Cancer Chemother Pharmacol (1993) 31: 313318

Clancer
'Clhemotherapy and
[Plharmacology

© Springer-Verlag 1993

Organ distribution and antitumor activity of free
and liposomal doxorubicin injected into the hepatic artery

Yiyu Zou*!, Isamu Horikoshi?, Tokuzou Kasagi2, Xueqiu Gu!, and Roman Perez-Soler3

I Pharmaceutical Research Institute, Shenyang College of Pharmacy, Shenyang City, 110015 China, 2 Toyama Medical and Pharmaceutical
University, Toyama City, 930-01 Japan, 3 Section of Head, Neck, and Thoracic Medical Oncology, Department of Medical Oncology,
The University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030, USA

Received 1 February 1992/Accepted 13 August 1992

Summary. The plasma levels, organ distribution, and in
vivo antitumor activity of free and liposomal doxorubicin
injected into the hepatic artery of rats bearing W256 liver
tumors were studied. The administration of liposomal
doxorubicin resulted in liver-tumor and liver-parenchyma
doxorubicin areas under the curve (AUCs) that were 4.7-
and 3.8-fold, respectively, those obtained after the admin-
istration of free doxorubicin. Spleen and plasma AUCs
were also increased by 2.8 and 2.5 times, respectively,
following administration of the liposomal form. In con-
trast, liposomal doxorubicin did not affect heart AUCs;
peak doxorubicin levels in heart tissue were three times
lower in animals treated with liposomal doxorubicin. Fol-
lowing treatment with the liposomal form, the cumulative
urinary excretion of doxorubicin at 8 h was 38 times lower.
In good correlation with these findings, liposomal doxoru-
bicin (2.35 mg/kg on day 7) was more effective than free
doxorubicin against liver W256 tumors as measured by
tumor-growth inhibition at 5 days after treatment (16% for
liposomal doxorubicin versus —53.7% for free doxorubicin,
P <0.05) and increased life span (ILS; 108% for liposomal
doxorubicin versus 27% for free doxorubicin, P <0.03).
These results demonstrate that as compared with free doxo-
rubicin, the administration of liposomal doxorubicin into
the hepatic artery results in higher drug levels in the liver
tumor and ephanced antitumor activity while maintaining
the cardioprotective effect of the liposome carrier as sug-
gested by the decreased peak drug levels measured in the
heart tissue.

Introduction

Liver tumors receive >90% of their blood supply from the
hepatic artery, whereas the liver parenchyma is mainly
supplied with blood (>70%) from the portal vein [4, 12, 19,
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26]. On the basis of this anatomical characteristic, hepatic-
artery administration of antitumor agents such as doxorubi-
cin, fluorodeoxyuridine, and mitomycin C has been exten-
sively explored in the presence and absence of concomitant
embolization for the treatment of liver primary and meta-
static tumors [2, 11, 14, 15, 18, 23, 24, 27]. Randomized
clinical studies have shown that the tumor response rate is
higher following hepatic-artery administration of anti-
tumor agents than after i.v. administration, but hepatic-
artery administration does not significantly prolong sur-
vival [16]. There is therefore a need for optimization of this
form of antitumor therapy.

Although doxorubicin (DXR) is one of the drugs of
choice for the treatment of hepatoma, it has limited anti-
tumor activity against this disease [3, 6, 7]. In experimental
systems, the administration of DXR into the hepatic artery
results in a 3-fold increase in the tumor drug levels without
significantly altering the drug levels in the heart [25]. In
patients with malignant tumors; hepatic-artery administra-
tion of DXR reportedly reduces the plasma AUC by about
30% [6].

Liposomes have been extensively explored as carriers
of different antitumor agents in an attempt to alter their
pharmacokinetics and distribution and enhance their thera-
peutic index [10, 20]. Encapsulation of DXR in small lipo-
somes has repeatedly been shown to result in lower heart
drug levels and reduced cardiotoxicity in different animal
species after i.v. administration [1, 9, 13] as well as in
reduced vesicant toxicity after s.c. infiltration [1]. The i.v.
administration of liposomal DXR has also been shown to
enhance antitumor activity in different experimental mouse
models of liver metastases [8, 21, 22]. However, in most of
these studies, liposomal DXR was injected shortly after
tumor inoculation, when microscopic liver metastases had
yet to develop an independent vascularity.

