibrosis or stage of the liver disease  [1] , but 
Japanese guidelines recommend modification of the 
screening intervals according to the risk of carcinogene-
sis  [2–5] . In a questionnaire survey of 200 experts also 
using answer pads, a majority of experts (91%) answered 
that the screening interval should be changed according 
to the degree of fibrosis. This view, reflecting the actual 
contents of clinical practice in Japan, is considered rea-
sonable. More specifically, 53% of the experts considered 
that patients with hepatitis B or C should be screened by 
ultrasonography every 6 months, with monitoring of the 
tumor marker levels every 3 months. However, 84% of the 
experts answered that patients with type B or C liver
cirrhosis, who are an ultrahigh-risk group, should be 
screened every 3–4 months, following the Japanese algo-
rithm. For the screening of high-risk groups, 72% simul-
taneously examined AFP, PIVKA-II and AFP-L3 among 
tumor markers, and 44% combined them with ultraso-
nography. These figures are considered to accurately re-
flect common practice in Japan ( fig. 1 ).

   Consensus Statement 1 
  The surveillance interval needs to be shortened for patients 

at higher risk of HCC, such as hepatitis B- or C-related liver cir-
rhosis. 

 Consensus Statement 2 
 Surveillance should be performed using both ultrasonogra-

phy and three tumor markers including AFP, PIVKA-II, and 
AFP-L3. 

 Diagnosis 

 HCC has usually been diagnosed by dynamic CT, but 
it is notable that 58% of the experts described gadolinium 
diethylenetriamine ethoxybenzyl-MRI (Gd-DTPA-EOB-
MRI) as the primary modality, outnumbering those who 
answered dynamic MDCT. In addition, 91% of the ex-
perts agreed that biopsy is unnecessary when a hypervas-
cular tumor of  6 1.5 cm shows typical features of wash-in 

and wash-out on imaging, and 67% stated that biopsy 
should be performed, in principle, for hypovascular tu-
mors of  ̂  1.5 cm. These results also reflect the current 
Japanese standard of clinical practice for liver cancer.

  Also, Western guidelines require the agreement of two 
dynamic studies for tumors 1–2 cm in diameter even 
when they present typical images  [1] , but 83% of the Japa-
nese experts considered that one imaging modality suf-
fices for tumors of any size (even those of 1–2 cm in di-
ameter). This is a marked difference between Japan and 
Western countries, and it is considered that the Japanese 
view is more theoretically reasonable. Concerning small 
nodules presenting non-typical images, a majority (55%) 
answered, to my surprise, that they would follow-up 
without biopsy. This was probably because they assumed 
a situation in which HCC cannot be diagnosed defini-
tively even with the extensive use of modalities including 
Gd-EOB-MRI or contrast-enhanced ultrasonography, 
and, if so, the approach may be justified.

  Consensus Statement 3 
 Even though a nodule is as small as 1–2 cm in size, HCC can 

be correctly diagnosed by the typical imaging findings by only 
one dynamic imaging study.

  Staging and Prognostic Stages 

 While the TNM staging system by the AJCC/UICC is 
a global standard, the TNM stage of the Liver Cancer 
Study Group of Japan has been used for a long time in Ja-
pan, because the cutoff size employed in the AJCC/UICC 
system is huge (5 cm). In Japan, many liver cancers of  ̂  2 
cm are detected frequently due to the nationwide cover-
age of the screening system, and AJCC/UICC TNM stag-
ing is not adequate. Reflecting this, 97% of the partici-
pants of the International Symposium quite reasonably 
supported the Japanese TNM staging. Also, 65% of the 
experts agreed with the view that integrated staging 
should be employed for the staging for a predicting prog-
nosis of liver cancer, and 69% answered that BCLC stag-
ing is inappropriate for a prognostic prediction. Indeed, 
the BCLC staging system is a therapeutic algorithm, and 
the classification of tumors and patients’ conditions into 
early, intermediate, and advanced naturally results in the 
progressive exacerbation of the outcome and favorable 
agreement between stratification of the survival curve 
and the prognosis. Therefore, in a strict sense, BCLC stag-
ing is not a prognostic staging system. The view that the 
JIS score is appropriate as an integrated staging system for 
a predicting prognosis in Japan was supported by 71%.
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I. Screening
1. Screening interval should be shortened according to the severity of fibrosis

Agree: 91%

Disagree: 9%

2. Interval of US and tumor marker measurements in chronic hepatitis B and C

Every 6 months: 18%Every 6 months for US and every 3 months 
for tumor marker: 53%

Every 3 months: 29%

3. Interval of surveillance for hepatitis C-related liver cirrhosis

Every 6 months: 16%

Every 3–4 months: 84%

4. What is the most appropriate combination of tumor markers in the surveillance of high-risk patients?

AFP-L3 and PIVKA-II: 26%

AFP and AFP-L3: 2%

AFP, AFP-L3 and PIVKA-II: 72%

5. Which is the most appropriate screening method in patients with liver cirrhosis B or C?

Others: 4%

US + AFP + PIVKA-II + AFP-L3 (if AFP >10 ng/ml): 38%

US alone: 4%

US-AFP: 10%

US + AFP + PIVKA-II: 44%

II. Diagnosis
1. What is the most appropriate diagnostic imaging modality for HCC?

MDCT: 41% Gd-EOB-DPTA: 58%

2. Biopsy is not necessary when typical imaging findings are obtained in the nodule measuring ≥1.5 cm in size

Agree: 91%

Disagree: 9%

3. Biopsy is basically performed for the nodule ≤1.5 cm in size

Agree: 67% Disagree: 33%

5. The nodule ≤1.5 cm in size should be strictly followed up by imaging without biopsy

Agree: 55% Disagree: 45%

4. Even though the nodule is as small as 1–2 cm, HCC can be confirmed by the typical imaging findings only by one 
dynamic study, i.e. arterial enhancement with venous washout

Agree: 83% Disagree: 17%

Dynamic MRI: 1%

  Fig. 1.  Differences in many aspects of both the concept and clinical practice concerning the diagnosis and treat-
ment of liver cancer between Japan and Western countries. AFP = Alpha-fetoprotein; PIVKA-II = protein in-
duced by vitamin K absence or antagonist-II; AFP-L3 = AFP-L3 fraction; LCSGJ = Liver Cancer Study Group 
of Japan. 
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  Consensus Statement 4 
 TNM stage by the Liver Cancer Study Group of Japan is the 

more appropriate stage than the AJCC/UICC TNM stage.

  Consensus Statement 5 
 The JIS scoring system is the most suitable integrated stag-

ing system in Japan to predict a prognosis of HCC.

  Treatment Algorithm 

 Concerning the treatment algorithm, 49% of the ex-
perts answered that they determined the therapeutic ap-
proach on the basis of Japanese guidelines for the man-
agement of liver cancer ( fig. 1 ,  2 )  [2–4] , and only 27% used 
the BCLC treatment algorithm. This is another marked 
difference in the approach to liver cancer between West-
ern countries and Japan.

  As expected, most of the experts (94%) considered that 
a circumferential ablative margin should be secured for 
ablation with the aim of the locally curative treatment of 
small liver cancer. This view is unique to Japanese physi-
cians, not observable as part of the general Western prac-
tice. Also, 94% supported CT scanning at slice intervals 
of  ̂  5 mm for CT-based assessment after RFA. To my 
knowledge, in no country is the effect of RFA evaluated 
so carefully by CT, aiming at 100% necrosis and the se-
curing of an ablative margin.

  A minority (36%) answered that they would perform 
TACE followed by RFA for hypervascular liver cancers of 
 ̂  2 cm in diameter, but a majority (81%) answered that 
they would perform them, in principle, for hypervascular 
liver cancers of  6 3 cm, because microsatellite lesions and 
mircrovascular invasion are present around hypervascu-
lar liver cancers 2–3 cm in diameter, and they may lead to 
subsequent local recurrence even after complete necro -

III. Staging: prognostic staging
1. Which is the more suitable TNM stage in Japan: AJCC/UICC stage or TNM stage by the Liver Cancer Study Group of Japan?

LCSGJ-TNM stage: 97%

AJCC/UICC stage: 3%

2. Integrated staging system should be used for predicting prognosis of HCC patients

Agree: 65% Disagree: 35%

3. BCLC staging is a treatment algorithm, not a prognostic predicting staging

Agree: 69% Others: 16%

Disagree: 15%

4. JIS scoring system is the most suitable integrated staging system in Japan to predict prognosis of HCC

Agree: 71% Disagree: 29%

IV. Treatment algorithm
1. Do you usually use BCLC staging as a treatment algorithm in real clinical practice?

No: 70%Yes: 27%

Others: 3%

2. Do you treat patients according to the Japanese treatment algorithm in real clinical practice?

Yes: 49% No: 41%

Others: 10%

  Fig. 1.   
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2. CT/MRI image should be taken at 5-mm intervals in order to accurately evaluate the treatment response after RFA

Agree: 94%

Disagree: 6%

6. Question only for surgeons
Which treatment would you perform for the 2-cm sized HCC nodules in patients with Child-Pugh A liver function?

Resection: 80% RFA: 20%

V. Early-stage HCC
1. Ablative margin is mandatory all around the nodule before RFA is completed

Agree: 94%

Disagree: 6%

12. Which treatment would you select for two tumors which are both ≤3 cm in Child-Pugh A patients?

Resection: 33% RFA: 58%

Others: 10%

5. Which treatment would you perform for the 2-cm sized HCC nodules in patients with Child-Pugh A liver function?

Resection: 44% RFA: 56%

8. Which treatment would you select for 3-cm sized solitary HCC nodule in Child-Pugh A patients?

Resection: 80% RFA: 20%

11. Resection is one choice of treatment option for solitary HCC nodule >5 cm or nodules ≥3 cm if liver function is preserved

Agree: 86% Disagree: 14%

3. Combination therapy of RFA and preceding TACE should be done for HCC nodules ≤2 cm

Agree: 36% Disagree: 64%

9. Question only for surgeons
Which treatment would you select for 3-cm sized solitary HCC nodule in Child-Pugh A patients?

Resection: 95% RFA: 5%

10. Question for others than surgeons
Which treatment would you select for 3-cm sized solitary HCC nodule in Child-Pugh A patients?

Resection: 79% RFA: 21%

7. Question for others than surgeons
Which treatment would you perform for the 2-cm sized HCC nodules in patients with Child-Pugh A liver function?

Resection: 32% RFA: 68%

4. Combination therapy of RFA and preceding TACE should be done for HCC nodules ≥3 cm 

Agree: 81% Disagree: 19%

VI. Intermediate-stage HCC
1. Is TACE with lipiodol mixed with an anticancer agent such as epirubicin, doxorubicin, or CDDP a more effective
treatment than TACE with doxorubicin-eluting beads (DC beads)?

Yes: 45% No: 24% Others: 31%

  Fig. 1.   
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sis of the main tumor, and because the intra-arterially 
injected lipiodol itself is considered extremely useful for 
the evaluation of whether or not a ablative margin has 
been secured in assessing the therapeutic effect. This, be-
ing different from the Western approach, is also consid-
ered to very accurately reflect the current clinical practice 
in Japan. For the same reason, concerning the therapeutic 
approach to Child-Pugh A solitary liver cancers of 2 cm 
in diameter, a slight majority (56%) of all experts includ-
ing internists and surgeons selected RFA rather than re-
section, but 80% of the surgeons and only 32% of non-
surgeons selected resection. For Child-Pugh A solitary 
liver cancers of 3 cm in diameter, resection was support-
ed, quite understandably, by 80% of all experts, 95% of 
surgeons, and 79% of non-surgeons. Thus, surgical resec-
tion should be selected if possible for hypervascular liver 
cancers  1 3 cm in diameter, because local recurrence from 

surrounding microsatellite lesions and microvascular in-
vasion are observed frequently after RFA. Also, 86% of 
the experts agreed that resection is an alternative for liv-
er cancers of  6 5 cm in diameter and 3 or more concur-
rent nodules if the liver function reserve is satisfactory. 
However, 58% chose RFA for 2 concurrent Child-Pugh A 
liver cancers of  ̂  3 cm in diameter, outnumbering those 
who chose surgical resection.

