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CLINICAL STUDY

Prospective Study of Transcatheter Arterial
Chemoembolization for Unresectable Hepatocellular
Carcinoma: An Asian Cooperative Study between

Japan and Korea

Masafumi lkeda, MD, Yasuaki Arai, MD, Sang Joon Park, MD,

Yoshito Takeuchi, MD, Hiroshi Anai, MD, Jae Kyu Kim, MD,
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Seiichiro Yamamoto, PhD, Takuji Okusaka, MD, Japan Interventional
Radiology in Oncology Study Group (JIVROSG), and Korea Interventional
Radiology in Oncology Study Group (KIVROSG)

ABSTRACT

Purpose To evaluate the safety and eﬁicacy of transcatheter artenal chemoembohzatlon used for the treatment of unresectable
hepatocellular carcinoma (HCC) with an As1an cooperatlve prospectlve study between Japan and Korea

Materials and Methods: Patients with unresectable HCC unsuitable for curatxve treatment or with 10 prior therapy for HCC were
enrolled. The patients underwent transcatheter arterial chemoembohzatlon w1th emulsion  of Llplodol and anthracyclme ‘agent,
followed by embolization with gelatin sponge particles, which was repeated on an as-needed basis. The prlmary endpoint was 2-year
- survival tate, and the secondary endpoints were adverse events and response ate.

Results The 2-year survival rate of 99 patlents was 75.0% (95% conﬁdence mterval 65. 2%—82 8%) The median time-to-
progresswn was 7.8 months, and the median overall survival penod was 3.1 years Of 99 patients, 42 (42%) achieved a complete
response, and 31 (31%) had a partial response The response rate was 73% using modified Response Evaluation Criteria in Solid
Tumors. The grade 34 toxicities included increased alanine ammotransferase level in 36%, 1ncreased aspartate amlnotransferase
level in 35%, thrombocytopenia in- 12%, and abdormnal pain in 4% of patrents AII other toxicities were generally trans1ent

Conclusmns Asian transcatheter artenal chemoembolization demonstrated sufﬁc:ent safety and reasonable. efficacy as a standard
treatment for unresectable HCC. These results could be useful as reference data for ﬁtture trials of transcatheter attenal chemoembohzatlon ;

ABBREVIATIONS

AFP = alpha fetoprotein, ALT = alanine aminotransferase, AST = aspartate aminotransferase, Cl = confidence interval, FAS = full
analysis set, HCC = hepatoceliular carcinoma, PIVKA |l = protein induced by vitamin K absence or antagonist-li, RECIST =
Response Evaluation Criteria in Solid Tumors

Primary liver cancer accounted for > 38,000 and 15,000
deaths per year in Japan and Korea, respectively; it is the

fourth most common cause of death after lung, stomach,
and colorectal cancers in Japan, and it is the third most
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common cause of death after lung and stomach cancers in
Korea (1). Of all primary liver cancers, approximately 95%
in Japan and 85% in Korea are hepatocellular carcinomas
(HCCs), which are mostly attributable to chronic hepatitis
or liver cirrhosis caused by persistent infection with
hepatitis C or B viruses. Hepatitis B infection is more
prevalent in Korea, whereas hepatitis C infection is more
common in Japan (2). Despite these differences in etiology,
the treatment strategy for HCC is the same in Japan and
Korea. Curative therapies, such as hepatic resection or liver
transplantation, are applicable in only a small proportion of
patients because of excessive tumor invasion or poor
hepatic function or both. Although local ablative therapy,
such as radiofrequency ablation, has an effectiveness
equivalent to that of hepatic resection for HCCs < 3 cm
in size and with three or fewer nodules, it is unsuitable for
tumors > 3 cm or for multiple tumors. For this stage of
HCC, transcatheter arterial chemoembolization is the main
therapeutic option (3-5). Transcatheter arterial chemoem-
bolization has been shown to prolong survival significantly
in several randomized controlled trials compared with
chemotherapy alone (6) or conservative treatment (7—13).
Meta-analyses (14,15) have also demonstrated a clear
survival benefit of transcatheter arterial chemoembolization
for unresectable HCC (Table 1).

