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Abstract The intratumoral (i.t.) delivery of anticancer
drugs aims at controlling tumor growth and thereby
provides palliative treatment for liver neoplasms.
Mitoxantrone is a good candidate for local or regional
administration because (1) its metabolism is mainly
hepatic, (2) it has a steep dose-response curve for mul-
tiple solid tumors, and (3) its fixation in tissues is
sustained without vesicant effects after extravasation.
We compared the tolerance, pharmacokinetics, and
antitumor effects of mitoxantrone on hepatic VX2 tu-
mors in rabbits treated with i.t. intraarterial hepatic
(i.a.h.) or iv. mitoxantrone, i.t. ethanol; or i.t. 0.9%
NaCl and in control animals. Tumor growth rates
(TGRs) were evaluated at 9 days after treatment.
Myelosuppression was the limiting toxicity of i.v.
mitoxantrone at 1.5 mg/kg (maximal tolerated dose,
MTD), but neither i.t. nor i.a.h. administration led to
hematologic toxicity at the same dose. The mitoxan-
trone retained in tumors after i.t. administration was
seen as blue-stained areas of complete necrosis accord-
ing to histologic analysis. Pharmacokinetic parameters
showed a significantly decreased systemic exposure to
the drug after both regional treatments, although the
i.a.h. route appeared to have an edge over the i.t. route.
TGRs were significantly reduced after i.t. mitoxantrone
(81 +£62%), i.a.h. mitoxantrone (337 +110%), and i.t.
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ethanol treatments (287 +£117%) as compared with
control values (886 +223%; p <0.01). Treatment with
1.v. mitoxantrone (816 +132%) had no antitumor
effect, nor did NaCl injections (868 +116%). Mitoxan-
trone given i.t. induced the highest antitumor effects,
resulting in a 3.5-fold reduction in TGRs as compared
with i.a.h. mitoxantrone and it. ethanol treatments
(p <0.02). Treatment with i.t. mitoxantrone provided
efficient antitumor therapy without producing major
side effects. This method should be considered as palli-
ative treatment for nonresectable liver tumors and
other localized malignancies.
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Introduction

The liver is a common site of neoplastic involvement
either by primary or metastatic malignancies. As for
most solid tumors, surgical resection offers the best
chances of cure. Systemic chemotherapy can be palli-
ative for advanced stages but provides little or no gain
in terms of survival [20, 22]. Regional chemotherapy
has obtained better responses in liver tumors than have
i.v. infusions [11, 13, 24], probably by increasing drug
availability to tumor cells and decreasing systemic ex-
posure. Intraarterial hepatic (i.a.h.) perfusions, the most
employed form of regional therapy, have given rise to
severe local toxicities [7] and clinical trials, mostly
with fluoropyrimidines, have failed to yield a survival
benefit.

Intratumoral (i.t.) delivery of anticancer drugs can
also potentially control tumor growth and, thereby,
provide effective palliative treatment with limited sys-
temic toxicity. This therapy is less cumbersome than
i.a.h. administration and should produce maximal
tumor exposure to cytotoxics along with minimal
toxicity to the normal liver. Percutaneous ethanol
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administration is currently the most widely used form
of i.t. therapy [14,26]. Although good palliation is
obtained in small liver tumors [29], treatment of larger
nodules by ethanol is limited because of its scanty
diffusion in tissues and due to the excessive volume of
ethanol necessary for complete eradication of these
lesions.

Few anticancer agents fulfill the criteria for regional
and local administration. To our knowledge, limited
data are available on the i.t. delivery of cytotoxic drugs,
and none of them concerns the administration of
mitoxantrone in liver tumors. This compound is an
anthracenedione derivative with a suitable profile for
local or regional administration. Since hepatic meta-
bolism is its main excretion pathway [23[, considerable
first-pass hepatic extraction may attenuate systemic
exposure to the drug [25]. Mitoxantrone has a steep
dose-response curve in vitro in multiple solid tumors
[30, 317, but exponential killing is obtained only at
concentrations exceeding those attainable after i.v.
therapy [1]. It has also been shown that mitoxantrone
remains fixed in tissues for long periods [27] due to
stable binding to proteins and DNA compared with
a gradual release of the drug over a protracted period
[5]. Finally, after s.c. extravasation, mitoxantrone, un-
like anthracyclines, is devoid of vesicant effects [§],
indicating that its administration by extravascular
routes could be beneficial.

