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Experimental Maxillofacial Arterial Chemoembolization with
Encased-Cisplatin Ethylcellulose Microspheres

Jie Yang, Xu-chen Ma, Zhao-ju Zou, and Shu-li Wei

PURPOSE: To compare chemoembolization with conventional chemotherapy and explore the
possibility of chemoembolization in the oral and maxillofacial region using encased-anticancer-
drug microspheres. METHOD: Six mongrel dogs were divided into two equal groups, an experi-
mental group undergoing maxillofacial arterial chemoembolization with cisplatin encased in eth-
ylcellulose microspheres, and a control group undergoing the conventional chemotherapy with
cisplatin. The peripheral venous cisplatin concentration and the cisplatin concentration at the local
tissue were determined. RESULT: The experiment showed a significant difference in the peripheral
venous cisplatin concentration between the two groups and between the time period. There was
also a significant interaction between groups and time. The peak concentration in the experimental
group appeared 12 to 24 hours after chemoembolization. The peak concentration in the control
group appeared immediately after the anticancer drug was infused. There was a significant
difference in the concentration in the local tissue between the two groups, when all time periods
were aggregated. CONCLUSION: Compared with conventional chemotherapy, the maxillofacial
arterial chemoembolization with cisplatin encased in ethylcellulose microspheres significantly
decreases the cisplatin concentration in the peripheral venous circulation and increases the
concentration in the local tissues, allowing for the possibility of target cancer therapy.

Index terms: Chemotherapy; Interventional materials, particles and microspheres; Animal studies
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Surgery, radiation, and chemotherapy are
considered to be the three major methods of
treating head and neck malignant neoplasms.
When the tumor reaches an advanced stage, at
which it can not be excised or successfully
treated with radiation, chemotherapy is the ac-
cepted method of management.

Conventional chemotherapy leads to the fast
distribution of the anticancer drugs throughout
the body and often results in severe side effects
or complications, such as kidney and/or liver
dysfunction, or bone marrow suppression (1-
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6). Because of the severe side effects, the dose
often must be reduced or, occasionally, drug
administration must be stopped.

In the early 1970s, Kato and coworkers be-
gan to experiment with chemoembolization us-
ing a combination of transcatheter arterial em-
bolization with chemotherapy (7-10). In the
1980s, chemoembolization was commonly ap-
plied to the treatment of primary and secondary
malignant tumors in the liver, kidney, lung,
bone, and intrapelvic organs (11-18). However,
there has been little investigation of chemoem-
bolization in treatment of oral and maxillofacial
cancer (19).

For this reason, after gaining experience with
selective arterial embolization of the external
carotid arterial pedicles, we investigated che-
moembolization in the oral and maxillofacial
region. We hypothesized that chemoemboliza-
tion would allow administration of a high dose of
drug in the area of the maxillary artery while
sparing the rest of the body exposure to such a
high dose.
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Materials and Methods

Six mongrel dogs (15 to 17 kg) were randomized into
two groups: (a) three in group A, undergoing maxillofacial
arterial chemoembolization; and (b) three in group B, un-
dergoing intravenous chemotherapy as the control group.

In group A, the encased-cisplatin ethylcellulose micro-
spheres were used as emboli for chemoembolization. The
microspheres were tested and produced by the School of
Pharmaceutics. The yellow microspheres, with good dis-
tribution and suspended in 76% Urografin (combination of
sodium diatrizoate and meglumine diatrizoate), passed
easily through 4.5F, 5F, and 7F polyethylene catheters.
The diameters of the microspheres were within the range
of 216 wm to 441 um. The microspheres contain 30%
cisplatin and 20% barium sulfate. Anesthesia was induced
using 3% sodium barbital (1 mL/kg). Using Seldinger’s
technique through the femoral artery and under fluoro-
scopic control, we guided the tips of the catheters to the
orifices of the external carotid arterial pedicles. One hun-
dred fifty milligrams of cisplatin encased in ethylcellulose
microspheres containing 45 mg cisplatin was adminis-
trated via transarterial catheter to embolize the maxillary
and superficial temporal arteries of each dog of the exper-
imental group. Angiographs were made before and after
chemoembolization. No hydration was undertaken before
or after chemoembolization.

