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Abstract The purpose of this study was to investigate the
pharmacological advantages of transarterial chemoemboli-
zation (TACE) with cisplatin powder for hypervascular
hepatic tumors in animal experiments. VX2 tumors were
transplanted to the livers of nine rabbits. Cisplatin (1 mg/
kg) was infused into the proper hepatic artery. In the cis-
platin-HAI group, cisplatin solution was infused. In the
cisplatin-GS-TACE group, after infusion of cisplatin solu-
tion, gelatin sponge particles were used for embolization. In
the cisplatin-Lp-TACE group, after infusion of a cisplatin
powder and lipiodol (10 mg/ml) suspension, gelatin sponge
particles were used for embolization. Before and after
administration, platinum concentrations in plasma were
measured. Using liver specimens that were excised 60 min
after infusion, platinum concentrations in tumorous and
nontumorous liver tissues were measured. The mean plati-
num concentration in tumorous tissue was 0.88 pg/ml for
the cisplatin-HAI group, 1.23 pg/ml for the cisplatin-GS-
TACE group, and 12.65 pg/ml for the cisplatin-Lp-TACE
group. The platinum concentration for the cisplatin-Lp-
TACE group was significantly higher than that for the cis-
platin-HAI group (p = 0.004) and the cisplatin-GS-TAE
group (p = 0.004). The mean platinum concentration in
nontumorous liver tissue was 0.98 pg/ml for the cisplatin-
HAI group, 1.13 pg/ml for the cisplatin-GS-TACE group,
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and 1.09 pg/ml for the cisplatin-Lp-TACE group; no sig-
nificant differences were seen. At both 5 and 10 min after
infusion, the platinum concentrations for the cisplatin-Lp-
TACE group were lower than those for the other two
groups. The present results suggest that TACE using
cisplatin powder/lipiodol suspension and gelatin sponge for
hypervascular hepatic tumors has a number of pharmaco-
logical advantages.
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Introduction

Transarterial chemoembolization (TACE) is widely per-
formed in the treatment of advanced hepatocellular
carcinoma, and randomized controlled trials have docu-
mented better vital prognosis for hepatocellular carcinoma
[1, 2]. Many studies on TACE have been reported; a
method using lipiodol, an oily contrast medium used as a
drug delivery system (DDS), is now widely employed, and
anticancer drugs such as doxorubicin, epirubicin, and other
anthracyclines are often used [3-6]. However, hepatocel-
lular carcinoma is not necessarily sensitive to these drugs
[7-9]. Hence, the therapeutic results of TACE for hepato-
cellular carcinoma should improve with anticancer drugs
being more efficient.

Cisplatin (cis-dichlorodiammineplatinum) is a platinum
compound that has been used as an effective anticancer drug
for various cancers, including head and neck cancer and
bladder cancer [10], and studies have reported that hepato-
cellular carcinoma is more sensitive to cisplatin compared to
anthracyclines [11, 12]. Cisplatin has been used on TACE for
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hepatocellular carcinoma in Europe and America since 1992.
However, because cisplatin was only available as a solution,
it was difficult to prepare a high-dose cisplatin emulsion
using lipiodol. Therefore, cisplatin has hardly been used for
TACE in Japan [13, 14]. In recent years, cisplatin powder
(IA-CALL; Nippon Kayaku, Tokyo) has been developed,
and its use in hepatic artery infusion for hepatocellular car-
cinoma was approved in July 2004 in Japan [15]. Using this
cisplatin powder, it is easier to prepare lipiodol suspensions,
and we suspect that there will be more clinical studies on
TACE using cisplatin powder and lipiodol in the treatment of
hepatocellular carcinoma. To the best of our knowledge,
there have been no basic studies on TACE using cisplatin
and lipiodol, and in the present study, we investigated the
pharmacological usefulness of TACE using a cisplatin
powder and lipiodol suspension (cisplatin-lipiodol-TACE)
for hepatocellular carcinoma by performing cisplatin-lipi-
0dol-TACE on rabbits in which VX2 tumors (hypervascular
liver tumors) were transplanted into the liver.