The use of liposomal antitumor agents as a slow-release
system for administration into the hepatic artery has re-
ceived little attention thus far [17, 30]. Very few studies
have investigated the effect of liposome encapsulation on
the pharmacokinetics and tissue distribution of drugs given
via the hepatic artery. It is conceivable that afier adminis-
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tration into the hepatic artery, relatively large liposomes
may remain there for some time in the tumor vasculature.
If this is true, then higher and more prolonged drug levels
should be achieved in liver tumors, thus enhancing thera-
peutic efficacy. To prove this hypothesis, we studied the
tumor- and normal-tissue drug distribution and antitumor
activity of free and liposomal DXR injected into the hepat-
ic artery of rats bearing well-established, visible walker
256 liver tumors. We report herein the results of this study.

Materials and methods

Liposome preparation

L-o-Dipalmitoyl phosphatidylcholine (DPPC; mol. wt., 735 kDa; purity,
>98%; Nippon Oil & Fats Co., Ltd., Tokyo, Japan) was dissolved in a
diisopropylether/chloroform (1:1, v/v) solution. DXR (Adriamycin In-
jection; Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan) was dissolved in
TRIS-HC1 buffer (pH 6.01). Liposomes composed of DPPC were pre-
pared by the reverse-evaporation vesicle method [28]. The encapsulated
drug was separated from the nonencapsulated drug by centrifugation at
75,000 g at4° C for 20 min, and the pelleted vesicles were resuspended in
TRIS-HCI buffer. This step was repeated three times. The final lipid-to-
drug weight ratio was 4 : 1. The concentration of total DXR was adjusted
to 7.08 mg/ml. The concentration of nonencapsulated drug was <0.05%
of the total concentration in the final preparation. The average diameter
and size distribution of the liposomes was determined by a Laser Particle
Analyzer (LPA-3000/3100; Otsuka Electronics Co., Ltd., Osaka, Japan)
using the dynamic light-scattering (DLS) method.

The encapsulation efficiency (%E) was calculated using the follow-
ing formula:

Liposome-encapsulated DXR
Total initial DXR

%E = x 100.

The liposome-encapsulated drug was separated from the free drug by gel
filtration through a Sephadex G-50 (Pharmacia Fine Chemicals, Piscata-
way, N. J., USA) column (10 x 200 mm) in TRIS-HCI buffer (pH 6.01).
The amount of DXR was determined by high-performance liquid chro-
matography (HPLC) [31]. Briefly, the HPLC-analysis conditions were:
Waters 6000 HPLC; Nova-Pak, 4 um; 3.9 x 150 mm C18 column; mo-
bile phase, 0.067 m KH,POs: CH3sCN=75:25 (v/v); flow rate,
0.8 ml/min; fluorescent detector, 585 nm emission and 470 nm excita-
tion; sample solvent, 0.1 M KHzPO4: CH30H = 1:1 (v/v); sample injec-
tion volume, 100 pl [28]. The lipid was quantitated by measuring the
phosphorus content by the Bartlett assay [2].

Liver-tumor model

Walker 256 carcinosarcoma (W256; Shionogi & Co., Ltd., Osaka, Japan)
cells (5 x 109 cells/rat) were surgically implanted into the left liver lobe
of SLL.C Wistar/ST male rats (8 weeks old, 224240 g; Japan SLC Co.,
Ltd., Hamamatsu, Shizuoka, Japan). Animals bearing W256 liver tumors
were used for the biodistribution and antitumor-activity studies described
below.

