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SUMMARY

I. Project title : Animal experiments and clinical trials of 166Ho~chitosan 

for various cancers.

1) A study for in vitro cytotoxicity of 166IIo~Chitosan

2) Evaluation of radiation absorption dose with 166IIo-chitosan

3) Intraperitoneal 166Ho-chitosan therapy in patients with diffuse 

intraperitoneal metastatic ovarian cancer

4) Intraperitoneal 166Ho-chitosan therapy in patients with metastatic 

stomach cancer

5) 166IIo-chtosan therapy for cystic brain tumor

6) Intraarterial injection of 166IIo-chtosan in primary liver cancer

7) 166Ho-Chitosan as a radiation synovectomy agent

- Biocompatibility study of 166Ho~Chitosan in rabbits

II. Objective and Importance of the Project

166Ho is a good therapeutic radionuclide because of its suitable 

half-life(26.8 hours), high beta energy and 6% gamma ray for imaging. 

Chitosan is a kind of N-glucosamine with 400 to 500 kD MW,which 

chelates metal ions and degrades slowly in vivo.

We evaluated the cytotoxic effects of 16fiIIo-Chitosan complex in a 

variety of the cancer cell lines derived from human stomah cancer or 

ovary cancer based on MTT assay and HTCA method. We also 

attempted to elucidate the mechanism of cell death mediated by the



166IIo-Chitosan complex .

Much higher radiation doses can be delivered to the peritoneal serosa 

by administering IP (intraperitoneal) radiocolloids (198Au, 32P, or 90Y). The 

intraperitoneal administration of chromic phosphate suspension 32P has 

been used as an adjunct in the treatment of ovarian cancer because of its 

theoretical potential to irradiate and destroy free or implanted malignant 

cell in the areas at high risk peritoneal surfaces, including the diaphragm.

Intracavitary radiation therapy is an effective method to treat the brain 

cystic tumor.

Large or multiple primary liver cancers are inoperable, and resistent to 

chemotherapy intraarterial in fusion of radioisotope such as 131I-lipiodol or 

90Y-resin etc, showed limited efficacy without serious side effects. 

166IIo-chitosan is suitable for intraarterial injection, because this solution 

become gel with neutral pH.

Radiation synovectomy agents consist of radiopharmaceutical carrier, 

which have been tagged with, or which incorporate, beta-emitting 

isotopes. Chitosan, is ideal and suitable paticles based on its soluble and 

biodegradable characteristics.

HI. Scope and Contents of the Project

As a preclinical studies, we performed cytotoxic effect of 

166Ho-chitosan in a variety of cancer cell lines derived from stomach or 

ovarian cancer based on MTT assay and IITCA method. To evaluated 

the absorbed dose to the cavitary wall, 166Ho-chitosan was injected into

-18-



the peritoneal cavity of mice, and whole body autoradiographs were taken 

at 6 hrs and 24 hrs later to determine the biodistribution and dosimetry. 

Simulation of energy transfer from the beta particles to the cavity wall 

using the Monte Carlo code EGS4 was done, and used as a standard for 

the planning therapy. The radiation absorbed dose to the cyst wall is 

assessed for different sizes of the tumoral cyst and a varying amount of 

166Ho~Chitosan complex, or 166Ho-CHICO, administered into the cyst. 

Intracavitary 166Ho-chitosan therapy were tried in peritoneal metastatic 

ovarian and stomach cancers and cystic brain tumors to see the 

biodistribution, dosimetry, toxicity and responses. Intraarterial injection in 

inoperable primary liver cancer just before chemoembolization was also 

tried. As a radiation synovectomy agent, biocompatibility study in the 

knee joints of rabbits were performed.

IV. Results and Proposal for Applications

Ovarian cancer cell lines showed resistance to 166Ho alone but showed 

synergistic cytotoxic effects at low dose combination and additive effects 

at high dose combination. Stomach cancer cell lines were sensitive to 

166Ho and showed additive cytotoxic effects with its combination of 5-FU 

and cisplatin. Similar cytotoxicity was observed in pretreatment, 

cotreatment, or posttreatment of 166Ho and anticancer drugs.

When 10 mCi of 166Ho-CHICO is uniformly bound to the cyst wall 

surface of a 3 cm-dia. cyst, the absorbed dose is 40.06 Gy, 14.96 Gy, 

5.315 Gy, and 1.660 Gy at 1 mm, 2 mm, 3mm, and 4 mm in depth,

-19-



respectively. When 10 mCi of 166Ho-CHICO is uniformly diffused in the 

cystic fluid of a 3 cm-dia. cyst, the absorbed dose is 601.7 Gy, 188.7 Gy, 

73.87 Gy, and 20.78 Gy at 1 mm, 2 mm, 3mm, and 4 mm in depth, 

respectively.

97-99% of 166Ho-chitosan was localized within the peritoneal cavity, and 

more than 90% of 166Ho-chitosan was attached to the peritoneal wall. 

Partial responese were observed in 4 among 5 patients with ovarian 

cancer without severe toxicity. In the cystic brain tumor, 5 of 8 cysts 

were shrunken in size with thinning of the wall, 2 out of 8 showed 

growth retardation. In the primary liver cancer, radioactivity was 

distributed in the teritory of selected hepatic arterial branch, and partial 

responses were observed in 2 cases. In the knee joints of the rabbits, 

more than 98% of 166Ho-chitosan remained in the joint cavity and was 

stable upto 1 week.

166Ho-chitosan seems to be safe and effective agent for the treatment of 

various cancers and radiation synovectomy, many clinical trials and good 

responses are expected.
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*8 1 S M

1.

•$1 44 424 444 *13- #4%2 166Ho-chitosan complex# internal 

radionucleotideS-*! 44 4 #4#4 44 4 #4 4444 166Ho4 in

vitro cytotoxity# 44 4 4" ## \+^^h°ll #2H4 4" 42## tfl4%2

MTT assays# 4#44 244%2, 44 4# 4#A1 166Ho4 42AN 

#4 ^ 44 dose #4, 444 4# #44 4#4 regimen #4 ## 4

4 712: 4-22 4#44.

166Ho 4# ## 4-4^144 4# 444 44 4424 4244# 4# 
4 444 # $1# 444 #^4% 4# 444 #444 dose regimen, 4 
#3.44 4144%, 166Ho 44 4# 4441 4-9-4 44 4244 44# 4 
#44 44 #44 44 #44# 44 4## 7% #44.

2. ##44 3|7>

444 #44 166Ho-chitosan complex (44 166Ho-CHICO)4 44 5. 

4 24 93 444 ##44# computer# 4#4 %4 44# #4 47}4 

4. 2.4 444 44 ##44 471-4 44#, 4144 #44#

166Ho-CHIC04 4=4 54 93 444 ##444 44# 47>4%24

44# ##44# #2444# %#4# 166Ho-CHIC04 44#44# 4 

44# #4*1-2# 4 #4# 4 $34. 166Ho%2#4 4#4 41444 441 

#44 444# 444# 444 44 24 44# Monte Carlo simulation 

code4 EGS4 (Electron Gamma Shower version 4)# 4 #44 #4944.
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<8^ 4#A5. 166Ho-chicoi- 4## ##4##4 4&4- ##4 #4# 

4 4S* 4# l-^r##^} 4-3. ##4 #44%4.

3. #db# ^-#4) #4 4ii

4-dk#4 4## ^ ?}# 4### ####25.4 s7i ##-4 

#4 a# #44# 44 37]# 4# 47]# gf7} 4 ^-#4 4, 5# #e& 
4 40%4#A24 45- #44 ### f#, ####314, #4-2. W4 4 
# 4&#^4 2442 #i^#3l 4# 30#4 ^eir# 44 #444 ##
4. 4-r7l 7]#4 4S. ^4 4## 4444 carboplatin, paclitaxel,

ifosfamide, hexamethylmelamine 44 24* ####44 #4 44 cisplatin 

#4 ##^.#o] A>-§.£)3I #o_# #S.#4i:o] 15 - 36% #23. &3L5\JL 

#ir # 44 #7] 4#44 4# s.31# #4 &A4, 3i 44M 2# 

44# #444. 4-4-4 4)3.# 4s. #44 #27} ### #444-.

#2## #44 6.5. 4444 #& ##4# 4## 5-44, 4, #, 4, 

44 ##4 40]5]^ 44# 4t 2#7] 4#4 47j-iflsi 4# e44 4 

412# ### 414# f ## 44:44 4 s #44 ;H#4 ###42., 4 

4 5:44 4#As. ##414 4#4 #4, #4# ¥4#A4 4#4 #4 

#4#4 424A 44. 4# ##4 #44 #444 4-ffe 244 4-f 

42# 3:44444 44 #4 a}-§-4jl 42# 44 ^ 4##4 #-44^ 

44 #7117} 4# ##44. 4# 4444 4e #4-4 #4#A# ##4 

4 #444 #444 #2## 4s#4# 44#4 5.314 a 424, #7}

444A44 42# 4#4 &##4 holmiumi- 7fl##4 ####A

s.4 # #47}## 4# 4## 4-4# 4-A#4 4s.# 44#4 4%4.



ZLtfE.3. # 4#4] 4 c i) in vitro 4 4 166Ho-CHIC04 cispaltin ^#4 

synergistic cytotoxic effect# #5l#A ii) ##^4 A] I66Ho-CHICO# #4 

# 4444 ti-5. ^ ##### ^4 AS iii) 1, 24 45.

#4 4 #4 4 #4 4 444 444 4444

166Ho-CHIC044# 4 44(444 ^ #44) 44 #2, 4 4*1] 4 44

4#&4 4 47]4 44 4444 #4 444 444 %#44

4 4&##4 444# 44441: #44#4.

4. ^4-, -4#4 #4 4&

4#4 444 444 4*3444-4 3# 4#44 4#^444, #4

4Mlc 44444. 4444 45^AS peritoneotomy# CHPP (

Continuous Hyperthermic Peritoneal Perfusion) 45.4# 4 £4-3. 5)A4, 

444 4#4 #44 #4. ^s]HS, 4#44 4314 44#2, radiation 

hazard4 4# 166Ho-CHICO# 4#44 444 4M 444 45.# 4"4 

5)44 4444 45.#4 € #AS 714##. 4444 4#4 4sls # 

£#41^0.5. 44##.

5. 4m

166Ho-chico# #444#d:44 7fl## 4|s# #4#4:44. 4c

holmium# chitosan# 4444 4—5. #4i4 444 44 44 ##7) 4 

4 4444 &A#4 # #4 4 c# AS M## sa># 4 4c 44# 

3)2. 5)4. #4^M# 444444c 44# #4# 4#44 166Ho-chico 

AS #4 4### 45.#44. #44 s44# EGS4 code# 4#44 

Monte Carlo simulation AS #44.
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166Ho-chico7j- ## 4##4 4&4 444 ### #4^ 4#4 #4.

^4, #44 54447} 44 8mmi #444 44 #44 #4 4444 

as #54 #44 44 #4=# 45# 44 #4 44 4544 44# 4 

## 4544445 4## 44 444 2^1-t 7)44 # 44.

#4, 44-717} 274455 4444 #4.

^4, 7)5444 1455 444 44 44 ##7} 44 4444 44 4 

5#44 44 4A.a. #44 # 44.

yi4, 4455 4444 A.44444 ## #44 444-9.5. 454 #4 

447} #444.

4441, #44# 4# ##455 #4444# 4-8-44 #4454 #4 

# #4# 5 44.

444, 44454447} 44 8mm4a5 #4 444455 44# #4 

4 ##4444 44, 44444 #4 #4 #4 #445 4544 ## 
55 ##4 # 314 2 ##4 #44442 # # 44.

## 4###55# ###44 4# 4#44 4a ^ ### ##, 2# 

##4 44445 #444 4444 ^ #44 54444 444 4#4 

4 4-8-44 444 44 4#7} #5# 455 4M4.

6. ##, 4-#^ #4 4^

#4444=#4 #441 #4# 44# 1#7} 95%7} 4#44 444, ## 

4544 1#7} 70%7} 4#44 444# 4# 4-8-4 451)55, ##4 

444 80% 4# 44444, 4# #44 ### S14 ##4 #7}# 4
4445 #5 54# 444 # 314. ## 5444 lipiodol# 1-1315 5 

444 ##44 #45 4.5 Cm 444 ##-§• 454 4#4 3154, 24



7} 4### 2L^7\ #44. 4AH 4-B-S 4±^l|

4 4AH g#o1 #141 ##4 1%4# 913., 4##4 ^317>
#4 #M4| 315.711 #S41 #%% ##4%4. 166Ho-Chitosan Complex 

# #-9-1 Seflsi %## 4a}%44#.o5. l#im fl# 1^444.

7. ##1, *in#4| 41 si s#

7>. <3 AH HI

MAdl- °1#% 3914- ### A}7]#4#4%4 &#4 #4 #1 ty- 

! ##7} #%% 41 #4. 31514 °1#%# 4AH4 All SI- #1 # 91%- 

0} #H3i 44 4a}%# 4-§-4 14 4&4 #%# Hi 4%4. # 4 
a 444 4aH 4-9-4 7H%1 4 114. 4a}%# 4-9-%

4 43.4 7>4 #4 4-8-444 4ah4 4S#% (cytotoxic) 5.44 4 # 

444 4 4 7>4 4# 41 %-44 4&4 4-8-1 # 44. n # 454 
4 44 441 4# ^^(beta-emitting isotope)# #1441 TA}f^-5.^ 

#44# 1 AildHifl4 1-44-4 4#(#144)# 13.4# 444(Rosenthal, 

1978 ; Harbert, 1987 : Doherty, 1984). 44% 41# 4AH #44 %4 

#445 44 #3. #44 s #144 43.4 4-8-431 44. 44% #4 

4 HI# (radiation synovectomy)# #44— #14 # 444 #444 

44# 1#4# s# 44% 4 44#% #144 1-9-14. 4, %#% 

#14, 439% #14, 44# #14, 4%% #14, t#4% #14, # 

44 4 ###(synovial chondromatosis), %S#J2.H% #444

(pigmented villonodular synovitis) #4 5. 4## # 44(Doherty, 1984). 