Transcatheter arterial chemoembolization with Lipiodol
(Guerbet; Roissy CdG, France) and anthracycline agents
followed by embolization with gelatin sponge particles has
been widely used as a practical standard treatment in Asian
countries for > 30 vyears (16). Transcatheter arterial
chemoembolization was used in Asian countries long before
the confirmation of its survival benefit in randomized
controlled trials (6-13) because these techniques were
originally developed in Japan (17-19) and spread among
Asian countries. However, no prospective clinical study has
been fully conducted to provide convincing data that can
support this treatment. Additionally, there are many technique
differences between Asian transcatheter arterial chemoembo-
lization and transcatheter arterial chemoembolization per-
formed in Western countries. The so-called conventional
transcatheter arterial chemoembolization reported in Western
studies differs from Asian transcatheter arterial chemoembo-
lization in the details of the treatment. A prospective clinical
study was conducted to evaluate Asian transcatheter arterial
chemoembolization for unresectable HCC. The aim of this
study was to evaluate the safety and efficacy of Asian
transcatheter arterial chemoembolization with a single-arm,
Japan-Korea cooperative prospective study.

MATERIALS AND METHODS

Patient Eligibility

Eligible patients for study entry had unresectable HCC that
was unsuitable for curative treatments. Patient inclusion
criteria were as follows: histologically or clinically diag-
nosed HCC excluding mixed type; no previous treatment

for HCC; not a candidate for hepatic resection, liver
transplantation, or local ablative therapy; hypervascular
lesion showing enhancement in the early phase on com-
puted tomography (CT) or magnetic resonance (MR)
imaging with bolus contrast injection; no tumor thrombosis
in the first branch or main portal vein; Eastern Cooperative
Oncology Group performance status of 0-2; Child-Pugh
classification of A or B; adequate hematologic, hepatic,
renal, and cardiac function (leukocytes > 3,000/mm?>,
platelets > 50,000/mm>, serum bilirubin < 3.0 mg/dL);
age > 20 years old; and written informed consent.

The exclusion criteria were as follows: extrahepatic
metastasis; hepatic vein invasion or biliary invasion; ruptured
tumor; prior biliary enteric bypass or endoscopic transampul-
lary stent placement or percutaneous biliary drainage; clini-
cally significant refractory ascites or pleural effusion; severe
arterioportal or arteriovenous shunts in the liver; allergy to
contrast medium precluding angiography; severe and active
comorbidity such as heart disease or renal disease; hepatic
encephalopathy or severe mental disorder; active gastrointest-
inal bleeding; active concomitant malignancy; pregnancy,
lactation, or childbearing potential in women; and men who
are sexually active and not willing or able to use medically
acceptable forms of contraception. The inclusion and exclu-
sion criteria were almost same as those in the clinical trial
conducted by Llovet et al (12).

The pretreatment evaluation required a complete history
and physical examination and baseline assessments of
organ function. In addition, contrast-enhanced CT or MR
imaging of the abdomen and x-ray or CT of the chest were
performed before treatment for staging to assess the local
extension of the tumor and to exclude the presence of
distant metastasis.

Transcatheter Arterial

Chemoembolization Procedure

Patients with unresectable HCC underwent transcatheter
arterial chemoembolization using an emulsion of epirubi-
cin or doxorubicin and Lipiodol followed by gelatin sponge
injection. The dose of anticancer agents and Lipiodol used
in transcatheter arterial chemoembolization was deter-
mined according to tumor size; only the maximum doses
were defined in this study: 100 mg/body for epirubicin,
70 mg/body for doxorubicin, and 20 mL for Lipiodol.
Epirubicin or doxorubicin dissolved in aqueous nonionic
contrast medium was mixed with Lipiodol to form an
emulsion using the pumping technique. The resulting
emulsion had to be injected immediately. Transcatheter
arterial chemoembolization was performed as follows:
(1) tumor enhancement and the feeding artery were con-
firmed using abdominal angiography; (ii) a catheter was
inserted into the feeding artery of the HCC, and the
emulsion containing epirubicin or doxorubicin with Lipio-
dol was injected; (iii) embolization of the feeding artery
was achieved using small pieces of gelatin sponge until the
disappearance of tumor stain; (iv) the therapeutic effect
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Author, Year

