AZHA 3E ¢ A 9
Holmium-166—chitosan & 3 A

*EELEE DI ERE



AZHA 3E ¢ A 9
Holmium-166—chitosan & 3 A

*EELEE DI ERE

2000 12 €



K

olol

SRTE

SRTE

SRTE

AAdsta o

2000 12€

o}
<1

o)
=

2l



A 2

"z

~

uj
)

N

o

1

—_—

0

—

o7
il g
o

).
—_

—

~V

o
il g
o

mﬁ

o
gl

N

o7 UInE o

T
bl

NE

1

13
I

of of AlZgel gjolt -2l ofriel W

AR %



)

"

A

0 1w mw O O O >~ -~ 0

q}

2. Holmium-166-chitosan &

s

=0

i

4. A

10
10
11

11

!

17

18
- 23

U

z >

- 20

Y

)
aig

™

KR

28

DA D SETACT cevvereenerrenruerteriuneetertuneenertuneeuestesresestnssssestesssseseesssseseessnsesssssnsessssenssnsssensenns



a9 A

Fig 1. Geometrical model for simulations in the Monte Carlo
COAE FEGS it e et e e e e 9

Fig 2. Complete remission of HCC (hepatocelluar carcinoma)

after injection of Holmium-—166-chitosan complex --vieinnnnn. 13
Fig 3. Partial remission of HCC after treatment . weeeeereienneenens 14
Fig 4. Recurrence of HCC after treatment in a distant area ---....oocoooee 15
Fig 5. Survival rate after treatment . oo 16
Fig 6. Survival rates of non recurred and recurred patients ccoooeeenes 16

% A

Table 1. Monte-Carlo simulation modelol] &3t FFATF v 9
Table 2. FAFAZA7) 710 WFE 2 BAZ et 10
Table 3. ATA HH AFP Z53] covreoreeerseesssisssssessesssesssesssssssssssssssss s 192



-

ol

oK

A

B
=

Foll A ©] Holmium-166—chitosan

3L O
. I

A7HA)

X
Y

oo

e

I 2w oz

Z

ato]

X
ZaN

4 e
ol Al#EAL Qo A

=

=4 AA

Qske] %

A=

7%

s

)
o}

™

WA =91 h A2 Holmium-166 (Ho-166)-chitosan

-
1.

o]
A

complex 2]

b ek,

| Zolu izt &

3|

A+ 209

&

19954 9€ 5B 1999 3€71A

)

oA 253 532l 434 Ho-166-chitosan

g

454

-
1.

-
1.

Foinh e vl

G

Ao o=

=
g8

o &%)

o}

o1 g5te] %

A48

=2
"

[}

A< A WA 35 MHze 2=

Naseb 1A, a2lal a71E

4% o] §5to)

=33
o

[}

A

}ar 3.5 MHze A

A 3]

=
=

3330 MBq9]
1714, 3714 29

bl 740 MBgell A

FATh AlE

G

T BAE

% 74

Ho-166-chitosan &3+

3

A 2

CT (computed tomography)Z

7l
£

%

=1
=

W 671 Qw28

al



o (alpha—fetoprotein: ©]3} AFP) AALE W 83153}
A58 9] thaskAte] FARFI) S ALl A 4870 L (T 20770 ) 0]
Ak Al F SFAAFE B FA= PHH (18%)o|N I, F-E = 89

(18%), B12 WolA 2o = 29 U)oU)k, AB F FABE /)

A FAE2 AT (p>01). AMe d D AFP A= 2499 g

Aol A 20 ng/ml VIREe] e Bl olE T 49| fAtellAM FFe A

ol Aot 2] gApvto] A9 Aos BTk A7 20 ng/ml ©
3}

go R B4 21 F FF ARE 299

A ARl 9delM ¥4 Ho-166-chitosan 9

A FALNE T ABPAR e PGS Mol AT PNOE 4

A= 2 HAES AH A AWAFIA RS Ho-166-chitosan 53 A



A ZEM| Z2tof M 2] Holmium-166-chitosan = &hx]|

uFoleel Xz 4

< A=uns o] J H| >
AA S ojstel sk Al

T

k]
0/ok

A AR 5o ATl B2 seuetel e Al Ede]l dA #

o2 AHEE Wl dsle 9%24 CT (computed tomography), MRI
(magnetic resonance imaging), CTHA (computed tomography hepatic
arteriography), CTAP (computed tomography arterio—portography)$} %
& oy AuA EFALE Aldste] 7)o AAEY] s E AT
7h otk ole] AW er oy HAlgo] M 2 WHoerE W
I glony v 7R Stol o8k HU)e AStE Fes WA ke g
Aol glef Al

7
A4 dlgg FHaye

e
>
oo
5

2-6



|20l slolM Alddow Almg Ayd Al WA E

)

gl vzl

A}5] o]

5 ©]

Todine-131, Yttrium-90

-
1.

v =3}
Holmium-166 (Ho-166)¢] 7ot A7 o] =g tjete =z 1 7}

el AT

3
ATt Ho-166

ke
T

A EE] ar

A2k g]
s 71HA

iz

R

A

FHYAE

RIPAR:

-
1.

s

9l

4 B}

s}
=

Holmium-165 (Ho-165)2]

RSl
i3

Lol o]

(94%, H a1 1.84 MeV)3t 7 vk Jivet= Afd Q37 )

Zol 7habA (6%, FH I 0.082 MeV)

-
1.

o

=1
[¢]

ojy

il

ok

2

Tt 1.23 mme] A5

3

- 5T
— Ar
1.