44 14 4ah #44 141## 3944 1&4 #4H ##% 44# 4 

31 44. %# 44# 44% 3.1 44#(radiation synovectomy agent)#

#143. #a> §}7l# 44 45.5. 4Hi #444. 44% #44 1 All#



4 444 3*4 7HH44 #1 #1*4 414 ioo<^7i #441 A]s| 

*44 4141* 44# 1141(Clunie & Eil, 1995).

41# 141 #4# 141*4 ***** 1*14 114 #3#, # 

4*4 #14a *#44 4is *1 &* 4 444 4*44 #4#* 

41* 41 t $144 414 444. n 444 1414 441 4# 4 
444 4441 414 7] (41444. 14*4 *a. 414 14 144 * 

dh 441, 4, H]1 444. 441 11 144 #44 1144 #1 4 
44 #143.4 114 4*4 #44 11 1*431 #4(Sledge et al., 

1977)

4. 4#1 1#

*44dh #144 4144 224 44 *a* 414 14 1 444 

2% 14, 444 14 2141 414 #4-7} 4* 145. M 42.44. 

#4-4 1444 44 #11 *14 #2 44 4114 *#11 *14 

44. *#* 4* 114 4# 444 #14 411 4444 4a* 4 

4 #4 414 #14 4*(#144)4 1*344 4*1 44&1

(infiltrating granulation tissue, pannus)! 444 #1 4*4 #442 4

*14 *#* 4114 1* #14 44 4 44 11# 4All ## 

(Calabro, 1986) (4 1).

#6q#«g4 1«3* 4-fe 1*35. 41 427} 44 #41, osmic acid, 

nitrogen mustard #-& 44* ##1 #H 11* (chemical

synovectomy) 4 14 #14 1*4 #11 * 441 #1 44] 1 *1-6- 

** *14 42(Von Reis & Swensson, 1951), #14 41413.5.# * 

44 14 #1 *#4 44 #1**4 14*4 #1 #4135. 14* 

* 14 141* 4144 *4]## (Behrens et al., 1976).



5. 1. Radioisotopes suggested for use in radiation synovectomy agents.

Isotope Half-life

(days)

Beta energy

(MeV)

Range in soft tissue

(mm)

Gamma energy

(KeV)

0.1 1.29 5.7 95(4%)

nsln 0.2 0.86 336(47%)

176Lu 0.2 1.3 none

156Sm 0.4 0.7 none

™Re 0.7 2.12 11.0 155(15%)

166 Ho 1.2 1.85 8.5 81(6%)

105Rh 1.5 0.57 319(19%)

153Sm 1.9 0.67 2.5 103(28%)

"»Au 2.7 0.96 3.6 411(96%)
9&Y" 2.7 2.28 11.0 none

'»=Re 3.7 1.07 3.6 137(10%)
175yy 4.2 0.47 396(7%)

mLu 6.7 0.48 1.7 208(11%)

"*Er 9.4 0.34 1.0 none
32p 14 1.71 7.9 none

51Cr 27.8 0.47 320(10%)

4# xi)&# w sHfe 44^

(surgical synovectomy)0! sj s] 14 ^7]^ 3L-E: ^^l^tN!?!7} o)
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4## #4444 #44 :£##3 #4 4# 444 #4# #€-
3# 4 #/4 #4£4 4444 ##£ #7H#4 #£#5.3 £4 ## #
#X3 ## ##444# 4# 44 e%M 5lcf(Mori, 1985). ##X34 

#5- ###-& 44# #### #44 #4#(arthroscopic synovectomy)°1 

###4 £4 ## #44 4444 #%x# #44 #4 444 #417> 
44(English et al., 1986).

4. ### #44 #4#

1) #4 4#

44# &# ###4 44# 4# £444 4£ #4(particle)4 44 
44# 44# 4# 44 (beta-emitting isotope)3. 4# #4. #4 71#£
##43 44# ###4 44#£ 4#44 #44# 4444# 44 # 
44 4X4 44 4444 #4444# #44 £44 ### 4 44# 
##4 44 #444 4al, 43. #4 £4 4 (free radical) #4 44 #4 
4X3. #### #44 ##44 4# #44 #444 44 #4# £ 7> 
43 ##44(Harbert, 1987 ; Deutsch, 1993).

2) «H4# 4# ^4(44#3, radionuclides, isotope)

4£ 4#4 41444 #44 #41 #44 444 4# ##44
3 #£43 44(5. l). #4#31-4 4444 #£34 £44£ 3#
0.34MeV, 0.33mm4 169Er44 2.27MeV 3.6mm4 ^Y4 4371 #4 444 
4. #44^ 2.3444 165Dy4 7)-#- #x 27.844 51Cr4 7># #4. # 
#4 #4 #44 4#4 44 90Y4 169Er7>, 344 44 165Dy4 7># #
4 #444 #444# 1993# 44 ##sM#4# 166Dy4 #44 $13 
1996# 444 166Ho4 #443 $14.



3) 4A}4 4# #44(44, radiopharmaceutical carrier, particle)

444 ^#4 #44(radiopharmaceutical carrier) 54 &7l <4l 4# 9 2.

4 (colloid) #efl4 4# 44 27]5. #443.4 #4# >#0]

#444 4 #4 4444 #4(Gumpel et al., 1975 ; Virkkunen et al., 

1967). °1 s) -si 94 4 # 27] 7} 1-20 Um ^5^1 4 54 # 4 4 (microsphere) 

4 ## 4 A}(macroaggregate)# 4##554 #4 44444(Noble et al., 

1983 ; Sledge et al., 1977 ; English et al., 1986). 4M4 4^5 1

4 444# hxKferric hydroxide macroaggregates, FHMA)7> 4# 4 

4# “y, 165Dy, 166Ho #4 ##4&4 4## 4 5&2 44# #44 3,3]

4 #^514 ##454 ###4# 5^ ;H44%4. 2Sl4 4A>#4 4

# ##717} # 4#4 ^#4# 4A1 #;g<2]54 ## #4 4@-4 ti] 3:5). 

4 °14(Chinol et al., 1990 ; Zalutsky et al., 1986 ; Davis & Chinol, 1989). 

4W #4 #4444 444 4# #444 49# 49#4 #44 4

#44 M4. 44 #44 chitosan# 9#4 94^ 2#4-3. 459 7}

#4# 34# #444.

4) 4444 #44 £4 ###

4444 #44 S4 Wtc 4#4 ## 44# #4(Noble et 

al. 1983).

44, #44 #44# ^44 # 9 &# 4^4 44 444# 7}44■ 4 

4. 2al4 444#44 494# #4# 94 <&£ 4£44 #4.

#4, 2717} #44&4 44 # 4^4 4# 2440} 44 49 44 #

44a 9#€ 4£9 4444 #4. 444 44 249 2-5 um 4^4 

4. 2e)2 444 #444 nil44 4# 4#4 #t# *l7}4444

4 44 444 4#9 #4444# 444.



44, #4# 444 ^#4444 #4. ##44 ##4 ### #47)- 

44&4 34# 4## ¥ 9*7) 4€-o]4.

5) 45# #44 54 «# 7M4 #54 
444 54 44#*] #44¥ #144# 44-431 444s. ¥#44 

$°} 444 444 <94# 444 #4 9)44# 444 44 4444 4 
44# 4-4 4144 4# ^#*144 44. s# 44? ¥## 444 ^
# ##44 444 4-9-515.5. 44454 ¥#») 444 &# 014491 

444 4# #4414 7ll-o| 1^.44.

# 9l¥# 444 #44 441 #44 0)444 #44 54 44## 7fl 

#44 4# ^44 ##55. 444#4. # 44414# 414-4 ## 4# 

55. #447> 26.84455. #54 44 4## 444# #4-5414 #4 

44 ## ##445 0)^.0) 7>## 166Ho# o)¥4#4. #44 4# # 

#454 -n"7l#o]y) ¥-§-4 445 414 7]-¥4 chitosan# o]##^#.

5 4444# 44# ¥ #1# 4444 45# #44 54 #4#9l 

166Ho-chitosan¥ 7)1444 #44 #4# 44## 44544 7>¥4# 4 

4 444 44# #44 #01-31.37x> 4##.

4. #¥ #4

#44 #4# 44#4 o)^-sl-¥ #44 54 44## #44 4# ## 

491 4# 9144 o)4 ¥4# 444 ## 4#55 ¥444. 444 #

# 4## 1# ¥444# 19934 ¥4 lf5Dyol o)-g-49154 #447} 2.3

4#55 #0} 44¥Hr 4x1-544 #7)s)4 91# 4491 4# o]_g.
#7)4 44 #4 #$#. #AM 4# ##44 4# 5## ¥4444 4 

#4 4## 4#7)4 Hi S¥ 9M- 445 #145 ¥#44 4#4 # 

7)4 #4# 44# ¥# 1 o] -g-47\ 40)#4-.



444 444 44 4444 444# 44 4144 4# 4#4 

3.4 tic>x>^ if#o| 444- tife 444 4# #444 444 3#44 # 

4.

.a <y^ #### 43# 44# 4# 4#-9-3. 4444 26.844-6-3

a]s4 44 ^1## ##4# 44-5.44 4444 ## 4444^ 4-8-4
7>#4 166Ho#, 4-4# 4# #445.# #4#44 ### 143. 44 7> 

#4 chitosan# 444 4. 43# 44# 3.4 4##4 166Ho-chitosan# 4 

#44 4444 #4# #44 #4## 443. s>^4 #4.

# #444# #44-6.3. 7>sir 446-3. #4 ### 44# #143.4 

44.

34



1. 454#

441)4144 115 4# ^7} 7)## 44.1453. ## ##! 1#1

43.!1$%54 H5 ##! 141 #14 #44 #7} 7) #4 7H#

#4| $14. #444)14 115 41 1# 4#7} 411 12 ##4) $13 m

1 internal radionuclide! ##1 #44 44! 144 144 1-44145 

44 HI $ $4. 45 internal nucleotide! 1)4 H! 45.4 4!°1 

5111 44 #44 12, !4 !47> 71414. 166Ho! chitosan 

complex4| 4# 144 414)44 48jl 47} ^A4 44— 44 

MDAnderson Cancer Center! Dow !41 #4 145. 166Ho-DOTMP# 

71441 bone marrow ablation in multiple myeloma4) #447) 14 14 

14, 44 14 41 1=3131 $}5L, Rhenium-186, Iodine 131, Indium-111 

41 pepetide 4-4 41 411# 4441 internal radionuclide! specific 

delivery# 14 141-51 14! i) 1 44 ^ 4 #541! 14 #41 $14. 

d!4lS P321 cisplatin# 4 #55 444 #141 45## 4&41# 

4£7} Wisconsin 144 rr# 4 Vincent ^#4 ##—5. 144 4 $14. 

44 internal radionuclide 4)5 44 #71-4 4# 444! #441 #41 

471-44, 4144# 1)5 44# 444# 111 4 & 452.3. internal 

radionuclide! S.41 1# 4# 1 113 ## &4# 11444# 166Ho 

chitosan complex! 115. 4# 7) 41 7)2 1#4] #14 1)5 ## 41 ^ 

1 7if, ##5# 7H# ^ dose regimen #41 ##4 #544.



2.

3# (colloid) 44 #7}.—- 4# (radionuclide)-§- #44# 444 44 4 

7}# #5. (stereotatic intracavitary radiation therapy)# ##5 5 7] 7}#

7}#*} 44 4#54 4&4 &#44 4444. 4s4 44 4#

54 44 4^}4 4S# 1995 Hi Lange #4 44 #4454.^ 4* 4

4# 1) seller floor0!] a"is (bony opening)# 4#3, 2) ### 7]^] 444 

44# ## #, 3) 444# #443, 4) *Y-colloid # 44 44#3, 5) 

#4# 4# 535. 4t454. ^-colloids] ^44# 444 ##{144 

200 Gy7> 43# 444%4. 3 #, “y #4444 #4434 44

4#3 43s]&4-.2) 45, 47}4#443# #44 4444 4s.# 444 

35. 44 #44 4#4 4 3 44-.

4e ##3 447} *7}## 44 4#5# #44 444

444 44 44# 4&4# 4#4#4 444 166Ho chitosan #M# 4 

## 44 4443 $14. chitosan# #44 4443 4 7]] 4 44 4## 

##44 ^34 44 #417} 7}##£.5. 45.4 ##4 4 #44. #4, 4

##4#4 44 (polycationic chelating)7} 7}#43 acetic acid6!] #544 

#35.5. 3 ## 7}#44 53#4. 4#, 166Ho# 4s.#33 444 4

#4 44# 7}#3 $14. 441, 99%4 ##5 4#4# 414 47}# 4

41 4 4 7] 7} 1.85 MeV5.# soft tissue 44 44 9 mm# range# 4#4. 

#4, 4# 4#4 44# 54-7] (26.9 44)# 4#4. 54], 5.4% ##5. 

4#4# 81 keV4 X-ray# #443###4 5#4 4## # $14.

