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Abstract

Hepatic arterial infusion chemotherapy (HAIC) allows the long-term ad-
ministration of cytotoxic drugs to the liver. In Japan, HAIC has traditionally
been used to treat patients with advanced hepatocellular carcinoma (HCC)
with vascular invasion or multiple intrahepatic lesions, or both. The most
common chemotherapy drugs used for HAIC in Japan are 5-fluorouracil and
cisplatin.

Although HAIC is associated with a high rate of response in some studies,
it is not associated with a survival benefit. Furthermore, HAIC is associated
with complications that are not observed with systemic chemotherapy, in-
cluding peptic ulcer, arterial occlusion and port infection.

A molecular targeted agent, sorafenib, recently became the standard ther-
apy for advanced HCC on the basis of data from two randomized controlled
trials. For this reason, the position of HAIC in the treatment of advanced HCC
in Japan is under discussion. Clinical trials must be undertaken to establish
standardized protocols and regimens for HAIC, and to determine the efficacy
of HAIC in comparison with other therapies for HCC. Without evidence
from such trials, HAIC may not find an established role in the treatment of
HCC, and may even fall out of use.

Recent evidence suggests that HAIC may be useful in combination with
molecular targeted therapy; this is currently being investigated in a number of
clinical trials.

1. Introduction

Conventional chemotherapy for advanced
hepatocellular carcinoma (HCC) comprises sys-
temic chemotherapy (administered intravenously
or orally) or hepatic arterial infusion chemothe-
rapy (HAIC). Both systemic chemotherapy and
HAIC have been shown to be effective in patients
with advanced HCC in Japan.!']

HAIC allows the long-term administration of
cytotoxic drugs to the liver through the use of an
indwelling catheter-port system. Compared with
systemic chemotherapy, HAIC delivers a higher
local drug concentration directly to liver tumours
and is associated with fewer significant systemic
side effects.[’! In the past, catheters were placed
surgically under general anaesthesia; however,
as a result of recent advances in interventional
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radiological techniques, it is now possible to in-
sert catheter-port systems percutancously under
local anaesthesia.l”!

In Japan, HCC is a common malignancy,?!
and is one of the leading causes of cancer mor-
tality. HAIC is a treatment for HCC that is used
primarily in Japan and some other Asian coun-
tries, including Korea. Data from some studies
indicate that HAIC is associated with a high re-
sponse rate; however, treatment response has not
been consistent across studies and there is little
evidence of a survival benefit with HAIC.

Molecular targeted therapy recently became
a new field of cancer chemotherapy for patients
with HCC. The introduction of such agents
has meant that the role of HAIC in patients
with advanced HCC is under discussion. This
review discusses the current status of HAIC
for the treatment of HCC in Japan and the role
that this form of treatment may play in the fu-
ture. The contents of this review are based on
a Medline literature search (from 2000 to 2010)
using the following search terms: ‘hepatocel-
lular carcinoma’ and ‘hepatic arterial infusion
chemotherapy’.

2. Current Status of Chemotherapy for
Hepatocellular Carcinoma in Japan

According to data from the 14th to the 18th
Nationwide Follow-up Survey of Primary Liver
Cancer conducted in Japan between 1996 and
2005,13->-8 chemotherapy was used as initial ther-
apy in 3.4% of newly diagnosed patients with
HCC in 1996-1997, increasing to 5.5% of patients
in 2004-2005 (figure la). Of those patients who
were initially treated with chemotherapy, HAIC
was the most common administration method
(figure 1b). Between 2000 and 2005, the propor-
tion of chemotherapy patients who received treat-
ment in the form of HAIC was approximately
90%.03-5-%1 In the same time period, the propor-
tion of patients with HCC who had a complete
response to chemotherapy (assessed according
to various criteria) ranged from 13.5% to 19.9%.
During the same time period, 25.5-30.2% of
patients had a partial response to chemotherapy
(figure 1¢).B3->-8
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Fig. 1. (a) Treatment modality in newly diagnosed patients with
hepatocellular carcinoma (HCC) from 1996 to 2005 according to data
from the 14th to 18th Nationwide Follow-up Survey of Primary Liver
Cancer in Japan (percentages for 1996-1997 and 1998-1999 were
calculated from the original Japanese version of the data).l58]
TACE =transcatheter arterial embolization. (b) Method of chemo-
therapy administration in newly diagnosed patients with HCC from
1996 to 2005 according to data from the 14th to the 18th Nationwide
Follow-up Survey of Primary Liver Cancer in Japan (percentages for
1998-1999, 2000-2001 and 2002-2003 were calculated from the
original Japanese version of the data).[>5-81 HAIC = hepatic arterial
infusion chemotherapy. (c). Response rates to chemotherapy for
newly diagnosed patients with HCC from 1996 to 2005 according to
data from the 14th to the 18th Nationwide Follow-up Survey of Pri-
mary Liver Cancer in Japan.[®58]
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3. Guideline Recommendations for the
Use of Hepatic Artery Infusion
Chemotherapy in Patients with
Hepatocellular Carcinoma