Lin et al, 1988 (6)

Pelletier et al, 1990 (7)

GRETCH, 1995 (8)

Pelletier et al, 1998 (9)

Bruix et al, 1998 (10)

Lo et al, 2002 (11)

Llovet et al, 2002 (12)

Doffoél et al, 2008 (13)

Treatment
Transcatheter arterial
embolization
Transcatheter arterial

embolization + 5-FU

5-FU

Transcatheter arterial
chemoembolization

Best supportive care

Transcatheter arterial
chemoembolization

Best supportive care

Transcatheter arterial
chemoembolization
+ TMX

TMX

Transcatheter arterial
embolization

Best supportive care

Transcatheter arterial
chemoembolization

Best supportive care

Transcatheter arterial
chemoembolization

Transcatheter arterial
embolization

Best supportive care

Transcatheter arterial
chemoembolization

TMX

No.
Patients

21

21

21
21

21
50

46

37

36

40

40
40

39
40

37

35
62

61

Response 1-y Survival

Rate (%) (%)
62 42
48 20
9.5 13
33 24

0 33

16 62

5 43

24 51
5.5 55

55 70

0 72

27 57
2.6 31
35 82

43 75

0 63

NA 51
NA 46

2-y Survival
(%)
25
20

13
NA

NA
38

26
24
26

49

50
31

1
63

50

27
25

22

‘ ‘bile 1. Randomized Céntrolled‘Tri‘al‘s*of T‘rénsq_abthe,ter Arterial Embolization with Conse‘rv'ative Therapy

P Value

< .005

NS

13

77

72

.002

.009

.68

Treatment
Duration
Monthly
Monthly

Monthly

2nd, 6th, 12th mo

Every 2 mo

Every 3-4 mo

On demand

Every 2-3 mo

Every 2-6 mo

Every 2-6 mo

Every 2-6 mo

Embolic

Material

Gelatin sponge

Gelatin sponge

Gelatin sponge

Gelatin sponge

Gelatin sponge + coil

Gelatin sponge

Gelatin sponge

Gelatin sponge

Gelatin sponge

Anticancer
Agent
None

5-FU

5-FU

Doxorubicin

Cisplatin

Cisplatin

None

Cisplatin

Doxorubicin

Epirubicin

Lipiodol

Absent

Absent

Absent

Present

Present

Absent

Present

Present

Present

5-FU = 5-fluorouracil; NA = not available; TMX = tamoxifen.
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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-1I (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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‘Table 2. Enrolled Institutions and Numbers of Patients

No. Enrolled
Institution Patients
National Cancer Center Hospital East 12
National Cancer Center Hospital 12
Nara Medical University 10
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

B A BB OOOO O N

Keijinkai Teine Hospital

Niigata Cancer Center

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

N NN W W®
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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

Table 3. Patient Characteristics (n:=:99)

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-ll

(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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Tabler 4. Adverse Events of First Transcatheter Arterial Chemosmbolization {n=99)

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)
1(1) 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 1I 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

Survival proportion

1.0 1

0.8 1

0.6

0.4

|
| |

0

T T T T

0 1 2 3
Years after TACE

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
transcatheter 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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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

Ty

2y

Median (y)}

T le 5 ._Differences between C‘u‘,rre’ntl‘Study and Llovet's Study

Mean [95% Cli]
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

[65-75]
(68)
(32)
(87)
(12)

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

(5)