Biodistribution studies

At 9 days after W256 tumor implantation in the liver, all animals under-
went a laparotomy. In animals showing visible liver tumor (90%), the
prehepatic artery was cannulated via the gastric artery. Animals were
then divided into 2 groups of 30 rats each. Each group received
2.35 mg/kg of either liposomal or free DXR injected into the hepatic
artery through the cannulae. This dose was selected because it had been
found to be the optimal dose of liposomal DXR against this tumor model

in preliminary studies. The injection time was 1 min in all cases. The
position of the cannulae was checked by a soft X-ray system (Softex-
CSM-2; Softex Co., Ltd., Tokyo, Japan). The cannulation methods have
been described by us in detail elsewhere [30]. At 5 min and 2, 8, 24, and
120 h after drug administration, six animals in each group were killed by
exsanguination. The tumor, liver, heart, kidney, and spleen were resected
and a plasma sample was obtained. Urine was also collected on an hourly
basis through a bladder catheter. A volume of Kuthoff buffer equivalent
to 5 times the tissue-sample weight was added, the tissues were homoge-
nized, and the DXR was extracted with a 1:1 (v/v) butanol : toluene
solution (5 ml/ml homogenized tissue). The samples were centrifuged at
3,000 g for 10 min. The supernatants were collected, dried, and dissolved
in a 1:1 (v/v) phosphate-buffered saline (PBS):methanol solution
(1 ml/ml homogenized tissue). DXR concentrations in these samples
were determined by the HPLC method described above. The area under
the concentration-time curve (AUC) was calculated as the sum of the
areas between every two time points.

Antitumor-activity studies

Tumor-growth inhibition. On day 7, 6-week-old rats bearing single
W256 liver tumors underwent a laparotomy. Animals with visible liver
tumor were divided into three groups of six animals each. They were
injected with an equivalent volume of normal saline plus either free or
liposomal DXR (2.35 mg/kg) into the hepatic artery using the cannula-
tion techniques described above. The longest and shortest diameters (a
and b, respectively) of the tumors were measured with calipers [5, 29]
(error, <10%) before drug administration and 5 days later during a sec-
ond laparotomy. The tumor volume was calculated as axb%2 [5, 29].
The tumor-size range on the day of drug administration was:
0.6<a<09 cm and 04<b<0.6 cm. The tumor-growth inhibition
(%TGI) was calculated using the following equation:

Tumor volume on day 12

BTGL= (1 ) % 100.

Tumor volume on day 7

Increased life span. The percentage of increase in life span (%ILS) was
determined in a separate experiment. The design was identical to that of
the TGI experiment, except for the addition of a control group (no
treatment) of 15 animals. Before drug administration, the presence of
liver tumors was surgically confirmed. The survival of each animal was
recorded, and the %ILS was calculated by the following equation:

Median survival of treated group
PILS = ( —

; ; 1) x100.
Median survival of control group

Statistical analysis

Differences in biodistribution and TGI were analyzed for statistical sig-
nificance using Student’s #-test, and differences in median survival be-
tween the animal groups were analyzed by log-rank test.

Results
Characterization of liposomal DXR

As assessed by laser DLS, the liposomal DXR preparation
was a homogeneous liposome suspension with a mean
particle size of 85050 nm in diameter, the size of all
particles (100%) ranging from 772 to 903 nm. The en-
capsulation efficiency of DXR in the liposomes was
38.14% =% 1.64% as determined by gel-filtration analysis of
at least five different samples.
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Tumor DXR levels were increased by 1.6- to 7.9-fold at
different time points in animals treated with liposomal
DXR as compared with those receiving free DXR
(Fig. 1a). Liver parenchyma DXR levels were also in-

levels determined after liposomal drug administration, and those
with dark triangular symbols ( A ) represent the levels measured
after free drug injection. The error bars represent standard deviations

creased by 1.2- to 8.3-fold in the rats that received lipo-
somal DXR compared with those that received free drug
(Fig. 1b). Peak DXR levels measured in the liver tumor
and liver parenchyma after the administration of liposomal
DXR were 27.784 +1.688 and 17.062+ 1.395 pg/g tissue,
respectively, and values of 17.364+2.371 and 14.006 +

Table 1. AUCs, peak levels, and tumorftissue ratios after administration of free and liposomal DXR into the hepatic artery?