3.1 Japan

The clinical practice guidelines for hepatocel-
lular carcinoma (J-HCC) were the first evidence-
based guidelines for the treatment of HCC in
Japan. The J-HCC guidelines were compiled by
an expert panel supported by the Japanese Min-
istry of Health, Labour, and Welfare, and en-
compass the prevention, diagnosis, surveillance
and treatment of HCC. They were first developed
in 2005, and were subsequently revised in 2009.
The most recent version of the J-HCC guidelines
recommends the use of HAIC or transcatheter
arterial embolization (TACE) in patients with multi-
focal HCC (four or more tumours) who have
Child—Pugh class A or B liver disease. HAIC (or
hepatectomy or TACE) is also recommended
for those patients with Child—Pugh class A liver
disease accompanied by vascular invasion.””] An
English translation of the guidelines is available
at the following URL.: http://www jsh.or.jp/english/
examination.html.

3.2 Other Countries

Although HAIC is recommended for the treat-
ment of HCC in certain situations in Japan, as
described previously, a number of international
practice guidelines do not endorse the use of HAIC
in patients with HCC. The Barcelona Clinic Liver
Cancer staging classification and treatment sched-
ule!' does not include HAIC in its list of treatment
options for HCC, while the American Association
for the Study of Liver Disease practice guidelines!'!]
state that ‘systemic or selective intra-arterial che-
motherapy is not recommended and should not
be used as standard of care’. Although the 2010
version of the practice guidelines for hepatobili-
ary cancers developed by the National Compre-
hensive Cancer Network recommends the use of
systemic single-agent or multiple-agent chemother-
apy or intra-arterial chemotherapy in patients
with unresectable HCC, this is restricted to those
patients participating in a clinical trial.['Z]
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4. Hepatic Arterial Infusion
Chemotherapy versus Systemic
Chemotherapy

There are almost no well-designed, controlled
studies that have directly compared systemic che-
motherapy and HAIC for the treatment of HCC,
and there are insufficient data to show that one
treatment is better than the other. Indeed, in the
2009 version of the J-HCC guidelines it is noted
that there is ‘no sufficient scientific evidence that
hepatic arterial infusion chemotherapy is more
beneficial than systemic chemotherapy’.l'3l In
developing the guidelines, an analysis of response
rates in trials that investigated each type of che-
motherapy in 30 or more patients was undertaken.
Data from these trials showed that the rate of
response was 22-71% with HAIC compared with
0-28% with single-agent systemic chemotherapy
and 2.5-39% with multiple-agent systemic chemo-
therapy; the median survival time (MST) with these
treatment modalities was 4.4-32.4, 1.9-13.7, and
3.0-30.9 months, respectively.l!3 These data sug-
gested that HAIC was more beneficial than systemic
chemotherapy; however, there was great variability
in the outcomes assessed, most likely as a result of
the different sample sizes and selection criteria of
the individual studies. The final recommendation
that HAIC was no better than systemic chemo-
therapy was based on the results of a randomized
trial that directly compared the effects of doxo-
rubicin administered as HAIC or as systemic che-
motherapy in 64 patients with unresectable HCC.['4
Although the proportion of patients who experi-
enced a complete response or a partial response
was numerically higher in the HAIC group com-
pared with the systemic chemotherapy group
(60.0% vs 44.1% of patients), MST was not signif-
icantly different in the two treatment groups (7.0
vs 6.5 months).

5. Standard Hepatic Artery Infusion
Chemotherapy Protocols

In contrast to what has been observed for
other malignant tumours, there are relatively few
large-scale, randomized controlled studies that
have investigated the efficacy of chemotherapy
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for the treatment of HCC.['3l As such, according
to the expert panel that developed the 2009 J-HCC
guidelines, there is no established standard chemo-
therapy protocol for the treatment of advanced
HCC.I3

Within Japan, 5-fluorouracil and cisplatin are
the most common chemotherapy drugs used for
HAIC; these agents account for more than 50%
of those used for HAIC.['>-181 HAIC may involve
multiple agents or a single agent. In Japan, repre-
sentative HAIC protocols include 5-fluorouracil
plus cisplatin (primarily at low doses), interferon
plus 5-fluorouracil, and cisplatin alone; however,
the optimal regimens of these protocols have not
been established.