  TACE using doxorubicin-eluting (DC) beads is rap-
idly spreading in Western countries as a treatment for 
moderately advanced liver cancers, but Japanese experts 
have slightly negative views regarding this therapy, and 
45% of them answered that conventional superselective 
TACE also using lipiodol is a better choice. This is also 
understandable, because a greater effect is expected from 
subsegmental TACE as superselective lipiodol injection 
induces the reflux of lipiodol to the portal vein as well as 

VII. Advanced-stage HCC
1. Which treatment would you select as a first-line treatment option for Child-Pugh A patients with minor portal invasion?

Resection: 48% Sorafenib: 25%

Hepatic arterial infusion chemotherapy: 27%

2. Do you use Sorafenib in Child-Pugh A patients with major vascular invasion (main portal trunk or first portal branch)?

Yes: 61% No: 30%

Others: 9%

VIII. Liver transplantation
1. Brain-dead liver transplantation should be done for HCCs within Milan Criteria

Yes: 84% No: 16%

2. Living donor liver transplantation should be done for HCCs within Milan Criteria

Yes: 25% No: 75%

3. Do you think LT is the first choice of treatment in HCC patients within Milan Criteria with Child-Pugh A liver function?

Yes: 15% No: 85%

4. Do you think LT is the first choice of treatment in HCC patients within Milan Criteria with Child-Pugh B liver function?

Yes: 19% No: 81%

5. Do you think LT is the first choice of treatment in HCC patients within Milan Criteria with Child-Pugh C liver function?

Yes: 83% No: 17%

  Fig. 1.   
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arterial side, possibly causing temporary hepatic infarc-
tion, while this is impossible using DC beads.

  Regarding advanced liver cancers, a very high percent-
age (48%) of the experts selected resection for Child-Pugh 
A patients with no distant metastasis and mild portal in-
vasion. However, 27 and 25% selected intrahepatic arte-
rial infusion chemotherapy and sorafenib, respectively. 
Actually, this selection should be made on an individual 
basis since resection is considered impossible in many pa-
tients. On the other hand, 61% answered that they would 
select sorafenib for Child-Pugh A patients with marked 
vascular invasion, symbolically exceeding those who 
supported intra-arterial infusion chemotherapy, which 
has been a Japanese de facto standard.

  Concerning the criteria for liver transplantation, op-
posing results were obtained regarding liver transplanta-
tions from brain-dead and living donors. For liver trans-
plantations from brain-dead donors, 84% of the experts 
answered that cancers should be confined to the Milan 
Criteria, but 75% considered that they need not meet the 
Milan Criteria for liver transplantations from living do-

nors. These results may be reasonable as liver transplan-
tations from living donors are mostly carried out within 
families, and the organs are not considered to be donated 
publicly. Also, the view widely shared in Japan that liver 
transplantation should be limited to Child-Pugh C pa-
tients and that it is not the first choice for Child-Pugh A 
or B patients was shown clearly in terms of numbers 
( fig. 1 , VIII: 3–5). The answers are, again, understandable 
in Japan, where the skill and results of surgical resection, 
ablation, and TACE are all far superior to those in West-
ern countries. Of course, the fact that liver transplanta-
tion is not a standard treatment in Japan, because there 
are few brain-dead liver donors, is also a major limiting 
factor influencing these results.

  Consensus Statement 6 
 Japanese HCC specialists use the Japanese treatment algo-

rithm more often than the BCLC treatment algorithm in the 
real practice setting.

  Consensus Statement 7 
 An ablative margin is mandatory all around the nodule be-

fore RFA treatment is completed.

Degree of
liver damage

Slight, moderate

HCC

Single 2–3 1–3≥4 ≥4

>3 cm≤3 cm ≤3 cm

Severe

Tumor
diameter

Treatment Resection
ablation

Resection
ablation

Resection
embolization

Embolization
hepatic arterial

infusion
chemotherapy

Transplantation Palliative
care

Number of
tumors

  Fig. 2.  Evidence-based treatment algorithm in Japan revised in 2009 [reproduced with permission]. 
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No

HCC

Child-Pugh A/B

Hypovascular
early HCC3

Sorafenib

Within Milan6

Criteria and
age ≤65

Exceeding
Milan Criteria
or age >65

No

Single 1–3 ≥4

No Yes

1, 2

Yes

Child-Pugh B/CChild-Pugh C Child-Pugh A

YesExtrahepatic spread

Vascular invasion

Liver function

Number

Size

Treatment • Intensive
 follow-up
• Ablation

• Resection
• Ablation

• Resection
• TACE
• TACE+
 ablation4

Sorafenib5

(TACE refractory, Child-Pugh A)

• TACE5

• HAIC5

• Resection6

• Ablation6

• HAIC (Vp3,4)8

• Sorafenib 
 (Vp3,4)8

• TACE (Vp1,2)9

• Resection 
 (Vp1,2)9

• Transplantation
• TACE/ablation
 for Child-Pugh C
 patients10

Palliative care

>3 cm≤3 cm

1 Treatment should be performed as if extrahepatic spread were negative, 
when extrahepatic spread is not regarded as a prognostic factor.

2  Sorafenib is the first choice of treatment in this setting as a standard of 
care.

3 Intensive follow-up observation is recommended for hypovascular nod-
ules by the Japanese Evidence-Based Clinical Practice Guidelines. How-
ever, local ablation therapy is frequently performed in the following cases: 
(1) when the nodule is diagnosed pathologically as early HCC, (2) when the 
nodules show decreased uptake on Gd-EOB-MRI, or (3) when the nodules 
show decreased portal flow by CTAP, since these nodules are known to 
frequently progress to the typical advanced HCC.

4  Even for HCC nodules >3 cm in diameter, combination therapy of TACE 
and ablation is frequently performed when resection is not indicated.

5  TACE is the first choice of treatment in this setting. HAIC using an implant-
ed port is also recommended for TACE refractory patients. The regimen 
for this treatment is usually low-dose FP (5-FU+CDDP) or intra-arterial 
5-FU infusion combined with systemic interferon therapy. Sorafenib is 
also recommended for TACE refractory patients with Child-Pugh A liver 
function.

6  Resection is sometimes performed even when there are >4 nodules. Fur-
thermore, ablation is sometimes performed in combination with TACE.

7  Milan criteria: tumor size ≤3 cm and tumor numbers ≤3; or a solitary tumor 
≤5 cm. Even when liver function is good (Child-Pugh A/B), transplantation 
is sometimes considered for frequently recurring HCC patients.

8  Sorafenib and HAIC are recommended for HCC patients with Vp3 (portal 
invasion at the first portal branch) or Vp4 (portal invasion at the main por-
tal branch).

9  Resection and TACE is frequently performed when portal invasion is min-
imal such as Vp1 (portal invasion at the third or more peripheral portal 
branch) or Vp2 (portal invasion at the second portal branch).

10  Local ablation therapy or subsegmental TACE is performed even for Child-
Pugh C patients when transplantation is not indicated as there is no he-
patic encephalopathy, no uncontrollable ascites, and a low bilirubin level 
(<3.0 mg/dl). However, it is regarded as an experimental treatment since 
there is no evidence of its survival benefit in Child-Pugh C patients. A pro-
spective study is necessary to clarify this issue. Even in Child-Pugh A/B 
patients, transplantation is sometimes performed for relatively young pa-
tients with frequently or early recurring HCC after curative treatments.

  Fig. 3.  Consensus-based treatment algorithm for HCC proposed by the JSH 2009, revised in 2010 [reproduced with permission]. 
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  Consensus Statement 8 
 Combination therapy of RFA and proceeding TACE should 

be done for a HCC nodule  6 3 cm.

  Consensus Statement 9 
 Resection is one choice of treatment option even for a soli-

tary HCC nodule  1 5 cm, or a  6 3-cm nodule if liver function is 
preserved.

  Consensus Statement 10 
 Liver transplantation is confined to Child-Pugh C patients 

with HCC meeting Milan Criteria.

  In summary, the above results clearly illustrate marked 
differences in many aspects of both the concept and clin-
ical practice concerning the diagnosis and treatment of 

liver cancer between Japan and Western countries in-
cluding: (1) screening, (2) diagnosis, (3) TNM stage, (4) 
integrated staging system, (5) indications for surgical re-
section, (6) technique of RFA, (7) technical procedures 
with TACE, (8) combination of TACE and RFA, and (9) 
transplantation (see  fig. 1 ).
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Hepatocellular carcinoma (HCC) is responsible for approxi-
mately 600 000–700 000 deaths worldwide. It is highly preva-
lent in the Asia–Pacific region and Africa, and is increasing in
Western countries. The evidence-based guideline for HCC in
Japan was published in 2005 and revised in 2009. Apart from
this guideline, a consensus-based practice manual proposed
by the HCC expert panel of the Japan Society of Hepatology
(JSH), which reflects widely accepted daily practice in Japan,
was published in 2007. At the occasion of the 45th Annual
meeting of the JSH in Kobe 4–5 June 2009, a consensus
meeting of HCCwas held. Consensus statementswere created

based on 67% agreement of 200 expert members.This article
describes the up-to-date consensus statements which largely
reflect the realworldHCCpractice in Japan.Webelieve readers
of this article will gain the newest knowledge and deep insight
on themanagement of HCCproposedby consensus of theHCC
expert members of JSH.

Key words: hepatocellular carcinoma, Japan Society of
Hepatology, staging system, surveillance, treatment
algorithm, consensus-based guideline

INTRODUCTION

THE LAST EVIDENCE-BASED guideline for hepato-
cellular carcinoma (HCC) for Japan was published

in 2005,1 and has prevailed nationwide. This document
was developed by a committee composed of 14 experts
(Chairman: Professor Masatoshi Makuuchi) and was
based on a critical review of 7118 English reports pub-
lished between 1966 and 2002. This guideline includes

58 research questions regarding important issues for the
prevention, diagnosis, surveillance and treatment of
HCC. The utility of this guideline is recognized by many
Japanese clinicians and has provided a great contribu-
tion to clinical practice. However, there are several issues
in which solid evidence is still lacking; thus, clear rec-
ommendations for clinical practice cannot be stated. In
fact, 45% of the research questions are of grade C rec-
ommendation level, representing a lack of adequate evi-
dence. These issues are left to the clinician’s discretion
within the clinical setting. Furthermore, because the
guidelines did not include the most up-to-date articles,
no recommendation or statements were made regarding
newly established evidence. In addition, the clinical
practices that follow these guidelines are considered to
account for 70–80% of general practice institutions.
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As mentioned above, Congress President, Professor
Masatoshi Kudo, at the 45th Annual Meeting of the Japan
Society of Hepatology organized the Consensus Meeting
of Hepatocellular Carcinoma. The program was chaired
by Professors M. Sata and S. Arii and covered the updated
problems and clarified some controversial issues. Eight
experts were selected to contribute to the meeting and
they were assigned the following topics based on their
specialties. Professor M. Sakamoto presented recommen-
dations regarding diagnostic problems for small-sized
HCC from the clinicopathological point of view. Profes-
sor M. Shimada discussed the utility of clinical staging
and prognosis. Dr T. Kumada reviewed the current status
of diagnostic imaging and tumor markers. Dr S. Shiina
discussed important issues on ablative treatment. Dr
Yamashita reviewed transarterial chemoembolization
and chemotherapy. Professor N. Kokudo discussed sur-
gical treatment, including liver transplantation. Dr M.
Tanaka presented a treatment algorithm from the point-
of-view of hepatologists. Finally, Professor T. Takayama
comprehensively discussed the appropriateness of the
present treatment algorithm.

In each presentation, the speakers raised clinical ques-
tions regarding the remaining problems that needed to
be clarified in the present guidelines, and the HCC spe-
cialists (a total of 200 physicians: hepatologists, 70%;
surgeons, 24%; radiologists, 2%; and pathologists, 4%)
answered these questions using a question and answer
analyzer system. Recommendations were approved
when at least 67% of the HCC experts reached agree-
ment. For instances where agreement was between 50%
and 67%, the statements were considered informative,
and are cited here as “informative statements”.

In this consensus paper, each presenter has provided a
summary of the recommendations and consensus. It is
highly expected that this Consensus Statement estab-
lished by the Japan Society of Hepatology (JSH)will
provide valuable insight, and will greatly contribute to
the future improvement of the guidelines and appropri-
ate clinical practices for patients with HCC worldwide.

