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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 (=70
IU/1) 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-

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 y-glutamyl transpep-
tidase values. The viral factors include amino acid substi-
tutions in the IFN sensitivity-determining region of the
HCYV nonstructural 5A (NS5A) protein and in the HCV
core region.
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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-IFNa-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-IFNa-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 (=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-IFNa-2a was administered once a week
at a daily dose of 90 or 180 pg, PEG-IFNa-2b was administered
once a week at a daily dose of 1.5 pg/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 =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 respondersif theyachieved 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-
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Table 1. Demographics and baseline characteristics

Patients, n 175
Age 60.2%+0.8
Sex (male/female), n 85/90
BM]J, kg/m? 22.9+0.3
Genotype, n

1 151 (86.3%)

2 24 (13.7%)
Viral load, kIU/ml 2,200 £200
WBC, X 10/l 49+0.1
Hb, g/dl 13.8+0.1
PLT, X 10%pl 16.3+0.5
Serum ferritin, ng/ml 115.6%£12.5
ALT, 1U/l 71.5+4.3
PEG-IFN, n

a-2a 42 (24%)

a-2b 133 (76%)

BMI = Body mass index; WBC = white blood cell count; Hb =
hemoglobin; PLT = platelets.

cording to the manufacturer’s instructions. HCV RNA qualita-
tive determination was performed by real-time PCR on a Cobas
TagMan 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 * 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, 1., 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 prevalentin 151 (86.3%) patients with the remaining
24 (13.7%) positive for type 2. PEG-IFNa-2b was admin-
istered to 133 (76%) of the patients (table 1).
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Table 2. Univariate analysis for SVR

SVR Non-SVR p value

Patients, n 95 80
Age, years 602+1.2 60.1£9.0 0.418
Sex (male/female), n 50/45 35/45 0.243
BMI, kg/m? 226+44 232+03 0.173
Genotype <0.05

1 74 (49.0%) 77 (51.0%)

2 21 (87.5%) 3 (12.5%)
Viral load, kIU/ml 1,700+£200  2,700x400  <0.05
WBC, X 10%/ul 51%0.2 4.6%+0.2 <0.05
Hb, g/dl 14.0%0.1 13.6+0.2 <0.05
PLT, x10%/ul 17.8%0.6 14.6 0.7 <0.05
Serum ferritin, ng/ml  1359*14.6  174.1%£19.9 0.214
ALT, U/l 73.6%6.5 69.0%£5.3 0.494
PEG-INF 0.321

«-2a 20 (47.6%) 22 (52.4%)

o-2b 75 (56.4%) 58 (43.6%)

BMI = Body mass index; WBC = white blood cell count; Hb =
hemoglobin; PLT = platelets

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
viralload, 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 (=70 IU/]) at 12 and 24 weeks of the
therapy, respectively. Among the subjects whose ALT lev-
els were =70 IU/I at weeks 12 and 24, the relationship
between the serum ALT and ferritin levels was investi-
gated using Pearson’s correlation coefficient test. There

62 Intervirology 2010;53:60-65
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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.

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-
creasingratio of serum ferritin in patients witha 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,

Yada et al.
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Increasing ratios of serum ferritin

Time (weeks)

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.

r = 0.172 during the first 12 weeks; fig.3). There was also
no correlation between PEG-IFN«a-2a or -2b and increas-
ing ratio of serum ferritin (PEG-IFN«a-2a: p = 0.856, r =
0.037 at week 4; p = 0.752, r = -0.58 at week 12; PEG-IF-
Na-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-
IFNa-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 (=70 IU/I). Also, serum ALT
levels were elevated (=70 IU/1) 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.

RBY, a guanosine analogue which has a broad antivi-
ral spectrum, is known as an immunomodulator inhibit-
ing the viral RNA polymerase, balancing Thl and Th2
cell responses and acting by direct cytoprotection [14, 15].
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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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Although HCV RNA levels and hepatic fibrosis scores
did not change significantly in patients with CHC who
were treated by RBV alone, serum ALT levels and inflam-
matory features of liver histology were improved [16, 17].
One possible reason why the correlation between serum
ALT and serum ferritin levels was not seen in PEG-IFN
and RBV combination therapy, distinct from PEG-IFNa-
2a monotherapy, is the efficacy of RBV to improve in-
flammation of the liver as described above.

In this study, whether SVR was reached or not, serum
ferritin levels significantly increased after initiation of
therapy, peaked at an early stage (4-12 weeks) after ini-
tiation and decreased slowly. In SVR patients, serum fer-
ritin levels after treatment were lower than the initial
baseline. In non-SVR patients, serum ferritin levels in-
creased again after completion of therapy with a corre-
sponding increase of HCV-RNA load (data not shown).
The increased ratio of serum ferritin (serum ferritin/
baseline ferritin ratio) in SVR subjects was significantly
higher than in non-SVR individuals. A similar report has
been previously published, and its results correspond
with what we are reporting here [18].