5.1 Cisplatin Plus 5-Fluorouracil

HAIC with low-dose 5-fluorouracil plus cisplat-
in is commonly used in patients with advanced
HCC, but requires careful monitoring of haema-
tological function.'’) In studies involving 16-97
patients,['*-3% HAIC with 5-fluorouracil plus cis-
platin was associated with a complete or partial
response in 8-71% of patients and an MST of
6.0-15.9 months. There was much variation in
the dose of 5-fluorouracil and cisplatin adminis-
tered in these studies, as well as variation in the
timing and duration of the two treatments. To
establish the optimum regimen of HAIC with 5-
fluorouracil plus cisplatin, the dose, infusion time
and dosing interval of 5-fluorouracil as well as the
dose, infusion time and dosing duration of cis-
platin should be standardized in future. Further
research should also focus on the combination of
S-fluorouracil and cisplatin with leucovorin/
isovorini'-32 and lipiodol;*3 preliminary data from
small-scale studies show that these combinations
may be suitable for patients with advanced HCC.

5.2 Interferon Plus 5-Fluorouracil

Combination chemotherapy with interferon
and 5-fluorouracil has been shown to be effective
in patients with HCC. In studies involving 10-116
patients with HCC,?+421 HAIC with interferon
plus 5-fluorouracil was associated with a response
rate of 14-85% and an MST of 6.5-31.8 months.
In several of the studies, 5-fluorouracil was ad-

© 2012 Adis Data Information BV. All rights reserved.

Yamashita

ministered as a continuous infusion at a dose of
approximately 500 mg/day, whereas the type and
the dose of interferon varied. Further research
should focus on the optimum interferon species
(IFNa-2b, natural IFNa, or pegylated interferon)
to use, the patient groups for which HAIC with
interferon plus 5-fluorouracil is indicated, and
the rationale for combining interferon with a cy-
totoxic drug. In addition, research should assess the
feasibility of combining interferon, 5-fluorouracil
and cisplatin; although data suggest that HAIC
with interferon, 5-fluorouracil and cisplatin may
be beneficial in patients with HCC,*3! no standard
regimen for this combination has been established.

5.3 Single-Agent Cisplatin

In studies involving 10-80 patients,[*+481 HAIC
with cisplatin was associated with response rates
of 1442% and an MST of 2.6-10.7 months (mean
survival time of 19.7 months in one study). Al-
though the first cisplatin formulation (fine powder)
intended for HAIC (IA call; Nippon Kayaku,
Tokyo, Japan) was approved and marketed in
Japan in 2004, the optimum formulation, dose
and dosing interval of this drug has yet to be de-
termined. Further research into the efficacy of
cisplatin in combination with lipiodol should be
undertaken; data from a phase I/II study con-
ducted in patients with unresectable HCC has
shown this combination to be effective and well
tolerated.[*]

6. Case Studies of Patients Treated with
Hepatic Artery Infusion Chemotherapy

A number of patients with advanced HCC
have shown a dramatic response to several cycles
of HAIC at our institute, the Kanazawa University
Hospital, Kanazawa, Ishikawa, Japan. Such pa-
tients were treated with curative therapy, including
hepatic resection and radiofrequency ablation, fol-
lowing treatment with HAIC, and went on to sur-
vive for more than 5 years. Two such case studies
are described here. Despite the patients showing a
dramatic response to HAIC, few prospective stud-
ies have evaluated the survival of HCC patients
following treatment with HAIC.

Clin Drug Investig 2012; 32 Suppl. 2
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A 70-year-old man with type C liver cirrhosis
(Child—Pugh score 7/class B) presented to the
clinic. The patient had multifocal HCC (major
lesion 11 cm) with tumour thrombus in the right
portal branch (VP3) and leg veins, but he had no
lymph node or distant metastases. Nine cycles of
HAIC with interferon plus 5-fluorouracil were
administered from November 2004, resulting in a
48% reduction in tumour size (partial response).
Two subsequent cycles of HAIC with interferon,
S-fluorouracil and cisplatin were given but fur-
ther tumour regression was not observed. In
October 2006, the patient underwent hepatic re-
section as salvage therapy. As of March 2010, the
patient was alive and recurrence free. As a result
of the effect of salvage therapy, the survival time
from the start of HAIC was more than 65 months.
This experience re-emphasizes the importance of
salvage therapy.

A 60-year-old man with type B liver cirrhosis
(Child-Pugh score 8/class B) with multifocal
HCC (major lesion 5.3 cm), tumour thrombus in
the right to left portal branches (VP4) and no
lymph node or distant metastases presented for
treatment. Five cycles of HAIC with interferon
plus 5-fluorouracil were administered from De-
cember 2004 onwards. A 47% decrease in tumour
size was observed, as was regression of portal
invasion. Suspected residual tumours were treat-
ed by radiofrequency ablation. The patient was
subsequently treated with three cycles of radio-
frequency ablation for recurrence in segment V
and has survived for more than 5 years. The sur-
vival time from the start of HAIC was more than
64 months.

