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was confirmed using contrast-enhanced CT or MR imaging
(bolus injection) after 6 weeks * 2.

The treatment was repeated if tumor progression was
observed. The treatment could also be repeated even
without tumor progression for disease control on an as-
needed basis. If no residual tumor was found, transcatheter
arterial chemoembolization was not performed periodi-
cally, and a follow-up contrast-enhanced CT or MR
imaging examination was repeated every 3 months * 2.
When tumor recurrences were observed on a follow-up CT
or MR imaging examination, the transcatheter arterial
chemoembolization procedure was repeated. The protocol
treatment was discontinued if any of the following criteria
for the discontinuation of the protocol therapy occurred:
obvious tumor progression at the site of treatment at an
evaluation performed 6 weeks = 2 after transcatheter
arterial chemoembolization, tumor thrombosis in the first
branch or main portal vein, intended use of another
appropriate therapy for persistent or recurrent tumors,
grade 4 nonhematologic toxicities other than aspartate
aminotransferase (AST) or alanine aminotransferase
(ALT), an accumulated dose of epirubicin > 750 mg/m>
body surface area or an accumulated dose of doxorubi-
cin > 500 mg/m? body surface area, or technical difficul-
ties associated with the performance of transcatheter
arterial chemoembolization. If the protocol therapy was
discontinued, another anticancer treatment was allowed
without restriction. Also, if transcatheter arterial chemoem-
bolization was effective in reducing the tumor and the
patient was eligible for other curative therapies, hepatic
resection or local ablative therapy was allowed.

Response and Toxicity Assessment

Contrast-enhanced CT or MR imaging was performed at 6
weeks = 2 after transcatheter arterial chemoembolization
and every 3 months * 2 thereafter. The tumor response
was evaluated according to the modified Response Evalua-
tion Criteria in Solid Tumors (RECIST) (19). Serum alpha
fetoprotein (AFP) and protein induced by vitamin K
absence or antagonist-II (PIVKA II) levels were measured
at 6 weeks * 2 after the first transcatheter arterial che-
moembolization procedure. The AFP or PIVKA II response
was assessed for patients who had a level before treatment
of 100 ng/mL or > 100 mAU/mL; a positive response was
defined as a reduction by > 50% compared with the level
before treatment. Regarding the adverse events that were
observed, the incidence per grade based on the worst grade
of the adverse events in an individual case was calculated.
The severity of all adverse events was evaluated according
to the National Cancer Institute Common Terminology
Criteria for adverse events, version 3.0. Overall survival
was measured from the date of initial treatment to the date
of death or the date of the last follow-up examination.
Time-to-progression was defined as the time from the date
of the initial treatment to the first documentation of
progression. The period until the discontinuation of

transcatheter arterial chemoembolization was defined as
the time from the date of the initial treatment to the
discontinuation of the protocol therapy. The overall survi-
val time and time-to-progression were calculated using the
Kaplan-Meier method.

Statistical Considerations

The aim of this clinical study was to evaluate the safety
and efficacy of Asian transcatheter arterial chemoemboli-
zation and to confirm the reproducibility of the therapeutic
effect compared with that observed in a randomized
controlled trial conducted by Llovet et al (12). The
primary endpoint of this trial was the 2-year survival
rate, and the secondary endpoints were overall survival,
the response rate, and the frequency of adverse events. The
number of enrolled patients was determined using the
confidence interval (CI) method based on the assumption
that the 2-year survival rate in the transcatheter arterial
chemoembolization group studied by Llovet et al (12) was
63%. Because the enrollment of 100 patients in this study
would ensure a 10% two-sided CI, we planned to enroll
100 patients. This clinical study was a multicenter coop-
erative study conducted in Japan and Korea, and the annual
registration of 100 patients was feasible. The total study
period was set as 3 years, estimating that case accrual
would occur during the first year and that the remaining 2
years would serve as the follow-up period to determine the
2-year survival rate. This population was defined as the full
analysis set (FAS), including any patients who received at
least one course of the study treatment and excluding any
patients who withdrew their informed consent to partici-
pate in this study. This open-label, multiinstitutional,
single-arm prospective study was approved by the review
board of each institution and was conducted in accordance
with the Declaration of Helsinki. This trial was registered
in UMIN Clinical Trials Registry (http://www.umin.ac.jp/
ctr/index-j.htm), identification number (UMIN000000975).
Patient registration and data collection were managed by
the clinical research data center of the clinical trial office at
the National Cancer Center in Japan. The quality of data
was ensured through careful review by the data center staff
and the coordinating investigator of this study. All the data
were frozen on January 31, 2011, and all the analyses were
performed by a statistician (S.Y.).

RESULTS

Patient Characteristics

Between January 2008 and January 2009, 102 patients
were enrolled in this trial at 19 institutions in Japan and 8
institutions in Korea (Table 2). Three patients were
excluded from the analysis because they withdrew their
informed consent, and all their data were extracted from
the study. The characteristics of the remaining 99 FAS
patients are listed in Table 3.
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Enrolled Institutions and Numbers of Patients
No. Enrolled
Institution Patients
National Cancer Center Hospital East 12
National Cancer Center Hospital 12
Nara Medical University 1
Chonnam University Hospital
Aichi Cancer Center Hospital
Shizuoka Cancer Center
Kyung Hee University Medical Center
Ishikawa Prefectural Central Hospital
Kobe University
The Catholic University of Korea Uijeongbu

St Mary’s Hospital
The Cancer Institute Hospital of JFCR
Shinshu University
Fukuoka University
Keijinkai Teine Hospital
Niigata Cancer Center
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Okinawa Prefectural Nanbu Medical
Center & Children’s Medical Center

Catholic University St Paul’s Hospital

Cheju National University Hospital

Korea University Anam Hospital

Samsung Medical Center

Seoul National University Hospital

Tochigi Cancer Center

Ryugasaki Saiseikai Hospital

The Jikei University School of Medicine

Aichi Medical University

Shitennoji Hospital

Hyogo College of Medicine
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Transcatheter Arterial

Chemoembolization Procedure

A median of two transcatheter arterial chemoembolization
procedures (range, one to nine procedures) were performed
during the follow-up period. Transcatheter arterial che-
moembolization using epirubicin was performed in 76
patients (77%), and transcatheter arterial chemoemboliza-
tion using doxorubicin was performed in 25 patients (25%).
Mainly epirubicin was used in Japan, whereas mainly
doxorubicin was used in Korea. However, doxorubicin
was administered together with mitomycin and cisplatin in
two patients, which was judged as a serious deviation from
the study’s protocol. The median doses of epirubicin,
doxorubicin, and Lipiodol were 45 mg/body (range,
10-70 mg/body), 40 mg/body (range, 10-60 mg/body),
and 5 mL (range, 1.5-20 mL). The artery used for the
administration of the anticancer agent in the initial trans-
catheter arterial chemoembolization was the subsegmental
branch in 51 patients (37%), the segmental branch in 42
patients (30%), the left or right hepatic artery in 35 patients
(25%), and other arteries such as the inferior phrenic artery
in 10 patients (7%). There were 62 patients (63%) who