The purpose of this study was to determine the
feasibility of i.t. injection of mitoxantrone, to analyze
the pharmacokinetics of i.t. and i.a.h. administration,
and to assess the antitumor effects of these two routes
as compared with local injection of ethanol. The rabbit
VX2 tumor model was selected because of its reliability,
its relevance to clinical regional chemotherapy [ 10, 18],
and the similarity of its vascularization to that of hu-
man liver metastases and primary tumors [17].

Materials and methods

Animals, anesthesia, and VX2 tumor inoculation

White female New Zealand rabbits weighing 2.7-3.2 kg were used.
All procedures were carried out using general i.v. anesthesia with
ketamine hydrochloride (50 mg/kg; Ketamine, Parke Davis) and 2%
xilazine (0.1 ml/kg; Rompun, Bayer) and were conducted in accord-
ance with French and European legislation concerning animal wel-
fare. The VX2 tumor was maintained by serial passage in the liver of
carrier rabbits. Hepatic implantation of the VX2 carcinoma was
accomplished through a small median subxyphoid incision.
A sample of 10”7 VX2 cells in 100 ul volume was injected with a 30-
gauge needle under the capsule of the left hepatic lobe. A solitary
tumor was obtained 2 weeks later on the surface of the liver.

Drug administration and collection of biological samples

Mitoxantrone dihydrochloride was provided by Laboratoire
Lederle (Rungis, France) and used for i.v.,, i.t. , and i.a.h. therapy.

Other i.t. treatments consisted of injections of sterile solution of 95%
ethanol (Meram, Melun, France) and of 0.9% NacCl for i.t. controls.
At 14 days after tumor inoculation, a laparotomy was performed to
verify the presence of a tumor. The animals were randomly assigned
to six groups of six rabbits each as follows: group 1, i.t. mitoxan-
trone, group 2, i.a.h. mitoxantrone, group 3, i.v. mitoxantrone, group
4, i.t. ethanol group 5, i.t. 0.9% NaCl and group 6, controls (no
treatment). All it. treatments were performed with a 30-gauge
needle. Mitoxantrone, ethanol, or 0.9% NaCl was delivered by
repeated injections given under direct visual control over 4 min into
the center and the boundaries of the liver tumors so as to treat the
whole tumor volume. For i.a.h. treatment a catheter was inserted
into the gastroduodenal artery with its distal tip located at the
confluence with the hepatic artery. After ligation of collateral gastric
and duodenal arteries, fluorescein was injected to ensure adequate
homogeneous perfusion of the liver. All i.v. perfusions of mitoxan-
trone were performed through the auricular vein. All i.v. and i.a.h.
mitoxantrone perfusions were given as a 4-min infusion controlled
by an electric pump.

For pharmacokinetics studies, heparinized blood samples (2 ml)
from animals treated with mitoxantrone were drawn from the left
ear artery prior to injection and at 2, 5, 8, 10, 15, 30, 45, and 60 min
as well as 2,4,6, and 24 h thereafter. Samples were centrifuged
(2000 g, 10 min) and frozen at — 20° C until analysis by high-perfor-
mance liquid chromatography (HPLC) with 0.001% sodium bisul-
fite serving as an antioxidant. The hematologic toxicity (white blood
cell counts) as well as the clinical tolerance of i.t. and i.v. mitoxan-
trone were evaluated at 5,7, and 14 days after treatment and the
data were compared with pretreatment baseline values for groups of
six rabbits treated at five dose levels (1, 1.5, 2, 2.5, and 3 mg/kg).

Determination of mitoxantrone plasma concentrations

Plasma concentrations were determined using reversed-phase
HPLC according to previously published methods [2]. All solvents
used for extraction and HPLC analyses were of HPLC grade.
A 0.5-ml volume of plasma was extracted on 100 mg octadecyl (C18)
columns (1 ml Bakerbond spe, Baker, Phillipsburg, N.J.) precon-
ditioned with 3 ml methanol followed by 3 ml water. After a washing
step with 1 ml 0.01 N HCI, the elution was accomplished with 800 pl
0.5 N HCl-methanol. The volume was then reduced to dryness under
a nitrogen stream and reconstituted with 200 pl mobile phase before
HPLC injection. The rate of drug recovery for this procedure was
80%. The HPLC system consisted of a C18 column (Nucleosil C,
10 pm, 3.9 x 300 mm; SFCC, Neuilly-sur-Seine, France), a Wisp au-
tomatic injector (710B; Waters Associates, Milford, Mass., USA),
a 6000A pump (Waters), and a UV detector (Waters) set at 658 nm.
The mobile phase consisted of water (adjusted to pH 4.3 with am-
monium formiate) and acetonitrile (73:27, v:v) run at a flow rate of
1.5 ml/min. Under these conditions, the peak retention time was
448 min and the peak coeluted with a mitoxantrone standard.
Quantifications were performed by the external standard method.