In general, it is thought that an adequate dose of RBV
in the first stages of treatment correlates to SVR [19]. It is
expected that the more RBV is administered, the more
strongly hemolysis occurs and serum ferritin levels rise.
In this study, there was no significant correlation be-
tween dose of RBV and serum ferritin levels. Even if the
same dose of RBV was administrated, metabolism and
concentration of RBV differ between individuals. Though
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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.

Copyright © 2010 S. Karger AG, Basel

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,
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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
tibrosis results are shown in figures 3-6. As can be seen from
these figures, as F stage progresses, the liver fibrosis index in-
creases.

FibroScan and Real-Time Tissue
Elastography

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 (I-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.
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Fig. 5. Example of liver RTE image and re-
sult of liver fibrosis index (F stage 3).

RTE image

Soft

Hard

F stage: stage 3

Liver fibrosis index: 2.96

RTE image

Binary image

Histogram

Fig. 6. Example of liver RTE image and re-
sult of liver fibrosis index (F stage 4).

Soft

RTE image

Hard

F stage: stage 4

Liver fibrosis index: 3.56

RTE image

o

Binary image

LA

"y

Histogram

80 Intervirology 2010;53:76-81

- 470 -

Tatsumi et al.



*
r 1
40 XX¥ 59 *%
T 1 T 1
*% i *%
354 T 1 r *I*
— 4= r ]
30 g e B
— 2 *
g_": 25 4 Rl 3
<
s 20+ 2 ]
£ s,
£ 15+ =
10 B
[+ 14
5 4
r=0.60 r=0.78
0 0
1 T 2 T 3 T 4 1 1 T 2 T 3 T 4 1
F stage F stage

Fig. 7. FibroScan and F stage. * p < 0.05; ** p < 0.005; *** p <

0.001.

References

—

Sandrin L, Fourquet B, Hasquenoph JM, et
al: Transient elastography: a new noninva-
sive method for assessment of hepatic fibro-
sis. Ultrasound Med Biol 2003;29:1705-
1713.

2 Foucher ], Chanteloup E, Vergniol J, etal: Di-
agnosis of cirrhosis by transient elastogra-
phy (FibroScan): a prospective study. Gut
2006;55:403-408.

FibroScan and Real-Time Tissue
Elastography

0.001.

3 Fraquelli M, Rigamonti C, Casazza G, et al:
Reproducibility of transient elastography in
the evaluation of liver fibrosis in patients

with chronic liver disease. Gut 2007;56:968—~ 7

973.

4 Fujimoto K, Wada S, Oshita M, et al: Non-
invasive evaluation of hepatic fibrosis in pa-
tients with chronic hepatitis C using elastog-
raphy. Medix Suppl 2007;24-27.

5 Tatsumi C, Kudo M, Ueshima K, et al: Non-
invasive evaluation of hepatic fibrosis using
serum fibrotic markers, transient elastogra-
phy (FibroScan) and real-time tissue elastog-
raphy. Intervirology 2008;51(suppl 1):27-33.

Fig. 8. RTE (liver fibrosis index) and F stage. * p < 0.05; ** p <

6 Itoh A, Ueno E, Tohno E, et al: Breast disease:

clinical application of US elastography for
diagnosis. Radiology 2006;239:341-350.
Tsutsumi M, Miyagawa T, Matsumura T, et
al: The impact of real-time tissue elasticity
imaging (elastography) on the detection of
prostate cancer: clinicopathological analy-
sis. Int ] Clin Oncol 2007;12:250-255.

Intervirology 2010;53:76-81

- 471 -

81



Vascular and Interventional Radiology * Original Research

Overall Survival After
Transarterial Lipiodol Infusion
Chemotherapy With or Without
Embolization for Unresectable
Hepatocellular Carcinoma:
Propensity Score Analysis

Kenichi Takayasu'

Shigeki Arii?

Iwao lkai®

Masatoshi Kudo*

Yutaka Matsuyama®

Masamichi Kojiro®

Masatoshi Makuuchi’

for the Liver Cancer Study Group of Japan

Keywords: chemotherapy, hepatocellular carcinoma,
iodized oil infusion, propensity analysis, transarterial
chemoembolization

DO01:10.2214/AJR.09.3308

Received July 8, 2009; accepted after revision
August 24, 2009.

'Department of Diagnostic Radiology, National Cancer
Center Hospital, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045,
Japan. Address correspondence to K. Takayasu.
2Department of Hepato-Biliary-Pancreatic Surgery,
Tokyo Medical and Dental University, Graduate School of
Medicine, Tokyo, Japan.

3Department of Surgery, Graduate School of Medicine,
Kyoto University, Kyoto, Japan.

*Department of Gastroenterology and Hepatology, Kinki
University School of Medicine, Osaka, Japan.

SDepartment of Biostatistics, School of Health Sciences
and Nursing University of Tokyo, Tokyo, Japan.

®Department of Pathology, Kurume University School of
Medicine, Kurume, Japan.

"Department of Surgery, Japanese Red Cross Medical
Center, Tokyo, Japan.