Characteristics No. Patients (%)

Korea 24 (24%)
Japan 75 (76%)
Age (y)

Median 70

Range 45-84
Sex

Male 67 (68%)

Female 32 (32%)
ECOG performance status

0 86 (87%)

1 12 (12%)

2 1 (1%)
Hepatitis B surface antigen positive 19 (19%)
Hepatitis C virus antibody positive 52 (53%)
Child-Pugh classification

A 80 (81%)

B 19 (19%)
Ascites present 5 (5%)
Maximum tumor size (mm)

Median 39

Range 11-110
No. tumors

Single 34 (34%)

Multiple 65 (66%)
Tumor distribution

Unilobar 64 (65%)

Bilobar 35 (35%)
AFP (ng/dL)

Median 35.4

Range 1.8-102,700
Protein induced by vitamin K absence or antagonist-li

(mAU/mL)

Median 154

Range 0.02-66,400

AFP = alpha fetoprotein; ECOG = Eastern Cooperative
Oncology Group.

discontinued the protocol treatment. The median period
until transcatheter arterial chemoembolization discontinua-
tion was 17.8 months. After the discontinuation of this
protocol treatment, 59 patients (60%) received subsequent
therapy including hepatic arterial infusion chemotherapy
(14 patients), transcatheter arterial chemoembolization
with other anticancer agents (13 patients), local ablation
(13 patients), systemic chemotherapy (10 patients), radio-
therapy (6 patients), and hepatic resection (3 patients).

Adverse Events

The adverse events associated with the first transcatheter
arterial chemoembolization procedure observed in the 99
FAS patients are listed in Table 4. Grade 3 or higher
anemia, neutropenia, and thrombocytopenia occurred in 1
(1%, 1 (1%) and 12 (12%) patients. In patients undergoing
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No. Patients (%)

Grade 1"
Hematologic toxicity
Leukocytes 30 (30)
Neutrophils 11 (11)
Hemoglobin 53 (54)
Platelets 45 (45)
Nonhematologic toxicity

Malaise 42 (42)
Anorexia 37 (37)
Nausea 22 (22)
Vomiting 10 (10)
Fever 55 (56)
Abdominal pain 24 (24)
Alopecia 1(1)
Gastrointestinal hemorrhage 0 (0)
Liver abscess 0 (0)
Bilirubin 28 (28)
AST 28 (28)
ALT 26 (26)
Alkaline phosphatase 57 (58)
Hypoalbuminemia 49 (49)
Creatinine 12 (12)

Grade 2° Grade 3° Grade 4”
12 (12) 0 (0) 0 (0)
14 (14) 1(1) 0 (0)
14 (14) 1(1) 0 (0)
25 (25) 11 (11) 1(1)
10 (10) 0 (0) 0 (0)

4 (4) 0 (0) 0 (0)
4 (4) 0 (0) 0 (0)
11 0 (0) 0 (0)
9 (9) 0 (0) 0 (0)
12 (12) 4 (4) 0 (0)
0 (0) - -
0 (0) 1(1) 0 (0)
0 (0) 1(1) 0 (0)
36 (36) 2(2) 0 (0)
32 (32) 30 (30) 5 (5)
31 (31) 31 (31) 5 (5)
4 (4) 1(1) 0 (0)
35 (35) 0 (0) -
3(3) 0 (0) 0 (0)

ALT = alanine aminotransferase; AST = aspartate aminotransferase.
* Grading according to Common Terminology Criteria for Adverse Events, version 3.0.

transcatheter arterial chemoembolization for unresectable
HCC, the most common nonhematologic toxicities were
hepatic dysfunction, as indicated by increased AST, ALT,
and bilirubin levels. Grade 3 or higher AST, ALT,
abdominal pain, and bilirubin nonhematologic toxicities
were observed in 35 (35%), 36 (36%), 4 (4%), and 2 (2%)
patients; these toxicities were transient so the patients
recovered within 1 month. No treatment-related deaths
occurred in this series. During this protocol treatment,
serious adverse events were observed in two patients (2%).
One patient developed a grade 5 spontaneous perforation of
the small intestine because of paralytic ileus occurring 32
days after transcatheter arterial chemoembolization. This
patient had a past history of multiple surgeries of the ileus,
and the incident was judged as being unrelated to the
transcatheter arterial chemoembolization treatment by an
independent data monitoring committee. The other patient
developed a grade 3 gastrointestinal hemorrhage on day 2
after the transcatheter arterial chemoembolization proce-
dure. This hemorrhage was caused by Mallory-Weiss
syndrome as a result of frequent vomiting after transcath-
eter arterial chemoembolization; the patient recovered
without any specific treatment. No cumulative toxicities,
including cardiac toxicity, were reported in this study.

Tumor Response
All 99 treated patients were included in the response
evaluation, and the tumor response at 6 weeks * 2 after

the first transcatheter arterial chemoembolization procedure
was evaluated using modified RECIST. A complete
response was shown in 42 patients (42%), and 31 patients
(31%) had a partial response, producing an overall
response rate of 73% (95% CI, 64%—82%). Stable disease
was present in 18 patients (18%), and 7 patients (7%) had
progressive disease. Serum AFP and PIVKA II levels were
reduced by > 50% in 76% and 90% of the patients who
had a level before treatment of > 100 ng/mL and > 100
mAU/mL, respectively.

Overall Survival and Time-to-Progression
Of the 99 patients, 86 had developed disease progression at
the time of the analysis. The median time-to-progression was
7.8 months. The pattern of disease progression was locor-
egional recurrence in 66 patients (67%), a new lesion in the
liver in 53 patients (54%), vascular invasion in 8 patients
(8%), and distant metastases in 8 patients (8%). At the time
of the analysis, 33 patients had died, and the median survival
time, 1-year survival rate, and 2-year survival rate for all 99
patients were 3.1 years, 89.9% (95% CI, 81.7%—94.3%), and
75.0% (95% CI, 65.2%-82.8%) (Fig 1). In addition, the
median survival time, l-year survival rate, and 2-year
survival rate of 97 patients, calculated after excluding the
two patients treated with doxorubicin together with mitomy-
cin and cisplatin, were also almost the same (data not
shown). The 2-year survival rates were 77.4% in Japan and
67.0% in Korea (P = .57) (Fig 2).
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Figure 1. Overall survival and progression-free survival curves
for 99 patients who underwent transcatheter arterial chemoem-
bolization (TACE) for unresectable HCC. The tick marks indicate
censored cases. (Available in color online at www.jvir.org.)