PATHOLOGICAL ASSESSMENT

PATHOLOGICAL ASSESSMENT OF HCC is described
in the General Rules for the Clinical and Pathologi-

cal Study of Primary Liver Cancer.2 It focuses on macro-
scopic typing and tumor grading based on tumor
differentiation and reflects the aggressiveness of the
tumors; differential diagnosis between multicentric
development and intrahepatic metastasis of multiple
tumors; and diagnosis of early HCC and precance-

rous lesions. Historically, careful and detailed histolo-
gical evaluation of surgical specimens enabled us
to understand the clinicopathological features of
HCC development and extension, and to establish
the above-mentioned diagnostic criteria. However, the
recent increase in non-surgical treatments for HCC, such
as radiofrequency ablation (RFA), is rapidly changing
the role and position of pathological diagnosis. Thus,
we discussed the indications for liver tumor biopsy for
the diagnosis and treatment of HCC.

When we consider the indications for liver biopsy, the
risk and benefit of this procedure must be considered.3–8

The risk includes complications caused by the procedure
itself, such as hemorrhage by needle insertion, and by
tumor seeding. The incidence of tumor seeding has been
reported in approximately 1–5% of cases. Certainly, we
have to note that the incidence depends on the charac-
teristics of the tumor such as tumor size and tumor
differentiation. Liver biopsy is important in terms of
tumor diagnosis, assessment of prognosis and decision
making for treatment. For example, for a typical HCC
larger than 2 cm in size with a typical vascular pattern
on imaging, and elevated tumor markers such as
a-fetoprotein (AFP) and/or des-g-carboxy prothrombin
(DCP), the benefit of performing tumor biopsy to
confirm the diagnosis of HCC seems minimal. In con-
trast, only liver biopsy can be used to confirm the diag-
nosis of cancer in cases with suspected HCC or
borderline lesions on clinical and imaging diagnosis.
However, controversy remains because of the inconsis-
tent treatment strategy for suspected lesions, particularly
in cases with poor liver function.

Previous follow-up data of suspected HCC and bor-
derline lesions showed that the tumors grow slowly
during the precancerous or early HCC stages, but grow
rapidly in some early HCC cases or in progressed HCC.9

The transition from slow growing to rapidly growing
tumors was supposed to take place once the tumor
reaches approximately 1.5 cm in size. Therefore, the
proposed recommendations for liver biopsy are as
follows.

Recommendation 1. Liver biopsy should be discour-
aged in cases with a typical HCC over 1.5 cm in size,
which shows typical pattern on imaging.
Recommendation 2. Liver biopsy should be consid-
ered in cases with a suspected HCC or borderline
lesions/early HCC of 1.5 cm in size or less, which
does not show typical pattern on imaging.
In addition to these recommendations, the require-

ment of liver biopsy should increase if the detection and
diagnostic ability of imaging techniques increases for
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smaller lesions. The emergence of new contrast agents
such as gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA) are expected to reveal
suspected HCC nodules, including early HCC at
approximately 1 cm in size. Tumor biopsy should then
be performed to confirm the diagnosis of early cancer
before it can progress to overt HCC. It is also expected
that the increase in therapeutic options will increase the
need for more detailed information of the tumor char-
acteristics, such as tumor differentiation and immu-
nophenotype reflecting tumor aggressiveness, which can
only be determined by tumor biopsy.

PROGNOSTIC STAGING SYSTEM

IN TERMS OF estimating the prognosis of HCC, there
are currently insufficient evidence-based data; there-

fore, no definite recommendations can be made, unlike
other fields of HCC management. It is well known that
the prognosis of HCC is defined by the behavior of the
HCC itself, and by host factors such as hepatic func-
tional reserve. The major questions that still need to be
answered in terms of estimating the prognosis of HCC
are: (i) whether an integrated staging system is necessary
for the management of HCC; (ii) what is the best inte-
grated staging system; and (iii) should the integrated
staging system be included in the algorithm for HCC
treatment?

Tumor staging (TNM staging)
There are two major classifications used for tumor
staging of HCC. One is the tumor–node–metastasis
(TNM) stage, developed by the American Joint Commit-
tee on Cancer (AJCC). This classification can also be
applied to liver transplant recipients. However, the cut-
off value for tumor diameter of 5 cm is too large to
define small HCC, which are frequently found in Japan.

The other is the TNM stage proposed by the Liver
Cancer Study Group of Japan (LCSGJ). The cut-off of
2 cm is very appropriate for patients in countries such as
Japan, where small HCC are often found in an estab-
lished nationwide screening system. However, in this
system, the weighting of the strongest prognostic factor,
vascular invasion, is equal to that of other factors used
to estimate prognosis, which might not be adequate.

Staging for hepatic functional reserve
There are two major classifications for estimating liver
functional reserve. One is the Child–Pugh classification,
which is widely used worldwide, but is difficult to apply
for decision making for hepatectomy. The other is the

Liver Damage Classification scheme proposed by the
LCSGJ, which is useful for hepatectomy. However, this
scheme is not widely accepted because of the need to
perform the indocyanine green retention at 15 min test
(ICGR15).

Integrated staging system for HCC
The combined classification of TNM stage and liver
function stage, namely, an integrated staging system, is
extremely important to estimate patient prognosis and
guide decision making for patient management. The
integrated staging system contributes to: (i) estimate
patient prognosis; (ii) select the best treatment option
for each patient; (iii) compare different treatment
modalities; and (iv) compare treatment outcomes
among different institutions.

Since the Okuda classification in 1985,10 several
integrated staging systems have been reported, includ-
ing the Cancer of the Liver Italian Program (CLIP)
score,11 the Barcelona Clinic Liver Cancer (BCLC) stage12

and the Japan Integrated Staging (JIS) score.13 The
Okuda classification scheme is simple and has been
found to be suitable in the past, but does not seem to be
suitable at the present time, now that relatively small
HCC can be detected. The CLIP score is popular in
Western countries, but its discriminating power is weak
for small HCC, particularly at higher scores of 4–6, and
over 50% of Japanese HCC patients are classified as
score 0. The BCLC staging is thought to be useful as an
integrated staging system and for guiding treatment.
Therefore, it is recommended as an integrated treatment
algorithm by the European Association for the Study of
the Liver and the American Association for the Study of
Liver Disease (AASLD). However, it is not suitable for
the estimation of patient prognosis, and a large number
of variables are used. In contrast, the JIS score essentially
consists of the Child–Pugh score and the LCSGJ TNM
stage, and is widely accepted in Japan. The discriminat-
ing power for relatively small HCC is excellent, and is
particularly suitable for countries such as Japan, where
many small HCC are detected.

In terms of a comparison of these integrated staging
systems, Cillo et al.14 reported that the BCLC was the
best system among the Okuda, CLIP, BCLC and French
classifications. Meanwhile, Tateishi et al.15 reported that
the Tokyo score was superior to BCLC staging and com-
parable to the CLIP score in predicting prognosis after
hepatectomy and ablation. Kudo et al.16 reported that
the JIS score was better than the CLIP score, particularly
in terms of discriminating power for each subgroup.
Similarly, Chung et al.17 reported that the JIS score was
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the most excellent staging system among the BCLC,
Tokyo and JIS staging systems. Therefore, JIS score is
currently considered to be the best integrated staging
system in Japan. Regarding other integrated staging
systems, modified JIS score has been reported13,18 to be
useful for patients undergoing hepatectomy. Biomarker
combined JIS score has also been reported to be useful
in discrimination in patients with good prognosis.19

However, the usefulness of these new staging systems
will remain unclear until they are assessed in a range of
patient sets with HCC.

Regarding the estimation of HCC prognosis, most
hepatologists recognize the importance of an integrated
staging system rather than applying the TNM stage
and hepatic functional reserve scales individually. Fur-
thermore, the JIS score is considered to be the best
integrated staging system for current clinical practice.
However, it is still difficult to incorporate the integrated
staging systems, such as the JIS score, into algorithms for
HCC treatment.

Recommendation 3. Integrated staging system should
be used to assess the prognosis of patients with HCC,
instead of individually applying scales for TNM stage
and liver function stage.
Recommendation 4. The JIS score is the best staging
system to estimate the prognosis of patients with
HCC.
Informative Statement 1. Integrated staging systems,
such as the JIS score, are not yet suitable for inclusion
in algorithms for HCC treatment.

SURVEILLANCE AND DIAGNOSIS

Surveillance programs

IT IS WELL known that HCC mainly occurs in cases
with chronic liver disease, particularly cirrhosis.

Several cohort studies have shown that the surveillance
of high-risk patients with hepatitis B virus (HBV)- or
hepatitis C virus (HCV)-related chronic liver disease
improves the rate of early detection and the rate of
curative treatments.20–27 For this reason, UK28, European29

and American3 practice guidelines for HCC recommend
routine surveillance of HCC among individuals with
viral hepatitis or cirrhosis. Almost all gastroenterologists
in Japan conduct surveillance programs using a combi-
nation of tumor markers such as AFP, the lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3%) and DCP,
and by ultrasound (US).30 However, no consensus has
been reached in terms of the optimal surveillance strat-
egy. Thompson et al. calculated the number of people

who need to be under surveillance to prevent either a
single death from HCC or a single premature death
(defined as death before the age 75 years) and showed
the effectiveness of surveillance programs.31 In the
absence of surveillance, approximately 20% of the mixed
etiology cohort died as a result of HCC.

Recommendation 5. Surveillance with US and three
tumor markers including AFP, DCP and AFP-L3
should be performed for early detection of HCC in
patients with HBV- and HCV-related chronic liver
disease, particularly cirrhosis.

Tumor markers
In Japan, AFP, AFP-L3 and DCP are widely and routinely
used as serological tumor markers for the surveillance,
diagnosis and prognostic estimation of HCC. The
Evidence-Based Clinical Practice Guidelines of HCC
published in 20051 recommended that AFP, AFP-L3 and
DCP should be measured at intervals of 3–4 months for
very high-risk patients (defined as HBV- or HCV-related
liver cirrhosis), and at 6-month intervals for high-risk
patients (defined as HBV- or HCV-related chronic liver
disease or other causes of liver cirrhosis).32 Although
AFP is the most widely used tumor marker for HCC, the
levels of AFP are also increased in patients with liver
diseases other than HCC, including viral hepatitis, with
a prevalence of 10–42%.33–35 In contrast, AFP-L3 and
DCP are very specific for HCC, compared with AFP
alone. The combination assay for AFP, AFP-L3 and DCP
should be performed for the early detection of HCC.36,37

The specificity and sensitivity of the combination assay
of AFP and DCP were 83% and 84%, respectively, to
detect small HCC of less than 3 cm in diameter.38 The
specificity and sensitivity of the combination assay of
DCP and AFP-L3 were 41.7–66.7% and 89.5–89.8%,
respectively, to detect small HCC of less than 3 cm in
diameter.39,40

Recommendation 6. Periodical measurement of more
than two kinds of tumor markers (particularly AFP
and DCP) is recommended for the early detection of
HCC in high-risk and very high-risk patients.
Recommendation 7. The surveillance interval needs
to be shorter in very high-risk patients than in high-
risk patients.

Imaging modalities

Periodic follow-up of chronic liver disease by US,
multidetector row computed tomography (MDCT) and
magnetic resonance imaging (MRI) allows relatively
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easy detection of small HCC.41–43 However, it is some-
times difficult to characterize small hepatic nodular
lesions detected by these imaging modalities. Definitive
diagnosis requires invasive methods such as US-guided
liver biopsy. Hemodynamic evaluation of the nodule is
also important to assess the biological behavior of HCC.
The recent advances in MRI and computed tomography
(CT) procedures, such as CT during hepatic arterio-
graphy (CTHA) and CT during arterial portography
(CTAP), have enabled the detailed hemodynamic evalu-
ation of small hepatic nodules.