166Ho# 7}<y #4#4 100% 4 Holmium-16533#4 185Ho(n, a )166Ho 

4## #5 44# 4$14. #4#7}4<8434 30 MW 44# #7}3$1

HANARO # ##47} 57}4 ##7}#44. 5#, 166Ho chitosan ##4]

# 4#44 #4 chitosan #4# 166Ho(N03)3 #44 44 99% 444 5.



*1 #3. 5 AjA>d] 7}^44.3) 166Ho-CHICO# #54 #A}% # 14# 4 

7}#44## 166Ho-CHIC07> #54#&4 ¥t!4 #5 4 #4 4 #4 5

3. #£## 34#5 14.3)

166Ho-CHICO# ### 43# 0<y£ subgalea #14 44# Ommaya 

reservoir# ## 4 #4 4 5 14. 166Ho-CHIC04 #4 #1 # #3. #4
# gamma camera# 4#44 #M4. #44 #lg 166Ho-CHICO# 4 
4 14# ###5 44143#e1 #444 #44 444 414 #4#

4. 166Ho-cmco 4-HI 4# 45- £4# 44#^1#4# 4#44 4 

£4 371 #4# ###534 #4# #14. 166Ho-CHIC04 ##4 #

4 4 4#4 414 ^ 44 444 #4# 99mTc# 4#44 #1453 4 
#41 # Si4.

3. 4#-4 #441 44 *15.

#5#4 #44 #34 4# 34# 4444# 44 504 ###4 4 

5-4444. 19544 Root #4 4# colloidal radioactive chromic phosphate

# #44# 4&4 454 4# 198Au, ®p, ^Y# 4444 #44## 44 
^ #44 #44# 457} 4#44 #4. 4# 4&41 ### ^P# 44
5 #44 #44# #144, 7104 .##414 £44 Si# 444# 4#

4 43.4 4.-8-4154, 444 #44# 5#4 1414. 52155.

4544 4 s.#!£54 4##4 ##154, 4 #4# 14155. #44
# ##414- ##44 5## #444 4-B-#53# 4#43 ## 147} 

5.545 #4. 5214 ^P-Chromic Phosphate# ##47} 14144 45 # 

#4 #47} 44 #4 #4-8-4 4## M#4 #14. 441 #5#4 
4 #4# 457} s:441 #14# #5 154 #4# #55. 4#4 41 
44 14 4#4 #4# 4# #4-8- ^ 4##4 #4# 454# # 1#



#4% #4419 94%£9 #41 &%4 4:944 &4. %933 9 %

94Mi^ a €^M^#4 4934 ### #4%4# 4433 ##% 4

a}# 94%3# «12^ #711 <@# 9 $1% a]S4| ### 9 $19 99#

#4 Holmium(166Ho )# a]5.41 ##9%a} 4&4. s,## s. ####4] 

44 4 166Ho4 #47] 7> 27444% 444 #44%3 ^P-Chromic

Phosphate 49# 3.## 933. 93# 4. S# 44 994 4944] 9# 
44 4444 3:44 994#34, 9 4^-414 44% 43441^14 #a> 

4 #4434 49W1 45.493 44 49(913. 4441 4% in vitro 49 

# in vivo 49), « #4 49, #9%% %7> ^ 4 314 44 44414 

9444% 94# 34% 49 4444.

4. $)#, 94

Washington Cancer Instituted Sugarbaker 99 4 4" 4" #441

peritoneotomy# 4 =5444 49#4 #9# 3$4% 3%%^%, 49 7} 

4-a}4 dtfld 3.4194 99 CHPP 4 peritoneotomy# 944] 44944 

4##d 999 #4 94 #%34 494 949 #9#$)4% 3%e}^

4. 449 CHPP4 439 3%43 $134 9&% 9e#%=9d 34# $1 

$14. ( 94149 399 944, 494^44 494 9)

5. 99^ 4#4=

#443# 44% 9945.9 3# 49# 99% $14. 49941 4% 

#443 a]&&# #443# 499941 9494 99# 45.99 %#4 

4#4Sia4, 32P9 93. 4 #4 $14. %94 ^P# 9944] >#43 9%3 

3 #944 #949497} SI# 9 $1%, 4997} #4 9#41 94# 5.
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44, #4# ##4 §14 #4 #2 #5# 4444 4*41: 5 §1# # #

44 §144. 166Ho-chicofe #4445244 4S# ###244.

o)# holmium4 chitosan# 4#44 4—5. #24 #44 44 44 #5 

7} 44 4444 #o#4 # #4 ###OS #4-4# 24# 5 §1# # 

4* #3. $14. a.44 166Ho-chico# 4-9-# 4## 4s. 4% 44 so 

4 4 §14.

6. ##, ##^ ^4 4S.

4-4444 444 131I-lipiodol# ##44 5444 4s# 4044 44 

#4 sir ###44 iLos]#o, 4# 44 4s ###4 ##45104, 

4444 4444 44 44^44 44444 45 #44 444514. 2 

4 #444-24 #4##4 44#444 44# #7}### #4#OS # 

4 4-9-44 #444. 90yi 4 2#4 #444# #4#44# 4ss 4s 

45104, 44 44044 2#, 90y4 24 #44#4 ####444 4 

S4 #444. 166Ho-macroaggregate albumin## ##244 445444 

4S7> 45 4# ##44 ## 14# solo #0, 166Ho-chitosan4 4 

#54o 4 #4 4 4, 047} e(4# 4 cm 4#) s# 44;M ##45 

o>4 #5 4 s #44 §14.

7. ##4, 4)4)#4) #424 2#

4-4)4 4# 44 166Ho-chitosan# 4## ## #S7> 4#444 # 

54510, 166Ho-chitosan 4)4(patch)# 4## 4##4 #S7> #S4o 

514. 544 4# Holmium# 4## #4# 4S SO# 166Ho-poly (L-

lactic acid) microsphere# °)#4 ## 4 s4 4 O# 166Ho~DOTMP# °)



-&4 4#4 tTf 4 3.4 a]£7> 4 #4. #4 Holmium-i »]-§-fb

44id #44 #4#4 4# 44 iiaZ.Tr 44 4S4 166Ho~acetylacetone

4 44 444 44 S-ai 4 44 iLjn.4 4 &4. ziE-jq- c>4 4444 
AS chitosan# 4b 4^44 44## 444 4# #4*11S o]-§-4 ajjfe 

t&b 4—3. #44 #4. 45"44 Holmium4 chitosan-S- 4444 44

4 £4 44## 4 #4 444 #^4 4*)l#b 4^4 444s 4^4

4 #4.
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;# 3 a 9^78^11 L80 %

1. 415^

7>. Afla^MH 166HoS) 41 a 14 &# ^ cisplatin## &#

166Ho-chitosan complex# 4 #4 4 ^y\ ^a] loose gel type# polymer 

1 #4#2 chitosan #4)7} 540 nm44 4-41 #45# iflHS MTT 

assay6!) # Ho nitrate# 4 ##44- SK-OV-34&4 49 166Ho 1-100 uCi 

#4 444 #4 10 % 4M 4) a a}# #*}# 9 1).

OVCAR-3S) 494 a 1-30 uCi 166Ho dose dependent fashions) 4) a a}# 

#*}# 1##^4. M4 SK-OV-3 4) as) 49 cisplatin# #4 4# 4 

e)4(cotreatment) 166HoS) a))a 4#-# #7}# ###^% #4

4 9 a 5 31 ^E.S) cisplatin6!) 4 synergistic patterns) 4|aA}1|i 3L#S) & 

7}# ###^# (M 2). cisplatin*)- 166HoS) 44 #1# #44 4# 

I66Ho 4)a #4 Ms) ### #7}## 494a)# 166HoS) 444d4 3), 

f44(^4 4) #44 #4 44 54 ^9 4)a 44 Ml ###494 

4#4 4# 4|a #4s) 4# Ml- til 4= &M. 61 1#9 19 4-

s) 19 166HoS} cisplatin# #A)4 4# 444—5. 4" 4 doses) cisplatin

44 4 4# 4-4-M1 7)4# f #7)1 4# 4? 1*}5 44 444 4 

& regimen 144 as) 4) #4# 7)a 4-5-7} # 444-. M# 

OV-CAR-3 41 as) 4# 9 44)s) ## 444 4# #9 Ml 111 

9 &&0.E.5 4 49- 141 1144 IMS) #4-0.5. 444-714# 4 

#9 4la911 4-8-1 49-7} ###4-31 A}^#4. MTT assays) 1## 

4|as) viabillity# #4## 491 s)4#2.5 4)a a}# #4 4#

# 47}# #4 al# 14 94 $1# HTCA155 7}## 4#5 A}&4
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1. Cytotoxicity of 166Ho on SK-OV-3 Cells
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2. Cytotoxicity of 166Ho and CDDP on SK OV 3 Cotreatment
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3. Cytotoxicity of 166Ho and CDDP on SK OV-3 166Ho Pretreatment to CDDP
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4 HTCA^tt radionucleotide-1 42 7}uf 4 delayed effect# ### f 51 

166Ho412 4# S.44 4"r7> #71-# 425. 4444.

4. 44 42#44 166Ho4 42 4# 2# 4 cisplatin/5-FU ^#44

2#

SNU-54 ## 166Ho4# 444 1 uCi 166Ho445- 15 %7} 7}^s}$37>

3 uCi 166Ho 445. 25 % 4127} A}#4424 10 uCi 166Ho4l4fe 45 %, 

30 uCi 166Ho4l4fe 57 %4 412 4# &## 244 (2^ 5). 444124 

42 42424 166Ho 7}414 cytotoxic &#°ll 42 444 3125. #7}# 

44. cisplatin4 #4 ^4 22 166Ho# 4 4 4 7}fe- #-§- 4441 4# 412 

2^4 ## &## ## # f 4424 (2# 6-7). 244 cisplatin# # 

444 4 2 4 #2 166Ho 414 synergistic24# 2#24142 additive 

444 412 4-# 424 #4# ##484 (2^ 8). 5-FU #-§- 444

4 #4 2 4 #24 5-FU414) 166Ho ## 4441 4# 42 #4 M4 

additive pattem4 #7}# 4## # 882 2 444 #2414)# additive 

444 &## ##484 (2^ 9).

Kato m 4124 4# 3 uCi 166Ho2 4= 20 %4 412 7}ig# ##4^2 
10 uCi 166Ho 30 uCi 166Ho4 4## 4= 40 % 4)2 7}8 5l## 2824 

100 uCi417)2 4 444 412 #4 5:44 #7}# ### f 8824, 10 

uCi4l7) 44 412 #4 24-7} plateau0!) 24484 (2^ 10). 25)4 

cisplatin 5-FU *S# 444 42 4 #241 t)# additive pattem4 4)

2 #4 24# ##4824 2 #24)7-1# additive 444 24# #84 

(24 11-12). Hs 746-T 4124 7I# 1 uCi 166Ho 4447-) 4= 20 % 4 4) 

2 7}g 5:47} ##4824 2 4#4 166Ho44S 412 #4 5:47} 

plateau# 44484 (2^ 13). 166Ho°!l 444# 24# 412^ #4 2
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5. Cytotoxicity of 166Ho on SNU-5
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9. Cytotoxicity of 166Ho and 5-FU on SNU 5 Cotreatment
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10. Cytotoxicity of 166Ho on KATO III Cell line
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zl^ 11. Cytotoxicity of 166Ho and CDDP on KATO III Cell line cotreatment
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12. Cytotoxicity of 166Ho and 5-FU on KATO III Cell line cotreatment
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13. Cytotoxicity of 166Ho on HS 746T Cell line



-T- substratum'll attached #®]3. cell to substratum attachment

7} radionucleotide 4-# #4"®! 4 ^15. a}1® 4 #8- 4 ii ^ A# a}-

#44 4 #4 %A #4# ##4 Cl 7)3, 4?# ##4 7>W 

s. a}s#4.

#. 166Ho4 41S.## 4 7]-# 4 # colony forming assay1® 4

MTT assay1® °1 41### ^7H 7}#- -§-4# uj-i® o] 14 166h04 41# 

###7H #### ## d #48: #4#4 166HoS1 #a^ ^7>2l ###

7l#ir ####4#4 166Ho ## ## cisplatin 4*41 #4

colony forming #48- #### Si1® 8: ir4#4c}. Colony SI ### ^ 

7}f>}7)*\) 4## ##8: ^4#7l#S}4 SKOV-3 cell line# SW 626 cell 

line-8- °1 4 ## ##3. plating#4 colony counter7> 4^1# ^ 4# 

colony size-8: 4## =r 4# incubation time, plating 4l##4 Si #4 

colony e# #7117} ol®l## plating 41### ###%#.

1) SW626 cell line

lxlO3 - lxlO4 41## 6 well plate6)! plating#4 20 4# 4 4=#4 

colony size7> 200 um 4 #4 colony (Arteck colony counter# colony #4 

##4 7}?# size 4)# ###48-

No.of plating cells No of colony (n - 3)
lxlO3 36
2xl03 71
3xlOd 85

M
1

i—
* °c 101

lxlO4 98 *

* large colony formed in the middle of culture dish



2) SKOV-3 cell line

lxlO3 - lxlO4 43# 6 well plate6!] plating®}6] 7 ## 4 4®}4 

colony size7} 200 um °]^'7l colony (Arteck colony counters colony #4 

7}## size °J)# ^44##

No.of plating cells No of colony (n = 3)
lxlO3 34
2xl03 53
3xl03 56*
SxlO3 70*
lxlO4 74*

* large colony formed in the middle of culture dish

-f- 4 3# 4 4 1 - 2xl03 cell4- plating®}## 4 plating cell number 4 

colony5] #7} u]gj]5}33, 4## plating 43## 2 x 103SS 4 

to#4. SW626 43% 20 to 44, SKOV-3 43% 7 to % 

°] Arteck colony counters #4 7}#f} colony size# S 4 ®}# 7]

to®}##.