DISCUSSION

The survival benefit of transcatheter arterial chemoembo-
lization for unresectable HCC has been confirmed by
several randomized controlled trials (6,11,12) and meta-
analyses (14,15). However, there is no consensus on the
standard method of transcatheter arterial chemoemboliza-
tion regarding the use of anticancer agents, embolic
material, technical details, and the treatment schedule.
The term “conventional transcatheter arterial chemoembo-
lization” or “classic transcatheter arterial chemoemboliza-
tion” has been widely used in the literature more recently.
Common understanding is that conventional transcatheter
arterial chemoembolization refers to Lipiodol chemoembo-
lization, no matter what drug or embolic agent is used.
However, there is no definition or consensus in terms of
technical aspects of conventional transcatheter arterial
chemoembolization. Conventional transcatheter arterial
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Figure 2. Comparison of overall survival curves between
Japan (red line) and Korea (blue line). The tick marks indicate
censored cases. TACE = transcatheter arterial chemoemboliza-
tion. (Available in color online at www.jvir.org.)

chemoembolization lacks consistency and includes a wide
variety of anticancer drugs and dosages and techniques,
which precludes the comparison of the previous studies of
franscatheter arterial chemoembolization. For example, trans-
catheter arterial chemoembolization procedures with Lipiodol
using a single drug or combination of two or three drugs and
procedures with or without particulate embolic agents includ-
ing gelatin sponge, polyvinyl alcohol, and spherical beads
all have been referred to as “conventional transcatheter
arterial chemoembolization.” The schedule of conventional
transcatheter arterial chemoembolization treatments has also
been inconsistent among previous studies; transcatheter
arterial chemoembolization was performed regularly in some
studies and on an as-needed basis in others. Conventional
transcatheter arterial chemoembolization cannot be justified
as being the standard transcatheter arterial chemoemboliza-
tion when conducting a randomized trial evaluating new
treatments such as drug-eluting beads.

Asian transcatheter arterial chemoembolization is char-
acterized by using anthracycline agents with Lipiodol and
gelatin sponge in an on-demand basis. It may be categor-
ized as conventional transcatheter arterial chemoemboliza-
tion; however, the technique is different from other
conventional transcatheter arterial chemoembolization pro-
cedures. Elucidation of Asian transcatheter arterial che-
moembolization by a prospective clinical study is
warranted to develop better and new treatments for HCC.
Because a randomized controlled trial comparing trans-
catheter arterial chemoembolization with a conservative
therapy as a control is not feasible in countries such as
Korea and Japan, where Asian transcatheter arterial che-
moembolization has been performed as a practical standard
therapy for a long time, we decided to conduct a single-arm
prospective study to clarify the treatment efficacy and
safety of Asian transcatheter arterial chemoembolization.

For comparison with the results of Llovet et al (12), which
was the most notable study and had the most favorable
antitumor effect among eight randomized controlled trials
(Table 1) (6-13), the eligibility criteria except age and cardiac
ejection fraction (Table 5) and study endpoints were set
to be same. However, regarding transcatheter arterial
chemoembolization procedures, we maintained the Asian
transcatheter arterial chemoembolization in this study. With
regard to the comparison of the patient characteristics
between our study and the Llovet et al (12) study
(Table 5), the median age before transcatheter arterial
chemoembolization was slightly younger and the
proportions of men and patients infected with hepatitis C
virus were slightly higher in Llovet’s study than in the
present study. The hepatic reserves, as indicated by the
Child-Pugh classification and the presence of ascites, were
favorable in our study. The tumor-related factors were
similar between our study and their study. The numbers of
transcatheter arterial chemoembolization treatment sessions
were also similar. Statistically, no significant differences in
the patient characteristics were observed between our study
and their study.
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Table 5. Differenceé between Current Study and Llovet's Study:

Eligibility criteria
Age
Cardiac ejection fraction
Treatment
Anticancer agent
Maximum dose of anticancer agents
Maximum dose of Lipiodol
Periods of transcatheter arterial chemoembolization
Patient characteristics”
Age (y)
Sex

ECOG performance status

Hepatitis B surface antigen
Hepatitis C virus antibody
Child-Pugh classification

Ascites
Maximum tumor size (mm)
No. tumors

Tumor distribution
Antitumor effects

Response evaluation

Response rate
Overall survival

1y

2y

Median (y)

Mean [95% CI]
Male

Female

0

1

2

Positive
Positive

A

B

Present

Mean [95% Cl]
Single
Multiple
Bilobar

Current Study (n = 99)

Not limited
Not limited

Doxorubicin or epirubicin
Doxorubicin, 70 mg/body; epirubicin, 100 mg/body

20 mL
On demand

69
67
32
86
12

1
19
52
80
19

5
42
34
65
35

Modified RECIST

73.7%

89.9%
75.0%
3.1

[65-751]
(68)
(32)
(87)
(12)

(1)
(19)
(53)
(81)
(19)

(5)

[30-48]
(34)
(66)
(35)

Llovet's Study (n = 40) P Value

<75y
< 50%
Doxorubicin
75 mg/m?
10 mbL
Periodically
63 [61-66]
32 (80)
8 (20) .21
35 (88)
4 (10)
(3) 77
4 (10) .28
33 (82) .002
31 (78)
9 (23) .83
6 (15) .10
49 [40-58]
13 (32)
26 (65) .99
19 (47) .55
WHO criteria
35% < .0001
82
63
2.1

Cl = confidence interval; ECOG = Eastern Cooperative Oncology Group; RECIST = Response Evaluation Criteria in Solid Tumors; WHO = World Health Organization.

* Unless otherwise indicated, values are number (%).
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Patients with advanced HCC treated with transcatheter
arterial chemoembolization tend to experience severe myelo-
suppression and hepatotoxicity because most of them have
liver cirrhosis, which is usually associated with compromised
hepatic function, leukocytopenia, and thrombocytopenia. How-
ever, in this study, the hematologic toxicities were very mild
because small amounts of epirubicin (median, 45 mg/body)
and doxorubicin (median, 40 mg/body) were used as combined
anticancer agents. Hepatotoxicity, as indicated by increases in
AST and ALT levels, was frequently observed (grade 34
increased AST, 35%; grade 3-4 increased ALT, 36%), but
these toxicities were transient. There were no treatment-related
deaths, and transcatheter arterial chemoembolization was
generally tolerated in patients with advanced HCC.