Recently, liver-specific contrast agents such as super-
paramagnetic iron oxide particles (SPIO), which are
taken up by Kupffer cells, and Gd-EOB-DTPA, which is
taken up by hepatocytes, are frequently used in MRI for
early diagnosis of HCC. Gd-EOB-DTPA is a superb agent
because it provides dynamic and liver-specific MR
images.44–46 This contrast agent is highly liver specific;
approximately 50% of the injected dose is taken up by
functioning hepatocytes and is excreted in bile, com-
pared with just 3–5% for gadobenate dimeglumine.46

Early studies comparing Gd-EOB-DTPA-enhanced
dynamic MRI with dynamic MDCT showed that Gd-
EOB-DTPA-enhanced MRI is significantly more accu-
rate, sensitive and specific than dynamic MDCT for the
diagnosis of HCC in patients with cirrhosis.47,48 In addi-
tion, Gd-EOB-DTPA-enhanced MRI has a high detection
rate for early stage HCC nodules that are not enhanced
in dynamic studies. However, although the differentia-
tion of early HCC from dysplastic nodule by hepatobil-
iary phase images of Gd-EOB-DTPA MRI is promising,
more data are still needed.

Informative statement 2. Gd-EOB-DTPA-enhanced
MRI provides dynamic and hepatocyte-specific images
and is more accurate than dynamic MDCT or SPIO-
MRI for the detection and characterization of small
HCC, including early HCC.

ABLATION THERAPIES

IMAGE-GUIDED PERCUTANEOUS ablation therapies
have long played important roles in the treatment of

HCC. Percutaneous ethanol injection has been used for
unresectable, small HCC since the early 1980s49–51 and
offers us the potential to treat HCC using non-surgical
means. Percutaneous microwave coagulation therapy
became popular in Japan in the late 1990s.52 However,
since the introduction of radiofrequency ablation (RFA)
into clinical practice around 1999, there has been a
dramatic shift from ethanol injection or microwave
coagulation to RFA.53 RFA for HCC has been covered by

public health insurance since April 2004 in Japan.
Although more than 1700 institutions have experienced
RFA in Japan, RFA is estimated to be performed rou-
tinely in approximately 1000 institutions throughout
Japan at the present.

Radiofrequency ablation often seems to be performed
with less than adequate treatment planning or prepara-
tion compared with surgical resection. RFA appears to
be a very simple procedure. Thus, some physicians may
perform RFA without adequate training or experience.
In addition, RFA does not require expensive equipment.
Thus, several hospitals have introduced RFA into clinical
practice without high-performance US and CT.

However, RFA is indicated for malignant tumors and
inadequate outcome should be avoided. Thus, only phy-
sicians with sufficient experience and appropriate skill
should perform the procedure. Furthermore, only well-
equipped hospitals should perform RFA because the
outcomes of RFA are strongly influenced by the perfor-
mance of the CT and US equipment available at each
institution. It is crucial to offer consistent outcomes for
RFA at all institutions and for all operators.

More importantly, before commencing RFA, the
tumors should be evaluated by US, contrast-enhanced
CT or MRI to determine tumor size, shape, number,
presence or absence of extracapsular invasion, presence
or absence of satellite lesions, location relative to Glis-
son’s capsule or other critical structures, and to deter-
mine the optimal route to approach the tumor.

Within 1–3 days after RFA, contrast-enhanced CT or
MRI is essential to objectively assess the treatment
response. If the tumor is completely ablated with a suf-
ficient safety margin, the treatment may be considered
complete. However, if there is any residual cancer tissue
or an insufficient safety margin, RFA should be repeated
until complete tumor destruction with a sufficient abla-
tive margin is achieved. The following recommendation
was supported by 94% of the experts.

Recommendation 8. Imaging should be performed
within 1–3 days after RFA to evaluate treatment
response. It is essential that RFA is repeated until
entire tumor destruction with a sufficient ablative
margin is achieved.
For accurate tumor evaluation, CT and MRI per-

formed before and after RFA should be done using a
thin slice interval. The following recommendation was
agreed by 94% of the experts.

Recommendation 9. CT and MRI before and after
RFA should be done using a slice thickness and inter-
val of 5 mm or less; slice thickness and interval of
10 mm or more is not adequate.

Hepatology Research 2010; 40: 667–685 JSH Consensus on management of HCC 671

© 2010 The Japan Society of Hepatology

— 966 — — 967 —



A histopathological study has revealed that, in cases
with incomplete necrosis, viable cancer tissue remains
around the main tumor, in portions isolated by the
septa, or along the edge of the tumor after ablation
therapies.54 There may also be extranodular growth, sat-
ellite nodules or portal vein invasion, which cannot be
detected by imaging modalities.55,56 The incidence of
satellite nodules and portal vein invasion is associated
with the gross appearance of the main tumor. The single
nodular type with extranodular growth and the conflu-
ent multinodular type both show satellite lesions more
frequently than early HCC (vaguely nodular-type HCC
showing preservation of the preexisting liver structure)
and the single nodular type. Thus, it is important
to determine the gross appearance of the tumor by
imaging. It is also essential to ablate beyond the tumor
border to achieve complete tumor necrosis and prevent
local tumor progression (ablative margin or safety
margin). Sonazoid-enhanced US in the Kupffer phase is
useful to determine the gross tumor appearance.57 The
width of the safety margin should be modified based on
the gross appearance of the tumor, the number of
tumors, the initial tumor or recurrent tumor, the dura-
tion of time between the previous treatment and recur-
rence in recurrent cases, tumor location (particularly in
relation to the Glisson’s capsule), liver function, comor-
bid conditions and the patient’s age.

Furthermore, the accuracy of contrast-enhanced CT or
MRI for evaluating the extent of necrosis is limited
because of the partial volume effect.58 The following
recommendation was agreed by 94% of the experts.

Recommendation 10. A safety margin completely sur-
rounding the lesion should be achieved in cases in
which RFA is performed as a locally curative treat-
ment (level 6, grade A).
Ablation therapies, including RFA, are widely

accepted as the preferred treatment for unresectable
small HCC. On the other hand, it has been strongly
debated whether ablation therapies can provide a treat-
ment option for resectable HCC since the introduction
of ethanol injection. Although the number of patients
treated by RFA has steadily increased, the Clinical Prac-
tice Guidelines for Hepatocellular Carcinoma in Japan
recommends surgery rather than ablation.1 Their scien-
tific statement recommends the following: “(i) if only
one tumor is present, liver resection is recommended
irrespective of the diameter of the tumor. Ablation
therapy may also be selected if the severity of liver
damage is class B and the diameter of the tumor is no
more than 2 cm; (ii) if two to three tumors with diam-
eters of no more than 3 cm are present, liver resection or

local ablation therapy is recommended”. This scientific
statement is based on a cohort study of patients at clini-
cal stage I (fair liver function), with a solitary tumor of
less than 2 cm in diameter, patients across all clinical
stages with a solitary tumor greater than 2 cm, and
patients of clinical stage II (moderately impaired liver
function) with two tumors greater than 2 cm. In that
cohort, those who underwent hepatic resection showed
higher survival rates than those who received non-
surgical interventions.59

However, those findings were not based on random-
ized controlled trials (RCT) and the different survival
rates may be subject to bias arising from the background
characteristics of the patients. Of note, the hepatic resec-
tion group was younger than the ethanol injection
group. Furthermore, even among patients at clinical
stage I, most patients with normal liver or chronic hepa-
titis seemed to undergo resection while many with cir-
rhosis seemed to receive ethanol injection. This might
reduce the recurrence rate because of multicentric car-
cinogenesis and less frequent development of liver
failure in the resection group. Moreover, the trend that
patients with severe comorbid conditions, such as car-
diopulmonary diseases and others, received ethanol
injection rather than resection might explain some of
the disparity in survival. By contrast, in one RCT the
recurrence and survival rates were comparable between
surgical resection and ethanol injection.60 In addition,
other non-randomized trials have reported similar or
better overall survival after ethanol injection than after
resection.61–63

In addition, the findings described above only com-
pared resection with ethanol injection. For example, our
RCT showed that RFA had higher survival and lower
recurrence rates than ethanol injection while the adverse
events were similar between the two therapies.64 Simi-
larly, other RCT have shown that RFA is superior to
ethanol injection in terms of treatment outcomes for
HCC.65–67 Another RCT has shown that there was no
difference between resection and RFA in terms of overall
and disease-free survival, while post-treatment compli-
cations occurred more frequently and were more severe
after surgery.68

Hence, it is inappropriate to generalize the findings for
ethanol injection to other percutaneous local ablation
therapies such as RFA, and it should not be concluded
that hepatectomy is recommended over percutaneous
local ablation.

Further trials are needed to determine whether RFA
can become a preferred treatment for “resectable HCC”.
In such trials, the primary end-point should be overall
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survival.69 The AASLD practice guideline clearly states
the following: “although a treatment might be less active
against the tumor than another treatment and thus
result in a higher recurrence rate after initial treatment,
the overall survival might not differ or may even be
better”.3

Recurrence-free survival can be misleading and
should not be considered as a surrogate end-point for
overall survival. In HCC, unlike other solid tumors,
recurrence can still be treated, and the first recurrence
does not cause death in most cases. Furthermore,
surgery theoretically offers better disease-free survival
than RFA because it removes larger liver tissue.
However, the better curability associated with hepatec-
tomy could be cancelled out by the surgical invasion
and the potential deterioration in liver function. The
following recommendation was agreed by 84% of the
experts.

Recommendation 11. Overall survival should be the
end-point to compare results between ablation and
hepatectomy.

SURGICAL TREATMENT: RESECTION AND
TRANSPLANTATION

A NATIONWIDE SURVEY by the Japanese Liver Trans-
plantation Society found that a total of 4725 cases of

living-donor liver transplantations (LDLT) were reported
in Japan as of the end of 2007 since its initiation in 1989.
By contrast, during the same period, only 46 cases of
deceased-donor liver transplantation (DDLT) were docu-
mented. At the end of 2006, 778 patients with HCC had

undergone an LDLT in Japan.70 Because of the severe
shortage of brain-dead donors and the extremely long
waiting time for such organs, DDLT is not a realistic
treatment option for HCC patients in Japan.

Algorithm for the treatment of patients with
HCC in Japan
Figure 1 shows the treatment algorithm presented in the
Japanese evidence-based guideline for the diagnosis and
treatment of HCC.1 Liver transplantation is recom-
mended for HCC patients with liver damage C (similar
to Child–Pugh C), but only when the patients meet the
Milan criteria proposed by Mazzaferro.71 In the revised
version of the guidelines published at the end of 2009,
an age limit of 65 years was added to the criteria for liver
transplantation.

Can the indications for liver transplantation
be expanded beyond the Milan criteria?
Until the mid-1990s, HCC was considered a contraindi-
cation for liver transplantation because of the extremely
poor outcome of early series.72,73 This pessimistic view
was reversed by Mazzaferro et al. who conducted a pro-
spective cohort study to identify subgroups of HCC
patients who may benefit from DDLT. They presented
clear eligibility criteria for transplantation, as follows: the
presence of a solitary tumor of 5 cm or less in diameter
and no more than three tumor nodules, each 3 cm or less
in diameter, in patients with multiple tumors, and the
absence of vascular invasion or extrahepatic disease. In
their series, the overall and recurrence-free survival rates

Figure 1 Japanese evidence-based
treatment algorithm. HCC, hepatocel-
lular carcinoma.
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at 4 years for 35 patients who met the above criteria were
as high as 85% and 92%, respectively. These criteria were
named the “Milan criteria” and became the gold standard
for patient selection for liver transplantation. The Milan
criteria were also validated for LDLT using data from a
nationwide survey in Japan.74 Since 2004, LDLT for HCC
has been covered by social medical insurance in Japan
when the preoperative imaging studies indicate that the
patient’s condition meets the Milan criteria.