Tissue and fluid AUC Peak level Tumor tissue ratios

(Mg h gt or mlY) (ug/g or ml)

AUC Peak Ievel

Free Liposomal Free Liposomal Free Liposomal Free Liposomal
Tumor 155.4 725.2% 17.36+£2.37 27.78 £ 1.69* 1.0 1.0 1.0 1.0
Liver 142.6 553.5% 14.01+1.08 17.06+£ 1.40%* 1.1 1.3 1.2 1.6
Heart 29.5 36.4 1.56+0.24 0.52+0.06* 53 19.9 11.1 53.4
Kidney 84.2 81.8 1.80+0.13 1.04 £0.40* 1.8 8.9 9.6 26.7
Spleen 27.9 78.4%%* 0.62+0.40 1.14£0.37%* 5.6 9.2 28.0 244
Plasma 1.6 4.0%* 0.33+0.04 0.45£0.09%* 97.1 181 52.6 61.7
Urine 110.5 2.9% 20.51+1.43 0.75+0.13* - - - -

2 The mean AUC, peak level, and AUC ratios or peak level ratios of
tissue or plasma/tumor were calculated on the basis of the data in Fig. 1
(5 time points, 6 animals per point)

* P <0.01, ** P <0.05 (Student’s 7-test comparing two groups given free
or liposomal DXR)
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Fig. 2. Tumor/liver DXR ratios observed in the experiment described in
Fig. 1. Ateach sampling time, six rats in each group were killed and DXR
levels in the liver tumor and liver parenchyma were determined. The dark
bars represent the ratios obtained in rats injected with liposomal drug
(LDXR), and the striped bars represent those obtained in rats injected
with free drug (FDXR). The error bars indicate the standard deviations.
* P <0.001, ** P <0.001 (Student’s r-test comparing two groups at
different time points)

1.077 ug/g tissue, respectively, were obtained after the ad-
ministration of free drug, thus suggesting a slightly more
selective distribution of the drug into the tumor following
administration of the liposomal form (£ <0.01).

Heart DXR levels are shown in Fig. 1c. The peak level
measured in animals treated with liposomal drug was 3
times lower than that determined in animals treated with
free drug (0.520+0.062 vs 1.558 £0.235 png/g). In addi-
tion, the peak heart level occurred at 8 h after the injection
of liposomal drug and at 5 min after treatment with free
drug. After 24 h, no significant difference in heart drug
levels was observed between the two groups of animals. In
the kidney, the drug level was 2 times higher in animals
receiving free DXR than in those treated with liposomal
DXR until 24 h (Fig. 1d). In the spleen, DXR levels found
in animals treated with the liposomal drug were about
3-fold those measured in rats treated with free drug
(Fig. 1e). Figure 1f shows the plasma clearance of free and
liposomal DXR. Plasma levels attained following the ad-
ministration of liposomal DXR were 1.35- to 2.69-fold
those reached after the injection of free drug. The peak
plasma drug levels were 0.451+0.087 and 0.333+
0.043 pg/ml after the administration of liposomal and free
drug, respectively. Urinary excretion of free DXR at 8 h
was 20.514% of the injected dose, while the cumulative
urinary excretion of liposomal DXR was only 0.746%
(Fig. 1 g).

Table 1 shows the DXR AUCs and peak levels obtained
in the different tissues, plasma, and urine of rats and the
AUC and peak level tumor/tissue ratios. The AUCs calcu-
lated after liposomal drug administration were several
times greater than those determined after free drug injec-
tion in the tumor (4.7-fold, P <0.01), liver parenchyma
(3.8-fold, P <0.01), spleen (2.8-fold, P <0.05), and plasma
(2.5-fold, P <0.05). In the heart, no significant difference
was observed. The cumulative urinary excretion of DXR
was 37.7 times higher (P <0.001) in animals treated with
free drug than in those receiving liposomal drug. Except in

Table 2. Antitumor activity of free or liposomal DXR injected into the
hepatic artery against W256 liver tumor?