In 2006, when this study was initially planned, we planned
to evaluate the tumor response according to our original
modified RECIST version 1.0. The concept of our modified
RECIST, which evaluate tumor response based on the change
in the viable part of the HCC, had been adapted into the study
protocol. Unexpectedly, this concept was similar to that of

modified RECIST advocated by Lencioni and Llovet in 2010
(20), which are now often used to evaluate tumor response in
patients with advanced HCC. Therefore, we evaluated the
response rate according to modified RECIST. The response
rate in this study was very high (73%), possibly because
approximately two-thirds of the transcatheter arterial che-
moembolization procedures were performed subsegmentally
(37%) or segmentally (30%). In Japan and Korea, transcath-
eter arterial chemoembolization might be performed more
selectively and carefully (21,22).

The median survival time, 1-year survival rate, and
2-year survival rate for all 99 FAS patients were 3.1 years,
89.9%, and 75.0%, and no significant differences were
observed between the Japanese and Korean patients. A
favorable overall survival was obtained in our study, and
the result was superior to the result reported by Llovet et al
(12) (2-y survival, 63%). In addition, the 2-year survival
rate for all subgroups in this study except for the Child-
Pugh B subgroup and the subgroup with ascites seemed to
be superior to Llovet’s study (Table 6). Our results could

P Value

n 2-y Survival (%)

Host-related variables
Age (y) > 70 49 72.7
<70 50 76.9 .86
Sex Male 67 77.6
Female 32 69.0 .36
Hepatitis B surface antigen Positive 19 66.2
Negative 80 771 .87
Hepatitis C virus antibody Positive 52 75.5
Negative 47 74.5 .14
Ascites Present 5 40.0
Absent 94 77.1 .03
Performance status 0 86 77.8
1-2 13 52.7 .18
Child-Pugh classification B 19 39.1
A 80 83.7 < .0001
Country Korea 24 67.0
Japan 75 77.4 57
Tumor-related variables
No. tumors Single 34 87.3
Multiple 65 68.7 .007
Maximum tumor size {cm) > 3.0 64 66.1
< 3.0 35 90.6 .02
Tumor stage (UICC 6th edition) 1l 57 66.7
lorll 42 89.6 .0008
AFP (ng/mL) < 100 62 82.6
> 100 35 63.7 .14
PIVKA Il (mAU/mL) > 100 49 64.6
< 100 37 84.5 12
Treatment-related variables
Epirubicin 73 76.7
Doxorubicin 23 65.4 .50
AFP = alpha fetoprotein; PIVKA Il = protein induced by vitamin K absence or antagonist-Il; UICC = Union Internationale Contre le

Cancer (International Union Against Cancer).
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be regarded as reference data for the usefulness of Asian
transcatheter arterial chemoembolization for HCC, and the
results of Asian transcatheter arterial chemoembolization
in this study might be used as a reference arm for the
development of new therapies for unresectable HCC in the
future. Several reasons for the superior survival of our
study compared with Llovet’s study (12) may be pointed
out. The first is the treatment interval between repeated
sessions. In our study, treatment was repeated on demand,
whereas in Llovet’s study treatment was repeated regularly
with a scheduled interval (see earlier). The second reason is
the transcatheter arterial chemoembolization techniques.
Experience with transcatheter arterial chemoembolization
is much greater in Japan and Korea than it is in Western
countries, and various microcatheter systems and CT
angiography systems were used in our study. The third
reason is the selection bias of the enrolled patients. No
significant differences in patient characteristics were
observed between our study and Llovet’s study; however,
the patients of our study might have had better
backgrounds in hepatic function or tumor condition. It
has been speculated that host genetic factors and
environmental factors may affect the tumor behavior,
which may account for the differences between our study
and the Llovet et al (12) study.

This study has several limitations. It is a single-arm,
non-randomized controlled study, and it is impossible to
clarify the difference of results compared with other
studies, although no statistically significant differences
were observed in patient characteristics. Also, in this
cooperative study of two countries, there might be some
differences in the details of transcatheter arterial chemoem-
bolization techniques and medical care to the patients.
However, these limitations do not have a major influence
on the interpretation of our results because this study was
carried out as a prospective clinical study.

Drug-eluting beads have been introduced more recently as
a new embolic material for transcatheter arterial chemoem-
bolization (23,24). Combination therapy using transcatheter
arterial chemoembolization and molecularly targeted agents,
such as sorafenib, has also been reported (25,26). The
survival benefit of transcatheter arterial chemoembolization
for unresectable HCC has been confirmed by the results of
several randomized controlled trials (6,11,12) and meta-
analyses (14,15), and transcatheter arterial chemoemboliza-
tion has been recognized as an effective palliative treatment
option for advanced HCC. However, the optimal transcath-
eter arterial chemoembolization procedures, including com-
bination with anticancer agents and embolic material;
optimal timing of the transcatheter arterial chemoemboliza-
tion procedures; proper patient selection for transcatheter
arterial chemoembolization; and survival benefit of the
combination of molecularly targeted agents with transcath-
eter arterial chemoembolization have not yet been fully
clarified. To improve the survival of patients with advanced
HCC treated with transcatheter arterial chemoembolization,
these problems should be resolved by prospective trials.

In conclusion, Asian transcatheter arterial chemoemboli-
zation, which has been widely used for many years in Asian
countries, showed a favorable efficacy for unresectable HCC
in patients without curative treatment options, with reason-
able survival data and tolerable adverse events. Our data
suggest Asian transcatheter arterial chemoembolization can
be regarded as one of the standard treatments in this field,
and these study results could be useful as reference data for
future trials of transcatheter arterial chemoembolization.
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CLINICAL STUDY

