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Summary. Cisplatin (CDDP) was microencapsulated with ethylcellulose, 
and microcapsules (CDDP-mc) were infused into the maxillary arteries of 
patients with various head and neck carcinomas. We then found that the 
CDDP level in the circulating blood was significantly lower than that in 
patients administrated intravenous non-excapsulated CDDP. However, 
significantly high concentrations of CDDP were found in the tissues of 
patients treated with CDDP-mc. Our results suggest that selective arterial 
infusions of CDDP-mc can exert an intensive topical antitumor effect 
through microinfarction of malignant tissues. The prolonged release of drug 
from the microcapsules has also been associated with minimal systemic side 
effects. 
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Introduction 

Cisplatin or cis-dichlorodiamine platinum (CDDP) is one of the most powerful 
antineoplastic agents currently known. Response rates have ranged up to 40% 
in patients with tumors of the testis or ovary [7], and similar results have been 
reported in managing various head and neck cancers [8, 9]. However, the drug 
is associated with a number of side effects, including renal disturbances, nausea, 
vomiting, and auditory toxicities. 

Since antineoplastic agents are toxic to both cancer and normal cells, various 
attempts have been made to modify drugs or their routes of administration to 
improve their effectiveness and to minimize their side effects. With usual 
methods of injection, chemotherapeutic agents injected into the artery feeding 
the neoplastic region will flow rapidly into the general circulation, making it 
difficult to keep high concentrations of the drug in the tumor. 
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A technique for  chemoembol iza t ion  has been  developed by Kato  et al. [2, 3]. 
Mi tomycin-C is encapsula ted with ethylcellulose to fo rm microcapsules.  These  
capsules have been  embol ized into patients with tumors  of  the ur inary tract,  and 
have shown m a k e d  effectiveness. In  this report ,  C D D P  was microencapsula ted  
with ethylcellulose, and a clinical study was conduc ted  to de te rmined  the effects 
of  embol izat ion of  the drug in patients with head  and neck cancers. 

Materials and Methods 

Cisplatin (CDDP) was encapsulated with ethylcellulose by using the method described for 
mitomycin-C microcapsules [1], and then sterilizing the capsules for 2 h at 135~ Each 
CDDP-microcapsule (CDDP-mc) consisted of a 60% (w/w) CDDP core (Bristol Myers Co., 
Ltd. Tokyo, Japan) and a 40% (w/w) ethylcellulose shell. The dose of CDDP-mc was expres- 
sed as the CDDP content. The particle size of the CDDP-mc was measured microscopically 
(Fig. 1), and the mean value was 396 _+ 119nm. 

A polyethylene catheter was inserted percutaneously into the femoral artery of the 
patients being treated (Table 1). A stab wound was made in the groin under local anesthesia 
and the catheter was guided to the external carotid artery under fluoroscopic monitoring. 

Fig, 1. Photo-micrograph of cisplatin (CDDP) microcapsule (• 150) 

Table 1. All patients receiving 40-60 mg CDDP-mc as initial treatment 

Cases Age Sex Treated sites TNM Histology Response 

1 67 M Oral cavity T2NoM0 Squamous carcinoma CR 
2 54 F Maxillary sinus T3NoM0 Squamous carcinoma PR 
3 51 M Maxillary sinus T3NoM0 Squamous carcinoma MR 
4 74 M Maxillary sinus T3NoM0 Squamous carcinoma PR 
5 53 F Oral cavity T4NoMo Squamous carcinoma MR 
6 64 M Nasal cavity T3NoMo Malignant melanoma PR 
7 68 M Maxillary sinus T4NoMo Squamous carcinoma PR 
8 77 M Maxillary sinus T3NoM0 Squamous carcinoma Stable 

CR = complete response; PR = partial response; MR = minimal response 
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CDDP-mc, suspended in saline to give an approximate dose concentration of 60 mg/60 cc, 
was infused through the catheter into the maxillary artery or its diverging branch from the 
external carotid artery. During the infusion, pressure was placed against the superficial tem- 
poral artery at the preauricular region to prevent inflow of CDDP-mc. After administration 
of the drug, blood samples were collected at multiple time intervals in order to determine the 
CDDP concentration present. 

Five patients with maxillary cancers underwent tumor biopsies at 1 h, 3 days and 7 days 
after administration of the CDDP. 

As controls, patients with maxillary cancers were given 60 mg CDDP by continuous 
peripheral intravenous infusions with sufficient hydration, after which blood samples were 
collected. 