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

Liovet’s Study (n = 40) P Value

<75y
< 50%

Doxorubicin

75 mg/m?
10 mL
Periodically
63 [61-66]
32 (80)
8 (20) .21
35 (88)
4 (10)
1 (3) 77
4 (10) .28
33 (82) .002
31 (78)
(23) .83
(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 3-4
increased AST, 35%; grade 34 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

Tablé 6. Subgroup Ahalysis,of Patients Treated with Trar_‘lscathétér'Arteriral Chemoembolization

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

n 2-y Survival (%) P Value

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 77.1 .87
Hepatitis C virus antibody Positive 52 75.5
Negative 47 745 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) ] 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 2
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-1l; 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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Summary '

A patient registration system is mandatory for establishing the scientific credibility of the multi-center clinical trials. The
Japan Interventional Radiology in Oncology Study Group (JIVROSG) was organized in 2002 to establish evidence supporting
the procedures used in interventional radiology. The Internet Data and Information Center for Medical Research (INDICE),
provided by the University Hospital Medical information Network (UMIN), has been utilized for patient registration in the
clinical trials of JIVROSG. In this study, the safety and efficacy of UMIN-INDICE were evaluated. From 2002 to 2010, 18 clinical
trials, including one international trial, were conducted. A total of 736 patients were enrolled from 51 institutions. No signifi-
cant trouble was encountered during this period. A questionnaire survey demonstrated that 90% of participating researchers
could use this system without difficulties. UMIN-INDICE may contribute to promoting clinical trials as an infrastructure of
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CLINICAL STUDY

Safety and Efficacy of Primary Metallic Biliary Stent
Placement with Tract Embolization in Patients with
Massive Ascites: A Retrospective Analysis

of 16 Patients

Keitaro Sofue, MD, Yasuaki Arai, MD, Yoshito Takeuchi, MD,
Hiroyasu Fujiwara, MD, Hiroyuki Tokue, MD, and

Kazuro Sugimura, MD, PhD

ABSTRACT

‘Purpose To evaluate the safety and efﬁeacy of pnmary metalhc blllary stent placement w1th tract embohzatlon in patrents w1th
massive ascrtes : : : : .

Materlals and Methods: erteen patrents w1th mallgnant blhary obstructron and massrve ascrtes (age range, 44-79 y; median age,

59 y) were treated with primary percutaneous stent placement with tract embohzatron These patients were. unsu1table candidates for

endoscoplc intervention. Euologles of biliary obstructron were gastric cancer with hllar nodal metastases (n = 9), pancreatlc carcinoma

(n= 5) cholangrocarcmoma (n= 1) and gallbladder carcmoma (n= l) Erght patients had nonhllar lesrons and the remaining ¢ight

had hilar lesions. Percutaneous accesses to the biliary system and stent placements were- performed ina one step procedure and
~ catheters, were. removed wrth tract embollza‘aon w1th metalhc coils. S . : e BR

Results Stent placement and tract embohza’uon were: successful in all patrents wrthout external dramage catheters left in place
Srgmﬁca.nt reduction of serum bilirubin level was observed in 14 patients (87. 5%). No bile peritonitis or. mtrapentoneal hemorrhage
occurred. Major complications included postprocedural cholangitis (12.5%), bloody bowel discharge (6. 2%) and right pleural effusion
'(25.0%). One patient who died 19 days after interverition was deemed to represent a procedurearelated mortalrty During the surv1val
period (range, 19-175 d; rnedlan 66 d) stent occlusron was noted in two ‘patients at 6 and 159 days after the procedure. Prlmary stent
patency was achieved i in 14 patlents (87. 5%) § : G ~

Conclusmns anary bllrary stent placement w1th tract embohzatlon is techmcally safe and offers an effectlve palllatlve treatment

optlon for patrents w1th mahgnant brllary obstruct1on and massrve ascrtes when endoscoplc 1ntervent10n is not possrble

ABBREVIATION

PTBD = percutaneous transhepatic biliary drainage

Most patients with malignant biliary obstruction have ad-
vanced-stage cancers with dismal prognoses (1). Percuta-
neous transhepatic biliary drainage (PTBD) and metallic
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stent placement are established methods to manage malig-
nant biliary obstruction (2—-4) when endoscopic interven-
tion is not possible.