7. Complications of Hepatic Artery
Infusion Chemotherapy

HAIC requires the precise placement of the cath-
eter tip so as to optimize hepatic chemoinfusion and
to reduce extrahepatic cytotoxic side effects.l To
this end, specific skills in arterial catheterization
are required.

Because HAIC requires the implantation of a
catheter-port system, it is considered invasive for
patients. Furthermore, the process is associated
with complications that are not observed with
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systemic chemotherapy, including bruising and
the formation of haematomas at the puncture
and port pocket site. Additional complications
may include dislocation of the catheter, throm-
botic occlusion of the catheter and/or the hepatic
artery, and stroke.l”) Development of abdominal
pain following HAIC has also been observed by
the author. Further investigation with gastric
endoscopy in the affected patient showed a red
lesion with an ulcerated centre in the vestibule,
suggesting that the cytotoxic drug used for HAIC
may have leaked into the gastrointestinal tract
causing a peptic ulcer.

Vascular complications of HAIC, including he-
patic arterial vasculitis and occlusion, port infection
and catheter occlusion, may also occasionally occur.

8. Hepatic Artery Infusion Chemotherapy
Compared with Sorafenib

Within Japan, HAIC is considered an unsuit-
able treatment option in patients with HCC with
multiple intrahepatic nodules or HCC with portal
invasion, lymph node involvement or distant
metastasis, or both. Therefore, HAIC is restricted
to patients with HCC with extensive vascular in-
vasion (VP3/4), HCC with very extensive portal
invasion (VP4) and a massive intrahepatic lesion,
or bilobar multifocal HCC with multiple in-
trahepatic lesions that are unresponsive to TACE.

The role of HAIC for the treatment of ad-
vanced HCC in Japan has recently been revisited.
This has been prompted by the publication of the
results of two randomized, controlled, phase III
trials, which showed that the molecular targeted
therapy, sorafenib, was effective for the treat-
ment of advanced HCC.%>! These results led to
sorafenib being preferentially indicated for the
treatment of HCC with distant metastasis, mul-
tiple intrahepatic lesions or vascular invasion, or
both; therefore, in the author’s opinion, reducing
the role of HAIC in the treatment of HCC in
Japan. If HAIC is to be considered a recognized
treatment for HCC and not fall out of use, clin-
ical studies that establish its efficacy in compar-
ison with other therapies for HCC, as well as the
optimal treatment protocol and regimen, should
be conducted.

Clin Drug Investig 2012; 32 Suppl. 2



20

Sorafenib was approved for use in Japan in
May 2009.1521 In the absence of direct compara-
tive data, a comparison of HAIC and sorafenib
with regard to regional usage, advantages, dis-
advantages, tumour response rate, patient surviv-
al and cost of treatment is provided in table 1.

9. Sequential Therapy with Sorafenib and
Hepatic Artery Infusion Chemotherapy

It is the author’s experience that sequential
therapy with sorafenib then HAIC may be effec-
tive. Treatment with sorafenib then HAIC was
trialled in a 70-year-old man with type C liver
cirrhosis who was referred to the author’s clinic in
May 2009, 1 month after a diagnosis of HCC. The
patient was alcohol dependent with a family history
of HCC. Computed tomography and computed
tomography hepatic arteriography showed bilobar
multifocal HCC with multiple intrahepatic lesions.
At baseline, the patient had Child—Pugh class A
liver disease. Following treatment with sorafenib
800 mg/day, the patient experienced fever, rash
and back pain. The back pain was the result of
bone metastasis that was not present at the initial
diagnosis; radiotherapy was directed towards the
bone metastasis. Response to sorafenib was judged
as progressive disease. Following two cycles of

Yamashita

HAIC with interferon, 5-fluorouracil and cispla-
tin, the liver tumour size was reduced by 34%
(partial response according to version 1 of the
response evaluation criteria in solid tumors)®4
[figure 2]. The patient remains alive 13 months
after the initiation of sorafenib therapy. This case
study is intriguing as it highlights the possibility
that previous treatment with sorafenib may ren-
der tumour cells more sensitive to cytotoxic ef-
fects. Further experience with HAIC in other
patients unresponsive to sorafenib also suggests
that previous treatment with sorafenib may en-
hance tumour response to cytotoxic drugs.