Treatment %TGIP PILSP

Control - 0 (15
Normal saline —381.2+£69.3 (6) -5 (6)
Free DXR -53.7+233 (6) +27 (6)
Liposomal DXR +16.1+ 5.6* (6) +108* (6)

2 Results were obtained from two separate experiments: tumor-growth
inhibition (TGI) and increased life span (ILS) of rats bearing liver
tumors. A single injection (2.35 mg/kg) of free or liposomal DXR was
given via the hepatic artery at 7 days after the implantation of 5 x 106
viable W256 cells into the left liver lobes of the animals

b The number of animals used in experiment are shown in parentheses
* P <0.05 as compared with the group given free DXR. In both experi-
ments, the results obtained in DXR-treated groups differed significantly
from those obtained in the normal saline or control groups

the spleen, all AUC or peak level ratios were higher in the
liposomal DXR groups than in the free DXR group.

Tumor/liver and tumor/heart DXR ratio

The tumor/liver drug ratio after liposomal drug administra-
tion ranged between 1.49 and 1.59 until 24 h (Fig. 2). Fol-
lowing free drug administration, the tumor/liver ratio
ranged between 0.86 and 1.30. At each different time point,
the tumor/liver ratio was significantly higher for liposomal
DXR than for free DXR (P <0.01). Therefore, higher drug
levels were observed in the tumor in relation to the liver
parenchyma following treatment with the liposomal drug.
The tumor/heart ratio decreased from 57.62 + 1.57 at 5 min
to 16.62£2.88 at 24 h after administration of the lipo-
somal drug and from 10.55+0.73 at 5 min to 4.13:+0.95
at 24 h after the injection of free drug. Therefore, at all time
points, the tumor/heart ratio was about 5 times higher
(P <0.001) in the animals treated with liposomal drug than
in those treated with free drug.

Antitumor activity

One single dose of liposomal DXR (2.35 mg/kg) signifi-
cantly inhibited the growth of W256 liver tumors and ex-
tended the life span of rats bearing liver tumors (Table 2).
The same dose of free DXR did not result in significant
antitumor activity. In the TGI experiment, the size of
tumors in animals treated with liposomal drug decreased
by 16%+5.6% over 5 days, whereas the size of tumors in
animals treated with free drug increased by 53.7% +23.3%
(P <0.05). In the survival experiment, the ILS was signifi-
cantly prolonged in animals treated with liposomal drug as
compared with those treated with free drug (108% vs 27%,
P <0.05).

Discussion

In this study, the encapsulation of DXR in liposomes re-
sulted in a preferential distribution of the drug into an



experimental liver tumor when the hepatic artery was used
as the route of administration. The tumor AUC and peak
drug levels were increased by 4 and 1.5 times, respectively,
in animals that received the liposomal form of the drug. In
good correlation with these findings, the antitumor activity
was also increased in the animals treated with liposomal
DXR as shown by a >4-fold increase in the %TGI and
%ILS. An additional pharmacological advantage as-
sociated with the use of liposomal DXR was a 3-fold
decrease in heart peak levels, thus suggesting that the pre-
viously described cardioprotective effect of liposome en-
capsulation is preserved by the use of the intraarterial route
of administration.

Liver parenchyma levels of DXR were similar after the
administration of free and liposomal DXR. Peak liver pa-
renchyma levels were observed at 5 min for both forms of
the drug; therefore, they were probably the result of a
first-passage effect in both cases. Because liposomal DXR
is to a greater extent delivered to liver Kupffer’s cells, liver
DXR levels after the administration of liposomal DXR
probably represent a combination of drug taken up by
Kupffer’s cells, drug taken up by hepatocytes, and lipo-
somes arrested in the hepatic-artery system vasculature. By
contrast, liver DXR levels after the administration of free
DXR mainly represent drug taken up by hepatocytes and in
the process of being excreted in the biliary tree.

The i.v. administration of liposomal DXR results in
increased peak plasma drug levels, prolonged elimination
half-life, and preferential drug distribution to the liver and
spleen, whereas heart and kidney drug levels are decreased.
The present plasma pharmacokinetics and tissue levels are
consistent with these findings, which suggests that most
drug reaching the systemic circulation through the hepatic
vein was in the liposomol form in animals treated with
liposomal DXR.