3) Colony forming assay'S# 4#4 166Ho, cisplatinS] 4# ## ^-§- 

t]5]4 to 4&4^ &4 ^4

SKOV-3 cell line 2xl03 43# plating ## 1 to 44®M 434 

44# #35}31 166Ho 0.3 uCi/ml, luCi/ml, 3 uCi/ml, 10 uCi/ml, 30 uCi/ml 

4 cisplatin 0.1 ug/ml, 0.3 ug/ml, 1 ug/ml, 3 ug/ml &] 4# ## ^0# 4^] 

## colony forming 43# a] 35}# 4.

57



^CQDP
H0-166^\

0 ug/ml 0.1 ug/ml 0.3 ug/ml 1 ug/ml 3 ug/ml

0 uCi/ml 29 19 12 4 1

0.3 uCi/ml 25 20 13.5 3 3

1 uCi/ml 23 14 18 7 2

3 uCi/ml 19 18 9.5 6 1

10 uCi/ml * 12.5 10.5 4.5 1

30 uCi/ml 14 12 10 5 2

* failed due to contamination.

** 5 *H4 well 4] 4 colony! merging0] H4 44 811 colony number

4 *%AA 41# 85# 1^54]*1 441$#.

Colony forming assay ^ 4] 41 cisplatin! 454-$ 21# dose 

dependency# 5 $21 166Ho4 454$24# 1441 $144 444 1 

41 17}# 41 *11 111 !W4] $14. colony size?} # 1# 451# 

colony4 merging 14 1 *H4 colonyS. H 4# It7} $$2 Si 4-f- 

#4 colony*} 41 "8-714 #14] 4114 (suspended cell0] 5H*1 141 

4144 5#$4] 4# vortex 2.4 45-4] 418-7] 4 centers. 45.7} 2 

1) colony4 merging# #*}4y]2S 4412.$}# 41^414# soft agar

5 single 4554 44 2$# 4512 $14. SW626 cell Iine4]?l5 

166Ho, cisplatin 4# 41 18*4 454$21# 111441 11# 54 

14,24 colony size*} 1°} Arteck colony counter41*1 H°1 #*}#14

4114 11 #41 $14.

4. 166Ho, cisplatin 4# 4# 18- 414] 41 45 114 *11 15 

166Ho 5# cisplatin41 41 45 11 *11# 1514 44] 5*11 4
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&A}^&4-4 #5# 45 M 4 4## 2.447)444 4# 44# *# 

% 5 AS 7)tfl4# DNA fragmentation# #5444. 166Ho, cisplatin 4 4

4 DNA#4# 4447)444 SKOV-3 cell, SW626 cell# 12mm cover 

Slip 44 1 44 44=44 4554# 44# 166Ho(0, 3, 30 uCi/ml), 

cisplatin(0.1 ug/ml, 1 ug/ml), 444 4 ## 166Ho(3 uCi/ml) + cisplatin(0.1 

ug/ml)4 5*44# 6 44, 16 44, 48 44 #4 95% ethyl alcohols. A 

54# Apop-Tag 44AS. 4444 DNA fragmentation 55# #544 

4.

166Ho4 4 ## cisplatin 44# 6 4 4# 44 4 Apop-Tag AS 444 4 

5#7} #4 54a 16 4 4#4 maxium4 5#%A4 48 44#44 44 

44 457} 44 45#4AS 544#7}44%A, Apop-Tag4 =8444 

454=7} 4%4. 48 44 54# 5)54 5# DNA #44 #44

44 44#%# 4AS a}5.#%4. ^2)es 44 cisplatin# 166Ho4 4 

#444 44 45. 3l4* 47)44)4# 4# 44# DNA#44 5A54 

444 DNA #44 554 4# 444 4 #4# *# 44 &445 4A

5 a}s.s) 4 4 #4 4# #4 #4# colony forming assay, Apop-Tag 4

4 #4 MAS 44# 4444.

166Ho44 ## cisplatin 44 1644 #4 a55 5)54 Apop-Tag 4 

4 544 444 cisplatin 1 ug/ml(panel c), 166Ho 30 uCi/mKpanel e) 44 

* 5)544 90 % 45-4 5157} Apop-Tag AS %#4%4. U5 14) A 

44 4 #54 1/105) 4154# 0.1 ug/ml cisplatin (panel b)4 3 uCi/ml 

166Ho(panel d) 444M# 44 4)##4 5)57} Apop-Tag AS 4444# 

%4. a44 0.1 ug/ml cisplatin 4 3 uCi/ml 166Ho4 5# 444 5# 80 

% 45-4 Ail57} Apop-TagAS 4#4%4. 4 54# 96 454 4# 5 

45)A) 4#4 cisplatin4 I66Ho4 4 #54 5#4 5)5a}^4 synergistic# 

54# MTT 54* 44*# 4# 543.4 cisplatin4 166Ho4 5)



Apop-Tag Staining of SKOV-3 cell line at 16 hr treatment of 166-Ho or/and CDDP 

a) control, b) CDDP: 0.1 ug/ml, c) CDDP: 1 ug/ml d) 166-Ho: 3 uCi/ml 

e) 166-Ho: 30 uCi/ml, f, g) CDDP: 0.1 ug/ml + 166-Ho: 3 uCi/ml 

Magnification: a-f ):100X. g): 200X

HifJ 14. Apop-Tag Staining of SKOV-3 cell line at 16 hr treatment of 

166Ho or/and CDDP



54"ll3L4# apoptosis 4 44 5 %] "e 4 7] 4##. 4 45i|-4 -E-#

p-53 #444 #4 $47} 4. .5-5.5 cisplating 166Ho4 4 $ apoptosis# 

p-53 independent pathways. $s3 $ S #444.

2 . 3g7>

1) ##$-#

166Ho-CHIC07} #-(cavity)4 4 #444$ '94] #4 (intracavitary fluid) 

4^14 4$4 ^44jl zl ^ $## M$ 5$ 4 44 4#$4.

#4#44 4-#44$# 166Ho-CHIC04 44$ 5$ 4 #1-44$# 

166Ho-CHICO 4 44 4444 444 ##4 444-5.5. 44 #4 4 44 

4 44 #54- 44$5$444 444 $ #5# 444 44# #57} 

44.

soft tissue44 44 444 444 44 444- Monte Carlo 44# 4 

4# EGS44) code# 444$4- EGS4-PRESTA version# electron4 # 

#4447} 10 keV 44s., photon4 4447} 1 keV 44s 4si 444 

-L 4# # 444 44 #4# f44^444. 10 keV 4 ##444#

4# electron^ soft tissue 4444 range# 2.6 ym^-5.4 °1 #, 45.44 

4 544444 444 444### #4 4# 4 #&$ 37}44.

■ 5#

#444 44# ##44 7}7]#4444(magnetic resonance imaging)

4 44 #44. 4 $$$4444 #4 $44 #4# 4##s$ 44# 

#44. 5#, 4- ##44-44 #4 #$44# #44$5$4

- fii —



444 4"$14. M44 44V# 4444 44# 4#44 44
MV M-t #442 3 o}v) M 4^4 #42.5.4 ^sfl

44. M4 ^44 t-MV V M&44 4444$%V MV# #4 

4 MV2.S44 M44 4444$IV MV# 4 #2.5.4 #444. 

44&44 mv# MS44 W4& 4V4 mx44 mv 

4444.

4## 4V4 4 #4 4444 2-## 3^ 15 4 m. 444 54lr

44 V M4 cyst # 7}#t|. MaM 442-S.aI ##MI4 M4 

44 V4&4# #4 4$ 4. 166Ho-CHICO# M444 44 ^44^1 5 

444 M4V 42.5. 7M444. M44 44 MV 44 4^4 V 

43L44 4# MV 44S4 44 4 1 mm ^44 44444 Mid 

4144 ##4^# 444$4. 4 4# 45.4 166Ho-CHIC04 V4&44 

44 iftl 4 #44 444 ^ M MV ^°JI1 44 444 4 

44 #M## 444 4 $14.
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1 mm

-► Radius (mm)

Cyst Wall

a# 15. Geometrical model for calculating dose to the cyst wall.

■ 4441 314#

4441 #4#4 ## ^44# 4 4" (ascites) 4 414# "“Tc# 44"4 ^ 

4# 4 #4 44"# 4444 44# #£# 444a &7] ^44 #4? 
4 4s4».5.4 a ^14# 44# 4" 44. 414# #a &# 44"41 441, 

166Ho# 4 444 44" sampled 166Ho #44 #51# 444# 4

4"4H 4444 ## ?114# 4" #a &44 44# 4 166Ho 44 U1

s#a_5*| 44 4#4 ###44# 166Ho 444# 44# 4" 44. 4# 

4 44# (areal activity density)# 44 414444 standard value

# °1##4 #14# 4"4 4.
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314:1 4441 4-0-# 4 444 2.14 a! 16 4 44. 314^1 41#

44fKsemi-infinite) 44 114 ^4 44 47<4fil 11#

7}4414. 4444 112-5>1 4444^44 413E41 4!!%4.

166Ho-CHIC04 444 #441 M44 5444 #$4# 312-5. 41 

444. 444 44 W? 44 4^4 41&11 44 44? 44^4 

44 4 10 z/m 4^114 44444 444 444 -S-4=#:e# 44444. 

4 44 4&4 166Ho-CHIC04 44&4444 441-4 4444 444 

^1 44=41 44? #141 44 444 444 44=444- 71144 4=4 

4.

10 mm-thick 
target plane

peritoneal
fluid

peritoneal
wall

peritoneal
surface

target
depth

16. Geometrical model for calculating dose to the peritoneal wall.
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2) y-7 44 ^ £4

4444 44:4 4 $1# 16^o-CHIC0444 #44 444c 444 1- 

=r44c 5 2-44 4#44$14. # 10 mCi4 166Ho-CI-IIC04 444 4" 

4 1 cm, 2 cm, 3 cm4 44 44 5444 #54444-3 ?M444. 

44 1 mm444 a44444 444 4444 44 4 mm444 44c 

ZL 3.7)7} 5% 445. 4^4 4 &-8-# 4- #$U4-. 44 4 mm 444 54

444 &#4c #444# 100%5 £%# 4#4 1 mm#44 5444 

4 ##4c 444 3.7]-c- 1 mm, 2 mm, 3 mm, 4 mm 4444 44" 4 

60%, 15%, 10%, 5%£ M-4-44.

5 2. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

1 cm-dia. cyst when 10 mCi of 166Ho is uniformly distributed in the 

cystic fluid.

target depth 
(mm)

absorbed dose
(Gy)

relative dose cummulative energy
absorption

1.0 1283. (2.63%)= 100. 58.7
2.0 407.6 (1.62%) 31.8 84.8
3.0 132.2 (3.38%) 10.3 96.0
4.0 36.70 (5.10%) 2.86 100.

a. percent fractional standard deviation
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5. 3. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

3 cm-dia. cyst when 10 mCi of 166Ho is uniformly distributed in the 

cystic fluid.

target depth 
(mm)

absorbed dose
(Gy)

relative dose cummulative energy 
absorption

1.0 141.4 (1.92%)" 100. 61.2
2.0 48.09 (4.64%) 34.0 86.1
3.0 16.64 (3.54%) 11.8 96.2
4.0 5.259 (5.88%) 3.72 100.

a. percent fractional standard deviation

5. 4. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

3 cm-dia. cyst when 10 mCi of 166Ho is uniformly distributed in the 

cystic fluid.

target depth 
(mm)

absorbed dose
(Gy)

relative dose cummulative energy 
absorption

1.0 40.00 (4.58%)" 100. 60.5
2.0 14.96 (4.09%) 37.4 86.2
3.0 5.315 (4.72%) 13.3 96.4
4.0 1.660 (11.2%) 4.15 100.

a. percent fractional standard deviation

3## 44## #3 166Ho-CHICO##sH 4## #4#^ 44# 

4^443 3. 5-741 ######-. # 10 mCi# 166Ho-CHICO# #4#

44 1 cm, 2 cm, 3 cm# fSI 4# 3#41 5#441 33##44ai.

4#4. 4# 1 mm#41# 3441414# 4441 #44# 4# 4 mm4H
# 443 zl 3.7)7} 5% #4& 4dhsl##33 4 4#4. 4# 4 mm 4

— 66—



*13 S3 *1143 #^3^ #43*1# 100%3. Mi* 34-4 1 mm¥43 

34443 #4=4^ 43*1 -3-7]" l mm, 2 mm, 3 mm, 4 mm 51343

44 4 60%, 15%, 10%, 5%a. 3444.

5. 5. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

1 cm-dia. cyst when 10 mCi of 166Ho is uniformly bound to the cyst 

wall surface.

target depth 
(mm)

absorbed dose
(Gy)

relative dose cummulative energy
absorption

1.0 4967. (1.74%)= 100. 59.4
2.0 1421. (3.90%) 28.6 83.1
3.0 523.8 (2.59%) 10.5 94.7
4.0 184.1 (2.19%) 3.71 100.

a. percent fractional standard deviation

3£ 6. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

2 cm-dia. cyst when 10 mCi of 166Ho is uniformly bound to the cyst 

wall surface.

target depth 
(mm)

absorbed dose
(Gy)

relative dose cummulative energy 
absorption

1.0 1317. (.990%)= 100. 62.8
2.0 393.0 (2.38%) 29.8 85.3
3.0 151.9 (4.51%) 11.5 95.5
4.0 56.83 (6.67%) 4.31 100.

a. percent fractional standard deviation
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5 7. Absorbed dose to a 1 mm-thick cyst wall at a varying depth for a 

3 cm-dia. cyst when 10 mCi of 166Ho is uniformly bound to the cyst 

wall surface.

target depth 
(mm)

absorbed dose 
(Gy)

relative dose cummulative energy 
absorption

1.0 601.7 (.685%)= 100. 63.4
2.0 188.7 (2.39%) 31.3 85.9
3.0 73.87 (2.17%) 13.0 95.8
4.0 27.80 (3.25%) 4.62 100.

a. percent fractional standard deviation

166ho-chico *4#4 2714 *4544 44444* 166h0-chico 

*4*4 3.71# 44 4M 4324 4 425. 4444# 3#4 44 1 cm, 

2 cm, 3 cm 444 444 #444 4 #4 5 84 94 7]#4444. 1 

mCi/ml4 44# 44 424 0.1 mCi/cm24 44# 4 427)- 33)444. 