10. Concurrent Therapy with Sorafenib
and Hepatic Artery Infusion
Chemotherapy

Concurrent treatment with HAIC and sorafenib
is now under investigation in several clinical trials
in Japan, including the phase III SILIUS trial
(ClinicalTrials.gov identifier, NCT01214343; UMIN
clinical trials registry identifier, UMINO000004315).
This randomized, open-label trial will compare
the efficacy of 28-day cycles of sorafenib alone
(400 mg twice a day) and sorafenib plus HAIC
comprising low-dose cisplatin (20 mg/m? on days 1
and 8) and 5-fluorouracil (330 mg/m? administered

Table I. Key characteristics of HAIC and sorafenib for the treatment of HCC

HAIC Sorafenib

Primary country of use Japan and Korea USA, Europe

Advantages Substantial tumour shrinkage possible Survival benefit demonstrated in well-designed
Regression of tumour thrombi possible clinical trials
Long-term survival possible if treatment is effective Orally active

Disadvantages No standardized treatment protocol/regimen Poor rate of tumour shrinkage

Uncertain survival benefit

Very few trials comparing HAIC with systemic

chemotherapy

Specific skill required for administration

(e.g. arterial catheterization)
Associated with unique complications

14-85%135.45]
2.6-31.8135:45]

Tumour response rate
Survival time (months)
Cost

¥1000 000-¥2000 000 (including the cost of

Restricted to patients with preserved

liver function (Child—Pugh class A liver disease)
May cause serious adverse reactions that
necessitate treatment discontinuation

Not well utilized in Japan®

Drug withdrawal criteria not yet established

2-3.7%!50:5%]
6.5-15.6/51:5%1
¥600 000 per month

arterial catheterization and port implantation)

a Although available in Japan since May 2009,15? sorafenib has only been used in approximately 5000 patients (personal communication,

May 2010).

HAIC =hepatic artery infusion chemotherapy; HCC =hepatocellular carcinoma.
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Fig. 2. Computed tomography images (a) after sorafenib therapy but before hepatic artery infusion chemotherapy (HAIC) and (b) after
sorafenib treatment followed sequentially by HAIC comprising 5-fluorouracil, cisplatin and interferon in a 70-year-old man with type C liver

cirrhosis diagnosed with hepatocellular carcinoma.

continuously on days 1-5 and 8-12) in 190 pa-
tients with advanced HCC aged over 20 years.
Treatment will be continued until radiographic or
symptomatic progression, or the development of
unacceptable toxicity. The primary outcome mea-
sure is overall survival, but time to disease progres-
sion, progression-free survival, change in tumour
markers and biomarkers predicting efficacy will also
be evaluated. This trial started in October 2010; as of
February 2012, recruitment was ongoing and com-
pletion of the study and primary outcome measure
data collection was planned for September 2013.

The safety of sorafenib and cisplatin HAIC
has recently been investigated in a phase I, non-
randomized, dose-finding clinical trial in patients
with advanced HCC (UMIN clinical trials registry
identifier, UMIN000001496). Twenty-one patients
aged between 20 and 79 years received sorafenib
400 mg twice a day combined with six courses of
cisplatin administered every 4-6 weeks. Results
from that study are anticipated as the date of first
enrolment was December 2008, and as of January
2012 study recruitment had ceased.

11. Conclusion

Traditionally, HAIC has been used in Japan to
treat HCC with vascular invasion and/or multiple
intrahepatic lesions. Although HAIC has been as-
sociated with high response rates in some studies,
the outcome of therapy has not been consistent.
Furthermore, there is little evidence of a survival

© 2012 Adis Data Information BV. All rights reserved.

benefit with HAIC. Sorafenib, a molecular tar-
geted drug, has been established as the new
standard of care in patients with HCC, based on
the results of two randomized, controlled clinical
trials. As such, the position of HAIC for the
treatment of advanced HCC is under discussion.
If HAIC is to be considered a recognized treat-
ment for HCC, clinical studies that establish its
efficacy in comparison with other therapies for
HCC as well as the optimal treatment protocol
and regimen must be undertaken. In the absence
of such data, HAIC may fall out of use. It has
recently emerged that HAIC may be useful when
combined (either sequentially or concurrently)
with sorafenib. The combination of HAIC with
molecular targeted therapy is currently being in-
vestigated in a number of clinical trials, the re-
sults of which are awaited with interest.

Acknowledgements

The author would like to thank Lyndal Staples and Melanie
Gatt from inScience Communications, Springer Healthcare,
for medical writing support funded by Bayer, Japan. Tatsuya
Yamashita is a speaker for Bayer and has received lecture fees
from Bayer Healthcare.

