














S U M M A R Y

I. Project Title

Development of Radioactive Stent Using
rHANAROj Research Reactor

II. Objective and Importance of the Project

In our country the pattern of recently occurring diseases has been

changed and cardiovascular diseases such as angina pectoris and

myocardial infarction were largely in creased. The largely increased

diseases since 1965 are diabetes mellitus, hypertension, and malignant

tumor. The cause of death was mainly due to cardiovascular diseases and

malignant tumor like America and Western European countries.

Among the malignant tumors, esophageal cancer has big problem of

body weight decrease due to difficulty in intake of meals through the

blocked esophageal lumen which is caused by ingrowth of cancer cells,

and influences largely on the prognosis.

To solve the these problems, many researches have been carried out

using metallic stent which is insertable into blocked or marrowed lumen

and self-expandable resulting in patency therein by mechanical dilatation.

However, this simple metallic stent has limitation to be used because of

restenosis of esophageal lumen by the continuous ingrowth and infiltration

of cancer after insertion of stent.

To overcome this limitation caused by conventional simple metallic



stent, we have developed new radioactive stent comprising a radioactive

tubular sleeve covering the metallic stent, which prevents tumor ingrowth

and restenosis by additional radiation treatment. This work was based

on our experience in 166Ho-patch for treatment of skin cancer during the

past few years.

III. Contents and Scope of the Project

Radioactive stent was prepared by covering the conventional metallic

stents made of stainless steel, titanium, and tungsten, etc., with

radioactive tubular sleeve containing therapeutic radionuclide (Ho-166).

The flexible and elastic polymers such as polyurethane, butyl rubber, and

latex were used in preparation of radioactive sleeve. The distribution of
165Ho/166Ho in polymer matrix was determined by scanning electron

microscope and autoradiography.

As a animal experiment, Mongrel dogs(—25 kg) was anesthetized by

intravenous injection of Ketamine(20 mg/kg) and then introduced the pipe

to obtain a trachea in a anterior position. The radioactive stent(166Ho-SA)

was placed in the middle position of esophagus using a stent introducer.

To prevent the stent migration, it was fixed to the esophageal wall by

surgical procedure. After inserting a radioactive stent, dog was sacrificed

at 2, 4 and 7 weeks, and then examined the pathologic change of

esophageal tissue which is caused by both of physical strength and r and

/? irradiation.

A geometrical model of the esophagus considering its structural

properties was developed for computer simulation of the energy deposition

to the esophageal wall. Dose estimation was performed for a cylindrical



radioactive stent of a varying height and a constant diameter of 2 cm.

IV. Results of the Study

Radioactive cylindrical sleeve was prepared by neutron irradiation of

pre-made non-radioactive 165Ho-sleeve, which was made by casting

polyurethane solution containing 165Ho(NC>3)3 in THF+DMF(10:l) solvent in

cylindrical glass tube. Its length and diameter could be easily controlled

by glass tube used as a mold. The radioactive stent assembly(I66Ho-SA)

was prepared by covering the metallic stent with radioactive sleeve and

then treated both ends with epoxy glue for prevention of peeling off the

radioactive sleeve from stent (post-irradiation method).

Other preparation method of radioactive stent is similar to that of the

first one except using radioactive 166Ho(NO3)3 and glass tube fitted with

metallic stent before casting (pre-irradiation method).

Scanning electron microscopy and autoradiography exhibited that the

distribution of 165Ho and 166Ho(NO3)3 compounds in polyurethane matrix

was nearly homogeneous.

The present preparation methods of radioactive sleeve and stent are

quite different from conventional method which metallic stent is coated or

implanted with radionuclide. The ease with which the radioactive stent

can be prepared and its homogeneous radiation emission make it an

attractive radiation applicator for the treatment of esophagus cancer.

As an animal studies, 6 pathologic specimens were obtained. An

animal with 4 mCi of 166Ho-SA showed loss of epithelial tissue and

inflammation at the submucosal layer 4 weeks after the procedure.

Considerable improvement of the inflammatory reaction was observed 7
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weeks post-therapy without complication. In case treated with 6 mCi of
166Ho-SA, tissue destruction and widening of the esophageal lumen were

observed and the inflammatory reaction propagated into the muscle layer.

In case with 9 mCi of 166Ho-SA, severe esophagitis with cellular

proliferation were seen, which resulted in further narrowing of the lumen.

Dose distribution of the esophageal wall is determined by the energy

spectrum of beta particles emitted from the radioisotope used in stent

activation. The endpoint energy of the beta spectrum corresponds to a

range in liquid water, which determines the depth into the esophageal

wall where the dose is significant. With a stent of constant areal activity

density, dose to the esophageal wall increase with an increasing stent

height until reaching a saturation value. Dose is maximum at the

esophageal wall surface. The degree of dose decreasing as the target

moves into the esophageal wall varies among different radioisotopes.

However, dose decreases by similar degree among different radioisotopes

as the target moves from the stent central height toward the stent end.

For a stent of 2 cm in diameter, more than 4 cm in height, and 10 n

Ci/m2 in areal activity density, dose at the esophagel wall surface and at

the stent central height is - 7 0 Gy, ~60 Gy, ~50 Gy, ~25 Gy and - 1 5

Gy for 90Y, i88Re, 166Ho, ^P, 186Re and 192Ir, respectively.

V. Proposal for Application

Treatment with radioactive stent containing suitable radioactivity could

be an alternative palliative therapeutic modality to the locally advanced

esophageal carcinoma with dysphagia Radioactive stent would improve

the quality of life in patients with esophageal carcinoma by local

Q



destruction of the tumor due to irradiation and by dilatation due to

self-expansion of the metallic property of the stent.

This stent could be also applied in intraluminal irradiation of coronary

arteries following balloon angioplasty to reduce proliferation of smooth

muscle cells, neointima formation and restenosis.
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