Materials and Methods
Outline of Study Design

VX2 tumors were transplanted into the liver of nine Japanese
white rabbits, and each rabbit was then subjected to one of
the following three treatments: (1) three rabbits made up the
cisplatin-HAI group, in which a cisplatin infusion was
administered from the proper hepatic artery; (2) three rabbits
were in the cisplatin-GS-TACE group, where, after admin-
istration of cisplatin infusion from the proper hepatic artery,
embolization was performed using gelatin sponge particles;
and (3) three rabbits comprised the cisplatin-Lp-TACE
group, in which, after infusion of a cisplatin powder/lipiodol
suspension into the proper hepatic artery, embolization was
performed using gelatin sponge particles. Before and after
treatment of the nine rabbits in the three groups, platinum
concentrations in plasma, tumor tissue, and nontumorous
liver tissue were measured and analyzed.

Animal Care and Rabbits

Experiments were performed in accordance with standard
guidelines and adhered to local regulations, as specified by
the animal committee of our institute.

Nine Japanese white rabbits with VX2 tumors trans-
planted into the livers were used. VX2 tumors were
purchased from Japan SLC (Shizuoka, Japan). Tumors
were implanted by embedding 1-mm tissue cubes below
the left lobe capsule for 2 weeks. The body weight of
rabbits receiving liver tumors ranged from 2.60 to 2.95 kg,
with an average of 2.79 kg.
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Angiographic Procedure

Rabbits were anesthetized by 5% isoflurane inhalation.
Through surgical cutdown, a 4-Fr sheath (Terumo, Tokyo)
was inserted from the common femoral artery, and under
fluoroscopic guidance, a 4 Fr hockeystick catheter (CAT-
HEX: Cathex, Kanagawa, Japan) was inserted into the
celiac artery. By the coaxial method, a 2.0 -Fr microcath-
eter (Prograte «; Terumo) and a 0.016-in. guide wire (GT
wire 0.016; Terumo) were used for selective catheterization
of the proper hepatic artery. After confirmation of vessel
insertion and tumor staining by contrast radiography,
arterial infusion and TACE were performed (Fig. 1).

Preparation of CDDP and Gelatin Sponge

In the cisplatin-HAI group (cisplatin solution for hepatic
arterial infusion) and cisplatin-GS-TACE group (chemo-
embolization with gelatin sponge), 100 mg of cisplatin
powder (A CALL; Nippon Kayaku, Tokyo) was dissolved
in 70 ml of saline solution (1.43 mg/ml). In the cisplatin-
Lp-TACE group (cisplatin-lipiodol suspension for lipiodol
chemoembolization with gelatin sponge), 100 mg of cis-
platin powder was mixed with 10 ml of lipiodol (Lipiodol
Ultra-Fluid; Gelbe Japan-Terumo, Tokyo; 10 mg/ml), stir-
red manually just before infusion for about 1 min, and then
subjected to ultrasonic mixing for 3 min. Gelatin sponges
(Spongel; Astellas, Tokyo) were manually cut into ~ I-mm
particles and mixed with a small amount of iopamidol
(Iopamiron 370; Shering, Osaka, Japan).

Fig. 1 Intense staining of intrahepatic tumor by angiography through
the proper hepatic artery
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Administration of Cisplatin

To three rabbits, a 0.7 ml/kg cisplatin solution was infused
in one shot, followed by immediate injection of 1 ml of
physiological saline (cisplatin-HAI group). To another set
of three rabbits, the same amount of the cisplatin solution
was infused in one shot, then gelatin sponge particles were
immediately injected until hepatic artery flow became
congested (cisplatin-GS-TACE group). To the last set of
three rabbits, a 0.1 ml/kg cisplatin-lipiodol suspension was
gradually infused, and then gelatin sponge particles were
injected until hepatic artery flow became congested (cis-
platin-Lp-TACE group). In all groups, the cisplatin dosage
was set at 1 mg/kg body weight according to the usual
clinical dosage of 1 mg/kg to the human. The injection
speed of cisplatin saline and the timing of gelatin sponge
were set equally in each group.