Pharmacokinetic analysis

The decrease in the plasma concentration versus time curve was
triexponential after iv., i.a.h. and it. injection. Pharmacokinetic
parameters for each animal were evaluated by a model-independent
method of estimation (APIS, Miips, Marseille, France). The slopes of
the three exponential phases (o, B, and y) were calculated by log
linear regression, and half-lives were estimated as Ln2/a, Ln2/,
Ln2/y. The area under the concentration versus time curve (AUC)
was calculated with the trapezoidal rule from 0 to 24 h, and extrapo-
lated to infinity according to the log-linear regression of the last
elimination phase. The total plasma clearance was calculated by
dividing the dose by the AUC.



Antitumor effects of mitoxantrone

The antitumor effects were evaluated by comparing the tumor
growth rates (TGRs) of six groups of six rabbits as previously men-
tioned. A laparotomy was performed at 14 days after the inoculation
of cells, and measurements of the two visible tumor diameters were
obtained. All treatments were given as single doses at that time. Then
9 days later, all rabbits were euthanized, tumors were measured again,
and specimens were obtained for histologic assessment of the tumors’
response to treatment. Tumor volumes were calculated as (D x d2)/2.
Tumor growth was estimated by comparing the tumor volumes
obtained before and after treatment using the following formula:

(volume after treatment/volume before treatment — 1) x 100.

Statistical analysis

All biologic, pharmacokinetic, and tumor-growth-ratio results were
compared using the Mann-Whitney non-parametric test. Signifi-
cance was assumed for all tests at P <0.05.

Results
Histologic effects of locoregional treatments

At 9 days after i.t. administration of mitoxantrone the
tumor specimens bore heterogeneous blue-stained
areas, evidence of the continued presence of the drug in
the tumor. The histologic analysis of these stained
tissues revealed complete necrosis, with dead tumor
cells being surrounded by a lymphocyte-monocyte in-
flammatory infiltrate. The liver tissue at the periphery
of the tumor showed moderate hepatocyte damage and
a fibrotic organization around the tumor. No distant
damage was observed in the liver, bile ducts or gal-
Ibladder. This histologic pattern was observed for up to
21 days after treatment, with the stained blue tissue
persisting at that time. The i.a.h. administration of
mitoxantrone caused moderate diffuse hepatocytic
damage and incipient fibrosis of the portal triad along
with a cellular inflammatory infiltrate, but there was no
evidence of cholestasis. Tumors showed diffuse areas of
necrosis with no blue stain in the tissue.

Tumors injected with ethanol showed coagulation
necrosis following protein denaturation. The same
effect was observed in the surrounding liver tissue that
had been in contact with ethanol. Lesions remained
localized and there was no injury to distant hepatic
tissue or the biliary tree. Tumors injected with NaCl as
repeated control injections showed no histologically
visible damage nor did tumors in animals treated with
1.v. mitoxantrone.

Systemic tolerance of i.t. and i.a.h. mitoxantrone
at the maximal tolerated dose

After i.v. administration, myelotoxicity was the limiting
toxicity of mitoxantrone. Doses of 2 mg/kg provoked
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significant myelosuppression and weight loss, with the
death of one-third of the treated animals occurring 20
days later. Doses of 1.5 mg/kg also gave rise to
leukopenia, but recovery was observed at 14 days after
treatment. This dose was retained as the maximal toler-
ated dose (MTD) for i.v. perfusions. Dose escalation for
i.t. administration of mitoxantrone was started at
1.5 mg/kg, and 0.5-mg increments could be given up to
a dose of 2.5 mg/kg. Unlike the situation with ethanol,
drug diffusion throughout tissues was easier and uni-
form after i.t. injections of mitoxantrone. The dose of
2.5 mg/kg produced moderate leukopenia, although no
weight loss was observed, and higher doses (3 mg/kg)
were uniformly lethal. This MTD of 2.5 mg/kg repres-
ents a 66% increment is compared with the 1.5-mg/kg
1.v. dose, and it provoked similar myelotoxicity. Thus,
the dose-limiting side effect of i.t. mitoxantrone was
myelosuppression, as was the case after i.v. treatments.
The same dose (1.5 mg/kg) of mitoxantrone was given
by the i.a.h. route and no hematologic toxicity was
observed.

