Cancer Chemother Pharmacol (1992) 31 (Suppl I): S45-S50

ancer
hemotherapy and
harmacology

© Springer-Verlag 1992

Transcatheter hepatic arterial chemoembolization

using epirubicin-lipiodol:

experimental and pharmacological evaluation*

Seiji Kobayashil, Yoshiaki Narimatsul, Kenji Ogawal, Subaru Hashimoto!, Seishi Nakatsuka!, Hiroshi Miural,
Hirokuni Ohzono!, Wei-Jei Kal, Kunio Ido!, Kyoichi Hiramatsu!, Toshiharu Tsuzuki2, and Masaharu Tsuchiya3

1 Department of Diagnostic Radiology, Keio University School of Medicine, Tokyo, Japan

2 Department of Surgery, Keio University School of Medicine, Tokyo, Japan

3 Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan

Summary. The experimental and pharmacological charac-
teristics of various formulations of an anticancer agent
(epirubicin, EPI) and lipiodol were evaluated in vitro and
in vivo. Three forms of EPI-lipiodol, i.e., an oil-in-water
type of emulsion (O/W type), a water-in-oil type of emul-
sion (W/O type), and a suspension (S type), were prepared
and investigated for their stability. An O/W-type emulsion
using a stock solution of Iopamidol as the solvent for EPI
was the most stable form in the stationary state in vitro. In
16 patients with malignant liver tumors (14 hepatocellular
carcinomas and 2 liver metastases), the three forms of
EPI-lipiodol were injected into the proper hepatic artery.
The plasma EPI level was monitored periodically and ana-
lyzed pharmacokinetically. No significant difference in the
pharmacokinetics of EPI was detected among the O/W,
W/O, and S types.

Introduction

The efficacy of transcatheter hepatic arterial chemoemboli-
zation (TACE) in the therapy of malignant liver tumors has
been highly evaluated, and TACE is now performed in
various medical institutions. Along with the development
of novel materials for chemoembolization of the hepatic
artery and of new anticancer agents, clinical trials have
been conducted on various antineoplastics mixed or sus-
pended in lipiodol (a lipid contrast medium). Epirubicin
(EPI), an anthracycline antineoplastic agent, is a new
derivative of Adriamycin (ADR). The antitumor activity of
EPI is equivalent to that of ADR, but its toxicity is lower.
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In the present study, we prepared various EPI-lipiodcl
mixtures and investigated their stability in vitro. We also
applied these EPI-lipiodol mixtares in TACE for
16 patients with malignant liver tumors and investigated
the pharmacokinetics of EPIL.

Patients and methods

Stability of various EPI-lipiodol mixtures. Three forms of EPI-lipiodol,
i.e., an ojl-in-water type of emulsion (O/W type), a water-in-oil type of
emulsion (W/O type), and a suspension (S type) were prepared (Fig. 1,
Table 1). Their state after preparation was observed under a light micro-
scope, and the separation of the oil and water phases was monitored
during their maintenance at room temperature in the absence of agitation
(stationary state).

For preparation of the O/W and W/O types, three contrast media, i. €.,
Iopamidol 300 (T), Iohexol 300 (O), and 60% Urografin (U), were used as
solvents for EPL Both the O/W and the W/O types were divided into two
subgroups: the O/W type was divided into forms A and B and the W/O
type, into forms C and D. In forms A and C, a stock solution of contrast
medium was used to dissolve EPI. In forms B and D, each solvent was
diluted with distilled water to the equivalent specific gravity of lipiodol.
We set the ratio of distilled water at 1: 5 in consideration of the solubility
of EPI. The solvent and lipiodol were mixed by a pumping method using
two disposal syringes and a three-way stopcock. Monitoring and record-
ing of the separation were done at 30 min and at 1, 2, 4, 8, 12, 24, 48, 72,
and 96 h after EPI-lipiodol preparation.