Two-milliliter peripheral venous blood samples were
taken from the anterior leg vein at 10 minutes, 30 minutes,
1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours, 24
hours, 48 hours, 72 hours, 7 days, 10 days, and 14 days
after chemoembolization. Each sample was treated as fol-
lows: the sample was placed into a stationary plastic tube
for 10 minutes before being centrifuged for 20 minutes
(4000 rpm). The upper plasma (0.200 mL) was treated
with 0.1% Triton X-100 (octoxynol). The concentration of
cisplatin was determined with flameless atomic absorption
spectrometry.

Under general anesthesia (see above), small biopsies
(approximately 2 X 2 X 2 mm) of muscle tissue were
taken through an incision made in the oral mucosa of the
upper lip of the same side as the infusion side, at O to 2
hours, 6 to 8 hours, 2 to 3 days, and 6 to 8 days after
chemoembolization. Immediately the tissues were frozen
in dry ice—acetone bath for storage. The first biopsy of each
dog was 5 mm away from the midline to avoid any con-
tralateral blood supply. Following the first biopsy, a sec-
ond, third, and fourth biopsy were taken on the same side
at 15, 25, and 35 mm, respectively, lateral to the first
biopsy. The specimens were ground in a homogenizer, the
resulting homogenate was treated with 0.1% Triton X-100,
and the concentration of cisplatin with flameless atomic
absorption spectrometry was determined.

Animals in group B were treated identically except that
30 mg cisplatin was intravenously infused, and adequate
hydration was ensured before and after the drug was in-
fused. Two-milliliter peripheral venous blood samples
from the anterior leg vein were taken at 10 minutes, 30
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12
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Table 1: Cisplatin concentrations (ug/mL) of peripheral venous
blood after chemoembolization with cisplatin encased in ethylcellu-
lose microspheres (group A) and intravenous chemotherapy with
cisplatin (group B)

Time, Group A Group B

h Dog 1 Dog?2 Dog3 Mean Dog4 Dog5 Dog6 Mean
0.2 0.094 0.246 0.246 0.195 2.093 3.432 2.516 2.680
0.5 0.183 0.246 0.092 0.174 1.300 2.039 1.544 1.631
1 0.231 0.085 0.185 0.167 0.777 1.500 1.046 1.108
4 0.271 0.123 0.192 0.195 0.827 0.946 0.616 0.796
6 0.364 0.150 0.158 0.224 0.800 0.981 0.639 0.806
8 0.457 0.177 0.150 0.261 0.769 1.016 0.631 0.805
12 0.481 0.169 0.165 0.272 0.623 0.439 0.500 0.687
24 0.658 0.023 0.177 0.286 0.485 i 0.492 0.488
48 0.392 0.092 0.108 0.197 0.354 i 0.454 0.404
72 0.194 0.000 0.138 0.111 0.292 i 0.308 0.300
120 --- 0.000 0.160 0.080 0.273 i 0.254 0.264
168 -++ 0.000 0.254 0.127 0.254 i 0.196 0.225
240 0.085 0.000 0.117 0.067 --- T 0.138% 0.138
360 0.015 0.000 0.072 0.029 i <o e

Note.—A temporal ulcer occurred in dog 2 one week after chemo-
embolization. The ulcer healed in 4 weeks.

1 The dog died 15 hours later after the 30 mg cisplatin was infused.

# The sample was taken in 192 hours after intravenous infusion.

hours, 24 hours, 48 hours, 72 hours, and 7 days after the
drug was infused. Small biopsies of muscle tissue in upper
lip were taken as for group A.

Analysis of variance F tests for cisplatin concentrations
in the peripheral venous blood was calculated for the two
groups. At the various time periods from 10 minute to 360
hours mentioned above, as well as for the interaction be-
tween the groups and the various time periods. In addition,
Student’s t tests were performed to determine further
whether there were significant differences at any of time
periods. For cisplatin concentrations in the muscle tissues
of the upper lips, only the Student’s ¢ tests were performed
to determine the difference between the two groups for all
time periods from O to 2 hours to 6 to 8 days. This was
done because there were limited data points compared
with the data points for the venous cisplatin concentra-
tions.