Plasma pharmacokinetics

The plasma concentration versus time curves generated
following either i.v. it., or ia.h. treatments with
mitoxantrone at 1.5 mg/kg are depicted in Fig. 1 and
the corresponding pharmacokinetic parameters are
summarized in Table 1. The mean maximal plasma
concentrations showed 2- and 8-fold decreases after i.t.
and ia.h. administration, respectively, as compared
with i.v. administration (P <0.05). Figure 2 shows the
concentration versus time curves plotted for the Ist
h after administration, which illustrate the differences
observed between groups in terms of maximal plasma
concentration. The plasma AUCs calculated after
regional administration were significantly lower
(P <0.05) than those recorded after i.v. administration,
with the i.v./i.t. and i.v./i.a.h. ratios being 1.5 and 3,
respectively. In addition, the plasma AUC noted after
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Fig. 1 Plasma concentrations of mitoxantrone (0—24 h) measured in
three groups of six rabbits each following i.v. (IV),i.t. (IT), or i.a.h.
(IAH) administration of a 1.5-mg/kg dose. Concentrations were
determined by HPLC (Triangles i.v., squares i.t. circles i.a.h.). Each
point represents the mean value +SD



374

Table 1 Mean pharmacokinetic

parameters of mitoxantrone AUC0-* . Cmax Vdy cl Half-lives
obtained after i.v., i.t, and i.a.h. Route  (nghml™") (ng ml) M (I/h) . .
administration of 1.5 mg/kg in ol(min) B(min) y(h)
three groups of six rabbits i
iv. 1188 +215 1950 +647 233 +99 47413  25+2 47 +£15 34 +10
it. 761 +118 989 +608 241 +43 69+14 1.7+14 34 +18 25 +15
ia.h. 414 +55 237 +£178 433 £207 133 +39 7.7 443 65 +29 22 +9
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Fig. 2 Early plasma concentrations (0—60 min) of mitoxan-
trone measured in three groups of six rabbits following i.v.
(IV), it. (IT) or ia.h (IAH) administration of a 1.5-mg/kg dose
(Triangles, i.v., squares i.t., circles i.a.h. Each point represents the
mean value +SD

ia.h. administration was significantly lower than
that obtained after it. administration (P <0.05).
The total body clearance of mitoxantrone was
significantly enhanced after i.t. and i.a.h. administra-
tion, but differences between the two routes were again
in favor of the i.a.h. route (P <0.05). Wide variability
was noted in mean half-lives and volumes of distribu-
tion, and no significant difference was noted between
groups.

Antitumor effects of mitoxantrone

The antitumor effects of i.t. and i.a.h. mitoxantrone
were compared with those of iv. mitoxantrone,
i.t. ethanol (as standard local treatment), and i.t.
0.9% NaCl (to evaluate the effect of repeated tumor
punctures) relative to control values. Significant
reductions in TGRs were obtained after treatment
with i.t. mitoxantrone (81 +62%), i.a.h. mitoxantrone

(337 +£110%) and it. ethanol (287 +117%) as
compared with those obtained for controls
(886 +223%; P <0.01). Mitoxantrone given 1.v.

showed no antitumor activity (816 +132%), nor did
the it. injections of 0.9% NaCl (868 +116%).
Overall, it. mitoxantrone exhibited the highest
antitumor effect; indeed, it resulted in a 3.5-fold
reduction in TGRs as compared with i.a.h. mitoxan-
trone and i.t. ethanol (P <0.02). Comparative data are
shown in Fig. 3.

Fig. 3 Antitumor effects of mitoxantrone. Mean tumor growth rates
obtained for rabbits following treatment with i.t. mitoxantrone (IT
Mito, black bars), i.t. (IT) ethanol (dark hatched bars),i.a.h. mitoxan-
trone (IAH Mito, gray dotted bars), 1.v. mitoxantrone (IV Mito, white
dotted bars), or i.t. (IT) NaCl (black dotted bars) and for control
animals (white hatched bars). Each bar represents the mean value for
6 rabbits

Discussion

Regional cancer therapy can induce better antitumor
effects than can systemic therapy by improving the
dose-response relationship of cytotoxic drugs. We ex-
plored the adequacy of mitoxantrone for direct injec-
tion into liver tumors and compared this modality with
conventional i.a.h. and i.v. administration.

The i.t. administration of mitoxantrone was easy to
perform and well tolerated, and no toxicity was found
in distant normal liver tissue. In contrast, the i.a.h.
administration of mitoxantrone induced diffuse lesions
throughout the entire liver, like those observed after
i.a.h. infusions in humans. These lesions were essential-
ly localized in the biliary canaliculi and were probably
related to vascular damage in the peribiliary plexus.
They suggest that hepatic toxicity of mitoxantrone is
a limiting factor, as has been seen with i.a.h. perfusions
of fluorodeoxyuridine (FUDR) [4].