#44 #4 44# 44 42 4 4 42# 4# 27)4 4 2##4 44 

4 4*4 244 -f*4## #24# 4 *44.

44 4 #4 44i ^Ho-CHICO# 4 #4 441 *44 2# 4-8-4 4 

4442*4 166Ho-CHIC04 *454 44#4 98.1% 2 4444. (4 

444 CT 44* 166Ho-CHIC04 44*24 *#SM 44*4 2 ^3.7} 

4444 4## 24*44.) 98.1%4 166Ho-CHICO 44 54 44## 

4* #444 3*42 4## *44* 4^44 3 cm 444 44 10 

rnCi4 166Ho-CHIC04 *44 4*# 2444244. 4 4*^1 4444 

27) 44# 414 42* 0.0134 mCi/ml4 2 44 544 27) 44# 4 

42# 1.388 mCi/cm2 4 4. 5 8 4 94 *2# 4*44 444 #*4* 

44# 4444, 1 mm, 2 mm, 3 mm, 4 mm 4.44 *44 *444 44 

* 44 0.759 Gy, 0.283 Gy, 0.101 Gy, 0.0314 Gy4 4## *4 544 4



5# 44 2361 Gy, 740 Gy, 290 Gy, 109 Gy4 45# 4=4 #4

166Ho-CHIC04 44 5.4 4# 444 2^4 4 4444 445

4 4544# 4-7-4, 3 cm 444 #444 #44 10 mCi4

166Ho-CHIC04 4# 444 444 ##45# 1 mm, 2 mm, 3 mm, 4 

mm4 5444 44 40.06 Gy, 14.96 Gy, 7.513 Gy, 1.660 GyS. 47}44. 

98.1%4 166Ho-CHICO 44 54 44#4 445 #444 4&4 4^4 

5&# 4, 166Ho-CHIC04 44 54 44 #44 ^444 444 #4

44 454 4= 98%4 45445 M# # 71## 4 # 45.

5 8. Absorbed dose (Gy) to a 1 mm-thick cyat wall at a varying depth 

for 1 mCi/ml of 166Ho uniformly distributed in the cystic fluid.

target depth 
(mm)

1 cm-dia. 2 cm-dia. 3 cm-dia.

1.0 67.18 (2.63%)" 59.24 (1.92%) 56.64 (4.58%)
2.0 21.34 (1.62%) 20.14 (4.64%) 21.15 (4.09%)
3.0 6.923 (3.38%) 6.968 (3.54%) 7.513 (4.72%)
4.0 1.920 (5.10%) 2.202 (5.88%) 2.347 (112%)

a. percent fractional standard deviation
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3. 9. Absorbed dose (Gy) to a 1 mm-thick cyat wall at a varying depth 

for 0.1 mCi/cm2 of 166Ho uniformly bound to the cyst wall surface.

target depth 
(mm)

1 cm-dia. 2 cm-dia. 3 cm-dia.

1.0 156.1 (1.74%)" 165.5 (.990%) 170.1 (.685%)
2.0 44.63 (3.90%) 49.39 (2.38%) 53.33 (2.39%)
3.0 16.45 (2.59%) 19.09 (4.51%) 20.89 (2.17%)
4.0 5.785 (2.199-6) 7.139 (6.77%) 7.860 (3.25%)

a. percent fractional standard deviation

■47<hfl 444

44=4] 445]4$1^ 166Ho-CHIC04]4*1] 444 4#44 4-44 44 

44=4 5. 10-114] 7] s-s] 4 a14. 1 n Ci/cm24 areal activity density3.

166Ho-CHICO»] 44 344] 5444] M4 4441 444 4-44 

4444=4 0 mm, 1 mm, 2 mm, 3mm, 4mm2] ^°]414 44 80.8 Gy, 

3.91 Gy, 1.09 Gy, .329 Gy, .0939 Gy 4 4. 0.1 m Ci/ml4 volume activity

density3 166Ho-CHIC04 444] 54441 435] 4 $14 444] 444 uj- 

44 44444 0 mm, 1 mm, 2 mm, 3mm, 4mm5] 4 °14] 4 44 7.40 

Gy, 1.46 Gy, .658 Gy, .252 Gy, .0855 Gy44. 44 344] 4 5] 44444] 

44 4 mm 444144 444 44=444 3L7]-c-, surface source 4 ^4 

41 4= 0.1%, volume source4 ^044] 4= 1%3 434^4.
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5. 10. Absorbed dose (Gy) to a 10 //m-thick peritoneal wall at a varying 

depth for 1 n Ci/cm2 of 166Ho uniformly distributed over the 

peritoneal wall surface.

target depth
(mm)

absorbed dose
(Gy)

relative
absorbed dose3

0.0 80.8 (6.10%)" 100.
1.0 3.91 (5.99%) 4.84
2.0 1.09 (5.31%) 1.35
3.0 .329 (6.38%) .408
4.0 .0939 (7.25%) .116

a. dose value relative to that at the peritoneal surface

b. percent fractional standard deviation

5. 11. Absorbed dose (Gy) to a 10 // m-thick peritoneal wall at a varying 

depth for 0.1 juCi/ml of 166Ho uniformly distributed in the peritoneal 

fluid.

target depth
(mm)

absorbed dose
(Gy)

relative
absorbed dose3

0.0 7.40 (8.24%)" 100.
1.0 1.46 (6.56%) 19.7
2.0 .658 (6.09%) 8.89
3.0 .252 (5.57%) 3.40
4.0 .0855 (3.13%) 1.16

a. dose value relative to that at the peritoneal surface

b. percent fractional standard deviation



5. 12. Absorbed dose (Gy) to a 10 n m-thick peritoneal wall at a varying 

depth for 1.3 ^Ci/cm2 of 166Ho surface source and 0.1 fi Ci/ml of 

166Ho volume source.

target depth 
(mm)

surface source
(Gy)

volume source
(Gy)

total absorbed dose
(Gy)

0.0 105. 17.8 123.
1.0 5.08 3.50 8.59
2.0 1.42 1.58 3.00
3.0 .428 .605 1.03
4.0 .122 .205 .327

Fischer rati- 444 44 54- 4^55#^ 4= 93.2~95.6%4

166Ho-CHICO 44 4## 4 444 #

4414544 1.3 nCi/cm24 166Ho-CHICO 44 OT#4 ^H44 444 4 

4 44* 44 2.4 0.1 /i Ci/ml4 166Ho-CHICG 44 W#* 4444. 

4 4# 444 4-44 #444# a 124 4444. #4 44

4 ir4 44 544M14# 44444 4444 surface source4 4444 

444, 44 54414 444 443°M4 volume source4 #4444 tfl 

4 444 4457} #7}## 4 444.

3. 45# 44-41 44 45.

44# 5711 3445 444 4^4%#4 #4, OVCAR-3,
SK-OV-34 #* 45# 454# 4#44 MTT assay# 4*144 
166Ho-CHIC04 4544 ^ Cisplatin44 ^-§-#44 44 ##445 ## 
4# ICR 445# 4444 166Ho-CHIC04 4# 4## 4^444. #41, 
44 4-7} #A}7l#Tg-& 444 166Ho-Chitosan4 445 444 41
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4 #3144# #^14-454, ###44 47}# #4484^ #4#

#54 #4 5^# 445544 # 143] 4 1# 166Ho-Chitosani- #4 #3. 
cisplatin # ##4##5^ -& # 8<§#55# 44&4 ^ ^f 4-§-, ##44#

##444.

1) 166Holmium4 #5 ##6I] ## in vitro 9 4
: MTT assay# 44# #5# #5^4 4 166Ho4 #5 4# 54 4 

cisplatin ^#4 54

OVCAR-3 454 3-Ml 1-30 uCi 166Ho dose dependent fashion# 45 

## 54# 4# # 4 $1$14. ^#4 SK-OV-3 454 If cisplatin4 

#4 #-§- 444 166Ho4 45 ##544 44# 444 4#4$}3i #4 

445 4 52.^5 cisplatin6!]# synergistic pattern# 45 445.44 44 

4 444 $14. cisplatin4 166Ho4 44 #44 4# 166Ho 4 54# 5.44 

44# l7}4# 444# 166Ho4 #44, f#4 #4# ####54 4# 

454# 547} 444$15# #-§-4 4# 454#4 4^54^ 4## 

t1 M4. 4 #44 454-4 If 166Ho4 cisplatin# ##4 ###4# 

555 4-c- #44 cisplatin4# 4 4# #454# 714# 4 $14 4# 

#4#45# #4 ### #5 regimen# ##4 #44 7]545

7> 1 #44. 544 #444 4544 14s $114714# 4 #5

f4 4<q# 415 #4£4# #44 17}# ^ 4# HTCA#ss 44# 

#2.7} 445 #544.

2) 166Ho-Chitosan ####: #44# #44454# ## 

: Conventional ICR mice# 4## in vivo test
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4#94 4 1049 2.5mg/Kg/10ml in D/W442 44 &4# #944

$3.499 4##

3) 99 99 944 #1H# *]## 166Ho-Chitosan4 992 494 949

4449

4# 44 94449# *]## 166Ho-CHIC09 9#2 444 94 4 

4494 4949 soluble ^ macroaggregated 166Ho-CHIC09 C57 mice

444 94 4 6 3 48444 44 44 444 #44 4494 2# 44 

4 444 449 244 42## 4 9 ##2, soluble form*]

macroaggregated form it 4 4 a.# 92# 2#4. 24 9 544 94#

macroaggregated 166Ho-Chitosan9 92# 4 4 49 #94 4444 4 

99 92# 24 radiolysis #4 44 944 4# 444 99# 4444 

4.

4) 994444

444 944 166Ho-Chitosan*ll 4# 944 99 94# #4444 
computer# *]## 2-494# 4444,44, 4441 44 2.#3. brain 
tumor cyst6)] 99# 996il cyst 9# 244 9994# 444#4- °] 
49# 242 444 3.7)# 71-9 9# cyst6)] #44 99 444 999 
99 o]149

Brain cystic tumor6)] 4# 24 7)14# 494 994166Ho-Chitosan°)]

4# 49 4 9994 942 4 44 429 4# 9949 W6)] 44 

#M 42# 4944, 494 2# 7H94 9 243.7]- 44.



Target Depth 
(mm)

Source in the cyst Source on the cyst
1 cm D 2 cm D 1 cm D 2 cm D

0.5 3.30(±2.6%) 0.365(±1.9%) 12.8(±1.7%) 3.40( ±0.99%)
1.5 1.05(± 1.6%) 0.124(±4.6P^) 3.66(±3.9%) 1.01(±249^)
2.5 0.341(±3.4%) 0.043(±3.5%) 1.35(±2.6%) 0.392(±4.5%)
3.5 0.094(±5.1) 0.014(± 5.9%) 0.474(±229^) 0.147(±6.7%)

5) #2# $144 444#

444 #2# #4 544 444 166Ho-Chitosan 444 44 9<

cisplatin based chemotherapy 44 -S-4-i: 4 142) 44444.

(1) 44 44444 44 4#

4444 #44 44# 4 #4 45.4*44 ### 44* 4#4s4 #4 

#4 #4 &# #4, 4## #24 #4, 444 4# 24444 #24 

4 44444 -8-4# 444", 4#4 444* #4 4 444 44A# 44 

444# #44 44451 f44# #4# 4 4 AS 444.

(2) 4444 444# ^ 444#

A. 4#44 444#

a. 24#4AS. #4# 444 4# 444 #2#, ##4 4 ##44 

4# #4 # 184 44- 704 444 44

b. 44 444 44 # ##44 ### 4#

c. 4# 294 4# ^ 44 44A#, SS4 A#, #4A# 44 44

44 &# 44



a. a g #4 444 #4# #

e. ## 71^0] #44 #4
f. 4)# ^ ^17l^oll 444 #-f
g. #4 4# ####4 (ECOG performance status) 0-2# ^-r

h. # #4 4# 4 443. #4# 14#2 #444 44#

B. 4 # 4-4 444#

a. 444 4 3.7]- #7}4#42 4&4 # 4# 4-44 4# 4 -9-
4-7144 4# ##4 44 444 4&* 48SS4 #-9-

b. #4 444 4-9-

c. 4e 544 4# #44 #23. 4&#4# ##4 44 4-9-

d. 4# 4-4 #4 #7}## 44 4#4 4# 4f

e. 4444 #44# #4 4# 44& 4« ###4# 4-9-

(3) 4444 #4

A. #4-4 44 3 4# 44

44 # 4-714 # 44 4#4 444 44-2 a>s4# #4# 4# 4 
44 4#4 4# ##& 444 44#2 #4^1# 44# f ## 44 
# 4#4 4A}# 4*34^4. 2.E. #x># 4& 4 CBC, #444a}, 

BUN/creatinine, 44 X-ray a} 4 #4 ##44 4Af) CA-125, CA 19-9, 

CEA44 ##=&###A}# a] CT, MRI, USG44 #44 24#

%q#423. ### # ## x-ray4A}# #^4 44 4*34^4.