Phase I/l Multicenter Study of Transarterial
Chemoembolization with a Cisplatin Fine Powder
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ALT = alanine aminotransferase, AST = aspartate aminotransferase, CR = complete response, DEB = drug-eluting bead,
DLT = dose limiting toxicity, EASL = European Association for the Study of the Liver, GP = gelatin particle, HAIC = hepatic
arterial infusion chemotherapy, HCC = hepatocellular carcinoma, MTD = maximum tolerated dose, RD = recommended
dose, RECIST = Response Evaluation Criteria in Solid Tumors, NE = not evaluable, PR = partial response
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Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer mortality worldwide (1). In patients with
HCC who are not eligible for curative therapies such as
surgical resection or radiofrequency ablation, transarterial
chemoembolization has been the prevailing treatment and
has proven survival benefits (2). Conventionally, a mixture
of chemotherapeutic agents and lipiodol has been used for
transarterial chemoembolization. However, the choice of
chemotherapy regimen has not been standardized, and use
of lipiodol chemoembolization in both liver lobes can in-
crease liver damage (3,4). For localized tumors of small
number or size, selective lipiodol chemoembolization has
been safely performed by using a segmental or subsegmen-
tal approach (5), whereas, for bilobar multifocal tumors,
multistaged lipiodol chemoembolization may be consid-
ered. Newer technologies such as chemoembolization with
drug-eluting beads and radioembolization with yttrium-90
(°°Y) microspheres have been increasingly applied to treat
unresectable HCC. Although these techniques have been
investigated in clinical trials (6—8), neither are approved in
Japan. Recently, two commercial products, a fine cisplatin
powder and porous gelatin particles (GPs), have been spe-
cifically approved for transarterial treatment of HCC in
Japan. The cisplatin powder was originally designed for use
in hepatic arterial infusion chemotherapy (HAIC). How-
ever, the indication for HAIC with the fine cisplatin powder
remains unclear, because the role of HAIC for HCC has not
been well established (9). Therefore, this fine powder is
being used for transarterial chemoembolization in situations
in which lipiodol chemoembolization may be inappropriate,
such as nonselective embolization of multifocal HCC.
However, the dose of cisplatin fine powder for transarterial
chemoembolization has not been optimized. The purpose of
the present study was to evaluate the safety and efficacy of
nonselective transarterial chemoembolization for multifocal
HCC with the use of a combination of fine cisplatin powder
and porous GPs. This study was conducted as a multicenter
phase I/II study by the Japan Interventional Radiology in
Oncology Study Group (study code 0401).
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MATERIALS AND METHODS

Study Endpoints

The primary endpoints were dose-limiting toxicity (DLT)
and recommended dose (RD) of fine cisplatin powder used
for nonselective transarterial chemoembolization in multi-
focal HCC. Secondary endpoints were incidence and sever-
ity of adverse events and tumor response to therapy.

Patient Eligibility
Patients were considered for enrollment if they had (i)
unresectable bilobar multifocal HCC (or multifocal recur-
rent HCC in the remnant liver after surgery) confirmed by
histologic examination or diagnostic imaging; (il) measur-
able hypervascular lesions confined to the liver that showed
early enhancement on contrast-enhanced dynamic com-
puted tomography (CT); (iii) no tumor thrombus in the first
branch or main trunk of the portal vein; (iv) no extrahepatic
metastases; (v) Eastern Cooperative Oncology Group per-
formance status of 0, 1, or 2; (vi) Child-Pugh classification
of A or B; (vii) no lingering effect of any previous treat-
ment (at least a 4-wk interval from most recent treatment);
(viii) adequate bone marrow, renal, and cardiac function
demonstrated by laboratory test results obtained within 2
weeks of signing the study consent (ie, leukocyte count =
3,000 mm?, platelet count = 50,000/mm>, hemoglobin
level = 9.5 g/dL, serum creatinine level no greater than the
upper limit of normal range, blood urea nitrogen level = 25
mg/dL, and no abnormality on electrocardiogram); (ix) age
at least 20 years and younger than 75 years; and (x) life
expectancy of at least 8 weeks. Patients were excluded from
the study if they had (i) previous transarterial chemoembo-
lization with a platinum-containing drug; (ii) an extrahe-
patic collateral tumor supply suspected or confirmed by
contrast-enhanced CT or previous angiography; (iii) previ-
ous surgical bile duct reconstruction or endoscopic sphinc-
terotomy; (iv) lymph node or other distant metastases; (v)
severe comorbidity including cardiac failure, myocardial
infarction, pulmonary fibrosis, interstitial pneumonia, in-
tractable diabetes mellitus, or renal failure; (vi) an active
infection except for viral hepatitis; (vii) another concurrent
malignancy; (viii) a known allergy to iodinated contrast
media, platinum-containing drugs, or gelatin-containing
drugs or foods; (ix) pregnancy or lactation; or (x) any
condition judged by the investigators to potentially jeopar-
dize patient safety or compliance with the study protocol.

The study protocol was approved by the ethics com-
mittee of the Japanese Society of Interventional Radiology
and the institutional review boards of each participating
hospital. All patients signed an informed consent document
for the research protocol and the procedure.

Chemotherapeutic and Embolic Agents

Cisplatin fine powder (IA Call; Nippon Kayaku, Tokyo,
Japan) was the first platinum-containing drug specifically
approved for HAIC for HCC. The mean size of the fine-
powder granules is 28.5 wm, and the dissolution rate of the
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fine powder in saline solution is 1.43 mg/mL, approxi-
mately three times higher than that of conventional cisplatin
(0.5 mg/mL). To prepare the cisplatin fine-powder solution
for use in transarterial chemoembolization, 70 mL of saline
solution warmed to 50°C was added to a vial containing
100 mg of fine cisplatin powder according to the manufac-
turer’s instructions for use.

Porous GPs (Gelpart; Nippon Kayaku) were also spe-
cifically approved for transarterial chemoembolization of
HCC. GPs are sterilized and packaged in a ready-to-use vial
containing 80 mg of dry particles (10). Although two par-
ticle sizes (1 and 2 mm) are available, only 1-mm particles
were used to achieve maximum distal vessel occlusion in
the present study. To prepare the GP suspension, 10 mL of
nonionic iodinated contrast medium (300 mgl/mL) was
added to the sterile vial according to the manufacturer’s
instructions for use.

Treatment Protocol

Hepatic angiography was performed via a femoral ap-
proach, and tumor enhancement and vessels supplying the
tumors were identified. The planned dose of cisplatin solu-
tion was infused through a microcatheter placed nonselec-
tively in the proper hepatic artery for 20—40 minutes to
allow for full exposure of all tumors to the drug. If neces-
sary to account for anatomic variations, the drug was in-
jected separately from the right or left hepatic artery. In-
jection could be performed by power injection, infusion
pump, or manual injection. After cisplatin infusion, all
hepatic arteries were embolized with GPs. Particle injection
into the cystic artery and other nonhepatic arteries such as
the right gastric artery was avoided, and coil embolization
of those arteries was allowed if necessary. Lipiodol was not
used in any patient. To prevent renal damage, 1,000-2,000
mL and 1,500-3,000 mL of electrolytes were administered
over a period of 4 hours before and 6 hours after the
procedure, respectively. To reduce nausea and vomiting,
antiemetic agents (including a 5-HT; antagonist and ste-
roids) were administered prophylactically. Completion of
therapy was defined as the administration of the total
planned dose of cisplatin and the disappearance of all tumor
enhancement on postembolization arteriograms of the
proper hepatic artery. Subsequent treatment was withheld
during the observational period needed for tumor assess-
ment unless obvious tumor progression was seen. After the
observational period, subsequent treatment for residual or
recurrent tumors was not restricted.