Plasma concentration of EPI. The test subjects were 16 patients with a
malignant tumor of the liver, consisting of 14 cases of hepatocellular
carcinoma (HCC) and 2 cases of liver metastasis of rectal cancer. They
included 15 men and 1 woman whose ages ranged from 54 to 84 years
(mean, 65.8 years). Either the O/W type (4 cases), the W/O type (5
cases), or a suspension (7 cases) of EPI-lipiodol was injected into the
proper hepatic artery of a patient, and the plasma EPI level was moni-
tored periodically. The target dose of EPI was 40 mg/m?.

For O/W and W/O types, a stock solution of lopamidol 300 was used
to dissolve EPL Lipiodol (4-8 ml) was used, and each form of the drug
was prepared by the pumping method. In principle, small pieces of
gelatin sponge were used for embolization following the drug injection.

After the administration of EPI-lipiodol, peripheral blood was col-
lected immediately before and after the injection and at 3, 15, 30, and
60 min as well as 2, 4, 24, and 48 h later. Plasma was immediately
separated from the samples by centrifugation and was frozen until analy-
sis. The levels of EPI and its metabolite epirubicinol were monitored by
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Fig. 1. Various EPI-lipiodol mixtures: O/W type of emulsion, oil droplets
floating in water solution; W/O type of emulsion, water droplets floating
in lipiodol; Suspension, drug crystals floating in lipiodol; W/O/W type of
emulsion, drug appears as smaller water droplets within oil droplets in
water solution; and O/W/O type emulsion, observed when a nonionic
contrast medium is used as the solvent for EPI

Table 1. Methods used in the in vitro study

1. Oil-in-water type of emulsion (O/W): oil droplets of

lipiodol float in the solution (solution: lipiodol, 1: 1)

Form A:
EPI (10 mg) + stock solution of contrast medium (1 ml)
Lipiodol (1 ml)

Form B: (isogravity system):
EPI (10 mg) + stock solution of contrast medium (0.8 mi)
+ distilled water (0.2 ml)
Lipiodol (1 m)

2. Water-in-oil type of emulsion (W/O): water droplets

float in lipiodol (solution: lipiodol, 1 :3)

Form C:
EPI (10 mg) + stock solution of contrast medium (1 ml)
Lipiodol (3 ml)

Form D (isogravity system):
EPI (10 mg) + stock solution of contrast medium (0.8 ml)
+ distilled water (0.2 ml)
Lipiodol (3 ml)

3. Suspension type (S): EPI crystals float in lipiodol
Form S:
EPI (10 mg)
Lipiodol (3 ml)

high-performance liquid chromatography in cooperation with Farmitalia
Carlo Erba and Kyowa Hakko Kogyo Co., Ltd.

For analysis of the pharmacokinetics, a three-compartment open
model (Fig. 2) described by the following equation was applied, and the
experimental parameters, i.e., A, B, D, p, q and r, were obtained by the
repeated least-squares method:

C = Ae P4+ Be94+De ™,

3-COMPARTMENT OPEN MODEL

DRUG
DOSE
PERIPHERAL K12 CENTRAL Kl3; PERIPHERAL
COMPARTMENT I > COMPARTMENT ¢ COMPARTMENT II
V2 K21 V1 K31 V3

Kel

EXCRETION
c = Ae—pt + Be_qt + De_rt

Fig. 2. Schema of the 3-compartment open model applied in the present
study

where C represents the EPI level (ug/ml) in the plasma and 7 indicates the
time elapsed after administration. On the basis of these experimental
parameters, the following pharmacokinetic parameters were calculated:
1172 (@, B, y» the half-time of the plasma EPI level during the o, B, and
phases; Ke, the velocity constant of drug elimination; V1, V2, and V3, the
apparent distribution volume in the central compartment and peripheral
compartments I and II; V4, the apparent distribution volume in the steady
state (= V1. V2+V3); Cl, plasma clearance (= V1 X Ke1); Cmax/D, the max-
imal plasma concentration/dose; and AUC/D, the area under the curve of
the plasma concentration/dose. A two-compartment model was applied
to patients whose data did not fit the three-compartment model.