B. 4^4 71)4#

dl #44## Ai*34713. 44# #4# #4 #444#4A1 #4# 7}
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#44 5| 7) 4# ## #dh ##(cytoreductive surgery)#- A1 54-4.3, ## 

# holmium# #5-45. #4 471 44 peritoneal cathter# Bard Port 

Titanium Implanted Port (Bard Access System, 5425 West Amelia Earhart 

DriveSalt Lake City, Utah, USA)# #4#51#.

C. Holmium #4## 45# 4# 4# 4 #4 54 ^ ## 54

## # 7 - 14# 54 # #44711 444 44 ##4 5##

"“Tc-sulfur colloid# 545 #444 gamma cameras. #44 #31# 4

44 # 44 4# 44# 4444 #3# 454-5.5.4 44^ #4# 4 

5 4$ 4. 44 ##4 44 444 444444 4# 447} #7}#4 5 

44# peritoneal catheter# #44 1-2 liter# 4 s] 45## #443 

2mCi/liter# "“Tc-sulfur colloid# #44 4 #44# 4 #44 4#44# 

4 #43. ### #5435.4 45-4 #4# #543 gamma cameras. 

45.# 44454.

D. 444 166Ho-CHICO #4

#4 45-44 #44 4444 4^44 #4443 4s. s)# 20

mCi/literS ## 4444 166Ho-CHICO# #443, 50 - 100ml4 #4 

4 44#s. port## 4144^4. 4# ### 4# 4444 s. 44443 

44-# 4-##45. 30#4 4# #444 #3S4 ##4 166Ho-CHICO # 

#4 #443 #5-4 4 544 #343# 444. M444 544 # 

4 # #4334 5-45 #14 4## 44 444 4544, 45-5-4 4 

45# 444 44 4 #54 444 $44 4 cycled## #4 #344 

4 41 44 S4# 4444 4# 444 4# #545514. 166Ho-CHICO 

#44 444# #J5 ^ 34 #44 44# 444 0 hour, 4 hour, 8 

hour6)! ondansetron# 1 ample 4 #445514.



F. "%Ho-CHICO 9-4 #71-

11 20 mCi/literS] 4 53 344 4 4 4 44 24 4 #4 4 grade 3 44" 

4 45.7} 1-7}# 4 9-44-4 44=14 ^31, 10mCi/liter4 4-4# #4 

4 4-453. #7}414. 4-44 144 44# 14 6 cycle 4 1# 4-45

3 9-444, 9-4 #4 4414 cumulative effect4 44 9-44-4 4#4

11444.

(4) 4444 14

144 1^# 31444 654144 154, 1344 44#

3# FIGO 37] 14. 3444 -rr^)# immature teratoma 14 mucinous 

epitherlial cancer 24, malignant sex cord tumor 14, clear cell carcinoma 

1414. 54 39- 4#4 4# 444 1514154, 2-33)4 4# 4 4 

44 44-445^ir 4*Jll3 If44 14 4#4 431153# 71)4

4 447} 44 1# 4414(5. 13).
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5. 13. Patient Profiles with Intraperitoneal 166 Ho-CHICO Administration

Case 1 Case 2 Case 3 Case 4 Case 5
Age 31 51 40 65 52

Initial IIIc IIIc IIIc IIIc IIIc
FIGO stage 

Pathologic type Immature Mucinous Malignant Mucinous Clear cell
teratoma cancer sex cord cancer carcinoma

Previous
tumor

Surgery X 2 Surgery X 2 Surgery X 2 Surgery X 3 Surgery X 3
treatment ChemoTx1 ChemoTx4 ChemoTx5 ChemoTx6 ChemoTx7

Disease status

RadioTx2
ChemoTx3
Recurrent Persistent Persistent Persistent Recurrent

Residual mass > 4 cm > 4 cm > 4 cm > 4 cm > 4 cm

1. BEP(bleomycin, VP-16, Cisplatin) 7 cycle, 2. Open field technique, 3. VACXvincristine, 

adriamycin, cyclophosphamide) 1 cycle, 4. CAC(cyclophosphamide, adriamycin, carboplatin) 

3 cycle, Et-P(etoposide, cisplatin) 3 cycle, Et-I(etoposide, ifosfamide) 3 cycle, 5. CAP 6 

cycle, Carboplatin 3 cycle, CCXcyclophosphamide, carboplatin) 1 cycle, 6 CAP 6 cycle, 

TP(taxol, cisplatin) 2 cycle, 7. Melphalan 6 cycle, CP(cyclophosphamide, cisplatin) 8 

cycle, TP 1 cycle

444) 166Ho-CHICO ^4# 534 #46M 2# 14# 4#4^#4) n

DM## a 144 #4. 53 # 44)44 4"r #44 #£# #44 #4 

44 #44 4^444 -8-4441 4# 4 4444 ### iLM4, 4# 

3##4 #4 1444# ##&4 27fl# 4 444^4. 44 344 

#44 44 4 27H1 45.4 434D24, 244 #444# 44 ##& 

4 166Ho-CHICO 44# 44 1444 6444 444^4,

#4 # 40 mCi44 ?44z $14(a 14). 166Ho-CHICO #4 # 444# 

#4### WHO classification6!) 4# grade 1-444 #44^1—4, °lf 1 

444 grade 44 #4* ##442, 444 geade 34 #1, 2## M
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^o) 44 141], 34] si43OT(a: 15).

S. 14. Clinical Effects after Holmium Application

Case 1 Case 2 Case 3 Case 4 Case 5
Ascites tapping 3/weeks ascites(+) 2/weeks ascites(+) small
before Ho serotic fluid but not done serotic fluid but not done localized

due to due to cyst in
viscosity viscosity gastro- colic

ligament
No. of injection 1 cyclel 4 cycles 2 cycles 6 cycles 1 cycle
Dosage 40 40, 40, 35, 35, 35 25, 30, 30, 7
(mCi/Total) 30 35, 35, 30
Combined None Cisplatin + Cisplatin Carboplatin None
chemotherapy Cytoxan
Disease status No change Marked Marked Liquefied & Decreased
after last 166Ho Death after decreased decreased decreased speed in
-CHICO 2 months ascites, ascites, ascites, collecting

later Death 3 Death 2 Stable fluid, Stable
months later months disease disease

later status status

3. 15. Toxicity Evaluation(WHOClassification; total 14 cycles)

Grade 1 Grade 2 Grade 3 Grade 4
Abdominal pain 4 4 - -

Nausea/Vomiting 6 - - -

Diarrhea 3 3 - 1
Fever - 2 - -

Anemia 1 5 1 -

Leucopenia 1 3 1 -

Dyspnea - 1 - -

Allergic reaction 1 - - -
Proteinuria 1 - - -
Hematuria 3 - - -

Peripheral

neuropathy

3
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4. 41 #, 4341 44 4&

443 494 44 ^-4493 ^1143493 444. 444*94 44" 

71- ^4^33 43^1* %4 1344 43433 9*494 14 4-443., 

7114: 4444 49134, 443 4^33 '^Ho-CinCQ 7} ^44 44^4

3 4: 44494 497} 3444 44 4434 44:4 447} 44 44
4 24 444 44 444 4 44 444 44 444. 14 4-4 3444 

944* *4 4:4*47}, 4#44 ( CBC), 334*47}# 434434 
4334 §1914. 49 94 49 38^ C334 <@4 49*3: 91914.

5. 3*3 4## 4&

1) 919- 3^

"%Ho-CHICO# 4444 834 44 4*3 #7}# 4s.s}#4. 4 * 4 
39 4344 43-3-4 444 4*3 #44%3, 41 34 44:4 334 
2#, 4 34 4*4 343 3&*. 4 34 9;H49*4914. 4 3*47^ 

#3= 34 94* 3 mm 44 33 9*4 447} 444 314 344 914

4- 445. 444 3444 494 434 7}44 444 44 #4# 413

33. 444 (a 16).
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5. 16. #4 A4 ^ 4M4

#4
4#

4#/
44

488 #48# 8
#4(mCi)

#8 #4 (ml)

43.8 43#

88 #4 (mm)

43.3. 4&#

1 8766 444 48 15, 15, 15 6.3 2.7 3 2

2 4/39 43## 15, 15 24 24 3 3

3 8763 444 318 15, 20 16.8 6.2 1 2

4 4/34 444## 10 60 2 1 1

5 4/26 444## 10 47.4 10.6 1 2

6 8-/14 #7H8## 20, 15 10.7 16.1 3 3

7 8/26 444## 20 47 53.5 3 1

8 4/49 848 #48 20, 5 14.3 0 2 1

#7l| tfl 4#4 4# #4 #4 a #8# 444 e}a. 344 <y 7>

#3 41 4*7] 8 44 #p18 4 x-] h| (Ommaya reservoir, Baxter Healthcare 

Corporation, Deerfield, IL 60015. USA )# 4#388. 444# 8

48 ##3. ^44-8#-4, 5484 434 4# 444 ^

7]4 #44 #4 44# 44884. 84 #84 # 7|)8 4# 7i#4-3

# 7fl s#4 £4-4= 47141- 4)4484. 84 5.44 444# 844 #

44#4-# #44 #4#7)5# #8484. 444 4#4 4:4-44# 4

4 4484 & (whole brain radiation therapy, 3,000 rad)# 4 494 # 44 

#444 #4#4a# #8484. #4#4a# #844 484 4# # 

4# #44a s #44a7i 4443 7l#4i 4444 448 a841 1 

cc# 44 #44 4444 #44 # CT 4# MRI# 4*5484.
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14-1 a# 11 1144# 7}1 44 34 4 mm 41

<414 2,500 rad7> 4 a# 2.4444 44 #444a #4 44 11414 

(EGS4 code, Monte Carlo simulation). 44471a #1 4 #4154 45. 

4 444314 5E4 44511 a SPECT 447}3145 #1414. 45144 

444 CT 44 MRia 414.

2) 14 14

45.# 4#4 14| 4@ 14 44 #41 1414 #14 444 1441 

4 (5. 16). 4# 4 1 (#31 4, 8) 444 45. # 11 #14 44 &4% 

4 d! 17, 18). #31 74 14 #1 444# 444 44 (1#4 444 

25% 44 #71-444 ia4 14)7} §112-4 #14 #4 5:4-7} 44 
44 444 45.&4# al4 dl 19). #31 64 *311## 1444 # 

1444 #7}^#31 41-14 ## ^o] 4# 44 jl ^44 414 4147} 

4414 14s. #1 44 4444 14 11# al4a *#4a 444 

4 #&4 441 155 11414.

415114 84 5444 4t44 ^la #445 41 4 41 4&44 

*#4 414 1445a 4-4 4114-7} 4 #«|4 47} 44 112.4 

(#31 1) 44 1155 44411 024 20). 1#4 414- t!4 #411 

14 4 (#31 2, 4, 5, 6) # 1 3HH (#31 5) #415 41 4 414- 1

# 14 a#a?} «54 411 44- 41, #-* 4414 51 ## 5 

44 &&4.

41 4541 8 1# 7 141 #11 #1# 14 411 455:4-* 51 

54 1:5a ##4 144-1 #fMl 4# 4554-4 14 1#7RH1 44

# 1# * 441% 45#44 4441# #* 31 #11 1*7} #5# 4 
5a 4144.
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:i 17. 16(iHo CHICO r°wUI4 MRM ^







&& OOIHO 0Hqqi 02 g>r:

23



6. 4:1^ zrA\ 45-

131 1# 584 14-1:4-3- 19964 24 5L 4131441314 44 44
# #2 44## ^1 19964 34 4113 cm! #4=4 1

444, 44444 44444 14411H 45.-1 444 44444. 

2^ 214 CT314 ^.41 Hl^-! #44 %## 1^41 #1^7)-43| 

166Ho-Chitosan complex 10 mCi# 414 44^-4/4 41 4 44 14 44 

4(^4 22). nej 234 4 114 99mTc044 H4 166Iio-chitosan4 

43244, "mTc047f 141 ill 44 144 4444 4SL4 11

166Ho-chitosan5.4 1114 4144, 14444 11144 44

166Ho-chitosan4 14=4 4414 441 441 1 444. 414 44 4 

4444 144 41(5352.9 — 247.3 ng/ml)# 44444. 4414 44 

444 1411 $44. 13121 19964 11 411314 44 ### 44 

#2 41444## 4^14-1! 41&, 19964 61 211 #!4M1# 

(TAB) 4431 10 mCi, 19964 7! 19! 15 mCi, 19964 101 ll! 21 mCi 

4 166Ho-Chitosan complex# 414 14412., 1VH14 311 TAB# 4 

^@44 ^@4 43)4 44414(24 24, 25, 26, 27, 28). M13) 41 44 

4 111# !!24, 14 3)4444 141 444 1^412

(24 29), l27fl!*M 31447)- 4444 44414.

7. 444, 4)4)13) 44H 14

4) 1 4. 3)1 1

1. 166Ho 4 chitosan! 412

4-43)1 Holmium! 144^1 ^o4 100% 1x1)44 413) 44-^3)

-88-





1996.7.10. 
Pre -TAE

22. ^4 14 {1^4

1996.7.10. 
Post -TAE



1996.7.10. TAE 30min 1996.7.11. TAE 24h

99mTc04 Ant.. 166Ho Ant.

99mTc04 Rt. Lat. i66Ho Rt Lat i66Ho Rt Lat.
23. #a|| 14 99mTc04, 166Ho-chitosan4 £-3.



1996.1.5 1996.1H
24. #4 25) CT ^ M ‘S#



1996.1. 19.
25. #3|| 2$\ # #5.6] H

93



1

99mTc04

Abd. Ant.
166Ho-Chytosan

Abd. Rt. Lat. Pelvis Ant. j,<J)

26. 166Ho(+99mTc04) 30^ -f-



166Ho-Chytosan 
Abdomen Ant.