The Milan criteria have encouraged transplant sur-
geons to increase the number of liver transplantations
performed in HCC patients, and the United Network
for Organ Sharing (UNOS) has incorporated the Milan
criteria as conditions for listing HCC patients. During
the extensive application of liver transplantation for
HCC, transplant surgeons have noticed that the out-
comes of some patients who slightly exceeded the
Milan criteria were also favorable. To expand the indi-
cations for liver transplantation, several groups from
different countries have challenged these restrictive
criteria (Table 1).75–79 Yao et al. at the University of
California at San Francisco (UCSF) proposed criteria
consisting of a single tumor of less than 6.5 cm in diam-
eter or two lesions of less than 4.5 cm in diameter, with
a total tumor diameter of less than 8 cm; these criteria
are known as the “UCSF criteria”.76 The utility of the
UCSF criteria was subsequently confirmed by the Uni-
versity of California at Los Angeles.80

Regarding the indications for LDLT in HCC patients,
several proposals from Asian centers have extended the
eligibility criteria (Table 1). For example, a group at the
University of Tokyo proposed the “5-5 rule”, which
allows up to five nodules with a maximum diameter of
5 cm.77 The 3-year recurrence-free rate of 72 patients
who met the Tokyo 5-5 rule was as high as 94%, which
was comparable with that of patients within the Milan
criteria. A group at the University of Kyoto subsequently
proposed a further expansion of the criteria, increasing
the upper limit of the number of tumors to 10.79

Because LDLT is not governed by an organ-sharing
system, some authors have argued that the indications

for LDLT in patients with HCC could be further
extended. One might say that “If the patient (recipient)
and his/her family (donor) strongly wish to undergo
LDLT even in cases of very advanced HCC with full
knowledge of potential for poor outcomes, there is no
reason for transplant surgeons to reject their wish. The
family members may accept the poor outcome after
LDLT without doing any harm to the community.”
However, we should always remember that, while LDLT
does not require a donor from the community, it
does require extensive medical resources, including a
large workload for surgeons and other hospital staff
members, medical supplies, drugs and blood products.
Furthermore, the premature death of the recipient is
well known to cause severe emotional trauma to the
living donors and their family members.

Based on an answer-pad vote at the consensus
meeting of 45th JSH congress, 84% of the experts
supported keeping the Milan criteria for DDLT, but
only 25% supported keeping these criteria for LDLT.
Although any expansion of the criteria should be
modest, no consensus exists as to the extent to which the
criteria can be extended.

Recommendation 12. For DDLT, the HCC status of
the recipients should meet the Milan criteria.
Recommendation 13. For LDLT, the HCC status of
the recipients does not need to be within the Milan
criteria.

Which is better, liver resection or
transplantation, for HCC patients who are
eligible for either treatment?
Because liver transplantation replaces the whole liver,
removing the highly carcinogenic background and the
cirrhotic liver can avoid multicentric or de novo cancer
recurrence.80 In contrast, liver resection is associated
with a very high risk of tumor recurrence. Even after
curative liver resection in patients with good liver func-
tion, the 5-year recurrence rate is as high as 70–79%.80

Roughly half of these recurrences are multicentric or de
novo recurrences. For this reason, liver transplantation

Table 1 Summary of proposed criteria for indication of liver transplantation for HCC

Criteria Conditions References

Milan criteria Up to 5 cm for single nodule or up to 3 nodules with a maximum diameter of 3 cm 70

UCSF criteria Up to 6.5 cm for single nodule or up to 3 nodules with a maximum diameter of 4.5 cm 76

Tokyo 5-5 rule Up to 5 nodules with a maximum diameter of 5 cm 77

Asan criteria Up to 6 nodules with a maximum diameter of 5 cm 78

Kyoto criteria Up to 10 nodules with a maximum diameter of 5 cm and PIVKA-II <400 mAU/mL 79

Up-to-seven criteria Up to seven as the sum of the size of the largest tumor [in cm] and the number of tumors 75

674 S. Arii et al. Hepatology Research 2010; 40: 667–685

© 2010 The Japan Society of Hepatology

may be recommended for HCC patients with good liver
function who are also eligible for liver resection, as in
Western countries.

Another issue is the operative risk of the two treat-
ments. In Japan, the operative mortality rates for LDLT
and liver resection are estimated to be 4–10% and 0.8–
1.2%, respectively. This striking difference in operative
mortality rates might preclude LDLT for patients with
good liver function.

Using two databases at the National Cancer Center
Hospital in Japan and the University of Pittsburgh
Medical Center in the USA, Yamamoto et al. compared
the long-term outcome of liver resection and transplan-
tation in cirrhotic patients with HCC.81 The overall sur-
vival of Child–Pugh A patients who underwent liver
resection was similar to that of the patients without
vascular invasion or lymph node metastases who under-
went transplantation (most cases with Child-Pugh C).
The recurrence rate was significantly lower in the trans-
plantation group. For cases in which either treatment
can be performed, the outcome of liver transplantation
might be better than that of hepatic resection, particu-
larly in cases with only a few small lesions.81,82 In cases
with large lesions, superior outcomes are achieved with
hepatectomy. Because some patients may withdraw
from treatment during the pre-transplantation period,83

the outcomes with resection are better than those for
liver transplantation based on intention-to-treat analy-
sis of patients who meet the criteria for resection.

The evidence-based guideline1 recommends the fol-
lowing: considering the occurrence of dropouts during
the pre-transplantation period, the outcome of resection
is better than that of liver transplantation among
patients who meet the criteria for resection (grade B).

According to a question and answer-analyzer vote at
this consensus meeting, 83% of the HCC experts
selected LDLT for Child–Pugh C patients meeting the
Milan criteria, whereas only 15–19% of the audience
selected LDLT for Child–Pugh A or B patients.

Recommendation 14. LDLT should not be recom-
mended for HCC patients with Child–Pugh A or B
liver function.

PALLIATIVE TREATMENTS: TRANSARTERIAL
CHEMOEMBOLIZATION AND
CHEMOTHERAPY

PALLIATIVE TREATMENTS FOR HCC include tran-
sarterial chemoembolization (TACE), hepatic arte-

rial infusion chemotherapy (HAIC) and systemic
chemotherapy.

Transarterial embolization/TACE

Transcatheter arterial embolization (TAE)/TACE is one
of the treatment options to treat hypervascular HCC.
The theoretical basis of embolization is to induce
ischemic tumor necrosis by acute arterial occlusion in
hypervascular classical HCC. Embolization may be
done alone (TAE) or in combination (TACE) with anti-
neoplastic agents such as doxorubicin, epirubicin or cis-
platin and a contrast agent, lipiodol. TACE is more
effective and, thus, more widely used than embolization
alone.

The technique for TACE is well established. The sub-
segmental artery or a peripheral artery near the target
tumor is selected by a micro-catheter technique, fol-
lowed by selective injection of antineoplastic agents
mixed with lipiodol (lipiodol emulsion). The artery is
then selectively obstructed with gelatin sponge particles.
For bi-lobular multiple HCC with moderately impaired
hepatic function (Child–Pugh B), TACE might need to
be performed twice with an interval of several weeks to
avoid hepatic decompensation.

The survival benefit of TAE/TACE was controversial
until the publication of two RCT in 2002, which showed
that TACE improved the survival of selected patients
(Child–Pugh A with no vascular invasion) compared
with conservative treatment.84,85 A subsequent meta-
analysis of seven RCT comparing TAE/TACE as a
primary treatment for HCC in comparison with con-
servative management and/or suboptimal therapies
showed a significant improvement in the 2-year sur-
vival, favoring TAE/TACE (odds ratio [OR] = 0.53; 95%
confidence interval [CI] = 0.32–0.89, P = 0.017).86,87

According to the Nationwide Follow-up Survey of
Primary Liver Cancer in Japan, one-third of all patients
with primary HCC were treated by TAE/TACE (Fig. 2).
Thus, TAE/TACE, hepatic resection and local ablation
therapy are commonly used in Japan. TAE/TACE is the
most widely used treatment for unresectable HCC.

In two Japanese treatment guidelines for HCC,
evidence-based1,30,88 and consensus-based guidelines,89

TACE is recommended for patients with the severity of
the liver damage categorized into A or B, in whom there
are two or three tumors with a diameter greater than
3 cm, or four or more tumors.

In early stages of HCC, TACE is not indicated as first-
line treatment because the outcome review of the
Nationwide Follow-up Survey by the LCSGJ reported
worse results for TACE than surgery or percutaneous
ablation. This survey revealed that the 5-year survival
rates for resection, ablation and TACE were 59.2%,
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48.4% and 29.7%, respectively, for single tumors, and
46.4%, 37.3% and 23.0%, respectively, for two
tumors.90

In contrast, in a large prospective cohort study of 8510
patients who received TACE for unresectable HCC,
according to the LCSGJ, the median survival was
34 months with 1-, 2-, 3-, 5- and 7-year survival rates
of 82%, 63%, 47%, 26% and 16%, respectively.91 In
patients with early stage HCC, single tumors of 2 cm or
more and preserved liver function (clinical stage I and
liver damage A according to the LCSGJ),92 the median
survival was 62 months with 1-, 2-, 3-, 5- and 7-year
survival rates of 98%, 92%, 73%, 52% and 38%, respec-
tively.91 These results for TACE with early stage HCC
seem comparable with those for surgery or ablation.
Thus, although curative therapies are highly recom-
mended for patients with early stage HCC, TACE can be
applied in these patients contraindicated for curative
therapies.

Transcatheter arterial chemoembolization can be used
in combination with percutaneous ablation, including
RFA. A meta-analysis of four RCT comparing combina-

tion therapy (TACE plus percutaneous ethanol injection
[PE]) or RFA) versus monotherapy (TACE alone, PEI or
RFA alone) showed a significant decrease in mortality
favoring combination therapy versus monotherapy in
patients with small (<3 cm) or large (>3 cm) HCC
(OR = 0.534; 95% CI = 0.288–0.990; P = 0.046).93

In RFA treatment, as the tumor size increases, the
therapeutic response decreases because of the limited
volume of coagulation necrosis induced by the electrode.
Blood flow also promotes heat loss to result in insuffi-
cient necrosis; therefore, reducing blood flow during RFA
increases the ablation volume. Therefore, it seems to be
reasonable to perform RFA after reducing blood flow by
preceding RFA with TACE. Several cohort studies have
shown that performing TACE before RFA is feasible and
safe, and offers a useful treatment in compensated cir-
rhosis (Child–Pugh A or B) with relatively small HCC
nodules (20–50 mm).94–97 RFA in combination with pre-
ceding TACE is already recommended in the consensus-
based treatment algorithm proposed by the JSH89.

In the current consensus meeting, for hypervascular
HCC of 2 cm in size, 51% of the experts used TACE
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before RFA treatment. By contrast, for hypervascular
HCC of 3 cm in size, 81% of the experts performed
TACE before RFA. This is theoretically reasonable
because the possibility of incomplete ablation is greater
for tumors of 2–3 cm in size, compared with tumors of
less than 2 cm in size, based on the limited volume
possible with a single ablation procedure. Additionally,
the accumulation of lipiodol in the tumor should facili-
tate the decision on whether additional RFA treatment is
required following the response evaluation by dynamic
CT scan. However, the survival benefit of TACE in com-
bination with RFA should be verified by well-designed
RCT.

Transcatheter arterial chemoembolization is per-
formed in various stages in the clinical management of
HCC, not only for the initially detected HCC, but also
for recurrent HCC. TACE has been shown to be valuable
for improving the overall survival of HCC patients,
although it is difficult to assess its clinical efficacy as
second- or third-line therapy.

Informative Statement 3. TACE performed before
RFA is favorable for the curative treatment of hyper-
vascular HCC of 2–3 cm in size.
Recommendation 15. TACE performed before RFA is
recommended for curative treatment of hypervascular
HCC larger than 3 cm in size.

Chemotherapy
Chemotherapy for HCC is divided into two types
according to the route of administration; the first is
systemic chemotherapy and the second is hepatic arte-
rial infusion chemotherapy (HAIC). Systemic chemo-
therapy can also divided into two types: intravenous and
oral chemotherapy.

According to the Nationwide Follow-up Survey of
Primary Liver Cancer by the LCSGJ, chemotherapy is
used in 3.4–5.5% of primary HCC patients (Fig. 2).
HAIC is theoretically more favorable for HCC than sys-
temic chemotherapy because hepatic arterial infusion of
anticancer drugs enables the delivery of high doses of
drugs directly to the hypervascular HCC. In addition,
HAIC provides a lower systemic level of the drugs than
systemic administration, because the first-pass effect in
the liver, and thus reduces toxicity and side-effects.
Because of these advantages, HAIC is frequently used in
Japan for intrahepatic advanced HCC with portal vein
tumor thrombosis and/or intrahepatic multiple HCC. A
recent report from the Japanese Nationwide Survey
revealed that almost 90% of the chemotherapeutic regi-
mens for HCC are done by hepatic arterial infusion.
Thus, HAIC has become widely used in Japan, despite

there being no solid evidence for a survival benefit of
HAIC compared with systemic chemotherapy or best
supportive care (Fig. 3).