Pt 
ng/ml 

1500 

1000 

Fig.2. CDDP concentrations 
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Fig. 3. CDDP concentrations in biopsied cancer 
tissues 

Pt (pg/wet t  g) 
100 

50" 

2 4 6 8 
Days after administration 



108 

Pt 2000 i 
ng/ml 1500 

1000 l 

500 t 

i 2 3 4 5 6 7 10 

Days after administration 

Y. Okamoto et al. 

Fig.4. CDDP concentrations in the 
peripheral blood of patients ad- 
ministered 60 mg unencapsulated 
CDDP 

Prior to receiving either CDDP or CDDP-mc, all patients were hydrated with 2000 ml 
saline. Hydration was also maintained for 7 days after the administration drug to increase 
urine output. As indicated, quantitation of CDDP was determined by flameless atomic 
absorption measurement [5]. 

Results 

The CDDP concentrations in the peripheral blood of patients administered 
60 mg CDDP-mc are shown in Fig. 2. The highest levels of blood CDDP were 
found 1 or 2 days after administration of the drug and then decreased gradually. 
Further analysis of this CDDP showed that all protein bound, and no free drug 
was detectable. 

The CDDP-mc concentrations in the biopsies from patients with maxillary 
cancer are shown in Fig. 3. The peak concentrations of drug in these tissues 
were found 3 days after infusion, with maximum levels varying from 20 to 100 ng 
PT/g wet tissue in each patient. 

CDDP levels in the blood of patients administered 60 mg unencapsulated 
drug by 24-h continuous infusion reached the maximum level (1800 ng/ml) just 
after completion of the infusion and then decreased gradually (Fig. 4). Free 
CDDP (non-protein-bound) was detectable only for the 2-h period following 
the end of the infusion. 

Table 1 lists those patients given intra-arterial CDDP-mc as the initial treat- 
ment. Five of the eight patients had marked tumor reductions. 
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Fig.5a, b. Case 1. A 67-year old man with 
carcinoma of the retromolar region. 
Tumor before (a) and 3 weeks after (b) 
administration of 40 mg CDDP-mc. 
Marked shrinkage of tumor is readily 
seen 

Fig.6a,b. Case 2. A 54-year old woman with carcinoma of the maxillary sinus. CT before (a) 
and 3 weeks after (b) administration of 60 mg CDDP-mc. Post-therapy scan shows marked 
shrinkage of tumor 

Discussion 

At our depar tment ,  the 5-year survival rate for patients with maxillary cancers 
has been more  than 70%, and has been achieved by a high-dose irradiation 
(6000 rad) and aggressive radical surgery with subsequent reconstructive surgery 
[4]. However ,  we believe that effective chemotherapy must be available for 
these results to be improved even further in the future. Consequently,  we have 
been very concerned with the development  of microcapsule embolization with 
CDDP.  

In preparing the C D D P  microcapsule (CDDP-mc) ,  C D D P  crystals are 
encapsulized with ethylcellulose, and are prepared  by the same phase-separa- 
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tion method and coacervation phenomenon used in developing the mitomycin- 
C microcapsules [1] at the Pharmaceutical Depar tment  of Akita University. 

The peripheral blood CDDP concentration reached a peak 1-2 days after 
administration of CDDP-mc. As shown in Fig. 2, this value reached 400-900 ng 
PT/ml when an equivalent dose of 1800-2000 ng PT/ml was administered by 
drip infusion. This appears to be directly due to the time-release outflow of 
CDDP from the microcapsule. 

We found that the peak CDDP concentration in tissue specimens from 
patients with maxillary cancer was 20-100 lag PT/g wet tissue (Fig. 3). Mattox 
and Sternson [6] reported that the CDDP concentration in oral cancers is 1 gg 
PT/g wet tissue 2 h after a 10-min intravenous infusion of 100 mg/M 2 CDDP,  
and decreases thereafter.  This concentration is 6.4 lag PT/g wet tissue 6 h after 
infusion of drug in patients with cancer of the hypopharynx, and then decreases. 
Compared with these values, the levels of drug achieved after administration of 
the microcapsule are very high. Thus, selective intra-arterial infusions of time- 
released CDDP-mc make it possible to treat cancerous lesions continuously and 
selectively with high doses of drug, increasing the therapeutic effect of CDDP 
and reducing its general side effects. This is exemplified by the results achieved 
in Figs. 5 and 6. 

In reviewing side effects encountered in our study, nausea and vomiting 
were observed in only three of our patients. In no case was renal hypofunction 
observed when PSP or creatinine clearance tests were done. Although eight 
patients experienced buccal pain on the side of tumor during infusions of drug, 
this pain was mostly controllable by administration of analgesics and disap- 
peared within 24 h. 

Although many of our patients administered CDDP-mc had received or are 
receiving radiotherapy or other therapies, it is still premature to evaluate ob- 
jectively the therapeutic effects of encapsulated CDDP. Furthermore,  the cur- 
rently available CDDP-mc can be technically improved since the particle size is 
large at 400 nm. However ,  we believe that the administration of CDDP-mc can 
reduce doses of irradiation when used. Moreover,  administration of CDDP-mc 
may better  palliate progressive or inoperable cancers. We will continue to make 
efforts to improve our technique of drug microencapsulation and better  its clin- 
ical applications. 
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