Study Design

The phase 1 dose-escalation study included cisplatin doses
of 35, 50, and 65 mg/m®. Cohorts of three to six patients
were given the assigned dose of cisplatin until the maxi-
mum tolerated dose (MTD) was reached. If DLT occurred
in one of three patients in a dose group, an additional three
patients were enrolled. If DLT occurred in two of three
patients or three of six patients in a dose group, that dose

was defined as the MTD. If the MTD was reached in the
35-mg/m?> dose group, the dose would be lowered to 20
mg/m?. If DLT occurred even at 20 mg/m?, the study was
to be ceased. The phase II study enrolled additional patients
at the RD until a total of 40 patients were treated at this
dose. The RD was determined based on the phase I MTD
results, or, if no MTD was reached, the RD would be
considered to be 65 mg/m?.

The number of patients needed to all judgment of
tumor response under an « value of 0.1 and a B8 value of 0.1
was calculated based on the assumption that the threshold
tumor response rate and the expected efficacy rate were
30% and 50%, respectively, based on European Association
for the Study of the Liver (EASL) criteria.

Analysis of Study Endpoints

The primary endpoints, DLT and RD, were determined by
the toxicities observed in the phase I study. DLT was
defined as follows: (i) grade 4 leukopenia or neutropenia;
(ii) grade 4 thrombocytopenia; (iii) grade 4 increase of AST
or ALT levels for 7 days; (iv) hyperbilirubinemia exceeding
5.0 mg/dL or remaining greater than 3.0 mg/dL for 2
weeks; (v) liver abscess, cholangitis, or cholecystitis requir-
ing interventional radiologic, endoscopic, or surgical pro-
cedures; and (vi) grade 3 or higher nonhematologic toxic-
ities except for elevation of ALT or ALT, also excluding
those from progression of disease, fatigue, fever, nausea/
vomiting, abdominal pain, and alopecia.

The incidence and severity of adverse events were
assessed for all treated patients. Adverse events were
graded according to the Common Toxicity Criteria for
Adverse Events (version 3.0). Severe adverse events were
defined as follows: (i) any death within 30 days of treat-
ment; (ii) any death more than 31 days after treatment that
could possibly be related to treatment; and (iii) grade 4
nonhematologic toxicity.

Tumor response rates were calculated for all treated
patients and for patients treated at the RD. Tumor response
was evaluated based on centrally reviewed CT findings. All
patients underwent a contrast-enhanced dynamic CT study
in which 5-mm axial images were obtained. Tumor assess-
ment was performed by using pre- and postcontrast arterial
and portal venous phases. CT images obtained within 2
weeks before and 1 month after chemoembolization were
reviewed and simultaneously interpreted by three indepen-
dent radiologists; discrepancies were resolved by consen-
sus. The best overall response was categorized as complete
response (CR), partial response (PR), stable disease, pro-
gression of disease, or not evaluable (NE) according to the
Response Evaluation Criteria in Solid Tumors (RECIST;
version 1.0), in which the maximum diameter of the entire
lesion is measured, including tumor necrosis induced by
chemoembolization. CR or PR was confirmed by repeat CT
imaging at intervals of more than 4 weeks. Because tumor
necrosis is not always correlated with tumor size reduction,
tumor response was also evaluated based on the change in
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Hospital No. of Pts.

Nara Medical University Hospital 14
National Cancer Center Hospital 10
Shizuoka Cancer Center Hospital 6
Osaka Medical Center for Cancer and 3

Cardiovascular Disease
Aichi Cancer Center Hospital 2
Tochigi Cancer Center Hospital 2
Okinawa Prefectural Nanbu Medical

Center

Niigata Cancer Center Hospital

Jikei University Hospital

Ryugasaki Saiseikai Hospital
Ishikawa Prefectural Central Hospital
Teine Keijinkai Hospital

The University of Tokyo Hospital
Mie University Hospital

m A A A A A

bidimensional diameters of the viable part of the lesion
according to EASL criteria.

Considering that it was an exploratory study, the in-
terim analysis was performed when 20 patients were treated
at the RD. Based on the threshold tumor response rate, if
more than three of the 20 patients were categorized as
showing CR or PR by EASL criteria, an additional 20
patients were enrolled.

RESULTS

Fourteen hospitals participated in the study (Table 1). A
total of 46 patients (nine in phase I and 37 in phase II) were
enrolled between July 2005 and December 2008. At the
interim analysis, three patients were categorized as showing
CR and eight patients were categorized as showing PR.
Therefore, the phase II study continued.

Baseline patient characteristics and clinical data are
shown in Table 2. The dominant etiology of HCC was
hepatitis C virus infection (n = 25; 54.3%), and most
patients (n = 43; 93.4%) were classified as having Child-
Pugh class A disease. The baseline bilirubin level ranged
from 0.3 to 2.7 mg/dL (mean, 0.95 mg/dL) . Thirty-four
patients (73.9%) had recurrent HCC. Of previously treated
patients, 17 had undergone surgery and 27 patients had
undergone an average of 2.4 transarterial chemoemboliza-
tion sessions (range, 1—6), predominantly with epirubicin.
Thirty-three patients (71.7%) had more than five tumors at
baseline. The mean maximum tumor diameter was 37.2
mm, and the mean sum of maximum diameters of measur-
able target lesions was 94.0 mm.

Treatment was fully completed in all patients except
for one phase II patient who experienced hypotension (i.e.,
vasovagal response) during gelatin embolization. As the
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Characteristic Value

Age {y)

Mean 64.6

Range 27-74
Sex

Male 42

Female 4
ECOG performance status (0/ 1/ 2)

0 45

1 0

2 1
Etiology

HCV 23

HBV 9

HCV and HBV 2

Other 12
Child-Pugh class

A 43

B 3
Previous therapy

Surgery 17

Ablation 13

Transarterial chemoembolization 27

Radiation 1

Chemotherapy 2
HCC status

New 12

Recurrent 34
No. of tumors

2 1

3 3

4 4

5 5

>5 33
Maximum tumor diameter (mm)

Mean 37.2

Range 14-146
Measurable targeted lesions (mm)*

Mean 94.0

Range 28-256
Portal invasion factort

0 44

1 1

2 1
Tumor staget

] 18

1 25

IVa 3

ECOG = Eastern Cooperative Oncology Group, HBV = hep-
atitis B virus, HCV = hepatitis C virus.

* Sum of maximum diameter of measurable targeted le-
sions.

T Factors of portal invasion and tumor stages were catego-
rized according to the classification proposed by the Liver
Cancer Study Group of Japan.