Blood and Tissue Sampling and Drug Concentration
Assay

Blood (3 ml) was sampled from each rabbit at 5, 10, 30, and
60 min after administration of cisplatin. Each sample was
centrifuged, the resulting plasma was filtered using Centriflo
for determining filterable platinum concentration, and the
filtrate was immediately stored frozen (—7°C). After collec-
tion of blood samples at 60 min after administration, rabbits
were euthanized by deep anesthetization and the entire liver
was excised. Liver tumors were carefully recovered. In
addition, the left lobe was excised as a nontumorous liver
tissue specimen. All specimens were immediately stored
frozen (—7°C). Analysis was performed via atomic absorp-
tion spectroscopy, with each sample measured twice.

Statistical Analysis

Mean and SD of platinum concentrations in each tissue
were calculated, and a post hoc test (Scheffe method) was
used to statistically assess intergroup differences (Dr. SPSS
I 11.0.1 J; SPSS Inc., Chicago, IL). The level of signifi-
cance was set at p < 0.05. AUC analysis was conduced by
the noncompartment method (Model: Plasma data, Bolus
IV Administration; WinNonlin Profession Ver. 4.1; Phar-
sight Corp., Mountain View, CA).

Results
Tissue Platinum Concentration (Table 1)
The platinum concentration in tumorous tissue was

0.88 £ 0.26 pg/g (p = 0.004) for the cisplatin-HAI group,
1.23 £+ 0.85 pg/g (p = 0.004) for the cisplatin-GS-TACE

Table 1 Platinum concentrations (pg/g) in tumorous and nontumor-
ous liver tissues

Tissue HAI GS-TACE Lp-TACE
Tumorous 0.88 £ 0.26 1.23 £ 0.85 12.65 + 3.46
Nontumorous 0.98 4+ 0.42 1.13 £ 0.42 1.09 £+ 0.30

group, and 12.65 £ 3.45 p/g for the cisplatin-Lp-TACE
group was. These results showed that that platinum con-
centration for the cisplatin Lp-TACE group was significantly
higher than that for the other two groups. No significant
differences were seen in platinum concentrations in tumor-
ous tissue between the cisplatin-GS-TACE and cisplatin-
HAI groups.

Platinum concentrations in nontumorous liver tissue
for the cisplatin-HAI, cisplatin-GS-TACE, and cisplatin-
Lp-TACE groups were 0.98 + 0.42, 1.13 £ 0.42, and
1.09 £ 0.30 pg/g, respectively, and no significant inter-
group differences were seen.

Plasma Platinum Concentration (Tables 2 and 3)

Table 2 reports the sequential changes in total platinum
concentration in plasma. At 5 and 10 min after adminis-
tration, the total plasma platinum concentration for the
cisplatin-Lp-TACE group was significantly lower com-
pared to those for the cisplatin-GS-TACE and cisplatin-
HAI groups (5 min after, p = 0.017 and p = 0.01,
respectively; and 10 min after, p = 0.039 and p = 0.017,
respectively). At 5 and 10 min after administration, no
significant differences were seen in total plasma platinum
concentration between the cisplatin-GS-TACE and the
cisplatin-HAI groups. At 30 and 60 min after administra-
tion, no significant differences were seen in total plasma
platinum concentration among the three groups.