166Ho-Chytosan 166Ho-Chytosan 
Abdomen Rt Lat. Pelvis Ant.

dig 27. 166Ho(+99mTc04) 24A]?> f



1996.11.5. 1996.11.8.

ulU 28. TAB CT 5 ^



166Ho Inj.
ng/ml

4000 sono-guided 
166Ho injection3500

3000

2500

2000

1500

1000

06-22 07-16 08-22 10-07 11-05 12-03 01-14 03-11 05-0

^ 29. #4 24) ^15.^ <z-FP ^)4) #3%



4 (n, y)4## 4_o 44 166Ho4 411 4# 4= 44. 444 &! 45- #4 

4 e#44^ #14 ^##4 4H 114# 1# #4=4 "^Ho #44. 

^44 4444 1x10" n/cm2sec4 &4444 165Ho(N03).r 5H20 40mg# 

1044 ^444 104 mCi-t 44# 4 4%54 4 4 444 W #2# 

99.9% 44444. #4 chitosan# 4)41, 4-441, -$-14 M4 414

4 chitin# ##4 44441 (alkaline hydrolysis)44 42:444.

2. 444 166Ho-chitosan 1H14 42:

165Ho(N03)3- 5H20 (200mg)# 1 x 1013 n/cm2sec4 44444 1044 4 

441424 TRIGA Mark HI 44544 2:4# 4 2ml4 ##44 44 

10% 166Ho(N03)3 444- 4#44. 30mg4 chitosan# 2% acetic acid 4ml 

4 44 0.1ml4 pH 3.75 10% 166Ho(N03)3 444: 1444 ##44 3044 

44444. MeOH(49) : H20 : Acetic acid(2)5 4/114 ITLCCInstant Thin 

Layer Chromatography)5 UlnNKyield)# 44444. 112:4 166Ho-

chitosan 4=#44: 2N NaOH# 17144 pH 5.55 2:145 0.2 ym 

membrane filter5 44444.

3. 166Ho-chitosan4 114 411 14

7>. 44 44
166Ho-chitosan complex# 4#4 37 “C 1)4 44 2544 4*4444.

4. 4114 41

41 4444 ITLC-SA (MeOH(49) : H20(49) : Acetic acid(2)) 5 44 

44 166Ho-chitosan4 #44 Rf=0.2-0.44 14# 44, 44# 4# 166Ho 

4 444 Rf=0.8-1.04 44#4# 41 166Ho-chitosan complex4 44 1 

5# 1444 114 411# 24444.
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4. 166Ho-chitosanS] 433 44

4.3? 413.

333# 3? 10?, w 4]? 2.33(1.8-2.5)kg2l 7}3-& ^43^3 

#34 4#4 3# 43fe 3 44 43444 44444. 166Ho-chitosan 

4 413 ?, 4? ?3#4 pH!- 5.53 4?-H 0.2pm 44# 4344 44

434.

4. 3? 33

7}3? ketamine 10mg4 xylazine 20mg# ?4 445 5?44

44434. 44? ?4 44 #44 ?34 3# 43. io% 4143 -8-4 

33 344 ?, lcc ?44# 3-8-44 166Ho-chitosan 0.5ml(0.4 mCi)# #

#44 ?4434.

4. 44# 44

44# #3# 34433 ^3444 443 44 fM4(Siemens, 

Basicam ™)# 44434. 444# 434 343 5343 3 433

1003 count?} 3 444 3#44 #334 343# 34## #343

4. ?4 4?# 4#4333 43. #43 34# 44(344# 34)# 

3344 33 3444 4344 44 3# 34## 3##3 534^4.

5. 166Ho-chitosan4 33143 34 

?>. 3? 33

#3 333# 3? 10?, 35 4# 2.33(1.8-2.5)kg4 7}3# 44%34
#34 4-8-4 3# 7}3# 4 #4 33343 #5344. 4#3 53# 

?3 ##3 3 4^ 44# a>^3# 33 34 43# #54^4.

4. 4? 33

- tiQ



(1) 4# ^

7]-5.# ketamine 10mg4 xylazine 20mg# 44 4 s] -5- #3j»ll 5-^44 

44414. 44 f #4 4# #1! #44 1-1- #3. 10% tillH 14

0. 5. dh#4 #, lcc #44# 4144 166Ho-chitosan ImCi# #1414. 

rA^lr 166Ho-chitosan #1l#*!] o. #?H# 14 Ixj-xl-frs.

#4! 166Ho-chitosanl #4 # 4114 411 14414 5.142X)- 1

14. 166Ho-chitosan°l 441 4S4 444 4 71141 4 414 14 4 

4414.

(2) 444 4#

7}S# 4841 41 441 4 4144 7>e4 444 4142 11,

1, 41, 41, 4, 1, 41, 14# 4#, 7114414. 44, 7fl41 1 1

7l 4 14) 4711# 1! l^j- 4 |r 5. 1^. automatic gamma counter*114 4 

444 20ml 4##!vial)*ll #41 4 1# 14# 4s:fL4 44 14# 

!l2, 11, 1, 4, 114 14 4471- e 14# If# 14144 1411 

144 fTil# 1 # 43-14 114.

4. 14# #1

14# 41# 44-4 H 4 ## Cyclotron! *11 441 automatic 
gamma counter!Wallac, 1480 Wizard™ 3")# *11414. 4 7}J5*ll #x}
1 166Ho-chitosan4 14-#!# #7l 444 11 # 1# 166Ho-chitosan4 
14# 1# 44 #144 1 7K&41 #4-^ 166Ho-chitosan4 14# 1# 
#414. !#, 444 14*1 44#!# # 41*11 #144 4 1444 
!#€ 14# 1# % injected dose!44 %ID4 1) x lO’Vgram 5# 4 
1#4 H]27l 444 %ID 5. 54414.

44 1# !!# 4444 4S44 4 =5412, 3;H# 1455. 34 4=5

ion



# 124-4 4 7)-Jb44 44444. £fe 7>5.^ fe4 4=S^"44

44-4 4-0-442, &e 4fe 4-£44 fe444 444 ^4
4 Slct.

4 2 4. 44 44

1. 166Ho-chitosan4 44 44

ITLC5. 444 44, 166Ho-chitosan4 444 Rf-0.2-0.444 £4fe 44 

fe^=fe 24, 44, 64, 134, 2544 £fe 99%$t2, 44-g- 4-fr 166Ho4 4 

44 Rf-0.8-l.04fe 44# 4 4& 4££ 4fe 44fe# £44. 44£ 

5. 166Ho-chitosanfe fe444 43. 4444 4444fe 4# 4 4 444 

(S 17, 18).

5 17. The effect of elapsed time at room temperature on the stability of 

166Ho~chitosan.

elapsed time(day) radiochemical purity of 166Ho-chitosan(%)

0 99
2 99
4 99
6 99
13 99
25 99
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5 18. The effect of elapsed time at 37 °C on the stability of 
166Ho-chitosan.

elapsed time(day) radiochemical purity of 166Ho-chitosan(%)

0 99
2 99
4 99
6 99
13 99
25 99

2. 166Ho~chitosan4 z]}v}] 4^^ 44

44 4444 444 4*34 #444 4444 4444 #44 2% 
64a, 2444, 48444 44 99.9%, 99.9%, 99.8%, 99.7%5. 44 44^4 

4444 ntfls. 4#4 4514(5. 19).

5 19. Percentage of administered 166Ho-chitosan remained in the normal 

knee joint of the rabbit.

elapsed time(day) percentage

0
2
6
24
48

100
99.9
99.9
99.8
99.7

3. 166Ho-chitosan4 4445 44

44, 4, 44, 44, 41, 4, 44, 444 ### 44 W
0.71, 1.5, 0.50, 1.5, 0.25, 0.26, 0.81, 0.065(% Injected Dose x 10~3/gram) 4

54 4 44 455.4 Y##4 44 44(5 20).
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S. 20. Biodistribution of 166Ho-chitosan in rabbits.

leakage!'% injected dose x 10 3/gram)

heart liver bladder spleen lung brain kidney blood

4M 0.16 1.54 0.11 1.75 0.22 0.15 0.99 0.051
1 1.68 2.50 0.93 1.87 0.27 0.58 0.86 0.090

0.29 0.61 0.46 1.03 0.28 0.06 0.56 0.055
1.56 1.85 0.37 1.41 0.58 015 0.45 0.055

41^ 0.42 1.92 0.25 1.78 0.35 0.06 1.00 0.086
2 0.43 2.40 0.36 1.24 0.12 0.21 1.20 0.085

1.81 1.78 0.77 1.36 0.22 0.06 2.61 0.078
0.19 1.88 0.55 1.89 0.44 018 0.65 0.088

0.51 0.63 0.46 1.22 0.12 0.04 0.47 0.056
3 0.47 1.22 0.70 1.78 0.16 0.03 0.23 0.075

0.28 0.22 0.21 1.65 0.16 0.05 0.23 0.035
0.72 1.45 0.83 1.02 0.15 1.54 0.47 0.023

ti 0.71 1.50 0.50 1.50 0.25 0.26 0.81 0.065

sesx>±o.6i 0.71 0.26 0.33 0.15 0.43 0.65 0.023

5. 21. Comparison of biodistribution in rabbits treated with radiatic
synovectomy agents.

leakage(% injected dose x 10 3/gram)

agent time(hour) liver spleen kidney lung blood brain heart

165Dy-HMA* 24 3.8 1.7 1.9 0.9 2.1 2.5 1.5
188Rh-sc# 48 1.7 0.8 2.3 0.1 0.8
166Ho-chitosan48 1.5 1.5 0.81 0.25 0.065 0.26 0.71

note : * ; 165Dy-hydroxide macroaggregates, 
note : # ; 188Rh-sulphur colloid.
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5. 22. Comparison of biodistribution of 166Ho in rabbits treated with 

different radiopharmaceutical carrier.

leakage(% injected dose)

agent time(hour) liver spleen kidney lung brain heart

166Ho-AcAc* 44 0.36 0.02 0.44 0.01 0.02
166Ho-chitosan48 0.14 0.004 0.008 0.004 0.0017 0.004

note : * ; 166Ho-acetyIacetone.

4 3 1. 2#

Mid #41 #1455 4^=11 4#id ##44

4 54 4-§-=ll 4^44 4]zH #41 #4^#
114 114 #41 #4 #3 2# 41 5\d#l #1 5#7i

#-& 7}H# 1#4 4^51 4 #4 #5# 31 3-all14 5Ul(Sledge et 

al. 1986). 44 414 Mid #41 #433- ##45 41# M 4# 

21 M# 1-li: 3114 Mil #41# 47-lH. 41# Mil #4 

2)- #2j)33 1952# Fellingerl Shmid4 (Fellinger & Shmid, 1952) 114 

1M 52# 434 3-#4# #1114 4-§-=12. IKClunie & Eil, 

1995). 2:714 4553- ^(Chappele et al., 1972)44 198Au(Topp et al.,

1975)4 5# H# 44 ^47> 4-§-=14-34 Mt t#4 25-60% 155

444 45 44-14 #1# Mr W# 3%1. 444 Mt ¥#4 

51)1)44 Ml 4# 3:444- 44-id 1# 4##1 114
2 Mid 4# 3:144 2717} 43 ISM 434#l(Chappele et al., 

1972, Topp et al., 1975, Noble et al., 1983). 441 Ml 169Er, 32P, 186Re

445 1#7}1 $4-.
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19781 Hnatowich5#(Hnatowich et al., 1978) 1 -5um4 37]f 45 

ferric hydroxide macroaggregatcs(FHMA) 4 165Dy-S- 14# # 415.# 44

# 5# 3.5#l5, 4#£- "Y, 166Ho 4##5 25414.

FHMA# 45# 44# 54 SR! 1-4 #5 1-13%44 4 444 444 

5### 5444 44 444 ^1# 44414 =%44 444 «1# 4441 

4 ^## 144 4144 44 4444. s# 4444 #4 4144 4

# 45# 4545 44 4441 54 Y 4445 444 54 sR!#4 4= 

4 #41 1554 44454 445 5## #4 4 1## 14 414. 

Chinol #5(Chinol et al., 1990) FIIMA5 165Dy#4 4444 #5 441 

4# 4#4 ##445 4154 Hosain #5(Hosain et al., 1990) 444 

7} #4 4 166Ho 4 4544 444 4 44445 414. 45 454

44 145 545 5## #454 #545 15"4 19901 McLaren#5 

## #44 1.5 5554 544 454 hydroxide macroaggregate 

(HMA)# 444 4# 5445 711444 4# 454 455 444 54 

44# 1 165Dy-HMA7> 4#4 165Dy-FHMA4- 514444 *54 444 4

45 5#4 ##4# 45# 55415 44 44445 1993154 44 

41444 165Dy-HMA# 454 444 #44 44## 44414.

44 44 445 447! 15 4#44 15# #44# #445 45 

44# #44 #41 #4 44#471 44145 414# 4# ^5# # #4 

444 45 4 ## 1 44# ^15 #441# 7iH44 445 5## #4 

4 44.