Results
Stability of EPI-lipiodol preparations

Observations by light microscopy. For the drug forms in
which Iopamidol or Iohexol was used as the solvent for
EPI, no difference arising from the solvent or specific
gravity was observed microscopically.

In the O/W-type emulsion, many lipiodol oil droplets
ranging from 3 to 1,000 pm in diameter were floating in
the red water solution. Inside oil droplets with a diameter
of 10 wm or more, the EPI solution was observed as much
smaller water droplets and represented a form of a water-
in-oil-in-water (W/O/W) emulsion (Figs. 1, 3A). In the
W/O type, red water droplets with a diameter ranging from
3 to 500 wm floated in the lipiodol, and much smaller oil
droplets of lipiodol were floating inside water droplets
measuring 10 wm or more in diameter. This represented a
form of oil-in-water-in-oil (O/W/0) emulsion (Figs. 1,
3B). At 30 min after EPI-lipiodol preparation, almost no
change was detected in the O/W type, whereas the W/O
type showed coalescence of the water droplets, and the
water and oil phases started to sepatate.

In the preparation using 60% Urografin as the solvent,
crystals of EPI were deposited in both the O/W and the
W/QO types, and this preparation thus did not take the form
of an emulsion. The diameters of floating droplets ranged
from 10 to 2,000 wm. Neither W/O/W nor O/W/O types
were observed (Fig. 3C). In the suspension, crystals of EPI
floated in the lipiodol, and their coalescence was detected
at 30 min (Fig. 3D).

Separation of the preparations in the stationary state. The
stability of EPI-lipiodol is summarized in Table 2. A com-
parison of the O/W, W/O, and suspension forms revealed
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Fig. 3. A O/W type of emulsion using Iohexol. x80. Many lipiodol oil
droplets ranging from 3 to 1,000 pm in diameter are floating in the red
water solution. Inside the oil droplets with a diameter of 10 pm or more,
the EPI solution appears as much smaller water droplets and represents a
form of W/O/W-type emulsion. B W/O type of emulsion using
Topamidol. x 80. Red water droplets ranging in diameter from 3 to
500 um are floating in the lipiodol, and mmch smaller oil droplets of
lipiodol are floating inside water droplets measuring 10 \m or more in

Table 2. Stability of EPI-lipiodol preparations

diameter. This represents a form of O/W/O-type emulsion. C O/W type
of emulsion using Urografin. x40. In the preparation containing 60%
Urografin as the solvent, many crystals of EPI are deposited, and the
preparation does not take the form of an emulsion. The diameter of
floating droplets ranges from 10 to 2,000 um. W/O/W and O/W/O types
of emulsion are not observed. D Suspension. x80. In the form of a
suspension, crystals of EPI are floating in the lipiodol

05h 1h 2h 4h 8h 12h 24h 48h 72h 96 h
1 A
B + + + +
orw O A + + +
type B + +
U A
B
I C + + + +2 ++2 42 ++2
D + + + ++ ++ ++2 42 +++2 +42 42
W/O 0 C + + + + ++2 ++42 42 42
type D + + + + ++ ++2 +42 +++2 +++2 42
U C + + + + ++ ++a 442
D + + + + ++ ++2
Suspension +2 +2 ++8 +42 ++2 R +++2 e ++42 2

+, Slight separation; ++, moderate separation; +++, complete separation; I, Iopamidol; O, Iohexol; U, 60% Urografin; A, form A; B, form B;

C, form C; D, form:D
a Macroscopic crystal deposits (+)
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Fig. 4. A Separation of the preparations of forms A and B at 48 h. Slight
separation is visible in form B (using Iopamidol) and form A (using
Iohexol). B Separation of the preparations of forms C, D, and S at 48 h.
Various degrees of separation are visible in all preparations. I (yellow),
Topamidol; O (red), Iohexol; U (blue), Urografin; A, form A (O/W);
B, form B (O/W); C, form C (W/Q); D, form D (W/O); S, suspension

that the oil and water phases separated earliest in the sus-
pension, followed by the W/O type and the O/W type
(Fig. 4).

