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Abstract
Intrahepatic arterial (i.a.) injection of '*®Re-MN-16ET/lipiodol

(**®Re-lipiodol) into GP7TB hepatoma-bearing Fisher 344 (F-344) rats
and into N1-S1 hepatoma-bearing SD rats showed similar biodistribution
profiles. Significant radioactivity accumulation in both hepatic tumor and
normal liver tissue at 1 and 4 h postinjection was observed, and GP7TB
hepatoma showed slightly higher radioactivity uptake than that of NISI
tumor. In addition to hepatoma, unnegligible lung retention of
188Re-lipiodol due to hepato-pulmonary shunting was noticed, which may
set a threshold in treating the hepatocellular carcinoma (HCC) via i.a.
injection of ***Re-lipiodol.

This study compared the efficacy of '®Re-lipiodol and
%0V_SIR-Spheres® (**Y-MS) as a radio-embolic therapeutic for hepatoma
treatment in a F-344 rat model. Retarded tumor growth after treatment,
especially in the **Y-MS-treated group, was found in ultrasonic scanning.
The body weight loss of most treated rats, except for that suffering severe
tumor metastasis, was less than 80%. The dominating factor that induced
rat death was cancer metastasis to organs (lungs, heart and diaphragms) in
thoracic cavity. No significant difference between the mean survival
period (20 vs. 25 days) of **®*Re-lipiodol- and **Y-MS-treated rats can be
found in Kaplan-Meier survival evaluation. The histopathological
examination of tumor sections was also carried out to display the
pathology during treatment. A reduction in tumor cell fraction in both
treated groups compared with that in the control was observed, especially

in the *Y-MS-treated group. However, histological examination of



normal liver sections also revealed partial necrosis and fibrosis.

In conclusion, though *°Y-MS exhibited better therapeutic efficacy
than '®®Re-lipiodol, the favorable physical characteristics of Re-188,
inexpensive cost (produced from a ®®*W/**Re generator), as well as the
biodegradability of lipiodol, enable a fractionated protocol in applying
%8R e-lipiodol.  The  prospect of clinical employment of

188Re-MN-16ET/lipiodol in hepatoma treatment is optimistic.



P ERAs R

i RE 2 FIAY ) B AT A EY B S
SR T RS R - L AERIRRY S o B EYY 8
BATH TR ] £ T A SR o hip Y 0 FIT6 AR
—‘F'?—&Lﬂ APFE R L AR EIF L ER SFH (L auseY o & F
Wi e ik e B AR o R S PR 1T L e g

LIFFH AL 5 IR T 0§ R E e BLA R e 2
A0 N 0% b it i P gt S L ek L

VX B IREHEE v ke(Radiofrequency ablation) > ;%75 B fi ] e FRE

N

B(E RN 25 4 2n) HisF s sof @ SUFp L6 SV R4F > i 8.5
EHES v ORE ORERE R G T0%5Y o mpt s L 14548
ERE S R SRS e RSy Rl R SO S SRR R
o BB E Lansf 32 o FRAMEES (e ) 2F K
PRR)E T 2 o B Pl 2 K 2 Hock PG BRE Bl iE Y

(det i § 412 B aehrdl) > Bod & F1E AOTinR EpOR R T A

LR ER R A

=t

PR b RSB AR o 3

S 5 B ERE N GRS P W asfri g chimiE & F T 1
¥ BE R AE L4 4 (dose-limiting toxicity) & 7] 2 > @ {F &L



:}%Bi—’?ﬁ_;}%z‘;’(%ﬂﬁ u€\1[5] o ¥ — ,fﬁ;é,,%sq—-pjﬁﬁv?ﬂiﬁt;y YRR L F”‘qu‘

;5K (external radiation therapy) » 2 d 33958 fmPe 2 1§ 3 Fimie 3%

At R AR < o 1 ¥ Fme AR B RS W D ast 422 F

J % (radiation-induced liver disease, RILD) » ¥]* A E R AR R o
K+t &4 »}g g 671

R SREE P R R R 2 Kvg 0 T LR ROTRAE O i F Uk

B eip BN B R B R e B FUR S A e 0 TR0 ISR

Fraar o R ’E‘m,g\ IR R P e M B L B R

=

Rk FE I (~70%) 0 @ & ¥ SRR R KR S OF IR o I A
J e A s S8 E PR B 1L R B B % i (705 % (transarterial

chemoembolization » TACE) » ic 7 xR ¥r#s % u % ik o fr b 389 F i oo

:\T{'.