Sl 3ol A

ez <l

3|

WAL 99 49

ohar HarE e

O) -
T35 1~

8y

H Ho-166-chitosan

o) =
H ©

Ao Fo] s, Hx=

=
=

A



1. CjAkstX}

Aok FHe] vl= A 299 16 olal it A 564 (30-6841)
o]t wld$AE= Child class ARl #x7} 209 (44%) 0.2 7 Eoka,
class Bl &x17F 159 (33%), C2) &A= 10% (23%)olAth. &54 14
S AJA}eE HBsAgS B9l 3= 287 (629)°] Sl th.

2. Ho-166-chitosan =&txl|9] AMA

2o o] 8% Ho-1662 AF Td odd sdxdAzadrioa o
W o] AzFAY AAEE FFE
(165-Ho(NO2)s5H:0) 5 YA =004 24 3kA1 7] Ho-166 nitrate pentahydrate
(166-Ho(NOwHIHLO)7F B o5 FHo &3lAA Ho-166 &%

Q1 Ho-165 nitrate pentahydrate

W=t} chitosans  (1-4)-linked, 2amino-2deoxy- 8 -D-glucopyranose)
ARG THAE drrgel e BEE AA WA ¢ widE ¥
%o A FTAZ 300,000-500,0009] FAFEEE spRCE B AFe| A A}

=

&3 chitosane 52 AZX3 chitosang Z2AF @ FALE S Yo] o]l

A



EFAE wENen o= 1 mlel 740 MBq (20 mChe] HAHs
& 7= e 89 Feje] Ho-166-chitosan H3HAI=A o <7l

>
lo
o]
5
rx
ol
rlo
=
o

=
¢}

O
]
o

(Figure 1). HFH E A el 7Ha A il v

Agee] v ALg skt

o =

EGS4 =dle AA} (electron)®] 7% 10 KeV, %4 (photon)e] 7% 1
KeV oUx] 5 ool ZeAL solvh. A dAbe Altel A&
|age el mielA 10 KeVe] olvx| FFEolA 25 pmE F343H7] o
wol 2 Ze ARl A 2] 1 mm FAe] AT = HA 10 KeVel
Ux sEe FRevn A9 ZgAMe Fdrd oA WEEL=
e o] 7] ol x|, o\ Wkt 915 443 5, Ho-166¢] WERA
AU < el Ao wEetd olUAE 29 AAste] Albskalal, A

HERA ol v X o) whakst A i FFRd el A F-2he] Adslt

o,



A

n:]oll

).
1 cm& =Z7|E 7HAE F% 370 MBqel HAMSS A E
Ho-166-chitosan H3AE FYg Aol FF UF-o F9 A3 x4
oAl 9] FFAE (36.67-8359 Gy)s AAFSAL; (Table 1). ©] 4% &%
AR Al 3 mm o] "ol A txAeE FFAA AsEE EFF
A 19% v kel 3667 Gy7l § 3 4 mmeol e Ao = A WArA

2A} ol Fol A A RFOnE A ARA o|F /Eo2te] F% 1 am

A

»

9 370 MBq®] Ho-166-chitosans 53} t}.

AN d BE oA od4dss Anade 7tedt sl e A
Bakal Al A E A AT Al AREEE 25317]7] = Aloka 680
(Aloka, Tokyo, Japan)o]$lal AR&3F FALR L 6719 =30] = 21 GY
PEIT needle (Hakko, Nagoya, Japan) Ae A 35 MHz9
EEY HEAE ol &ste] T Tl A H AVE FA S v 5
A FRo R FEE AT FH w4 v AR vhF sk 3.5 MHze] A

SEAE AFESt] MRS o] &8k HA § Fge] FLFolA FFol
Hefgh AALE do F JEF FUe =A7|d wE} Ho-166-chitosan

FAE FAGAT. FABLIIL Foto] Aol YAY FEAS £0%

o
>
_H
olt
=
L



7
150
KI0

7ol

B

3l

=3

o) 7}

o =4

dstar 7b

A

A
]

T
B

AFP X

kel
T

o] 314}

bl %

S

B

CTE A

3NE S 53

s

-

3

&3kl ARt

°f

Kaplan—-Meier methodE

ke
T

woALEI BER

e,
5

3

A}

13
AT



1 Mormal Tiggue

Figure 1. Geometrical model for simulations in the Monte Carlo code EGS4

Table 1. 370 MBq Ho-166-chitosan *-3FA TAEA 1 em 279
HCCOl 9% 4% §4 A3 &
) Cumulative
] Relative
Taget Outer Radius | Absorbed Dose Energy
) Percent
Region (mm) (Gy) Absorbed
Dose ]
Fraction
8.859¢+03
Tumor 5.0 100 8478
(+1.60%)*
1.283e+03
6.0 14.48 9372
(+2.63%)*
7.0 A0z 4,602 9763
Normal ) (+1.62%)* ' '
i 1.322e+02
Tissue 8.0 © 1492 9939
(+3.38%)*
3.667e+01
9.0 4139 1
(£5.10%)*

