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Abstract

Purpose: Esophageal cancer patients have a difficulty in the intake of meals through the blocked esopha-
geal lumen, which is caused by an ingrowth of cancer cells and largely influences on the prognosis. It
is reported that esophageal cancer has a very low survival rate due to the lack of nourishment and immunity
as the result of this. In this study a new radioactive stent, which prevents tumor ingrowth and restenosis by
additional radiation treatment, has been developed. Materials and Methods: Using "HANARO, research
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reactor, the radioactive stent assembly ('° Ho-SA) was prepared by covering the metallic stent with a

radioactive sleeve by means of a post-irradiation and pre-irradiation methods. Results: Scanning electron

microscopy and autoradiography exhibited that the distribution of '®¥'%

Ho (NO3) compounds in polyure-
thane matrix was homogeneous. A geometrical model of the esophagus considering its structural
properties, was developed for the computer simulation of energy deposition to the esophageal wall. The
dose distributions of '“Ho-stent were calculated by means of the EGS4 code system. The sources are
considered to be distributed uniformly on the surface in the form of a cylinder with a diameter of 20 mm
and length of 40 mm. As an animal experiment, when radioactive stent developed in this study was
inserted into the esophagus of a Mongrel dog, tissue destruction and widening -of the esophageal lumen
were observed. Conclusion: We have developed a new radioactive stent comprising of a radioactive
tubular sleeve covering the metallic stent, which emits homogeneous radiation. If it is inserted into the
blocked or narrowed lumen, it can lead to local destruction of the tumor due to irradiation effect with
dilatation resulting from self-expansion of the metallic property. Accordingly, it is expected that restenosis
esophageal lumen by the continuous ingrowth and infiltration of cancer after insertion of our radioactive
stent will be decreased remarkably. (Korean J Nucl Med 2000;34:62-73)
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Fig. 1. Coating device of radioactive stent
esophageal cancer was prepared by means of this apparatus

Fig. 2. (a) is a conventional metallic stent and (b) is 'Ho-stent in which
non-radioactive metallic stent was covered with polyurethane incorporated

with radioactive 166Ho(NO;)
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Table 1. Neutron Activation Analysis of Stainless Steel Stent*

Elément Radionuclides Half-Life Gamma Energy keV (%) % of Weight"
As As-76 26.32 h 559.1 (44.7) 0.003
Au Au-198 27 d 411.8 (95.51) 0.00002
Co Co-60 327 y 1173.24 (100) 0.23
Cr Cr-51 277 d 320.08 (9.83) 18.88
Fe Fe-59 445 d 1099.2 (56.5) 68.50
Mn Mn-56 2.58 h 846.8 (98.9) 0.94
Mo Mo-99 275 d 739.4 (12.1) 2.05
v V-52 3776 m 1434.1 (100) 0.045
w W-187 239 h 479.5 (25.3) 0.009

* A small piece of stent was irradiated in HANARO research reactor using pneumatic transfer system.
T An amount of each elément was determined by multichannel analyzer.

Table 2. Neutron Activation Analysis of Titanium Stent*

Element Radionuclides Half-Life Gamma Energy keV (%) % of Weight"
Ti Ti-51 5.76 m 320.1 ( 93) >99
Sc Sc-46 838 d 889.1 (100) Ti (n,p) reaction
Sc Sc-47 3422 d 159.4 ( 68) ”
Sc Sc-48 1.82 d 983.5 (100) ”
As As-76 26.32 hr 559.1 (44.7) 0.002
Au Au-198 27 d 411.8 (95.51) 0.000006
Cd Cd-115 223 d 336.2 (50.1) 0.003
Cr Cr-51 27.7d 320.08 (9.83) 0.007
K K-42 12.36 hr 1524.6 (18.3) 0.004
La La-140 1.68 hr 1596.5 (95.4) 0.000003
Mn Mn-56 258 h 846.8 (98.9) 0.002
Mo Mo-99 - 275 d 739.4 (12.1) 0.001
Sb Sb-124 602 d 602.7 (98.4) 0.001
w W-187 239 h 479.5 (25.3) 0.001
Zn ‘Zn-69m 13.76 hr 438.6 (94.8) 0.002

* T see Table 1.
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Table 3. Neutron Activation Analysis of Nitinol Stent*

Element Radionuclides Half-Life Gamma Energy keV (%) % of Weight T
Ni Ni-65 2352 h 1481.8 (23.5) 50
Ti Ti-51 576 m 320.1 (93) 48
Sc Sc-46 83.8 d 889.1 (100) Ti (n,p) reaction
Sc Sc-47 3422 d 159.4 (68) ”
Sc Sc-48 1.82 d 983.5 (100) ”
As As-76 26.32 h 559.1 (44.7) 0.001
Au Au-198 27 d 411.8 (95.51) 0.000009
Cr Cr-51 277 d 320.08 (9.83) 0.005
K K-42 1236 h 1524.6 (18.3) 0.002
Mn Mn-56 258 h 846.8 (98.9) 0.001
Mo Mo-99 275 d 739.4 (12.1) 0.002
Sb Sb-124 602 d 602.7 (98.4) 0.0004
w W-187 239 h 479.5 (25.3) 0.003

# T gee Table 1.

Table 4. Absorbed Dose Rate* Produced by § Particles and V-rays Emitted from the Surface of '*Ho-Stent
(Target A type)

Target Absorbed Dose Absorbed Dose Total Absorbed  Total Absorbed Total Absorb.ed
Depth Rate d.ue © Rate due to v-rays Dose Rate Dose Rate Dose when Time
(mm) b-particles (cGyfs per GBq)  (cGys per GBq) (cGyjs per mCiy Loctor (VA) was
(cGy/s per GBq) Considered (Gy)
0.0-0.5 1.8186 0.0384 1.8570 0.0687 95.6447
0.5-1.0 0.8216 0.0353 0.8569 0.0317 44.1330
1.0-1.5 0.4889 0.0324 0.5213 0.0193 26.8696
1.5-2.0 0.3027 0.0299 0.3326 0.0123 17.1242
2.0-2.5 0.1875 0.0275 0.2150 0.0080 11.1377
2.5-3.0 0.1144 0.0254 0.1398 0.0052 7.2395
3.0-3.5 0.0678 0.0234 0.0912 0.0034 4.7335
3.5-4.0 0.0382 0.0216 0.0598 0.0022 3.0629

* Absorbed dose rate produced by '“’Ho-stent was computed by means of EGS4 code system. Liquid water
was used as transport material. The number of histories was chosen at 4,000,000 and 80,000,000 for
-particles and v-rays, respectively.
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has diameter of 20 mm and length of 0.5 Fig: 8. Biopsy at 7 weeks after the treatment with

mm. The number of targets for which dose 148 MBq (4 mCi) stent shows decreased in-

rate distributions were obtained is 80. flammation without induction of a complica-
tion.

Fig. 7. Image of X-rays at 3 days after stent inser- _ Fig. 9. Pathologic change of esophageal tissue at 4

tion shows the retention of stent within weeks after the treatment with 222 MBq (6
mCi) stent. It shows that mucous membrane
layer of the part adjoining to stent is caved
in.

esophageal wall.
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