FHNHE R A - B LR E R B ETY Gusfk 2
L E g TSl L g R TRE R TACE ip i MFHR
B e A 2 E RS o R R RS 0 d SRR A sl
B e 65 8 2 50% o A v R dp o @ v g E S ok
(drug-eluting bead)i& 7 TACE 75 " » 7 5% B4 30 0 F "o {r

LR ® R B e B VR A o 3T E K TRA 2 i FEOR
BEioRiE o &0 R BRSSP 0 RS MR L TS a4



iE MR8 N 2stRy 2 (Selective internal radiation therapy, SIRT) &_#-
B 15 A R T RS e 0 TR U ARIT R R L A e
Wehig it 3 o {17 SIRT (7 5 inf " FReem § 0 = s 3 £ AR
B E & hR Fl A st P a5 L U2 oy 2 B g - 42-00 R
ek 8 (Y-microspheres » Y-MS) » £ p T E RS S FEEF F LA
( Food and Drug Administration ; FDA ) 3Fi& {7 SIRT /55 3% 7%
BB f o F AL F AT X R IR A3 }?5 408 & Child-Pugh # & A &
YR AL (b iU SIRT s TR L T F A
£5-99m R4 B 5 iF ¢ 39 (P"Tc- macroaggregated albumin -
PMTC-MAA) =i g % ki A ) (vessel mapping ) ~ B 4% 1% A i
(A-Vshunting ) » 23 g AR B &) 15 % 35 2 (F5 38 9% Ao Jnid &m0

~ 42-00 ATk B8 % 6 T %5 %

\4
N
2
3

s

A

fis

9

.

Iy

A

-

N
=
g
-

W) o Foav i s EE (S o PRRLRACTRAYE AT A BN ik
112t 4090 Ja R R E o
Tk b 7 SIRT i {4 > 41% SEPCT it 7 42-90 41 15 s+ 38
( bremsstrahlung radiation imaging ) » &% %_42-90 SIR-Spheres® ++ £ %
FRECFHF)L A o B a > SPECT il 7 5 e e | fom iz Bre T
400 A R B O R E O K R REXROTARFF O jF

Fogingokmtt e 4200 £ A2 F G B i B(758keV)n )



(32 positrons/second/ MBQ) » i * >t it 3 13 823715 42-90 Hczk g0 - ¥
SERE S AR Ry B F SR E 2.3 = 02013 £ Carlier T & £ ¢ #
Tk 3B kM SHE RS SRR E M SR TR
BB 3 kALE B 304200 I F g P RS T S AR T
b+ PMTC-MAA g {7 SPECT/CT PP i 8% 4c4e-00 Mesh RS 1t B 75
J s J* SPECT/CT & 7 4| $+ 45 5+ §2 2 2 PET/CT 1 #230Hap 4
P GRG0 S BT 42-90 1 A - Rl i PR LY R RS )
F RSV RS e R E (8 F R sE R 1 MBg/mL) bt
KTk e ot ks 1 F R T e sl dp o P Te-MAA e
42-90 #1815 54>+ SPECT/CT i 8% PI4ch £ 3 8> & @ &€ s e
Botjm iz Brady N B R A G FOIPRE HL Y o F o
g % PET/CT i 823715 42-90 Beaf §8 3 b 5 /o Mo i SPECT/CT
B AR Y 42-90 e e o B By B
five % (lipiodol) 3 — fas it FE§ i > 7 iF L EH R ¥ 3G Y
i B AR zE s e =3 (PN PRe 40 0Y) 0 i (7 SIRT J5 8 TR
AR o EFEI R S B > TR MR ROVTEE  E TR
Fiogr 2 B At qn ot v s P48 (s4-131 fr42-90) 4%-188 X %
PHRAEAT )R TRIKRE SR DL BT (212 MeV, 71.1%; 1.97
MeV, 56.6%) » & & & 10 %ic3b 5441 (155 keV) ™ * *o 2 Fig . H i