Table 3 reports the sequential changes in filterable
platinum concentration in plasma. At 5 and 10 min after

Table 2 Plasma total platinum concentration (pg/ml)

HAI GS-TACE Lp-TACE
5 min 245 £ 041 231 £0.32 1.16 £ 0.27
10 min 1.94 £ 0.17 1.79 £ 0.26 1.10 £ 0.28
30 min 1.00 £ 0.07 0.94 £+ 0.20 0.82 £ 0.05
60 min 0.50 £ 0.06 0.49 £+ 0.11 0.57 £ 0.11

Table 3 Plasma filterable platinum concentration (pg/ml)

HAI GS-TACE Lp-TACE
5 min 2.08 £ 0.36 1.99 £ 0.32 1.02 £0.33
10 min 1.61 £ 0.21 1.58 £ 0.17 0.94 £ 0.24
30 min 0.81 £ 0.08 0.84 £ 0.11 0.59 £ 0.25
60 min 0.36 £ 0.07 0.37 £+ 0.06 0.36 £ 0.16
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Table 4 AUC at 0—60 min for total platinum and filterable platinum
(ng min/ml)

Platinum 1A GS-TACE Lp-TACE
Total 770 £ 74 72.5 £ 1245 51.7 £ 6.1
Filterable 629 £ 72 62.5 £ 8.5 39.8 £ 12.0

administration, the filterable platinum concentration for the
cisplatin-Lp-TACE group was significantly lower than that
for the cisplatin-GS-TACE and cisplatin-HAI groups
(5 min after, p = 0.034 and p = 0.023, respectively; and
10 min after, p = 0.03 and p = 0.024, respectively). At 5
and 10 min after administration, no significant differences
were seen in filterable platinum concentration between the
cisplatin-GS-TACE and the cisplatin-HAI groups. At 30
and 60 min after administration, there were no significant
differences in plasma filterable platinum concentration
among the three groups.

Table 4 shows the AUC (area under the concentration-
time curve) at 0—60 min for total and filterable platinum
concentrations. The AUCq_gg min (g min/ml) for the total
platinum concentration for the cisplatin-Lp-TACE group
was significantly lower than that for the cisplatin-HAI
group (p = 0.038). The AUCy_g0 min (g min/ml) for the
filterable platinum concentration was lower for the cis-
platin-Lp-TACE group compared to the cisplatin-HAI
group, but no significant difference was seen (p = 0.064).
Between the cisplatin-HAI and the cisplatin-GS groups,
there were no significant differences in the AUC(_¢o min Of
total and filterable platinum concentrations.

Discussion

TACE is a treatment that is performed for hepatocellular
carcinoma, a hypervascular tumor, to achieve embolization
and antitumor effects using an anticancer drug. In order to
selectively deliver the anticancer drug to the tumor and
make the drug remain inside the tumor for a long period of
time, an emulsion made of lipiodol and an anticancer drug
(DDS) is infused from the hepatic artery, and hepatic
arterial flow is blocked using an embolizing material, such
as gelatin sponge.

Anthracyclines, such as doxorubicin and epirubicin, are
most frequently being used in TACE. Hepatocellular car-
cinoma is known as a tumor with a poor sensitivity to
anticancer agents, and studies have documented the
response rate of systemic chemotherapy and hepatic arterial
infusion chemotherapy using anthracyclines at about 3%
and 15%, respectively [7-9]. On the other hand, studies have
documented relatively high response rates for systemic
chemotherapy and hepatic arterial infusion chemotherapy
using cisplatin at 15% and 45%, respectively [11, 12].
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If cisplatin is used in TACE, even higher antitumor
effects may be achieved. However, since cisplatin was
supplied as a solution in the past, it was difficult to prepare
a high-dose cisplatin emulsion using lipiodol. In fact, cis-
platin in the form of a powder rather than a solution has
been used since 1992 in Europe and America. However, in
Japan, it has not been used for TACE except at a few
institutions because cisplatin has only been available as a
solution. At limited institutes of Japan, a dry powder of
cisplatin was made from a solution to make a mixture with
lipiodol, however, these techniques have not been practiced
widely because of the complicated procedures [13, 14].