In the observation of the stability of the preparations in
different contrast media and under different gravities, the
O/W type emulsion using 60% Urografin and the stock
solution of Topamidol were more stable in the stationary
state. However, light microscopic observations revealed
that many crystals were deposited in the Urografin system
and that this preparation did not take the form of an emul-
sion. This might have been attributable to the poor solubil-
ity of EPI in 60% Urografin. Therefore, we concluded that
the stock solution of Iopamidol was appropriate for our
clinical study.

Plasma EPI level in clinical cases

The plasma EPI level reached a peak immediately after the
administration of the EPI-lipiodol mixture in 12 of the
16 patients and at 5 min after the administration in
4 patients. The slope of the concentration curve con-
structed for nine patients fit the three-compartment model,
whereas that of the curve generated for seven patients fit

o o/w type 34mg/m’
A w/o type  35mg/m?
x Suspension 36 mg/m?
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Fig. 5. Time-concentration curves constructed for the 3 patients who
were included in the 3-compartment model. No significant difference
was detected among the O/W type, the W/O type, and the suspension

the two-compartment model. Three patients in whom
chemoembolization using gelatin sponge pieces could not
be performed following drug administration were included
in the two-compartment analysis. The plasma level in each
patient was analyzed using both models, and the values are
shown in Table 3.

The plasma concentration curves generated for repre-
sentative cases of each model are shown in Fig. 5. The
curve for the three-compartment model showed a sharp
decrease during the o phase, a slightly slower decrease
during the P phase as compared with the o phase, and a
prolonged decrease during the yphase. In the two-compart-
ment model, the curve showed o and 3 phases. In both
models, the pattern of decrease in the plasma level was
similar for the O/W type, the W/O type, and the suspen-
sion, and no statistically significant difference was de-
tected by analyzing each parameter.

A metabolite of EPI, epirubicinol, possesses antitumor
activity that is slightly weaker than that of the unchanged
drug, and the production of epirubicinol differs greatly
between individuals. In this study, the plasma level of
epirubicinol differed from case to case, but epirubicinol
generally appeared early after EPI administration and did
not exceed the plasma EPI level except in one patient.
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3-Compartment model

2-Compartment model

O/W type W/O type Suspension Total O/W type W/O type Suspension Total
(n=2) n=4) (n=3) (n=9) n=2) (n=1) (n=4) (n="17)
t1720. (h) 0.072 0.109 0.083 0.092 0.100 0.080 0.104 0.099
+0.002 +0.037 +0.041 +0.035 +0.008 +0.018 +0.016
tip (h) 1.00 1.13 1.34 1.17 2.67 473 2.51 2.87
+0.46 +0.59 +1.48 +0.85 +0.47 +0.26 +0.87
t172y (h) 40.2 24.0 18.1 25.6 - - - -
+22.8 +16.8 +10.9 +16.6
Vi 1.17 1.17 117 1.17 1.67 1.38 3.51 2.67
(Vkg) +0.99 +0.50 +0.82 +0.62 +0.12 +3.15 +2.46
V2 4.25 321 5.53 421 9.98 17.8 174 153
(Vkg) +4.80 +2.84 +7.62 +4.65 +0.17 +15.5 +11.6
V3 30.5 28.4 25.6 279 - - - -
(kg) +72 +8.1 +1.1 +5.9
Va 35.9 32.8 323 333 11.7 19.2 20.8 18.0
(Ukg) +14 +6.6 +89 +6.2 +0.1 +18.7 +139
Cl 0.75 1.30 1.39 121 5.22 4.28 8.88 7.18
(Vhkg) +045 +0.71 +0.38 +0.56 +0.91 +5.98 +4.76
Crax/D % 10? 3.82 2.98 3.11 321 1.67 222 1.36 1.57
pg/ml +3.27 +1.91 +1.58 +1.86 +0.01 +0.97 +0.76
mg/m?
AUC/Dx 102 4.67 2.79 2.11 2.98 0.54 0.72 0.41 0.49
pg h/mi +2.71 +1.64 +0.70 +1.75 +0.05 +0.18 +0.18
mg/m?