* Percent fractional standard deviation
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Table 3. R A] &3 AFP 44

a5 AL BAE FA F7 BAS
AT 24 4 2
Ao 12 2 2
A I 2 0 0
A IV 7 0 0

AT 5 20 ng/ml v 9r
AT ;5 20 ng/ml ©]%4F 200 ng/ml v %t

A I+ 5 200 ng/ml ©]7F 1000 ng/ml 7|5t

ATV 7 ;5 1000 ng/ml ©]7%
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Figure 2. Complete remission of HCC (hepatocellular carcinoma) after
injection of Ho-166.

Well defined echogenic nodular lesion, less than 3 cm, is seen in the

right lobe of the liver on US (A). On the pre-treated spiral CT (B, C),

homogeneous enhancement can be seen in arterial phase, wash-out in

portal phase. After treatment homogeneous low density nodule is noted

in arterial and portal phase on six months follow—up spiral CT (D, E).
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Figure 3. Partial remission of HCC after treatment.

Pre—treatment CT scan shows a nodular HCC enhancing in arterial
phase and washed out in portal phase at the right lobe of the liver (A,
B). Six months follow—up CT scan shows partial remission (C). Arterial
enhancing nodule is noted on angiography (D).
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Figure 4. Recurrence of HCC after treatment in a distant area.

Initially, an enhancing nodule is noted in the right lobe of liver(A, B)
on arterial phase. Three months later, treated HCC was shrunken in
size (arrow head) but another recurred nodule with only portal
wash—out (arrow) is noted at distant site of previous treatment (C, D).
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Figure 5. Survival rate after treatment.
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Figure 6. Survival rates of non recurred (A) and recurred patients (B).
Survival rates for non recurred patients were higher than for
recurred patients without significance (p> 0.1).
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Abstract

Evaluation of the Response of Percutaneous Injection of
Holmium-166-chitosan Complex in Patients with Small
Hepatocelluar Carcinoma

Heung Kyu Ko

Brain Korea 21 Project for Medical Sciences

The Graduate School, Yonsei University

( Directed by Professor Jong Tae Lee )

Early detection of a small hepatocellular carcinoma (HCC) by the
screening tests such as ultrasonography and serologic test is increasing in
high risk patients. For the treatment of small HCC, surgical resection is
considered as a gold standard, but most patients are inoperable due to their
poor hepatic function. Therefore alternative treatment methods such as
hepatic arterial embolization or percutaneous ethanol injection were
suggested, however standard treatment method has not been established
yet. In  this study,  percutaneous injection of  Holmium-166
(Ho-166)-chitosan complex was attempted to the patients with small HCC,
and the effects and complications of the procedure were evaluated.

From the september 1995 to march 1999, 209 patients with small HCC
underwent percutaneous injection of Ho-166-chitosan complex. Among
them, 45 patients with single mass less than 3 cm in size were included in
this study. The mean age of patients was 56 years old, and there were 29
males and 16 females.

Before treatment, a 3.5 MHz convex probe was used for the evaluation
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of number, location and size. Using a 3.5 MHz linear probe, a PEIT needle
(Hakko, Nagoya, Japan) was introduced into the center of the mass and
740 MBq to 3330 MBq of Ho-166-chitosan complex was injected. After
treatment, radiologic studies such as ultrasonography, CT and MRI, and
serologic tests such as hepatic transaminase and serum AFP were
performed at 1, 3, and 6 month post treatment and regular 6 month follow
up was performed.

The mean period of follow up was 20.7 month (4-48 month). The
number of patients with complete remission was 35 (78%), incomplete
remission was 8 (18%) and no response was 2 (4%). In period less than 1
vear, the number of recurred patients was 7 and 4 patients were recurred
from 1 year to 2 year. Cumulative recurrence rates were 14% in 1 year
and 34% in more than 2 year. Survival rates after treatment were 86%,
60%, 62%, 62% in 1, 2, 3, 4 year. The mean survival period of the
non-recurred patients was 39.5 months but that of the recurred patients
was 30.2 months (p>0.1). Serum AFP was less than 20 ng/dl in 24
patients, another 21 patients showed over 20 ng/dl before treatment. Among
them four patients with tumor recurrence showed low AFP level (less than
20 ng/dl) however 2 of them showed increased serum AFP after treatment.
Two patients with tumor recurrence and high AFP level revealed elevation
of AFP after treatment. Sensitivity and specificity of serum AFP for tumor
recurrence was 10096 and 95% respectively. No significant local and general
complications were not detected in all patients.

In conclusion, percutaneous injection of Ho-166-chitosan complex in

small HCC is considered a safe and effective method.

Key Words : hepatocellular carcinoma, percutaneous radionuclide therapy,
Ho-166-chitosan complex
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