In July 2004, a cisplatin powder (IA CALL; Nippon
Kayaku, Tokyo) was developed and approved for use in
hepatic arterial infusion for hepatocellular carcinoma [15].
This made it easier to prepare a lipiodol/cisplatin suspen-
sion by mixing lipiodol and cisplatin powder. Therefore,
TACE using the cisplatin powder should improve the
therapeutic results for hepatocellular carcinoma, and while
there will probably be more clinical studies on TACE using
lipiodol and cisplatin powder (cisplatin-Lp-TACE), there
have not been sufficient basic studies on TACE using
cisplatin.

The VX2 liver tumor used in the present study is a
hypervascular tumor, is mostly vascularized by the hepatic
artery [16], and resembles human hepatocellular carcinoma
in terms of hemodynamics. By assuming TACE for hepa-
tocellular carcinoma, in the present study, the drug was
infused by the coaxial method using a microcatheter under
fluoroscopic guidance.

In the cisplatin-Lp-TACE group, the platinum concen-
tration in tumorous tissue was higher than that in
nontumorous liver tissue. The results were the same in past
studies on doxorubicin or epirubicin [17, 18], and the
reason for this was that nontumorous liver tissue was
vascularized by the hepatic artery and portal vein, while
tumorous tissue was only vascularized by the hepatic
artery. Another reason is the hypervascular nature of the
tumor in relation to normal liver tissue. Also, the platinum
concentration in tumorous tissue was about 14 times higher
for the cisplatin-Lp-TACE group than for the cisplatin-HAI
group. When simply infused from the hepatic artery, the
extraction rate for cisplatin is low, and the usefulness of
arterial infusion is relatively low [19, 20]. However, by
infusing a lipiodol suspension and performing embolization
using gelatin sponge, the intratumoral concentration of the
anticancer drug in the present method was just as high as
with TACE using doxorubicin or epirubicin [17, 18]. The
reason for this was the long-term retention of cisplatin in
vessels and the increased vascular wall permeability.

In the cisplatin-GS-TACE group, there was no signifi-
cant difference in platinum concentration between
tumorous and nontumorous liver tissues, and there was no
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marked difference in intratumoral anticancer drug concen-
tration compared to that in the cisplatin-HAI group. Also,
there was no significant difference in plasma platinum
concentration between the cisplatin-GS-TACE and the
cisplatin-HAI groups. In one past study, cisplatin solution
and gelatin sponge were mixed and then administered into
the uterine artery [21], but there has not been a pharmaco-
logical study on TACE where cisplatin was administered
and then an embolizing agent, such as gelatin sponge, was
used. In TACE for hepatocellular carcinoma, if a cisplatin
solution is mixed with an embolizing agent, it is difficult to
adjust the total cisplatin dose, and as a result, cisplatin is
often administered before the embolizing agent. The results
of the present study suggest that before blocking blood flow
by gelatin sponge, most of the cisplatin was not retained in
the liver but flowed outside the liver.

The plasma platinum concentrations for the cisplatin-
Lp-TACE group at 5 and 10 min after administration were
lower than those for the cisplatin-GS-TACE and cisplatin-
HAI groups. This agreed with previous studies on plasma
concentrations following TACE using doxorubicin/lipiodol
emulsion and gelatin sponge injection [18]. Therefore,
cisplatin-lipiodol-TACE using a cisplatin powder/lipiodol
suspension should reduce the side effects associated with
cisplatin, such as nephrotoxicity, nausea, and vomiting.

In conclusion, TACE using a cisplatin powder/lipiodol
suspension (cisplatin-lipiodol-TACE) achieved very high
platinum concentrations in hepatic tumors, and should lead
to marked antitumor effects. In addition, because platinum
concentrations in peripheral blood were low, side effects
would be minimized. Furthermore, in TACE where a cis-
platin solution was arterially infused and gelatin sponge
used for embolization, there were no marked differences in
plasma and tissue platinum concentrations compared to
those with ordinary hepatic arterial infusion, and as a
result, the pharmacological usefulness of cisplatin-GS-
TACE was low. In terms of limitations, the present study
did not investigate the effects of cisplatin TACE on the
liver parenchyma. In the future, clinical studies need to be
conducted to confirm both therapeutic efficacy and safety.
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