8



L PR G BRI AT R s A R TR 1 AR AT

LA E o ¥ 7 J 4,-188/4%-188 (W/'PRe) i fa A 4 B BB B L

-

Bt 2 44-188 548 ("PReO,) » R * L S A FLTREF R o FL U
Loghk o i€ % 44-188 fRph2 bR s E L IR LR L G AR BE -
AT A E - E b 4RI Aesk R (s °Y-SIRspheres® % i
# %)) 4 ®® Re-MN-16ET/lipiodol (4%-188 41+t % )*+ j& N1-S1 5% 2 2.
SD +~ &end F & % > S50 5% (intrahepatic arterial, i.a.)/3 8+ {8 = f2 2
Pl E R BYFER 0 £ J1% OLINDA/EXM #8835 8 %5 473k
bt e 18 B anfg Sy R 0 10 A1 SIRT Jo R Rk 2
foo d 3045188 & % 8P (17 ] P¥)§42-90 (64 - PF)AE - G AFE ARG 4T
44-188 1t 5 2 R (2K 5 300 2 5 )fo 2 ¥ 4 »d £ (3.65 - 0.22
MSV/MBQ) > #.%5 +7 *°Y-MS % (17.2 fv 051 mSV/MBQq) % i ; & %
tumor-to-liver ratio 4p :7(3.20 vs. 3.35) » @ 42-90 #czk 48 /0K e
tumor-to-lung ratio (31.33) ¥ 3§ »+4%-188 f+t % Jo7% 2 (4.40) - 4 & U
18Re-MN-16-ET/lipiodol i 4 3 Rtr iz o E4 2 L 9ok i+ 4
$ - EFG " jF GPTTB o2 F-344 & Bt {74%-188 v 5 4o

42-90 Hezk 80 AR L AR e



AR LE R YT 13

— R SRR R IR B P

#-0.1 mL GP7TB *# wm*z & i5i% (5 5x107 cells/mL)# /g s 44
Fisher (F-344 > @ 10 T 11 % > 48 ¢ ¥ 280 )+ EVFE £ 3338 > 14
TEERD A s LA T ORI R PF-FDG
PET i 83212 GPTTB " chf 5 a8 S 30 ~ 423 it £l = )

AR AP ETTRTER

12 pantobarbital (40-80 mg/kg - i.p.iL &) % 7 GPTTB 7%
F-344 ~ & » 1 * 42§ /A (Philips iU22 Ultrasound Machine; Philips
Medical Systems, Bothell, WA)fr L17-5 £ 5 :& (737542 5 A4 » &
Bl W (5 erigs R A 8 1 P
SN A FAGET

11 2% isoflurane/ F Frps e GPTTB " ;2. F-344 < &>
B 3FFs 0% 3 bt °Re-MN-16ET/lipiodol (100 pCi >+ 0.1 mL 4+ % i1 &

) o Eai il L2 4 [P 10 COM BT Bebs o Bt i Fr R 2

=

DFETRRIER A b 1 E & B 2 B 485 & (%ID/g)

10



VR e b f b e 2 & BT 02 poa F e gp e s
T o i (7 f7 N1-S1 342 SD + Blergh-188 vt 5 it i ok o
FAL-188 {1t 5 A BT b & RGO 4 0§ AT

LS -

#: P8 OLINDA/EXM 7 88 i & *5 374%-188 1+t % fr4e-90 ficak 48
e R AR 2 g SR £ % % (3.65 fr 17.2 mSV/IMBQ) s 7 % 7}5
58 s ich  TRHEEH Ry o gy GPTTB " ~ B Mg
S AN Lz wi(l) #Re (03mL 4 ™S %ok n=5) (2) 4%-188 41
w5 sk (2.3 mCi *®Re-MN-16ET »+ 0.1 mL 41+ % ,n=7)% (3) 4
-00 ez 885 R 2. (464 uCi PY-MS 3+ 0.6 mL 2 52 & W -k n=4) - p "+
BRI RS ER S B2 3R M ER S LT
HKPFRELR ¥ AT A B Rl L b TR DR D e B
St BT G A B TR RRRIZ TR RS 0