References
1. Kudo M. The 2008 Okuda lecture: Management of hepato-
cellular carcinoma: from surveillance to molecular targeted
therapy. J Gastroenterol Hepatol 2010; 25 (3): 439-52

2. Ganeshan A, Upponi S, Hon LQ, et al. Hepatic arterial in-
fusion of chemotherapy: the role of diagnostic and inter-
ventional radiology. Ann Oncol 2008; 19 (5): 847-51

Clin Drug Investig 2012; 32 Suppl. 2



22

Yamashita

20.

. Ikai I, Itai Y, Okita K, et al. Report of the 15th Follow-up

Survey of Primary Liver Cancer. Hepatol Res 2004; 28 (1):
21-9

. Makuuchi M, Kokudo N. Clinical practice guidelines for

hepatocellular carcinoma: the first evidence based guide-
lines from Japan. World J Gastroenterol 2006; 12 (5): 828-9

. Ikai I, Arii S, Ichida T, et al. Report of the 16th Follow-up

Survey of Primary Liver Cancer. Hepatol Res 2005; 32 (3):
163-72

. Tkai I, Arii S, Okazaki M, et al. Report of the 17th Nation-

wide Follow-up Survey of Primary Liver Cancer in Japan.
Hepatol Res 2007; 37 (9): 676-91

. Ikai I, Kudo M, Arii S, et al. Report of the 18th Follow-up

Survey of Primary Liver Cancer in Japan. Hepatology
Research 2010; 40 (11): 1043-59

. Yoshio Y, Shigeki A, Kyoichi I, et al. Survey and follow-up

study of primary liver cancer in Japan. Report 14. Acta
Hepatologica Japonica 2000; 41 (12): 799-811

. The Japan Society of Hepatology. The Japanese HCC Clini-

cal Practice Guideline. Treatment algorithm for hepato-
cellular carcinoma. Hepatology Research 2010; 40 Suppl. 1: 8-9

. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcino-

ma. Lancet 2003; 362 (9399): 1907-17

. Bruix J, Sherman M. AASLD practice guideline: manage-

ment of hepatocellular carcinoma: an update [online].
Available from URL: http://www.aasld.org/practicegui
delines/Documents/Bookmarked%20Practice%20Guide
lines/HCCUpdate2010.pdf [Accessed 2011 Jan 25]

. National Comprehensive Cancer Network. Clinical practice

guidelines in oncology: hepatobiliary cancers V.2.2012 [on-
line]. Available from URL: http://www.nccn.org/pro
fessionals/physician_gls/f_guidelines.asp [Accessed 2012
Feb 09]

. The Japan Society of Hepatology. The Japanese HCC Clini-

cal Practice Guideline. Chapter 4: Chemotherapy and radio-
therapy. Hepatology Research 2010; 40 Suppl. 1: 74-95

. Tzoracoleftherakis EE, Spiliotis JD, Kyriakopoulou T, et al.

Intra-arterial versus systemic chemotherapy for non-
operable hepatocellular carcinoma. Hepatogastroenterol-
ogy 1999; 46 (26): 1122-5

. Kudo M, Arii S, Ikai I, et al. Report of the 17th Follow-up

Survey of Primary Liver Cancer (in Japanese). Kyoto:
Media Planning, 2006

. Yamaoka Y, Ikai I, Itai Y, et al. Liver Cancer Study Group

Japan. Survey and follow-up study of primary liver cancer
in Japan — Report 15 (in Japanese). Kanzo 2003; 44: 157-75

. Yamaoka Y, Arii S, Inoue K, et al. Liver Cancer Study

Group of Japan Survey and follow-up study of primary
liver cancer in Japan — Report 14 (in Japanese). Kanzo
2000; 41: 799-811

. Yamaoka Y, Ikai I, Arii S, et al. Liver Cancer Study Group

of Japan. Report of the 16th Follow-up Survey of Primary
Liver Cancer (2000-2001) (in Japanese). Kanzo 2005; 46:
234-54

. Ueshima K, Kudo M, Takita M, et al. Hepatic arterial in-

fusion chemotherapy using low-dose S-fluorouracil and
cisplatin for advanced hepatocellular carcinoma. Oncology
2010; 78 Suppl. 1: 148-53

Ando E, Tanaka M, Yamashita F, et al. Hepatic arterial
infusion chemotherapy for advanced hepatocellular carci-

© 2012 Adis Data Information BV. All rights reserved.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

noma with portal vein tumor thrombosis: analysis of
48 cases. Cancer 2002; 95 (3): 588-95

Eun JR, Lee HJ, Moon HJ, et al. Hepatic arterial infusion
chemotherapy using high-dose 5-fluorouracil and cisplatin
with or without interferon-alpha for the treatment of ad-
vanced hepatocellular carcinoma with portal vein tumor
thrombosis. Scand J Gastroenterol 2009; 44 (12): 1477-86