In the present study, peak plasma levels measured in
animals treated with liposomal DXR were no lower than
those found in animals treated with free DXR. Given the
similar liver-parenchyma levels and the higher tumor drug
levels resulting from treatment with liposomal DXR, lower
or similar peak plasma levels were expected following the
injection of the liposomal form. However, the confinement
of liposome-encapsulated drug within the vesicles in the
vascular compartment and the negligible urinary excretion
of liposomal DXR as compared with free DXR are the
most likely explanations for the observed difference in
peak plasma levels.

In summary, this study demonstrates a potential advan-
tage for the treatment of well-developed liver tumors via
the hepatic artery using liposomes as carriers of DXR.
Although free DXR may not be the most suitable drug for
intraarterial administration due to its low extraction ratio,
the advantage provided by the liposome carrier as sug-
gested by the present study can certainly be applied and
deserves to be explored using other chemotherapeutic
agents that are commonly delivered via the hepatic artery.

317

References

1. Balazsovitz JAE, Mayer LD, Bally MB, Cullis PR, McDonell M,
Ginsberg RS, Falk RE (1989) Analysis of the effect of liposome
encapsulation on the vesicant properties, acute and cardiac toxicities,
and antitumor efficacy of doxorubicin. Cancer Chemother Pharma-
col 23: 81-86

2. Bartlett GR (1959) Phosphorus assay in column chromatography.
I Biol Chem 234: 466470

3. Bern MM, McDermott W, Cady B, Oberfield RA, Trey C, Clouse
ME, Tullis JL, Parker LM (1978) Intraarterial hepatic infusion and
intravenous Adriamycin for treatment of hepatocellular carcinoma.
Cancer 42: 399405

4. Breedis C, Young G (1954) The blood supply of neoplasma in the
liver. Am J Pathol 30: 227 -232

5. Carlsson G, Gustavsson B, Hafstrom L (1989) Effect on liver tumor
growth in rats of allopurinol and 5-fluorouracil in combination with
hepatic artery ligation. Cancer Chemother Pharmacol 23: 169 —172

6. Doci R, Bignanmi P, Bozzetti F, Bonfanti G, Audisio R, Colombo M,
Gennari L (1988) Intrahepatic chemotherapy for unresectable hepa-
tocellular carcinoma. Cancer 61: 1983 -1987

7. Eksborg S, Cedermark BJ, Strandler HS (1987) Intrahepatic and
intravenous administration of Adriamycin. A comparative pharma-
cokinetic study in patients with malignant liver tumors. Med Oncol
Tumor Pharmacother 2: 47 -54

8. Gabizon A, Goren D, Fuks Z, Meshorer A, Barenholz Y (1985)
Superior therapeutic activity of liposome-associated Adriamycin in
murine metastatic tumor model. Br J Cancer 51: 681687

9. Gabizon A, Meshorer A, Barenholz Y (1986) Comparative long-term
study of the toxicities of free and liposome-associated doxorubicin in
mice after intravenous administration. J Natl Cancer Inst 77:
459-469

10. Gregoriadis G, Neerunjun DE, Hunt R (1977) Fate of a liposome-as-
sociated agent injected into normal and tumor-bearing rodents; at-
tempts to improve localization in tumor tissues. Life Sci 21:
357-369

11. Hag IAEL, Teder H, Roos G, Christensson P, Stenram U (1990}
Enhanced effect of Adriamycin on a rat liver adenocarcinoma after
hepatic artery injection with degradable starch microspheres. Select
Cancer Ther 6: 2334

12. Healy JE (1965) Vascular patterns in human metastatic liver tumor.
Surg Gynecol Obstet 120: 1187-1193

13. Herman EH, Rahman A, Ferrans V, Vick JA, Schein PS (1983)
Prevention of chronic doxorubicin cardiotoxicity in beagles by lipo-
somal encapsulation. Cancer Res 43: 5427 -5432

14. Inoue H, Kobayashi H, Itoh Y, Shinohara S (1989) Treatment of liver
metastases by arterial injection of Adriamycin/mitomycin C lipiodol
suspension. Acta Radiol 30: 603 —608