Recommendation 16. HAIC is recommended for
advanced HCC with major portal vein tumor
thrombi with preserved liver function.
Various anticancer drugs and treatment regimens are

used for HAIC in Japan. Two regimens in particular are
widely used for HAIC. The first is interferon (IFN) in
combination with 5-fluorouracil (5-FU); the second is
low-dose cisplatin (CDDP) in combination with 5-FU.
For IFN plus 5-FU, the response rate was reported to be
52.6%, with 16.4% achieving complete response (CR)
and 36.2% achieving partial response (PR) among 116
patients with tumor thrombosis of the major portal vein
or first branches of the portal vein. The survival rates at
6, 12 and 24 months were 53%, 34% and 18%, respec-
tively, with a median survival of 6.9 months, compared
with survival rates of 40%, 15% and 5%, respectively, in
the historical control group.98 The survival was signifi-
cantly different between the two groups (P < 0.01). For
low-dose CDDP plus 5-FU, the response rate was 48%,
including 8% with CR and 40% with PR among 48
patients with portal vein tumor thrombosis. The 1-, 2-,
3- and 5-year cumulative survival rates were 45%, 31%,
25% and 11%, respectively, with a median survival of
10.2 months.99

In a review of previously reported small-size phase
II studies of HAIC for advanced HCC,10,17,98–108 the
response rate varied from 14% to 71%. The mean
survival duration also varied from 2.6 months to
32.4 months. However, few reports have compared sys-
temic chemotherapy or HAIC using cytotoxic agents
with placebo or best supportive care (Table 2).

The results of a randomized placebo-controlled
double-blind phase III study with the multikinase
inhibitor sorafenib were recently reported, representing
a breakthrough in the chemotherapy for advanced HCC.
Sorafenib is an oral drug that inhibits the platelet-
derived growth factor (PDGF)-R, vascular endothelial
growth factor (VEGF)-R, c-Kit-R and raf signaling path-
ways in tumor cells and in surrounding endothelial
cells. In that study, 602 patients with advanced HCC,
who were not indicated for other loco-regional treat-
ments such as hepatic resection, who had not received
prior systemic treatment and who had good liver func-
tional reserve (Child–Pugh A) were randomized to sor-
afenib (400 mg b.i.d.) or placebo. Sorafenib was well
tolerated and yielded a statistically significant improve-
ment (44%) in overall survival. The median survival
increased from 7.9 to 10.7 months (hazard ratio, 0.69;
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Figure 3 Consensus-based treatment algorithm for hepatocellular carcinoma proposed by the Japan Society of Hepatology (JSH)
revised in 2010. (1) Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not regarded
as a prognostic factor. (2) Sorafenib is the first choice of treatment in this setting as a standard of care. (3) Intensive follow-up
observation is recommended for hypovascular nodules by the Japanese Evidence-Based Clinical Practice Guidelines. However, local
ablation therapy is frequently performed in the following cases: (i) when the nodule is diagnosed pathologically as early
hepatocellular carcinoma (HCC); (ii) when the nodules show decreased uptake on gadolinium ethoxybenzyl magnetic resonance
imaging (Gd-EOB-MRI); or (iii) when the nodules show decreased portal flow by computed tomography during arterial portog-
raphy (CTAP), because these nodules are known to frequently progress to the typical advanced HCC. (4) Even for HCC nodules
exceeding 3 cm in diameter, combination therapy of transcatheter arterial chemoembolization (TACE) and ablation is frequently
performed when resection is not indicated. (5) TACE is the first choice of treatment in this setting. Hepatic arterial infusion
chemotherapy (HAIC) using an implanted port is also recommended for TACE refractory patients. The regimen for this treatment
is usually low-dose FP (5-fluorouracil [5-FU] + cisplatin [CDDP]) or intra-arterial 5-FU in fusion combined with systemic interferon
therapy. Sorafenib is also a treatment of choice for TACE/HAIC refractory patients with Child–Pugh A liver function. (6) Resection
is sometimes performed even when numbers of nodules are over 4. Furthermore, ablation is sometimes performed in combination
with TACE. (7) Milan criteria: tumor size 2 3 cm and tumor numbers 2 3; or solitary tumor 2 5 cm. Even when liver function is
good (Child–Pugh A/B), transplantation is sometimes considered for relatively younger patients with frequently or early recurring
HCC after curative treatments. (8) HAIC or sorafenib is recommended for HCC patients with Vp3 (portal invasion at the 1st portal
branch) or Vp4 (portal invasion at the main portal branch). Sorafenib is only recommended for HCC patients with Child–Pugh A
liver function. (9) Resection and TACE is frequently performed when portal invasion is minimal such as Vp1 (portal invasion at the
3rd or more peripheral portal branch) or Vp2 (portal invasion at the 2nd portal branch). (10) Local ablation therapy or subseg-
mental TACE is performed even for Child–Pugh C patients when transplantation is not indicated when there is no hepatic
encephalopathy, no uncontrollable ascites and a low bilirubin level (<3.0 mg/dL). However, it is regarded as an experimental
treatment since there is no evidence of its survival benefit in Child–Pugh C patients. A prospective study is necessary to clarify this
issue. Even in Child–Pugh A/B patients, transplantation is sometimes performed for relatively younger patients with frequently or
early recurring HCC after curative treatments.
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95% CI = 0.55–0.87). Side-effects included hand–foot
skin reaction, diarrhea and fatigue, but sorafenib was
not found to be toxic to the liver.109 Similar findings
were reported in a subsequent Asia–Pacific RCT.110

Based on the results of these RCT, sorafenib has
become the first-line therapy for advanced HCC world-
wide. Some Japanese experts for HCC are claiming low
response rates, although the survival was significantly
prolonged compared with placebo. This phenome-
non could be explained by a longer period with stable
disease with sorafenib than with placebo, or the necrotic
change in the tumor is present without size reduction.

In Japan, sorafenib was approved for the treatment
of HCC on 20 May 2009. In the consensus meeting held
in June, 35% of the Japanese experts agreed that sor-
afenib should be selected as the first-line therapy for
advanced HCC considered unsuitable for resection, RFA
or TACE. A further 36% of the experts were undecided
because they did not have enough experience with using
sorafenib.

Informative Statement 4. Sorafenib is the first-line
therapy for advanced HCC with major vascular inva-
sion and/or extrahepatic spread and good liver func-
tion. However, further studies are needed to compare
the overall efficacy of HAIC and sorafenib.

TREATMENT ALGORITHM

TO TREAT HCC, the most appropriate therapeutic
option needs to be selected among the available

treatment modalities, including resection, percutaneous
ablation, TACE and transplantation, but few evidence-
based guidelines have been developed to aid decision-
making.1,28,29,88,89,111 Recently, two treatment algorithms
for HCC have been proposed in the Japanese guidelines.
The profile of these algorithms is briefly described here,
in addition to the results of two questions and answers
at the JSH Consensus Meeting for HCC at Kobe.

Evidence-based treatment algorithm
The Clinical Practice Guidelines for HCC was estab-
lished in 2005 based on evidence-based methodology,
and covers six topics including prevention, diagnosis,
surgery, chemotherapy, TACE and percutaneous abla-
tion. To develop these guidelines, a systematic review of
the English medical published work was performed and
a total of 7118 articles on HCC were identified, mainly
from MEDLINE (1966–2002), of which 334 were
selected based on the evidence level to form 58 pairs of
clinical questions and recommendations.1,88 For conve-
nience in clinical use, two algorithms were created for

the surveillance and treatment of HCC. A full English
version was uploaded to the website of the JSH
(www.jsh.or.jp/) in 2006.

The treatment algorithm for HCC was made on the
basis of three independent factors: degree of liver
damage, tumor number and tumor size. For the result-
ing six patients’ subgroups, the first- and second-line
therapies were recommended as objectively as possible
(Fig. 1). The degree of liver damage is a modified system
based on the Child–Pugh classification: “encephalopa-
thy” was replaced by ICGR15, to provide an accurate
evaluation of liver functional reserve, particularly in sur-
gical candidates.

Patients with mild (class A) or moderate (class B) liver
damage are subject to the following recommendations:
(i) in patients with a single tumor, liver resection is
recommended, irrespective of the tumor size (percuta-
neous ablation may be performed if liver damage is of
class B and the tumor is no more than 2 cm in size); (ii)
for patients with two or three tumors smaller than 3 cm,
resection or ablation are recommended; (iii) for patients
with two or three tumors larger than 3 cm, resection or
TACE are recommended; and (iv) for patients with more
than four tumors, TACE or HAIC is recommended. The
recommendations for patients with severe (class C) liver
damage are as follows: (v) in patients with tumor(s)
meeting the Milan criteria, liver transplantation is
recommended; and (vi) for patients with more than
four tumors, palliative treatment is recommended. For
patients with extrahepatic metastasis, chemotherapy
may be performed.

The rationale for selecting resection or ablation in
patients with class A or B liver damage is based on the
outcome of the largest multicenter study involving
12 888 patients in Japan.59 The recommendation for
TACE is based on the findings of two RCT showing a
significant improvement in the survival of patients with
multiple tumors and class A or B liver damage.84,85 The
indication for liver transplantation is derived from a
prospective cohort study using the Milan criteria,71 and
a nationwide survey of Japan justifying the criteria
in living donor transplantation.74

Consensus-based treatment algorithm
An expert panel of the JSH established a consensus-
based treatment algorithm based on the therapeutic
policies that are widely used in Japan.89,111 This algo-
rithm categories the patients on five clinical variables
(extrahepatic spread, liver function, vascular invasion,
tumor number and tumor size), and it divides the treat-
ment options into resection, ablation, TACE, HAIC, liver
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transplantation and palliative treatment (Fig. 3).89,111

Because of the recent introduction of sorafenib in Japan,
this consensus-based treatment algorithm was further
revised and approved by the experts at the consensus
meeting.111,112

Essentially, the consensus-based algorithm follows
the evidence-based algorithm, but the treatments widely
used in Japan were included by consensus, even though
the evidence may be weak. The major differences in
the consensus-based algorithm include: (i) ablation is
sometimes performed in patients with a single, hypovas-
cular early HCC; (ii) sorafenib is recommended for use
in Child–Pugh A patients with vascular invasion, TACE
failure or extrahepatic spread of HCC;109,112 and (iii) liver
transplantation is recommended, even for Child–Pugh
A/B patients, if the Milan criteria are met.

The consensus-based algorithm based on the consen-
sus of a large number of specialists, and a treatment
strategy for management of HCC in Japan is important,
and should be revised based on prospective trials for
aspects of the algorithm lacking sufficient evidence.111,112

Informative statement 5. RFA might be recom-
mended as a first-line treatment option in patients
with a single, hypervascular HCC of less than 2 cm
in size and with preserved liver function (Child–
Pugh A or Liver Damage Class A). However, there
was a discrepancy between surgeons and non-
surgeons for this statement. This statement is
strongly supported by non-surgeons (68%), whereas
80% of the surgeons favor resection rather than RFA.
Recommendation 17. Resection should be considered
as the first-line treatment option for patients with a
single, hypervascular HCC of 3 cm or more in size
and with preserved liver function (Child–Pugh A or
Liver Damage Class A).
The revised version of the consensus-based treatment

algorithm for HCC proposed by the JSH (Fig. 3) should
aid decision-making at every stage in clinical practice. By
sharing the information contained within the treatment
algorithm chart, the physicians can offer recommended
treatment options to the patient who can then choose
one based on their preference (Fig. 3).

CONCLUSIONS

THIS CONSENSUS STATEMENT is a conclusion of
the consensus meeting of HCC, which was held at

the 45th JSH meeting, Kobe, Japan on 4–5 June 2009
(Congress President: Professor Masatoshi Kudo). This
manuscript and recommendations largely reflect the
daily practice in the real world carried out throughout

Japan. The biggest difference of Japan’s HCC practice
from Western countries are pathological assessment
issue, prognostic staging system, surveillance and diag-
nostic strategy, treatment strategy including role of
HAIC, and method of RFA procedure, and treatment
algorithm shown in Figure 3.