The disadvantage of PTBD is its association with hem-
orrhage, bile leakage, and catheter dislodgment, with re-
ported incidences of less than 5% each (5-8). Especially in
patients with massive ascites, PTBD is thought to be rela-
tively contraindicated because of the high risk of intraab-
dominal bleeding and peritonitis caused by bile leakage,
which is believed to be secondary to the presence of a tube
passing through ascites (9). As a result, selection of the
treatment approach can be difficult in patients with malig-
nant obstructive jaundice and massive ascites who are un-
suitable candidates for endoscopic intervention.

Some studies have demonstrated that transhepatic tract
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Primary Biliary
Pt. No. Age (y)/ Sex Tumor Obstruction

1 57/ F PC Nonhilar

2 59/ M PC Nonhilar

3 72/ M PC Nonhilar

4 74/ F PC Nonhilar

5 57/ M GC Nonhilar

6 65/ M GC Nonhilar

7 74/ F GC Nonhilar

8 50/ M GBC Nonhilar

9 60/ M GC Hilar (Bismuth 1}
10 66/ M GC Hilar (Bismuth 1)
11 58/ M GC Hilar (Bismuth II)
12 52/ M GC Hilar (Bismuth 1Ih)
13 68/ F GC Hilar (Bismuth 1)
14 44/ M PC Hilar (Bismuth {If)
15 79/ M cC Hilar (Bismuth {ll)
16 56/ M GC Hilar (Bismuth {V)

Degree of Biliary Puncture
Dilation Site/No.* Stents Paracentesis
Moderate Right/1 2 No
Moderate Right/1 1 Yes
Severe Right/1 1 Yes
Mild Left/1 2 No
Moderate Right/1 1 No
Mild Right/1 1 Yes
Moderate Right/1 1 Yes
Moderate Right/1 1 No
Severe Left/1 2 No
Moderate Left/1 1 No
Moderate Left/1 4 No
Moderate Right/1 1 Yes
Moderate Right/2 3 No
Moderate Right/2 3 No
Severe Right/1 1 No
Moderate Right/3 3 No

Note.— CC = cholangiocarcinoma, GBC = gallbladder carcinoma, GC = gastric cancer, PC = pancreatic carcinoma.
* Puncture number refers to the number of accesses into the biliary system.

embolization can prevent the complications associated with
percutaneous intervention (10—15). Stent placement in a
one-step procedure could immediately resolve biliary ob-
struction, shortening the duration of placement of the tem-
porary drainage catheter (4,16—18). In addition, percutane-
ous biliary metallic stent placement with tract embolization
performed in a single session might be a favorable method
to manage biliary obstruction in patients with massive as-
cites who are not suitable candidates for endoscopic inter-
vention or in whom endoscopic treatment has failed.

The purpose of the present study was to evaluate the
safety and efficacy of primary metallic biliary stent place-
ment with tract embolization in patients with massive as-
cites.

MATERIALS AND METHODS

Patient Population
This retrospective study was conducted in accordance with
the principles of the amended Declaration of Helsinki, and
with the approval of the institutional review board. Between
July 2005 and June 2010, 16 patients with malignant biliary
obstruction and massive ascites, in whom conventional
endoscopic drainage failed or could not be performed be-
cause of altered anatomy after surgery, were treated with
primary percutaneous expandable metallic stent placement.
The patient population included 12 men and four women
with a mean age of 62 years (median, 59 y; range, 44-79 v;
Table 1).