Results

The cisplatin concentrations of the peripheral
venous blood after chemoembolization and
conventional chemotherapy (see Table 1) were
determined. Analysis of variance F tests
showed a significant difference of the peripheral
venous cisplatin concentrations between the
two groups (F = 152.02, P=.001) and between
the different time periods from 0.2 hours to 360
hours (F = 11.96, P = .001). There also was a
significant group-by-time interaction (F =
13.44, P= .001). This interaction indicated that
the peripheral venous cisplatin concentrations
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Fig 1. Variable peripheral venous cisplatin (CDDP) concen-
trations (mean) of the two groups in multiple biopsy time inter-
val. Student’s t test: P < .05 for time periods of 0.2 through 8
hours.

of the two groups did not change in the same
way over the different time periods. As shown in
Figure 1, the peak concentration in group A
appeared 12 to 24 hours after chemoemboliza-
tion, but the peak concentration in group B ap-
peared immediately after the anticancer drug
was infused. Post hoc { tests indicated that dif-
ferences of the peripheral venous cisplatin con-
centrations of the two groups were significant
(P < .05) for time periods 0.2 hours to 8 hours,
but that after 8 hours none of the group differ-
ences was significant.

The cisplatin concentrations in the upper lips
of the two groups at various times are shown in
Table 2. Based on Student’s t tests, significant
differences of the cisplatin concentrations in the
muscle tissues of the upper lips exist between
the two groups for all time periods combined in
each group (t = 3.46, P = .007).

Discussion

Ethylcellulose microspheres are a common
microsphere system for drug delivery (20). Al-
though the microspheres are biodegradable, the
microspheres can remain in the tissue at least 6
to 8 weeks (unpublished data). The anticancer
drugs are released mainly through micropores
in the microspheres (21). Numerous reports ex-
ist regarding sustained releasing of anticancer
drugs from the ethylcellulose microspheres in
vivo and in vitro (10, 11, 21, 22).

In this study, we did not compare direct
transarterial infusion of cisplatin with chemo-
embolization using the ethylcellulose micro-
spheres. Pharmacokinetic studies have demon-
strated the advantage of an intraarterial com-
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Table 2: Cisplatin concentrations (1g/mg) in the muscles of the
upper lip of the dogs in the multiple biopsy time intervals

Cisplatin concentrations in the local tissues,

Group Dog ng/mg
0-2 h 6-8 h 2-3d 6-8d
A 1 0.169 1.573 0.082 1.425
2 5.309 6.178 1.824 10.457
3 s 7.302 3.609 e
B 4 0.000 0.008 0.023 0.000
5 0.154 0.028 ¥ ¥

T The dog died later after the 30 mg cisplatin was infused.

pared with an intravenous infusion of the same
anticancer drug (23, 24). However, some clini-
cal studies have shown no significant differ-
ences of cisplatin levels in tumor, serum, and
urine between an intraarterial and an intrave-
nous infusion of cisplatin to tumor (25, 26).
Chemoembolization combines transcatheter ar-
terial embolization with chemotherapy. The po-
tential therapeutic effect of chemoembolization
comes from both the infarction and the sus-
tained local drug action (11, 27). Head and
neck tumors often are localized and obtain most
of their blood supply from the external carotid
artery branches (28). Occlusion of the external
carotid arterial branches may inhibit the growth
of the tumor, cause tumor regression, convert
inoperable tumors to operable tumors, and di-
minish bleeding in the following surgical proce-
dures. In addition, sustained drug release can
reduce systemic toxicity of the anticancer drug.