We believe every reader of this manuscript will well
understand the real Japanese HCC practice much better
than the other already published arterial articles. It is
needless to say that consensus statements like this article
should be regularly revised every 3–4 years because
solid evidence or new diagnostic and treatment tool/
drug or concept will be published and then established
in clinical practice every year.
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The World Health Organization (WHO) criteria and Response
Evaluation Criteria in Solid Tumors (RECIST) are inappropriate
to assess the direct effects of treatment on the hepatocellular
carcinoma (HCC) by locoreginal therapies such as radiofre-
quency ablation (RFA) and transcatheter arterial chemo-
embolization (TACE). Therefore, establishment of response
evaluation criteria solely devoted for HCC is needed urgently
in the clinical practice as well as in the clinical trials of HCC
treatment, such as molecular targeted therapies, which cause
necrosis of the tumor. Response Evaluation Criteria in Cancer
of the Liver (RECICL) was revised in 2009 by Liver Cancer Study
Group of Japan based on the 2004 version of RECICL, which
was commonly used in Japan. Major revised points of the
RECICL 2009 is to provide TE4a (Complete response with
enough ablative margin) and TE4b (complete response
without enough ablative margin) for local ablation therapy.

Second revised point is that setting the timing at which the
overall treatment effects are assessed. Third point is that
emergence of new lesion in the liver is regarded as progres-
sive disease, different from 2004 version. Finally, 3 tumor
markers including alpha-fetoprotein (AFP) and AFP-L3 and
des-gamma-carboxy protein (DCP) were also added for the
overall treatment response. We hope this new treatment
response criteria, RECICL, proposed by Liver Cancer Study
Group of Japan will benefit the HCC treatment response evalu-
ation in the setting of the daily clinical practice and clinical
trials as well not only in Japan, but also internationally.

Key words: Response Evaluation Criteria, hepatocellular
carcinoma, WHO criteria, RECIST, Liver Cancer, Liver Cancer
Study Group of Japan

INTRODUCTION

THE WORLD HEALTH Organization (WHO) criteria1

and Response Evaluation Criteria in Solid Tumors
(RECIST),2 which are response evaluation criteria for
solid tumors after chemotherapy, are commonly used
for the evaluation of liver cancer treatment in Western
countries. However, it is well known and obvious that
both the WHO criteria and RECIST are inappropriate to
assess the direct effects of treatment on the liver cancer

lesions by ablative treatment and transcatheter arterial
chemoembolization (TACE). Although effective treat-
ments may exhibit a necrotizing effect on hepatocellular
carcinoma (HCC) with deprivation of its blood flow,
the WHO criteria and RECIST do not consider such
necrotizing effects to be “effective”; instead, both criteria
use only tumor size reduction as measures of effect. It
has been shown that the tumor size reduction rate
according to the WHO criteria and RECIST following
TACE with lipiodol (Lip-TACE) is not correlated with
the pathological necrosis rate.3 When lipiodol is accu-
mulated densely within the tumor, the early arterial
staining is masked, and tumor size is not increased, the
tumor is completely necrotized as confirmed by histol-
ogy.3 Even though the tumor is completely necrotized, it
takes a long time to result in reduction of size. The
nodule with complete necrosis after Lip-TACE can be
seen for several years as a lipiodol more densely
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accumulated nodules than 2 weeks after the interven-
tion. In case of radiofrequency ablation (RFA), the phe-
nomenon is the same with Lip-TACE, though lipiodol
accumulation is not seen.

Moreover, the WHO criteria are originally based
on bi-dimensional measurement, which was changed
to a uni-dimensional measurement in RECIST. Even if
tumor necrosis is considered in the response evaluation
criteria, uni-dimensional measurement is inappropriate
for assessment of the direct treatment effect. Therefore,
establishment of response evaluation criteria solely
devoted for HCC is needed urgently in the clinical prac-
tice as well as in the clinical trials of HCC. The current
report describes the newly established response evalua-
tion criteria for HCC by revising the previously existing
criteria established by the Liver Cancer Study Group of
Japan.

CONCEPT OF THE RESPONSE EVALUATION
CRITERIA IN CANCER OF THE LIVER (RECICL)

THE FIRST EDITION of Criteria for the Evalua-
tion of Direct Treatment Effects in Hepatocellular

Carcinoma was published in 1994.4 The revised edition
was published in 2004,5 and is commonly used in
Japan, but several problems remained in the revised
criteria. Thus, a third revision was carried out before
publishing the English edition of the General Rules for
the Clinical and Pathological Study of Primary Liver
Cancer edited by the Liver Cancer Study Group of Japan
(third edition).

Current response evaluation criteria focuses on the
following points: (i) development of simple criteria that
are sufficiently applicable in routine clinical practice
centering on local treatment (ethanol injection therapy,
microwave coagulation therapy, RFA) and transcatheter
arterial therapy, radiotherapy and systemic chemo-
therapy can also be included; (ii) assessment of direct
treatment effects on intrahepatic target lesions and
overall effects are described separately; and (iii) the cri-
teria follow the fifth edition of the General Rules for the
Clinical and Pathological Study of Primary Liver Cancer
edited by the Liver Cancer Study Group of Japan.6

Considering the biological characteristics of HCC,
high frequencies of “intrahepatic metastatic recurrence”
and “multicentric carcinogenesis”, it may not necessarily
be appropriate for liver cancer to be indiscriminately
diagnosed as “progressive disease” based on the appear-
ance of “a new lesion” alone because such “a new lesion”
has not been treated by ablation or TACE when the
recurrent nodule exists outside of the treated area. Thus,

evaluation of the direct effects of treatment on target
lesions should focus on the direct therapeutic effect on
the target lesions, and the overall evaluation should be
investigated with close association with the prognosis.

Although the chemotherapeutic agent permeates
through the liver in chemotherapy, the therapeutic effect
of TACE and ablative treatments is limited only to the
target lesion or the area fed by embolized artery with the
tumor. Treatment is not done for the new lesions
appearing outside the area where the ablation or TACE
are performed. After the same treatment is carried out
on the targeted new lesion, a similar treatment effect
may be expected on the formerly treated lesion. Accord-
ingly, when “a new lesion” appears in a region outside
the treatment area, the new lesion (intrahepatic metasta-
sis or multicentric carcinogenesis) may not directly
indicate the prognosis. The basic concept of the 2004
version of the Japanese response evaluation criteria5 was
to exclude the new lesions from the evaluation of treat-
ment effect on the formerly treated lesions. In other
words, the emergence of a new lesion is regarded as out
of the evaluation of the treatment effect for the former
lesions, which is the most marked difference from the
WHO criteria or RECIST.

Therefore, these criteria established by the Liver Cancer
Study Group of Japan are exclusively specified for the
Evaluation of Therapeutic Effects on Liver Cancer, and
differ from other evaluation criteria for solid tumor
regarding the various points described above.

The 2004 version of the Criteria for the Evaluation of
Direct Treatment Effects in Hepatocellular Carcinoma
are superior to the WHO criteria or RECIST because
it considers the biological characteristics of HCC as
follows: (i) tumor necrosis is regarded as a direct effect
of treatment on the target lesion as well as tumor size
reduction even though it is minimal; (ii) tumors are
measured in two dimensions; (iii) the dense accumula-
tion of lipiodol is regarded as necrosis;3 and (iv) the
emergence of a new lesion is not regarded as a “progres-
sive disease” in evaluation of the treated nodule.

However, several problems remained in the 2004
version: (i) assessment of direct treatment effects was
performed at 3 months, while the overall evaluation
was performed at 6 months; and (ii) even though the
direct effects on target nodules varies among treatment
methods, the timing of assessment was not described.
To overcome these limitations, some minor changes
were made in this 2009 revised version. These criteria
may be suitable mainly for local treatment and tran-
scatheter arterial therapy, but are also applicable for
radiotherapy and chemotherapy in combination with
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the WHO criteria and RECIST. Whether or not some
criteria are superior to others will be investigated in
future studies. We expect that the 2009 revised edition
of Response Evaluation Criteria in Cancer of the Liver
(RECICL), will be widely used in clinical practice as well
as in the clinical trial settings, not only in our country
but also worldwide, as the criteria are clearer and may be
more suitable in response evaluation for liver cancer
than WHO criteria or RECIST.

MAJOR REVISED POINTS OF THE RESPONSE
EVALUATION CRITERIA IN THE 2009 VERSION

FIRST, WE HAVE clarified the direct effect of local
treatments on target nodules. When the non-stained

low-density area in local ablation therapy such as ethanol
injection therapy, microwave coagulation therapy and
RFA covers all parts of the low-density area in the late
phase of dynamic computed tomography (CT) scan
before treatment, the lesion is regarded as 100% necro-
tized and described as treatment effect 4 (TE4), even
though the size of the nodule does not decrease in the
follow-up CT scan or multiple resonance imaging (MRI).
However, when the non-stained low-density area does
not cover the low-density area before the treatment, the
risk of local recurrence is high.7–9 Therefore, for ethanol
injection therapy, microwave coagulation therapy and
RFA, when the non-stained low-density area is slightly
wider across the entire circumference than the low-
density area in the late phase of dynamic CT scan before
treatment, the lesion is regarded as 100% necrotized
(TE4a). When only hypervascularity has disappeared
without a slightly wider non-stained region than the
low-density area on dynamic CT scan, the condition is
judged as TE4b (Table 1).

Second, we have settled the timing at which the
overall treatment effects are assessed: (i) the maximum
response within 3 months is regarded as the overall
treatment effect; (ii) for transcatheter arterial therapy
with lipiodol, it is desirable to assess the effect after
at least 1 month; (iii) local ablative treatment can be
assessed immediately after the treatment; and (iv) for
radiotherapy, the maximum response within 6 months
may be regarded as the overall effect.

Third, regarding the criteria for “progressive disease”
in the overall evaluation, the emergence of a new lesion
is regarded as “progressive disease”, similar to that advo-
cated in the WHO criteria or RECIST, as shown in
the Appendix. However, new lesions are separately
described in consideration of the biological characteris-
tics of HCC and the description may contribute to a

future review of the criteria, particularly for: (i) intrahe-
patic solitary lesions (whether it is in the treated area
or outside of the treated area by ablation or TACE);
(ii) intrahepatic multiple lesions; and (iii) vascular
invasion/extrahepatic spread.

Fourth, the RECIST and WHO criteria may be appro-
priate for radiotherapy and systemic chemotherapy
including molecular targeted agents because these are
currently used internationally,10–13 however, we recom-
mend evaluation using the RECICL criteria in combina-
tion with the WHO criteria or RECIST in order to clarify
which criteria among the three are the most appropriate
in future studies. This point is described in the detailed
regulation section.

Fifth, in the detailed regulation section, the lowest
levels of three tumor markers (a-fetoprotein [AFP],
AFP-L3 and Protein induced by vitamine K absence or
antagonist [PIVKA-II] or des-gamma-carboxy prothrom-
bin [DCP]) should be measured and described within
3 months and considered with reference to the overall
evaluation. It may be useful to prospectively investigate
whether there is a difference in the prognosis between
complete response (CR) based on imaging alone and CR
on imaging in combination with response of tumor
markers.

Finally, we include a comparison between the WHO
criteria, RECIST14,15 and RECICL established by the Liver
Cancer Study Group of Japan.

Table 1 Treatment effect (TE) on the target nodule

TE4: The tumor-necrotizing effect is 100% or the tumor
size reduction rate is 100%.*

TE4a: Necrotized area with larger ablated area than original
nodule.*

TE4b: Necrotized area of same size with original nodule.
TE3: The tumor-necrotizing effect or tumor size reduction

rate is between 50% and <100%.*
TE2: Effects other than TE3 and TE1.
TE1: The tumor enlarged by >25% regardless of the

necrotizing effect.

*For ethanol injection therapy, microwave coagulation therapy,
and radiofrequency ablation, when the non-stained low-density
area is slightly wider across the entire circumference than the
low-density area in the late phase of dynamic computed
tomography (CT) scan before treatment, the lesion is regarded as
100% necrotized (TE4a). When only hypervascularity has
disappeared without a slightly wider non-stained region than the
low-density area on dynamic CT scan, the condition is judged as
TE4b. In transcatheter arterial chemoembolization (TACE), the
tendency of reduction of tumor size, without tumor staining by
CT scan with contrast enhancement, and denser uniform
accumulation of lipiodol than just after lipiodol TACE when
lipiodol is used, are classified to be TE4.
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DESCRIPTION OF RECICL PROPOSED BY
LIVER CANCER STUDY GROUP OF JAPAN

Subjects

THE SUBJECTS ARE patients who are treated initially
and for recurrence. Because responses to treatment

are evaluated, as a rule, by dynamic CT, intrahepatic
lesions with hypervascular tumors are the principle
targets of the RECICL criteria. It is essential that tumors
can be clearly visualized using an imaging technique.