AJR2010;194:830-837
0361-803X/10/1943-830

© American Roentgen Ray Society

830

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 cqual 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 S-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.

epatocellular carcinoma (HCC)
_ is the fifth most common type of
~cancer and the third most com-
- mon cause of cancer mortality in
the wor]d [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].
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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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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 & 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: a-fetoprotein greater
than 400 ng/mL (normal, < 20 ng/mL) and des-
y-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 =

AJR:194, March 2010

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; Vpl, 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 Vvl, 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 TI is determined
when three criteria are fulfilled; T2, two criteria;
T3, one criterion; and T4, no criteria. Stages 1-
I'VA 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.
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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 I-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/m?), epirubicin
(30-60 mg/m?), 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 atumor marker such as a-fetoprotein
or des-y-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 |: Baseline Characteristics of Patients With Unresectable Hepatocellular Carcinoma Who Underwent
Transarterial Chemoembolization With lodized Oil and Transarterial lodized Oil Infusion Chemotherapy
Without Embolization (n = 11,030)

Transarterial lodized Qil
Transarterial Infusion Chemotherapy
Chemoembalization With Without Embolization
lodized Qil (n=8,507) (n=2,523)
Background Factor No. of Patients % No. of Patients % p
Agely) 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 4
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 "
Both positive 212 3 58 2
Both negative 972 12 3N 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
>Vl 243 3 106 5
a-Fetoprotein level (ng/mL) <0.0001
<20 2,745 34 724 30
21-400 3,393 42 994 4
>401 2,001 25 700 29
TNM stage <0.0001
I (TINOMO) 915 12 280 13
[1{T2ZNOMO) 2,908 39 719 34
I11{T3NOMO) 2,972 40 775 37
IVA (TANOMO) 639 9 318 15

Note—Numbers inthe sections do not equal those in the number columns because of missing values onthe questionaire. Some percentages do not total 100 due to rounding.

832 AJR:194, March 2010
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TABLE 2: Degree of Liver Damage According to the Classification of the
Liver Cancer Study Group of Japan

Grade of Liver Damage

Clinical or Laboratory Finding A B C
Ascites None Controllable | Uncontrollable
Serum bilirubin concentration (mg/dL) <20 2.0-3.0 >3.0
Serum albumin concentration (g/dL) >3.5 3.0-35 <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 onthe 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

Criteria

Classification
T category
T1 Fulfilling 3 criteria
T2 Fulfilling 2 criteria
T3 Fulfilling 1 criterion
T4 Fulfilling no criteria
TNM stage
| TINOMO
Il T2NOMO
Il T3NOMO
IVA TANOMO, any TNTMO
IVB Any T, NO-1M1

Single lesion, tumor diameter 2 cm or less, and no vascular or biliary invasion

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

AJR:194, March 2010

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),
o-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
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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
I-, 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 a-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-Vpl 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% Cl, 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. ).

Discussion

Infusion therapy of an emulsion of iodized
oil and an anticancer agent without gelatin
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0.75

0.50

0.25

Overall Survival Fraction

0.00 - |

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

— 1,699 1,174
885

780
444

No. of
patients === 1,699
at risk

higher survival rate
thantherapy 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)

Hazard Ratio
Variable Estimate | Standard Error p 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) (> 60vs <60) 0.0551 0.0386 0.15 1.06 0.98-1.14
Liver damage

Grade Bvs A 0.3711 0.0358 0.0001 1.45 1.35-1.56

Grade Cvs A 0.8566 0.0508 0.0001 2.36 2.13-2.60
Maximum tumor size (cm)

2.1-3vs<2 0.2076 0.0523 0.0001 1.23 1.11-1.36

3.1-5vs<2 0.3802 0.0499 0.0001 1.46 1.33-1.61

251vs<2 0.6689 0.0533 0.0001 1.95 1.76-2.17
No. of tumors

2-3vs 1 0.2593 0.0396 0.0001 1.30 1.20-1.40

24vs1 0.4990 0.0416 0.0001 1.65 1.52-1.79
Vascular invasion

Vp1-23vs Vp0 06137 0.0520 0.0001 1.85 1.67-2.05

>Vv1vs Vv0 0.2649 0.0806 0.001 1.30 1.11-1.53
a-Fetoprotein (ng/mL)

21-400vs <20 0.2562 0.0412 0.0001 1.29 1.19-1.40

2401vs <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
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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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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 S-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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TABLE 5: Baseline Characteristics of Patients in Two Groups Matched by Propensity Score (n = 3,398)

Transarterial

Transarterial lodized Qil Infusion

Chemoembolization With Chemotherapy Without
lodized Oil (n=1,699) Embolization (n=1,699)
Background Factor No. of Patients % No. of Patients % p
Agely) 0.75
<60 422 25 414 24
260 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 182 46 178 46
B 696 Ly 694 4
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
1 172 45 754 44
2-3 412 28 494 29
24 455 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
Vv 1,630 96 1,616 95
> Wi 69 4 83 it
a-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
[{TINOMO) 259 15 252 15
I1{T2NOMO) 636 37 628 37
111 (T3NOMO) 616 36 626 37
IVA (TANOMO) 188 1 193 1
Note—Some percentages do not total 100 due to rounding.
AJR:194, March 2010 835
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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%
Cl1, 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 *’Y-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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