Although the dogs in group A received 1.5
times more cisplatin than those in group B and
did not undergo hydration, the cisplatin concen-
trations in the peripheral venous blood were
much lower than in group B (Table 1). Analysis
of variance demonstrates that there was a sig-
nificant difference in the peripheral venous cis-
platin concentration between group A and
group B. The peak cisplatin concentration in the
peripheral venous blood of group A was only
one ninth that of group B (Fig 1). Because che-
moembolization can significantly reduce the an-
ticancer drug’s concentration, especially peak
concentration, in the peripheral venous blood,
we hypothesize that chemoembolization could
reduce the severe side effects or toxicity of the
anticancer drug. In other words, chemoemboli-
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zation might help us administer higher doses of
anticancer drugs to treat oral and maxillofacial
cancer without increasing the extent of severe
side effects.

Figure 1 shows the variable peripheral ve-
nous cisplatin concentration of the two groups
with time. A significant difference in the mean
peripheral venous blood cisplatin concentration
existed between the two groups in time periods
of 0.2 through 8 hours (Student’s t test; P <
.05). There was no significant difference be-
tween the two groups after 8 hours. In group B,
the peripheral venous cisplatin concentration
reached its peak immediately after the antican-
cer drug was intravenously infused and quickly
decreased to a low level. This could be caused
by fast distribution, metabolism, or clearance.
In group A, unlike in group B, the peripheral
venous cisplatin concentration increased grad-
ually to a peak in 12 to 24 hours, then de-
creased to a low point by the end of the follow-
ing week. This result suggests that cisplatin
encased in ethylcellulose microspheres has
sustained-release properties. The results of
this experiment are similar to those obtained
by Kato (7) with chemoembolization in renal
arteries.

The cisplatin concentrations in the local tis-
sues among the experimental dogs at different
times (Table 2) were not as uniformly distrib-
uted as those of the peripheral venous blood.
This finding might be a result of the tissue spec-
imen variation, inasmuch as we could not take
specimens at the same anatomic point as with
the peripheral venous blood. Different anatomic
points have different blood vessel supplies and
thus a potentially different amount of cisplatin
encased in ethylcellulose microspheres. In ad-
dition, local healing effects also may contribute
to irregularity of the cisplatin concentrations in
local tissues. However, the cisplatin concentra-
tions in the local tissue in group A were much
higher than in group B. Student’s ¢ test demon-
strates a significant difference between group A
and group B (t = 3.46, P = .007) when all time
periods were aggregated. These results indicate
that maxillofacial arterial chemoembolization
significantly increased the concentration of the
anticancer drug in the oral and maxillofacial
region and has the potential for target cancer
therapy. In this experiment, although the three
dogs in group A received more anticancer drugs
and underwent more trauma (caused by the
emoblization procedure) than did the dogs in
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group B, all the dogs with chemoembolization
survived the experiment. Dog 2 had a temporal
ulcer 1 week after chemoembolization, but the
ulcer healed in 4 weeks. The ulcer probably
related to an ischemic complication attributable
to distal occlusion of external carotid artery
branches. In group B, on dog died 15 hours after
the intravenous anticancer drugs were adminis-
tered. The cause of death may have been that
the single dose of chemotherapy was too high
(the dose used was based on the dose for hu-
mans) and that the drug quickly entered the
dgeneral circulation, resulting in a high peak
cisplatin concentration in the blood and severe
side effects or toxicity. If the latter were the
case, the theory that conventional chemother-
apy may cause severe side effects that can be
avoided or reduced with chemoembolization is
supported.

The microspheres used in this experiment
pass more easily through the catheter than mi-
crocapsules (7, 19) because of their smooth
surface and better suspension and distribution.
The microspheres contain 20% barium sulfate,
which contributes to the smooth surface and
better suspension and distribution, and allows
their distribution to be monitored with fluoros-
copy.

The blood to the brain and eye is predomi-
nantly supplied by the internal carotid artery.
Embolization of the external carotid artery is
considered relatively safe (29), and we did not
observe severe neurologic deficits or retinal
edema in our three chemoembolized dogs.
However, the use of small microspheres (small-
er than 300 wm) still carries the risk of collateral
distribution to important neural structures (29,
30). To increase the safety of chemoemboliza-
tion of the external carotid arterial branches,
one should use the largest microspheres that
will not decrease the curative effect of chemo-
embolization.
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