Etiologies of malignant biliary obstruction were gastric
cancer with nodal metastases (n = 9), pancreatic carcinoma

(n = 5), cholangiocarcinoma (n = 1), and gallbladder
carcinoma (n = 1). The diagnosis of biliary obstruction was
confirmed by computed tomography (CT) and/or ultra-
sonography (US; Fig 1a). Eight patients had lesions involv-
ing the middle and distal common bile duct, and eight had
proximal bile duct (ie, hilar) lesions. The latter were clas-
sified according to Bismuth classification as follows: type I,
n = 2;type I, n = 1; type I, n = 4; and type IV, n = 1
(Table 1). All 16 patients had massive ascites caused by
peritoneal dissemination and/or advanced disease, and five
patients had liver metastases. Massive ascites was defined
as a large amount of fluid in the paracolic regions and
around the liver at the proposed puncture site, and resulted
in a tense abdomen determined with imaging and physical
examination (9,19). Cytologic examination of the ascites
was performed in 12 of 16 patients, and a malignant cyto-
logic result was revealed in nine patients.

In 11 of the 16 patients, endoscopic intervention was
attempted, but resulted in failure because of gastroduodenal
invasion by the primary disease (n = 8) or rigidity of the
papilla of Vater (n = 3). In the remaining five patients, the
endoscopic approach was not attempted because of previ-
ous surgery with Roux-en-Y conversion.

Procedures

Written informed consent was obtained from all patients
before the procedures. All procedures were performed un-
der local anesthesia with 1% lidocaine and conscious seda-
tion with midazolam and pentazocine or fentanyl. Intrave-
nous broad-spectrum antibiotic prophylaxis was routinely
administered 6 hours before the procedure in all patients
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Figure 1. Gastric cancer with nodal metastasis in a 65-year-old man (patient 6; Table 1). (a) Contrast-enhanced CT before stent
placement shows dilated intrahepatic biliary ducts and massive ascites. (b) Percutaneous transhepatic cholangiography reveals
tight stricture at the distal common bile duct. Note that a 6-F tube was placed around the liver surface (arrows). (¢) Cholangiog-
raphy performed after stent placement shows good expansion of the stent and good flow of contrast material through the stent. (d)
Embolization of the transhepatic tract was performed with metallic coils (arrows).

and continued for as long as 5 days after the procedure.
Percutaneous puncture, insertion of the catheter into the
intrahepatic biliary duct, and stent placement were per-
formed in a single session without leaving an external
drainage catheter. No patients had suspected cholangitis
before the procedure, as we performed stent placement only
for patients without combined infection. In five of the 16
patients, 6-F catheters were placed around the liver surface
to monitor for intraperitoneal hemorrhage during the pro-
cedure before PTBD.

The appropriate intrahepatic bile duct was punctured
with a 21-gauze needle (Top, Tokyo, Japan) under US
guidance, and percutaneous transhepatic cholangiography
was then performed to confirm obstruction of the bile duct
(Fig 1b). After placement of a 6.5-F catheter (Seeking
catheter; Hanako, Saitama, Japan) and a 0.035-inch angled
hydrophilic guide wire (Radifocus Guide Wire M; Terumo,
Tokyo, Japan) past the obstruction and into the duodenum,
the overall length of the obstruction was confirmed with
injection of contrast material. The guide wire was ex-

changed for a 0.035-inch guide wire (Amplatz Extra-Stiff
Guide Wire; William Cook Europe, Bjaeverskov, Den-
mark), an introducer sheath (Create Medic, Yokohama,
Japan) was inserted to increase the diameter of the tract, and
the expandable metallic stent was then placed. Uncovered
stents were placed through 7-F sheaths, and covered stents
were placed through 10-F sheaths. Covered stents were
mainly used in patients with aggressive pancreatic cancer
based on operator preference. Seven patients who had com-
mon bile duct or Bismuth type [ obstructions were each
treated with a single stent. There were three patients in
whom it was difficult to span the distance with a single stent
(Table 1). In the six patients with Bismuth type IL, III, and
IV obstructions, attempts were made to minimize the num-
ber of punctures to prevent bile leakage or intraperitoneal
hemorrhage as much as possible and to place the minimum
number of stents required to drain at least 50% of the liver
volume (3). The stents placed in the common bile duct
extended 1 cm beyond the papilla of Vater in all patients.
All placed stents were fully expanded with predilation (n =
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