1282 m HCC Chemoembolization with Fine Cisplatin Powder/Gelatin Particles

Osuga et al m JVIR

Grade
Event 1 2 3 4 Total 3/4
Anorexia 24 8 0 0 32 (69.6) 0
Nausea 16 10 1 0 27 (58.7) 1(2.2)
Fatigue 21 3 0 0 24 (52.2) 0
Fever without neutropenia 18 3 0 0 21 (45.7) 0
Vomiting 10 7 0 0 17 (37.0) 0
Abdominal pain 12 5 0 0 17 (37.0) 0
Hypertension 1 1 0 0 2(4.3) 0
Esophageal varix rupture 1 1 0 0 2(4.3) 0
Gallstone-induced pancreatitis* 0 0 1 0 1(2.2) 1(2.2)
Cholecystitis 0 0 1 0 1(2.2) 1(2.2)
Suspected liver abscess* 0 1 0 0 1(2.2) 0
Vasovagal episodet 0 1 0 0 1(2.2) 0
Hypotension 1 0 0 0 1(2.2) 0
Reflux esophagitis 1 0 0 0 1(2.2) 0
Hiccups 1 0 0 0 1(2.2) 0
Constipation 1 0 0 0 1(2.2) 0

Values in parentheses are percentages.
* Not considered to be treatment-related.
T The procedure was discontinued in this patient.

dose escalation study did not reach MTD without DLT at
any dose level, the RD was determined to be 65 mg/m?.

Adverse Events

Adverse events were related to clinical symptoms/signs or
laboratory findings. There were no severe adverse events
except for transient grade 4 increase of AST or ALT levels
in two patients (4.3%). Symptoms of postembolization syn-
drome, such as anorexia, nausea, fatigue, fever, vomiting,
and abdominal pain, were all grade 1 or 2 in severity,
except in one patient (2.2%) with grade 3 nausea (Table 3).
Grade 3 adverse clinical symptoms/signs occurred in two
additional patients. Grade 3 pancreatitis developed in one
patient (2.2%) on postoperative day 43. Endoscopy dem-
onstrated gallstone pancreatitis, which was successfully
treated by endoscopic biliary drainage and pancreatic duct
stent placement. However, this event was not considered to
be treatment-related because it occurred more than 30 days
. after treatment. One patient (2.2%) had grade 3 cholecys-
titis caused by inadvertent particle embolization of the
cystic artery, which was demonstrated on postembolization
angiography. This patient was successfully treated with
percutaneous gallbladder drainage. Additionally, a grade 2
liver abscess was suspected in one patient 1 week after
treatment, as a CT scan revealed marked gas formation in
the large main tumor. The patient was treated with antibi-
otic agents and had an uneventful clinical course; therefore,
the CT findings were more likely related to acute extensive
tumor necrosis. Grade 3 or higher adverse laboratory events
included thrombocytopenia in four patients (8.7%), hyper-
bilirubinemia in one patient (2.2%), increased AST level in

13 patients (28.3%), and increased ALT level in 10 patients
(21.7%; Table 4).

Tumor Response

Tumor response rates in all treated patients were 23.9%
(95% CI, 14.0%-36.5%) and 65.2% (95% CI, 52.1%—
76.8%) by RECIST and EASL criteria, respectively. Tumor
response rates at the RD were 25.6% (95% CI, 14.6%—
39.6%) and 64.1% (95% ClI, 49.7%-76.8%) by RECIST
and EASL criteria, respectively (Table 5). The case in
which treatment was discontinued was categorized as NE in
evaluation of all treated cases, and was excluded from
evaluation of the response at the RD. In three cases, some
lesions were difficult to differentiate from pseudolesions,
and they were categorized as NE. In addition, one case was
categorized as NE because only a noncontrast CT scan was
obtained at 1-month follow-up.

Follow-up and Survival

The mean follow-up period was 22.4 months (range, 1.0—
53.2 mo). Forty-two patients (91.3%) underwent one or
more of the following subsequent treatments: transarterial
chemoembolization (n = 37), HAIC (n = 11), systemic
chemotherapy (n = 8), radiofrequency ablation (n = 5),
and/or radiation therapy (n = 1). Thirty patients (65.2%)
died as a result of cancer progression. Additional deaths
were related to hepatic failure (n = 7), variceal rupture
(n = 2), and other causes (n = 2). Survival was calculated
by using a Kaplan—Meier analysis in which patients lost to
follow-up or alive at the time of analysis were censored
(Fig). One- and 2-year survival rates were 75.3% and
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Event 1 2
Leukopenia 16 8
Anemia 26 4
Thrombocytopenia 24 13
Hypoalbuminemia 28 13
Hyperbilirubinemia - 11 20
Elevated AST 15 17
Elevated ALT 16 20
Elevated creatinine 14 2

3 4 Total 3/4

0 0 24 {52.2) 0.

0 0 30 (65.2) 0
4 0 41 (89.1) 4(8.7)

0 0 41 (89.1) 0
1 0 32 (69.6) 1{2.2)
12 1 45 (97.8) 13(28.3)
2 46 (100) 10 (21.7)

0 0 16 (34.8) 0

Values in parentheses are percentages. ALT = alanine aminotransferase, AST = aspartate aminotransferase.

Criteria CR PR SD
All treated cases
RECIST 0 11 29
EASL 3 27 11
RD cases only*
RECIST 0 10 27
EASL 3 22 11

PD NE Total OR (95% CI)

2 4 46 23.9% (14.0-36.5)
0 5 46 65.2% (52.1-76.8)
0 2 39 25.6% (14.6-39.6)
0 3 39 64.1% (49.7-76.8)

CR = complete response, EASL = European Association for the Study of the Liver, NE = not evaluable, OR = objective response,
PD = progressive disease, PR = partial response, RD = recommended dose, RECIST = Response Evaluation Criteria in Solid

Tumors (version 1.0), SD = stable disease.
* Excludes the patient in whom treatment was discontinued.

51.3%, respectively. The median survival time was 27.8
months.

DISCUSSION

Cisplatin has been the second most common drug for tran-
sarterial chemoembolization, after anthracyclines such as
doxorubicin and epirubicin (11-15). In retrospective com-
parative studies, transarterial chemoembolization with cis-
platin showed greater therapeutic effects than transarterial
chemoembolization with anthracyclines, and HCC has been
considered to be relatively sensitive to cisplatin (11,14,15).
However, conventional cisplatin used in previous studies
was prepared in a liquid form (0.5 mg/mL) for intravenous
use. It takes a long time to infuse a large volume of cisplatin
solution into the hepatic artery, and it is difficult to mix
conventional cisplatin with lipiodol. To solve these prob-
lems, a fine-powder formulation of cisplatin has been de-
veloped, which can be easily dissolved in saline solution at
a higher concentration (1.43 mg/mL).