Both i.t. and i.a.h. administration caused less sys-
temic toxicity than did iv. treatment, as expected for
regional therapy. This finding correlated with our
pharmacokinetic data, which reflected higher systemic
exposure in rabbits after i.t. administration than after
i.a.h. administration. A possible explanation could be
related to the injection of a liquid volume into noncom-
pliant solid tissue. This injection creates an increase in
hydrostatic pressure as well as in the concentration



gradient of the drug. Misinjection into tumor neoves-
sels may also occur, and all three of these three factors
could result in the passage of mitoxantrone into the
systemic circulation. On the other hand, the reduced
systemic exposure obtained after i.a.h. administration
was probably related to the distribution of the drug in
the entire liver, which efficiently achieved a first-pass
extraction, unlike treatment by the i.t. route. The hep-
atic extraction ratio of mitoxantrone can be estimated
at 0.65, which corresponds to a 3-fold diminution in
systemic exposure for i.a.h. versus i.v. administration.
This advantage is 50% greater than that reported for
doxorubicin when the same routes of administration
are compared [9].

To our knowledge, data are not available on experi-
mental i.a.h. perfusions of mitoxantrone, but a clinical
study has suggested similar pharmacokinetic behavior
in a comparison of i.v. and i.a.h. administration, albeit
with a 3-fold difference in the peak plasma levels [28].
Other authors have found no significant difference in
pharmacokinetic parameters after i.a.h. administration
for infusion periods of 2 or 24 h [6]. Clinical antitumor
effects after i.a.h. administration of mitoxantrone have
been described in two reports, but no firm conclusion
can be drawn due to large differences in response rates
as well as in patient populations and administration
schedules [12, 25].

The superiority of it. treatment can be related to
various factors. The good diffusibility of mitoxantrone
promoted satisfactory distribution throughout the tu-
mor volume. We observed significant tumor staining by
mitoxantrone after i.t. administration that lasted for as
long as 3 weeks, as previously reported after i.p. or even
after i.v. treatment [2, 15]. The prolonged retention of
mitoxantrone in tissues is related to its extensive bind-
ing to proteins and DNA, which results in a prolonged
cellular half-life [5]. The continucation of drug anti-
tumor activity in these stained areas for even several
days after treatment cannot be ruled out, since protein-
bound mitoxantrone has been shown to maintain its
cytotoxic activity against ovarian cell lines in vitro
[16]. In the present study, the macroscopic blue-
stained areas exhibited complete tumor necrosis at
histologic analysis. The histologic patterns of the
lesions in tumors or liver parenchyma suggest
a cytotoxic effect of the drug rather than the chemical
necrosis observed after tumor alcoholization. On the
other hand, the extensive on-site fibrosis observed after
it. administration of mitoxantrone and other
cytotoxics [3] suggests that caution should be taken in
the long-term assessment of tumor responses after i.t.
therapy.

Other anticancer agents have also been tested by
direct i.t. administration. Although these studies were
performed on s.c. tumor models, they demonstrate the
therapeutic efficacy of i.t. injections [3, 19, 21]. This
effectiveness could be related to the more favorable
dose-response obtained with i.t. administration.
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Indeed, tumor drug concentrations measured after i.t.
administration have been reported to be 1000-fold
higher than those measured after delivery of the same
dose by the i.v. route [32], and are also probably higher
than those achievable by the i.a.h. route.

The antitumor effects achieved with i.t. mitoxantrone
were superior to those obtained with i.t. ethanol. The
better efficacy of i.t. mitoxantrone may in part be at-
tributable to its enhanced diffusibility’s permitting
a more homogeneous drug distribution. This is a criti-
cal issue, since ethanol diffusion in tissues is difficult
and the total injectable volume must be limited to
avoid pain or excessive passage into the biliary tree. In
contrast, the administration of a larger diluted volume
of mitoxantrone is possible and should improve the
drug distribution and provide more effective treatment
of the tumor boundaries. Therefore, i.t. administration
of mitoxantrone is based on rationale opposite to that
underlying treatment with ethanol, since the total vol-
ume of injected drug need not be limited by the tumor
volume.

In conclusion, local i.t. treatment with mitoxantrone
should be considered is a viable component of multi-
modality therapy for liver cancer. It should be worth-
while for hepatocarcinoma that remains localized with-
in the liver even at advanced stages. This treatment
could be further explored in a palliative setting. A pre-
liminary clinical trial will be initiated on the present
basis.
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