Lai YC, Shih CY, Jeng CM, et al. Hepatic arterial infusion
chemotherapy for hepatocellular carcinoma with portal
vein tumor thrombosis. World J Gastroenterol 2003;
9 (12): 2666-70

Naganuma A, Toyoda M, Hamada T, et al. [Clinical study
of low-dose cisplatin and 5-fluorouracil chemotherapy via
implanted fusion port in 20 patients with advanced hepa-
tocellular carcinoma with portal vein tumor thrombosis].
Gan To Kagaku Ryoho 2007; 34 (5): 729-34

Okuda K, Tanaka M, Shibata J, et al. Hepatic arterial
infusion chemotherapy with continuous low dose admin-
istration of cisplatin and 5-fluorouracil for multiple recur-
rence of hepatocellular carcinoma after surgical treatment.
Oncol Rep 1999; 6 (3): 587-91

Park JY, Ahn SH, Yoon Y]J, et al. Repetitive short-course
hepatic arterial infusion chemotherapy with high-dose
S-fluorouracil and cisplatin in patients with advanced he-
patocellular carcinoma. Cancer 2007; 110 (1): 129-37

Sumie S, Yamashita F, Ando E, et al. Interventional radi-
ology for advanced hepatocellular carcinoma: comparison
of hepatic artery infusion chemotherapy and transcatheter
arterial lipiodol chemoembolization. AJR Am J Roent-
genol 2003; 181 (5): 1327-34

Tanioka H, Tsuji A, Morita S, et al. Combination chemo-
therapy with continuous 5-fluorouracil and low-dose cis-
platin infusion for advanced hepatocellular carcinoma.
Anticancer Res 2003; 23 (2C): 1891-7

Kim BK, Park JY, Choi HJ, et al. Long-term clinical out-
comes of hepatic arterial infusion chemotherapy with cis-
platin with or without 5-fluorouracil in locally advanced
hepatocellular carcinoma. J Cancer Res Clin Oncol 2010;
137 (4): 659-67 [Epub 2010 Jun 16]

Cheong JY, Lee KM, Cho SW, et al. Survival benefits of
intra-arterial infusion chemotherapy in patients with ad-
vanced hepatocellular carcinoma with portal vein tumor
thrombosis. Hepatol Res 2005; 32 (2): 127-33

Murata K, Shiraki K, Kawakita T, et al. Low-dose chemo-
therapy of cisplatin and 5-fluorouracil or doxorubicin via
implanted fusion port for unresectable hepatocellular car-
cinoma. Anticancer Res 2003; 23 (2C): 1719-22

Yamasaki T, Kimura T, Kurokawa F, et al. Prognostic
factors in patients with advanced hepatocellular carcinoma
receiving hepatic arterial infusion chemotherapy. J Gas-
troenterol 2005; 40 (1): 70-8

Yamasaki T, Kurokawa F, Takami T, et al. Arterial infusion
chemotherapy using cisplatin, 5-fluorouracil, and isovorin
for patients with advanced hepatocellular carcinoma, pilot
study: Is a high dose of the biochemical modulator effec-
tive? Hepatol Res 2003; 27 (1): 36-44

Nagamatsu H, Hiraki M, Mizukami N, et al. Intra-arterial
therapy with cisplatin suspension in lipiodol and 5-fluor-
ouracil for hepatocellular carcinoma with portal vein tu-
mour thrombosis. Aliment Pharmacol Ther 2010; 32 (4):
543-50

Clin Drug Investig 2012; 32 Suppl. 2



Hepatocellular Carcinoma Treatment in Japan: HAIC

23

34. Enjoji M, Morizono S, Kotoh K, et al. Re-evaluation of
antitumor effects of combination chemotherapy with
interferon-alpha and S5-fluorouracil for advanced hepato-
cellular carcinoma. World J Gastroenterol 2005; 11 (36):
5685-7

35. Hirooka M, Koizumi Y, Kisaka Y, et al. Mass reduction by
radiofrequency ablation before hepatic arterial infusion
chemotherapy improved prognosis for patients with huge
hepatocellular carcinoma and portal vein thrombus. AJR
Am J Roentgenol 2010; 194 (2): W221-6

36. Kuroda M, Kobayashi Y, Urawa N, et al. Hepatic arterial
infusion of 5-fluorouracil in combination with subcutaneous
interferon-alpha for advanced hepatocellular carcinoma.
Hepatogastroenterology 2007; 54 (74): 518-21

37. Nagano H, Miyamoto A, Wada H, et al. Interferon-alpha
and S-fluorouracil combination therapy after palliative
hepatic resection in patients with advanced hepatocellular
carcinoma, portal venous tumor thrombus in the major
trunk, and multiple nodules. Cancer 2007; 110 (11): 2493-501