In a phase II study by Yoshikawa et al (16), the RD of
fine cisplatin powder for HAIC was 65 mg/m?. Grade 3 or
higher adverse events included anorexia (22.5%), vomiting
(6.3%), thrombocytopenia (25%), neutropenia (13%), and
increased serum AST levels (32.5%). However, the toxicity
and optimal dose of fine cisplatin powder remained un-

known when embolization was added to HAIC. Therefore,
the present study primarily aimed to determine the DLT and
the RD, and secondarily evaluated the safety and efficacy of
transarterial chemoembolization with fine cisplatin powder.
Nonselective transarterial chemoembolization was per-
formed for multifocal HCC in both liver lobes simultane-
ously to unify the intervention and toxicity among subjects.
Patients with suspected or previously confirmed extrahe-
patic collateral tumor supply were excluded from the study,
because part of the liver and/or tumors would not receive
the treatment. Selective transarterial chemoembolization
could have been performed in separate sessions to reduce
the possibility of liver damage; however, nonselective tran-
sarterial chemoembolization was performed to minimize
the heterogeneity of treatment among subjects. In addition,
we avoided use of lipiodol because: (i) the method of
mixing fine cisplatin powder with lipiodol is not standard-
ized and varies among investigators (ie, suspension or
emulsion) (17); (i) dose adjustment according to tumor
volume would be necessary; (iii) lipiodol could increase the
risk of ischemic biliary injury (18); and (iv) a large volume
of lipiodol delivered to both liver lobes could lead to liver
failure.

In the present study, no DLT was observed at any dose
level in the phase I study, and the RD was determined as 65
mg/m?. We identified the same RD as Yoshikawa et al.
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Figure. Kaplan-Meier curve shows the overall survival after
protocol therapy. The 1- and 2-year survival rates were 75.3%
and 51.3%, respectively. The median survival time was 27.8
months.

(16). Addition of embolization may account for the rela-
tively higher incidence of increased ALT and AST levels
among grade 3 or higher toxicities than observed by Yo-
shikawa et al (16). However, despite embolization of both
liver lobes, toxicity remained mild. Investigators may have
performed limited embolization to avoid proximal hepatic
artery occlusion and to minimize liver damage.

The tumor response rate at the RD was 64.1% by
EASL criteria, which exceeded the estimated efficacy rate
of 50%. The response rate decreased to 25.6% per RECIST,
but more than two thirds of the patients (27 of 39; 69.2%)
were classified as having stable disease. By Kaplan—Meier
analysis, overall survival rates were 75.3% at 1 year and
51.3% at 2 years, and the median survival time was 27.8
months. These were lower than the results of a large pro-
spective cohort study from Japan (19), in which 1- and
2-year overall survival rates were 82% and 63%, respec-
tively, and the median survival after chemoembolization
was 34 months. The less favorable results may be because
the present study enrolled patients with only multifocal
HCC and included a high proportion of patients with re-
current HCC (74%).

A mixture of fine cisplatin powder and lipiodol has
been studied in two recent prospective clinical trials
(20,21). Yamashita et al (20) reported on a phase I/II study
of HAIC using a lipiodol mixture with fine cisplatin powder
with or without embolization with gelatin sponge particles.
In their study (20), the powder was directly suspended in
lipiodol. The DLT was identified by grade 3 vomiting, and
the RD was lowered to 35 mg/m®. The tumor response rate
was as high as 57.1% per RECIST, because the area of
lipiodol retention was regarded as equivalent to the area of
tumor necrosis and was therefore excluded from the tumor
size measurement. Moriguchi et al (21) also reported on a
phase I/II study of transarterial chemoembolization with
fine cisplatin powder emulsified in lipiodol. All patients
also underwent embolization with gelatin sponge particles.
There was no DLT, and the RD was 65 mg/m?. Grade 3 or
higher adverse events were thrombocytopenia (8%) and
increased AST or ALT levels (44%). The tumor response
rate was 21% per RECIST, which is similar to our result

(25.6%). However, in these two studies (20.21), treatment
was limited to the tumor burden area, and the dose of
lipiodol was adjusted according to the tumor size; therefore,
local toxicity may vary among patients.

Recently, drug-eluting beads (DEBs) containing doxo-
rubicin have been used in transarterial chemoembolization
(6.7). In a randomized controlled trial (6), the DEB chemo-
embolization group showed a trend toward fewer side ef-
fects than the conventional chemoembolization group;
however, there was no significant difference in objective
tumor response under EASL criteria between the two
groups (51.6% vs 43.5%, respectively) (6). In a retrospec-
tive study (7), 237 patients with HCC underwent as many as
three sessions of DEB chemoembolization within a
2-month interval, and the objective 6-month response per
EASL criteria was 62.9% (CR, 22.4%; PR, 40.5%) (7). To
date, DEB chemoembolization has shown no impact on
patient survival compared with conventional chemoembo-
lization with or without lipiodol. Radioembolization with
Y microspheres has also been applied to treat intermedi-
ate- to advanced-stage HCC, including diffuse disease with
or without portal vein thrombosis. Median survival reported
with this technique ranged from 20 to 26 months and from
11 to 14 months with Okuda stage I and II disease, respec-
tively (8). However, neither of these new materials has been
approved in Japan, and it is difficult to compare our tran-
sarterial chemoembolization regimen with these trials as a
result of the heterogeneity of the study populations. Nev-
ertheless, our nonselective transarterial chemoembolization
regimen with fine cisplatin powder and GPs resulted in
good tolerability and early tumor response in patients with
bilobar multifocal HCC. Scheduled repeat treatment may
improve tumor control and prolong the time to disease
progression.

There are limitations to the present study. First, our
results were specific to bilobar multifocal HCC. In addition,
more than 70% of enrolled patients had recurrence of
previously treated HCC. Therefore, the results may not be
able to be generalized to patients who have localized or
treatment-naive HCC. Third, tumor response was judged as
NE in some cases as a result of the inability to distinguish
lesions from pseudolesions. Therefore, the response rates
may have some errors. Fourth, as a center effect, 65% of
patients were enrolled in three institutions. Thus, the pro-
cedure and angiographic endpoints could still remain oper-
ator dependent, despite all attempts at uniformity. Finally,
parameters of duration of treatment response, such as time
to disease progression, were not evaluated.

In conclusion, the present study demonstrates that non-
selective transarterial chemoembolization with fine cispla-
tin powder and porous GPs has a favorable safety and
efficacy profile for patients with bilobar multifocal HCC.
No DLT was observed, and the RD was 65 mg/m?. This
dose can be safely recommended in a clinical setting or in
future comparative studies.
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