Data represent mean values + SD. D, Dose

Discussion
Stability of EPI-lipiodol preparations

Topamidol and Iohexol, which are nonionic low-osmotic-
pressure contrast media, act as surfactants [5, 16]. The
diameter of the floating particles was smaller in the mix-
tures prepared using these contrast media than in those
prepared using 60% Urografin (both O/W and W/O types).
The minimal diameter of the particles was 3 pm in the
O/W-type emulsion using a nonionic low-osmotic-pres-
sure contrast medium as the solvent for EPL. It is consid-
ered that particles of lipiodol with a diameter of 5 um or
less can enter the hepatic vein and cause microemboliza-
tion in the lung and other organs; therefore, such small
particles are dangerous [6, 7, 9, 12—14]. However, in our
clinical study only the usuval side effects of TACE (i.e.,
fever, pain) were observed, and no dangerous sign attribut-
able to small-diameter particles was detected.

Nakamura et al. [10] have reported that the stability of
an emulsion consisting of an aqueous solution and lipiodol
is enhanced when the ratio of lipiodol to water is increased;
thus, the most stable form would be the W/O type. How-
ever, in the present study, separation of the oil and water
phases was observed in some W/O-type samples beginning
at 30 min and in all samples after 8 h. In contrast, none of
the O/W types showed separation until 24 h. This differ-
ence could be attributable to the difference in the antineo-

plastic agent used, i.e., we used EPI whereas Nakamura et
al. used ADR.

Plasma EPI level in clinical cases

The plasma level of anthracycline agents such as ADR and
EPI following i.v. administration is generally known to
decrease, showing o, 3, and y phases [1-4, 8,.11, 15]. The
steep slope of the curve during the o phase is understood to
represent rapid distribution of the drug from the blood to
the tissues. The subsequent 3 and 'y phases are considered
to represent the elimination phase, resulting from excretion
of the drug in the bile or urine or its elimination via hepatic
metabolization.

In this study, nine patients showed a three-phase
decrease in plasma EPI levels and seven patients showed a
two-phase decrease. In the two-compartment model, the
drug was not detectable at 24 or 48 h. This means that the
plasma concentration of the drug decreased more sharply
in these cases than in those analyzed using the three-com-
partment model. It is interesting that all three patients who
were not injected with gelatin sponge pieces were included
in the two-compartment-model group. This suggests that
the drug was released more slowly and more continuously
when gelatin sponge pieces were used.

In the analysis of the pharmacokinetic parameters,
the mean maximal plasma level (Cmax/D) was
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3.21 = 1.86 x 102 ug ml}/mg m-2 in patients whose
data fit the three-compartment model and
1.57 + 0.76 x 102 ug ml-1 mg-1 m2 in those whose data
fit the two-compartment model. Our results were one-third
to one-eighth lower than those reported by other authors,
and this difference is interpreted as reflecting the slow
release of EPI due to the properties of lipiodol. In terms of
other pharmacokinetic parameters, our results were almost
the same as those reported by other authors.

In the comparison of the three drug forms, no signifi-
cant difference in the curve for the plasma level or other
pharmacokinetic parameters was observed in clinical
cases, whereas the O/W type was the most stable form in
vitro. In vivo, agitation occurs due to the blood flow and to
other factors, the result being that no significant difference
are observed among the three drug forms.
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