38. Obi S, Yoshida H, Toune R, et al. Combination therapy of
intraarterial 5-fluorouracil and systemic interferon-alpha
for advanced hepatocellular carcinoma with portal venous
invasion. Cancer 2006; 106 (9): 1990-7

39. Ota H, Nagano H, Sakon M, et al. Treatment of hepato-
cellular carcinoma with major portal vein thrombosis by
combined therapy with subcutaneous interferon-alpha and
intra-arterial S-fluorouracil; role of type 1 interferon re-
ceptor expression. Br J Cancer 2005; 93 (5): 557-64

40. Sakon M, Nagano H, Dono K, et al. Combined intraarterial
S-fluorouracil and subcutaneous interferon-alpha therapy
for advanced hepatocellular carcinoma with tumor thrombi
in the major portal branches. Cancer 2002; 94 (2): 435-42

41. Uka K, Aikata H, Takaki S, et al. Similar effects of re-
combinant interferon-alpha-2b and natural interferon-
alpha when combined with intra-arterial 5-fluorouracil for
the treatment of advanced hepatocellular carcinoma. Liver
Int 2007; 27 (9): 1209-16

42. Uka K, Aikata H, Takaki S, et al. Pretreatment predictor of
response, time to progression, and survival to intraarterial
S-fluorouracil/interferon combination therapy in patients
with advanced hepatocellular carcinoma. J Gastroenterol
2007; 42 (10): 845-53

43. Baba H, Matsumoto G, Tsuruta K, et al. [Successful hepatic
arterial infusion therapy of CDDP/5-FU/IFN-beta3 for
recurrent hepatocellular carcinoma]. Gan To Kagaku
Ryoho 2004; 31 (11): 1705-7

44. Carr BI, Dvorchik 1. Effects of cisplatin dose intensity on
response and survival for patients with unresectable and
untransplantable hepatocellular carcinoma: an analysis

© 2012 Adis Data Information BV. All rights reserved.

45.

46.

47.

48.

49.

50.

51

52.

53.

of 57 patients. Gan To Kagaku Ryoho 2000; 27 Suppl. 2:
432-5

Chung YH, Song IH, Song BC, et al. Combined therapy
consisting of intraarterial cisplatin infusion and systemic
interferon-alpha for hepatocellular carcinoma patients
with major portal vein thrombosis or distant metastasis.
Cancer 2000; 88 (9): 1986-91

Court WS, Order SE, Siegel JA, et al. Remission and sur-
vival following monthly intraarterial cisplatinum in non-
resectable hepatoma. Cancer Invest 2002; 20 (5-6): 613-25

Kajanti M, Rissanen P, Virkkunen P, et al. Regional intra-
arterial infusion of cisplatin in primary hepatocellular
carcinoma. A phase IT study. Cancer 1986; 58 (11): 2386-8

Yoshikawa M, Ono N, Yodono H, et al. Phase II study of
hepatic arterial infusion of a fine-powder formulation of
cisplatin for advanced hepatocellular carcinoma. Hepatol
Res 2008; 38 (5): 474-83

Yamashita Y1, Taketomi A, Itoh S, et al. Phase I/II study of
the lipiodolization using DDP-H (CDDP powder; TA-
call(®) in patients with unresectable hepatocellular carci-
noma. Cancer Chemother Pharmacol 2009; 65 (2): 301-7

Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med 2008; 359 (4):
378-90

Cheng AL, Kang YK, Chen Z, et al. Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with ad-
vanced hepatocellular carcinoma: a phase III randomised,
double-blind, placebo-controlled trial. Lancet Oncol 2009;
10 (1): 25-34

Bayer. Nexavar approved in Japan for the treatment of ad-
vanced liver cancer [online]. Available from URL: http://
www.onyx-pharm.com/view.cfm/589/Nexavar-Approved-
in-Japan-for-the-Treatment-of-Advanced-Liver-Cancer.
[Accessed 2011 Jan 25]

Furuse J, Ishii H, Nakachi K, et al. Phase I study of sor-
afenib in Japanese patients with hepatocellular carcinoma.
Cancer Sci 2008; 99 (1): 159-65

. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guide-

lines to evaluate the response to treatment in solid tumors.
European Organization for Research and Treatment of
Cancer, National Cancer Institute of the United States,
National Cancer Institute of Canada. J Natl Cancer Inst
2000; 92 (3): 205-16

Correspondence: Dr Tatsuya Yamashita, Department of
Gastroenterology, Kanazawa University Hospital, 13-1
Takara-Machi, Kanazawa, Ishikawa, 920-8641 Japan.
E-mail: ytatsuya@m-kanazawa.jp

Clin Drug Investig 2012; 32 Suppl. 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