Detailed description

Description of past medical history

1 Methods and date when definitive diagnosis of liver
cancer was made.

2 Previous treatment modality (as described in “c.
Description of treatment modalities”).

3 Dates of initiation and completion of previous
treatment.

4 Methods and date when recurrence was diagnosed.

Descriptions of liver cancer at the time of the
initiation of treatment

These issues are based on the second English Edition of
the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer (edited by the Liver
Cancer Study Group of Japan).16 The following items
should be noted:
1 Tumor location.
2 Tumor size, number, and vascular invasion. The tum-

or size is presented as the major axis and maximum
diameter crossing the major axis at a right angle.

3 Macroscopic types.16,17

4 Macroscopic staging. Even for tumors that are only
assessable by imaging, staging should be described
following the rules for surgical findings and the
resected specimen.16,17

5 Histological grading when biopsy is performed.16,17

Description of treatment modalities

1 Name of treatment: transcatheter hepatic arterial
therapy (transcatheter arterial infusion chemotherapy,
transcatheter arterial embolization, TACE), local treat-
ment (ethanol injection therapy, microwave coagula-
tion therapy, RFA), radiotherapy such as Liniac,
g-knife, or proton beam line, systemic chemotherapy.

2 Details of treatment: for treatments using drugs, the
name of drugs* (anticancer drugs, Lipiodol, etc.),
route of administration, treatment interval and single
dose, and the total number of administrations and

total dose should be described. For other treatment
methods, the details should be described appropri-
ately. When the treatment is discontinued, the reason
for discontinuation and the presence or absence of
adverse effects should be described. (*In addition
to the chemotherapeutic drugs, any drugs directly
injected into the tumor to necrotize it, such as ethanol,
and/or embolizing materials, should be described.)

3 Dates of initiation and completion or termination of
treatment.

Assessment of direct treatment effect on
target nodule
1 On assessment of the direct effect of treatment on the

target nodule, the tumor-necrotizing effect and tumor
size reduction rate are calculated based on the size
reduction or disappearance of hypervascularity of
the nodule on dynamic CT. Findings of dynamic MRI,
and/or contrast-enhanced ultrasonography can sub-
stitute dynamic CT.

2 The necrotizing effect is assessed by imaging. The
percent ratio of the necrotized area to the cross-
sectional area of the tumor should be calculated.*
(*When various cross-sections are obtained for a
single tumor, the total sum of the necrotic area
should be used; however, when the maximum cross-
section represents the entire findings of the tumor,
assessment may be made based on the maximum
cross-sectional area.)

3 The size reduction rate is calculated using the equation
below, after calculating the product of the major axis
of the maximum cross-section by the maximum diam-
eter crossing the major axis at a right angle: size reduc-
tion rate = ([product before treatment] – [product
after treatment]) / (product before treatment) ¥ 100.

4 Direct treatment effect (TE) on target nodule: effects
on individual lesions are categorized into four degrees
based on the tumor-necrotizing effect observed within
a fixed term* after the initiation of treatment or the
maximum tumor size reduction rate, as shown in
Table 1. (*For local treatments [such as ethanol injec-
tion therapy, microwave coagulation therapy, RFA],
the effects are assessed immediately after treatment.
For transcatheter arterial chemotherapy using lipi-
odol, transcatheter arterial embolization and tran-
scatheter arterial chemoembolization, it is desirable
to assess the effect after at least 1 month. For radio-
therapy, the effect assessed based on the maximum
response within 6 months.)

5 When multiple lesions are present in the liver, TE is
determined in individual lesions.
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OVERALL EVALUATION OF THE TREATMENT
RESPONSE

1 The overall evaluation is determined, based on the
effect in the entire liver and its persistence, and catego-
rized as CR, partial response (PR), stable disease (SD)
and progressive disease (PD), as defined in Table 2.

2 To use this method to predict the prognosis, TE
is determined and recorded at 3 months when re-
treatment is not performed after the initiation of treat-
ment, as an overall response evaluation, except for
radiotherapy, in which the overall evaluation is per-
formed at 6 months.

3 When multiple lesions are present, but the assessment
of all of the lesions is difficult, evaluation of the five
largest lesions may be considered to represent the
overall evaluation of the entire liver, but it is not
regarded as CR. In addition, CR should not be given
when the findings of the maximum cross-section is
regarded to represent the entire tumor. Tumors may
only be described as CR when all of the intrahepatic
lesions are assessable as well as the effect shown in
Table 2 (100% tumor-necrotizing effect or 100%
tumor size reduction rate) is obtained.

DETAILED REGULATIONS

THE NECROTIZING EFFECT is assessed based on the
response evaluation criteria of treatment on target

nodules.
1 The presence, on dynamic CT with an i.v. bolus injec-

tion, of a non-stained low-density area after treatment
is regarded as a necrotizing effect. A non-stained low-
density area represents an apparently lower level than
that in the surrounding liver parenchyma in the early
and late phases* of dynamic CT with an i.v. bolus
injection. Usually, the CT attenuation value of a non-
stained low-density area does not increase on dynamic
imaging. (*The early phase represents the arterial

dominant phase of dynamic CT. The late phase repre-
sents the equilibrium phase of dynamic CT.)

2 When lipiodol is used, the presence of a region retain-
ing lipiodol homogeneously and densely in the tumor
shown on CT 1 month after therapy is regarded as a
necrotizing effect. Dynamic MRI, Doppler ultrasonog-
raphy and contrast-enhanced ultrasonography can be
also used.

3 The effects of radiotherapy, systemic chemotherapy
(including treatment with molecular targeted agents)
and hepatic arterial chemotherapy should be descri-
bed by both RECIST and present criteria, RECICL.

4 The lowest levels of three tumor markers (AFP, AFP-L3
fraction, PIVKA-II or DCP) should be recorded as
reference values for the overall response evaluation.
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APPENDIX I

TOVERALL EVALUATION OF treatment effects on liver cancer: a comparison between the World Health Organi-
zation (WHO) criteria, Response Evaluation Criteria in Solid Tumors (RECIST) and Response Evaluation Criteria

in Cancer of the Liver (RECICL)

WHO criteria (after 4 weeks) RECIST (after 4 weeks) RECICL (after 3 months)

Lesion evaluated All evaluable lesions All measurable lesions, target
lesions (five lesions, a
maximum of 10 lesions
when lesions are present
over 2 or more organs)

Target lesions (a maximum
of five lesions when more
than 5 lesions are present)

Evaluation
method

Bi-dimensional measurement
(changes in the product of
the major axis and the
diameter crossing the
major axis at a right angle).
Sum of the all lesions.

Uni-dimensional measurement
(changes in the sum of the
major axis)

Bi-dimensional measurement (changes in
the product of the major axis and the
diameter crossing the major axis at a
right angle, non-stained regions on
dynamic CT and/or lipiodol-deposited
regions are measured as necrosis). Sum
of the all target lesions.

Overall evaluation
CR (complete

response)
Disappearance of all lesions Disappearance of all target

lesions
100% tumor-necrotizing effect or 100%

tumor size reduction rate

PR (partial
response)

50% or greater disappearance
of all lesions

30% or greater reduction
of target lesions

A tumor-necrotizing effect or tumor size
reduction rate between 50% and
<100%

SD (stable disease) Effects other than PR and PD Effects other than PR and PD Effects other than PR and PD

PD (progressive
disease)

325% enlargement of a
lesion or appearance
of a new lesion

320% increase or appearance
of a new lesion

325% enlargement of the tumor
regardless of the necrotizing effect or
appearance of a new lesion
(categorized into three groups:
intrahepatic solitary lesion, intrahepatic
multiple lesions, and vascular
invasion/extrahepatic spread).
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APPENDIX II

Example RECICL Evaluation Sheet

Patient Age Male/female ID

1. Description of Liver Cancer
(1) Past medical history

(i) Method and date of definite diagnosis of liver cancer
(ii) Past treatment history (only patients treat for recurrence)

(2) Condition of liver cancer
Tumor location, number and size of lesions, vascular invasion, macroscopic classification, macroscopic staging,
histological type or degree of differentiation

2. Description of Treatment Method
(1) Initial treatment or treatment for recurrence
(2) Name of treatment (describe all treatments when multiple treatments were performed)
(3) Details of treatment, including the reason for the discontinuation and the presence or absence of an adverse event

when treatment is discontinued
(4) Dates of initiation and completion of treatment

3. Treatment Effect on Target Nodule (TE1, 2, 3, 4)*1

(Describe TE4a or 4b for local ablation) Assessment results: Lesion 1
Lesion 2
Lesion 3
Lesion 4
Lesion 5

4. Overall Evaluation (CR, PR, SD, PD)*2

Assessment results:

When a new lesion appears in PD
(new lesion: a, b, c)

Additional notes: tumor markers
Name of tumor marker Before treatment Lowest level within

3 months
6 months (only for
radiotherapy)

Time point ( )
AFP
AFP-L3 fraction
PIVKA-II (DCP)

*1: Refer to Table 1. *2: Refer to Table 2.
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A 73-year-old woman was admitted to
our hospital because of diarrhea and in-
veterate oral ulcers. Upon admission, her
body temperature was 38.2 8C. The ab-
dominal examination revealed mild ten-
derness without guarding. Initial blood
tests revealed a white blood cell count of
10500/�L, hemoglobin level of 7.8 g/dL, C-
reactive protein level of 21.7mg/dL, and
positivity for HLA-B52. The day after ad-
mission, massive bloody stools appeared.
Colonoscopy of the descending colon re-
vealed punched-out ulcers scattered
throughout the rectum up to the des-
cending colon (l" Fig. 1a). While genital
ulcers appeared after admission, skin le-
sions and eye inflammation were not de-
tected. The patient was consequently di-
agnosed as having intestinal Behçet’s dis-
ease. She was treated with mesalazine
(3 g/day) but her conditionworsened gra-
dually, and therefore intravenous predni-
solone pulse therapy (1000mg/day) was
performed. However, bloody stools con-
tinued to appear. Second-look colonosco-
py detected deep longitudinal ulcers in
the transverse colon that exposed the
muscular layer (l" Fig. 1b). The patient
was treated with infliximab (5mg/kg)
but complained 3 days later of severe ab-
dominal pain and showed guarding in the
left lower abdominal area. Computed to-
mography revealed a dilated transverse
colon and perforation of the sigmoid co-
lon with free air (l" Fig. 1c,d). Conse-
quently, the patient underwent surgery
(l" Fig. 2), but unfortunately she died of
disseminated intravascular coagulation
after surgery.
In Behçet’s disease, while involvement of
the gastrointestinal tract is relatively un-
common [1], the rate of perforation is re-
latively high [2,3]. However, complica-
tion of Behçet’s disease with a toxic
megacolon is extremely rare [4,5]. Never-
theless, our case indicates that we should
pay attention to patients with extensive
deep ulcers. While toxic megacolon oc-
curs in ulcerative colitis, it is not a com-
plication peculiar to ulcerative colitis as
it can occur in any case of an ulcerative le-
sion with inflammation that penetrates
the entire colonic wall, such as can occur
in intestinal Behçet’s disease.

Endoscopic findings of intestinal Behçet’s
disease complicated with toxic megacolon

Fig. 1 a, b Endoscopic
findings. a Punched-out
ulcer in the descending
colon. b Extensive deep
longitudinal ulcers in
the transverse colon
that exposed the mus-
cular layer. c, d Com-
puted tomography.
c Dilated transverse
colon, similar to that
seen in ulcerative colitis
complicated with a tox-
ic megacolon. d Per-
foration of the sigmoid
colon with free air
(arrow).

Fig. 2 a, b Surgical
specimen (subtotal
colectomy and ileec-
tomy). a Multiple deep
ulcers in the entire co-
lon and ileum. b Deep
ulcer and severe infil-
tration of inflammation
cells in the entire wall.
Moreover, vasculitis
and fibrinoid necrosis
of the vascular wall
were observed that
were consistent with
intestinal Behçet’s dis-
ease.
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