##4 44 #4 414# 4# «I54 #5 198Au, "Y, 186Re, ^P, 165Dy, 

I66Ho54 14. 4 #4# 90Y4 198Au# 44 2.714 #H# 4 444# 

?!45 Hi #43. 41&44 4# 14 3.7)3. 14 4443.4 445 5 

#4 54144 454 4444 #4(Gumpel et al., 1975). 45 444711 

4545 44# 4# 165Dy4 154 45 l##?! 2.3# #5
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& #4 €4244 €7]si4 #7 #€4 €-9- 444 #47
#€4# #*4 *4. 44 5- *7447 4444 4 166Ho* 42* 4 

44 4# 4722 4*4*4. 166iio* *7 474 74-5]2 47 44 

4 4# 4722 4444 26.84475. 4444, 1.78 4 1.86 MeV* afl 

444 6.2%4 80.6 Kev 444# 4#44 44444 74 #2# 47 

75. 4#44(Mumper et al., 1991, Neves et al., 1987). 74 4474 7 

444 44 8.4mm, #S 3mm2 **# #444 474 4# €# 

l-7mm* 7-411- 7447 4# 74# 4 4# 4#447 4444 

(Hosain et al., 1990). 49444 4# #4 44744 444 165Iio4 7

44# 2444 474 44 44# 4 44.

#4 #44 47* #4427 24 #4, 427S*4(microspere) 2# 

#444(macroaggregate)l- 4#44 #74 4## 44 #4 2# #4 
4 4# 444 424 #47 7*4 #444(Noble et al., 1983), #4 7 

44# #444(ferric hydroxide macroaggregates, FHMA)7 #4# 47 

4 ##3124 47# 7 #7 44# #44 244 *##4 ##424 
7**47 27 4444# #444 4 *97# 4*47 44 #442

4 7* *4 4*4 4&4444(Chinol et al., 1990). 47 744* #

4 4 4(hydroxide macroaggregate, HMA)7> 7])#5] 4 o]#5)3i 0.4 4 4

4144 #* 477 165Dy4# 4 #4 7 #4.

4#4# #4# *97 *#3)17 ##424 #47 7*4 44 #44 

422 4*4 #* #4# 7}44 #4. 44, 44 4 44144 7* #4 

4# 4-47 444 #* 474 ##44 #4. #4, 74* #*44 5 

*4t)1 *244 #4. 44, *74 #**4 #4422 *7444 #4. 

#4, #*444 *44 49*4 #447> ### #A}# 474 #44 # 

4424 #44 #4. 4#4, *47 #44444 ^*4444 #4 

(Deutsch et al., 1993).



1 1444# chitosani- 141 4# fl# 3 44414. 411, 4 

f H, 314 44 44#1 chitin(poly-0(1 -4)-N-acetyl-D-glucosamine) 

# 443133 4444 4444 44s. N-4411 ##ia414 P-l,4 

H33 HI 4 4 4(Popper & Knorr, 1990). 4# alkaline hydrolysis

4 4 4 deacethylation33 ehitosan33 444, free amino group#4 4 

4 7H4 14## 1^1143# # 44. #4 44# 1# 4#4 44#4 
7}#44. 444 chitosan4 ji#4# #444 1-4 444 #4 414= 4 

443 #444# 44 4443. slut, n 44 441 #141, #-1=43 

4441 4 7}44 4333 4#43 434, 4# #44 If 7} 4^43 

4# 3.3 344-4 $1443 4 chitosan# #341# 33 3## 4434 

#4=4 414 #4 43 43 44#334# 414 43 1M14 1 

4144# ^ #7ii 141# 7>x]7i ^#4 4# 1#7> ###43 44 

(Muzzarelli, 1977). Chitosan4 ## 14# #44 1443# lit 4= 

4# 41 4144 #3 #14 If 4# 134(4## & 114=, 1990), 

4#4 44# #4 14 #44 1^143# 1144 4# chitin 4 

chitosan# #4=14 1^4 $14.
3 144 14# 31 166Ho-chitosan4 4|4 #114 If 1#4 371 

4# 2511 99%4 14#4 1#44 4144# #3# 11414. 4M 

1114 If #414 14# ie#4 165Dy-HMA4 1# 98.694(6# 

1), 97.3%(24#D(McLaren et al., 1990), 188Rh-sulphur colloid# If 

93.1%(1#1), 90.8%(24# 1), 87.2%(48#l)(Wang et al., 1995),

166Ho-acetylacetone4 If 98.5%(24#1), 98.6%(48#1), 98.1%(72#1), 

99.0%(96# 1), 98.2%(120#l)3(Mumper et al., 1992) 33# 14 444 

"*Ho-chitosan4 1-?- 99.9%(2#1), 99.9%(6#1), 99.8%(24#1), 99.7%(48 

#1)3 4 141 a# 44#4 44# f4-44 441 1# 4## 

166Ho33 134 141 4# f 147} 4# 166Ho-acetylacetone4 444
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x]s #>1 14# 5.44. ml !4#i# 5.1165Dy-HMAs] 1# 4 

IxlSS] 44^ >### 1.5(1 4, 44# % Injected Dose x 10'Vgram), 

3.8(4), 1.7(44), 0.9(41), 2.5(4), 1.9(44), 2.1(14)(McLaren et al„ 1990), 

188Rh-sulphur colloids] 3# 1.7(4), 0.8(44), 0.1(41), 2.3(44), 0.8(14) 

S.(Wang et al, 1995) 5.A-4 53 4 444 166Ho-chitosanS] 1# 0.71(44), 

1.5(4), 0.50(44), 1.5(44), 0.25(4), 0.26(4), 0.81(44), 0.065(14)A 4 

444 il 4444 444 444 ->#1-4 41A4(S. 6), 444 1#

#HH 4# 166Ho-acetylacetoneS] 1# 0.02(44, 44 > % Injected 

dose), 0.36(4), 0.02(44), 0.01(4), 0.44(1 l)5.(Mumper et al., 1992) 5.A 

4&A4 166Ho-chitosanS] 4> 44 0.004, 0.14, 0.004, 0.004, 0.0085. 44 

> 1# #«7l- chitosanAS 41 1# 44> >##4 ^&4(2. 7).

4444 166Ho-chitosan# 7]#4 4 #4 4# tfi»4 444 Si 44 
#4 4^44 41 s] ^ 414 111 as] 2. H4ssl 44^ >#ls4 

14 #>1 14# 5.44, 4# 444 1# #441# 4-8-4 

166Ho-acetylacetone<:>l] 4 HZ S|] 4 S »4 14# 5. $4. 4> chitosan4

4-B-4 1# 4444 444 1# #4414 7^1# 5.4>4 4444. 

14, chitosan# »4#4 141 lelMAi- 111 > 4> 444* i 

14a 44 #1 4# 4## I^IAA ill# 4>4 a#x}-s »

4 4#4 4M #>1 #44-1- 7}41. Chitosan 4 HolmiumS] 1# * 

414# 7fl chitosan #x]-4 44#4 11# 7fxl HolmiumS] H

1 4# 11 S11 4as. 1114. 444 44 141 Si 11

#4 444 1#1 11 111# 5-4 414444 #>! Ill# A4

# IAS 1114. #4, chitosan# US] 3L*x}S >#1 14& 4

S7> 7>#44 144 14 AS-4 14444 a a# 41 > 44.44, # 

7]*sx] xj^] u^o] &s;e.5. 4# 4#4 44 441 Si 11#4 
414 141A A lA 144AS.S] ^4-4 #>44. 44, 1#414
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#4 444 #* x|sxfli?.A]2] 4## ## # #M4 J--g-4^1

chitosan# 4 4 4j 44 44 §1 #444. 3E.# 166Ho-chitosan-] #£., pH,

##4# -§-# ##4 44 44# 4^4 ##4 #44 4S7> 7}## # 

444 #4 47Kmacroaggregate)5.4 xj] j-j£ 7f#-# 44 4 44.

4^45.5. &# 44444 44# #444 ### 4# 166Ho4 444 

4 #44 4# ##44 44# 5.4# chitosan# ##44 45-# #44 

&4 #### 166Iio-chitosan# #44 #44 44## 443.44 4# 

7>#4 o] 4# &#3. 4444.
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4 4 a W 012l?|of el

1.

42*4 4* 166Ho°n 4*4 544. Zisi4 cisplatinS] *§-§-

-5-5. 4**44* synergistic, 3.-§-*44* additive -43.-4^ &4# 4# 

4%4. 4445^* 4*4 166ho<hi 4*4;ii 4* 4$:n. 4 1*5 

5-FU, cisplatin4 **A5 #7}# ### 4= 444.

166Ho 4 *4, 444, *44 *4* 415 a>^ *44 44* 4#

* * 444.
166Ho 4* Cisplatin 4*4 4* 4154 44 44* 4*4444 

4 166Ho *-* cisplatin 44 4 4131414 4 4 *3 4 * apoptosis 4 DNA 

fragmentation, colony 444* 4445^4. MTT *4^44 4#4 

synrgistic 415 4il Sl4* DNA fragmenta tion, colony ^44 ^1444

444. 166Ho 4*4 44 45 445:4* 4 **4 4* 
4* 1*42.2 *7My * 4-M 44*4 44 ^ 4*44 4** * 

44 44 #*4 444 dose regimen* 444 * 4* 444.

2. #*44 47>

4 4** 44 4*4= 5 4441 44*4 444 4M 4# 

166Ho-CHICO* 4*4*4 *44 7M *44 244 4* *444 *4 

4** *44554, 166Ho-CHIC04 *4 4** *44* 4 44 *4 
4*4* 4* n 7-is 44. #*4 *4 44 5#* 4442. 

4-4=4 H7l4 *4 414, *44 H°H 4# 444 #*4* 4&# 41* 

42., 4*4 4444 444* 4*4 4144 414 2** 444^. 44



si 444 4# 77# 4# #7H}-55# 44# 4 43-7} #7444.

166Ho-CHICO»] 4X14 11 45# 44, 3-4 444
4X14 #4 4 7l-o]l .2. #4 4 5 1-7-Sj-Jl 4# X>5# 7-3:0.5. 47#

#### 4# 4X14 E# ift-l 744 7444. 4# 455# <y# 

4&# ### -l-sn 54# 4 4= # #-#44. 7- 47X71 ##7 77# 4 

45# 166Ho-CHICO# 4X14 E4 ### ## 4# 4X1# #7 x}55 

4 54 ### $1# 4X14 E4 ^11*1 45# Xl 44 4 47} 444 

44 7fl## 4# 77#4 45# 44# 7 4# 444.

3. 454 -4#41 #4 4&

7 47fe 4544# 166Ho# ##-# 4#X1 44 4X145# 47# 

7 44 4 radioactive colloid# 444 43-4 #444-2-4 #445.41 41

# 44 45# 444744.

a. #^1# 455# in vitroXl4 166Ho~CHIC04 cispaltin 4t# 

synergistic cytotoxic effect# 444431, 47—4 XI 166Ho-CHICO# 74

# #7 74X1# 77 4 #744# #444 ##-#<X 57 74X1 44

# 444 S4X1 77## 4 7 444. 5# holmium# 744# 447 
55 444 44# 474 4454, 1, 24 #5 74 4## 5# 47# 

4 44# 45474-4 444 7444 166Ho-CHIC074 4 7 7# (74 

7 4 ###) 444431, 54 7 4XH1# 7744 47# 5455# 4 

4544# 4#4 4747## 4444431 #5# 4.

4 477 4444 454X14# 44# #5# 74 444554 x}4 

#4#31, ##&#- 54 4X14 4431 #471# 447# 7X1# 447 

##X1X1 44# 454XM # 43.X1 44# #5# 7}### ##445, 

4=7 44# 454 74 444, 7# 7 4# 44174X1## #3.44X1

in-



4#4 #449# ##### #5# #5# 44-4 # #^#13# S}l}5. 

4-8-1 4s ##5 #5##.

4. 4)#, 4#41 44 ^15

##4 444 445. 4# 4-9-1- 4&44 4# 4##444 444 

=14 #44 97} #4 #5, 544 444 4## 9, 444 #471- 44 
&9 4, 455 444 #444- #4-7} #4 544 ###. #445 <y# 
4 4#4#, 4###4 4#4 #4-4 #9 444 494 494# #9 
7} #54-#ji #4.

5. #94 4#4= ^|5

#4f4a# 4-8-44 41 44 #4 49# #4-# 45444. 4# 

9 MRI4 CT5 #4# #4= 94##5 #4449 4 #4 #sfl

(complete response, CR)7} 1 4 (12.5%), 99 #4 (partial response, PR) 

7} 4 4 (50%), 9# 54 (sS. disease, SD)4 24 (25%), 9# 4=3

(progressive disease, PD)4 1 4 (12.5%)44. 444 44444 45 4 

999 [71% (CR l + PR 4)/ 8]7} #4. 544 #4945 9# # ### 

9449 9 ##7> ##45 44444 994 444 ;H4# 9419 59 

7 45 ## 45 #999 87.5%4 ##4.

949457} ##44 #55 44-9 499 ##54, 44455 #9# 

4 #499 #5# 495 ###. # #9# 94# #94 4949 #4 

9454 994 499 4#4# # 455 4444, 44 #4149 4 # 

9 497} #5##e}5 44-##.

49# 4-9 4# #4 494=4 4# #4945 #4 #4-4 4519 #
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142. Mil Ai&igAg. #444, #4 4 7l&l#4- 4#

4 #2# 125. #141- 44 4.

6. #<#, ^4 43L

244 #1#%M4 ##44 4^44 414 ¥4] 1 ####

#4444. ##14144 gel# 415. 4444 4#1 21 2-4144 41 

4 42.5. f&4l41, 44 14-o-4 SI4 lipiodol#! 4# M4## 5.

44. 3.7]7> 37-14 417i]4 4f, 2# 444 f#4 #441 4444 

##141 166Ho-chitosan #4-1 4S# 4Si2.5. 7^### &44, #4# 

4 IrUf^l-fs] 444 4^144 #4.

7. #44, 4N#4| 14^4 4-1

4## 44 44 166Ho-chitosan4 414# 444 44s 41 
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