15. Kemeny N, Schneider A (1989) Regional treatment of hepatic metas-
tases and hepatocellular carcinoma. Curr Probl Cancer 13: 197 —283

16. Kemeny N, Daly J, Reichman B, Geller N, Botet J, Oderman P
(1987) Intrahepatic or systemic infusion of fluorodeoxyuridine in
patients with liver metastases from colorectal carcinoma, a ran-
domized trial. Ann Intern Med 107: 459 -467

17. Khokhar AR, Wright K, Siddik ZH, Perez-Soler R (1988) Organ
distribution and tumor uptake of liposome-entrapped cis-bis-neode-
canoato-frans-R, R-1,2-diamino-cyclohexane platinum(Il) adminis-
tered intravenously and into the proper hepatic artery. Cancer
Chemother Pharmacol 22: 223 -227

18. Kinami Y, Miyazaki I (1978) The superselective and the selective
one shot methods for treating inoperable cancer of the liver. Cancer
41: 1720-1727

19. Lien WM, Ackerman NB (1970) The blood supply of experimental
liver metastases. A microcirculatory study of the normal and tamor
vessels of the liver with the use of perfused silicone rubber. Surgery
68: 334340

20. Mayhew E, Papahandjopoulos D (1983) Therapeutic application of
liposomes. In: Ostro MJ (ed) Liposomes. Marcel Dekker, New York,
pp 289-341



318

21. Mayhew E, Rustum Y, Vail WJ (1983) Inhibition of liver metastases
of M-5076 tumor by liposome-entrapped Adriamycin. Cancer Drug
Deliv 1: 43-49

22. Mayhew E, Goldrosen MH, Vaage J, Rustum YM (1987) Effects of
liposome-entrapped doxorubicin on liver metastases of mouse colon
carcinomas 26 and 38. J Natl Cancer Inst 78: 707-713

23. Nakamura H, Hashimoto T, Oi H, Sawada S (1989) Transcatheter
oily chemoembolization of hepatocellular carcinoma. Radiology
170: 783-789

24.Patt YZ, Claghorn L, Charnsangavej C, Soski M, Cleary K,
Mavligit G (1988) Hepatocellular carcinoma. A retrospective analy-
sis of treatments to manage disease confined to the liver. Cancer 61:
18841888

25. Ridge JA, Collin C, Bading JR, Hancock C, Conti PS, Daly JM,
Raaf JH (1988) Increased Adriamycin levels in hepatic implants of
rabbit VX2 carcinoma from regional infusion. Cancer Res 48:
45844587

26. Sasaki Y, Imaoka S, Hasegawa Y, Nagano S, Ishikawa O, Ohi-
gashi H, Taniguchi K, Koyama H, Iwanaga T, Terasawa T (1985)

27.

28.

29.

30.

3L

Distribution of arterial blood flow in human hepatic cancer during
chemotherapy-examination by short-lived 8!mKr. Surgery 97:
409-413

Sterchi JM (1985) Hepatic artery infusion for metastatic neoplastic
disease. Surg Gynecol Obstet 169: 477 -489

Szoka F Jr, Papahadjopoulos D (1978) Procedure for preparation of
liposomes with large internal aqueous space and high capture by
reverse-phase evaporation. Proc Natl Acad Sci USA 75: 4194-4199
Wondergem J, Stephen LC, Strebel FR, Baba H, Ohno S, Siddik ZH,
Newman RA, Bull IMC (1991) Effect of Adriamycin combined with
whole body hyperthermia on tumor and normal tissues. Cancer Res
51:3559-3567

Zou'Y, Ueno M, Yamagishi M, Yamashita I, Horikoshi I, Tazawa K,
Gu X (1990) Targeting behavior of hepatic artery-injected tempera-
ture-sensitive liposomal Adriamycin on tumor-bearing rats. Select
Cancer Ther 6: 119-127

Zou Y, Horikoshi I, Ueno M, Gu X (1992) The quantitative analysis
of Adriamycin and liposomal Adriamycin injected into the hepatic
artery in vivo. J SYC Pharm 9: 6-9