SRR L HA-188 10t 5 rge-00 AR S K 2 TR ok o

B btis s 14 % 5 & R Efed B0 B2 gE VLR &
ik CO B xE‘.f‘?%j‘{_}" B B g”g’ BJ—E;‘f{Bf\ﬂz 2 PBS (pH 74)/,;_

11



o iE o 100%E 5 AR T 2 13 {5 T PBS AR

AL A d B ke e 1 L i g

._-

Lk
ﬂ;;

oo e HEE 24 > LR wm e A5 f 1Y 0 1135 4%-188 F 4 fr4e-90

P RE S B U5 (6 H TR L T s e gt

F o AN T EHEREL E N A P S Rds T
(TR b e 35 A 47 0 201 Kaplan - Meier Method $e3t 4 47 1 %
B A A AT Y TR Y st A S IBMSPSS(sE & ¢ 19

? < 5R)fr’g Bl 48 GraphPad Prism5 - P<0.05 P4 B E B F R & ©

12



FU* GPTTB i im¥e 630 F-344 < B2 £ XM > 14 2 4 W
FHFFEL L AL R IR o S RS S 31 RN

MR R E i B R RSB R L B T L

W
peo
-
eat
el
?;E;

2T R A% (B - ) o 22 SD + & 4p# > F344 < &b
SFEE AR de | B33 0 WA SR REI B NFEER 0 € 10 3

12 ¥4 2. F-344 « Q5§ & o

)

Bl- ~F344 < & &35 7 GPTTB h 5%k o F344 & &0 71 b5k % 15 4
10 = 34 2 R 20 R8s (A) oL 84 GPTTB fm#e 15 % 3 & 3ol 3% £ 23 £ (B):

e 28 A AR e g T RE(C) 2 A T (D) -

48 GPTTB " im?e 2. F-344 « B> 14 % {3:E (7 BEEDG &

5304483 1] PR~ o MR 5 P RIS R P ()

i‘?‘

F AR
=) &7 PF-FDGPET ¥ #i 5 & % {7 GPTTB ¥ i 3 bt i i
2Pl 1 B oo BIEALR A F GPTTB Wi+ & » ¥ i .5

7| GPTTB R >3+ 2 e e BLRT|ES S kb Y R o

o AzS b s BRI A L T 3R S SIRT s (R 2) -

13



Transverse Coronal Sagittal
® Abbreviation : H: Heart + S: Stomach » Block amrow: hepatic tumor
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® Abbreviation : MT: Metastasis tumor » HCC: Orthotopic hepatocellular carcinoma
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Organ 1 GPTTBRF i 75 $ # X FNI1-S1AFBEE § 408 A
lh 4h 1h 4h
blood 0.21 £ 025 0.30 = 0.37 0.06 £ 0.01 0.05 £ 0.04
heart 0.04 £ 0.03 0.05 = 0.03 0.02 £ 0.00 0.05 £ 0.05
lung 145 £ 027 419 = 1.79 0.51 £ 0.25 2.10 £ 1.21
spleen 0.06 £ 0.06 0.02 = 0.01 0.02 £ 0.00 0.45 + 1.15
pancres 0.02 £ 0.01 0.02 = 0.01 0.02 + 0.00 0.11 £ 0.26
stomach 0.05 £ 0.04 0.07 = 0.02 0.09 £ 0.06 0.25 + 049
S.I 0.04 £ 0.04 0.07 = 0.03 0.05 £ 0.01 0.14 + 0.14
L.L 0.01 £ 0.00 0.02 = 0.01 0.01 £ 0.00 0.01 £ 0.01
kidney 0.16 = 0.05 0.13 = 0.04 0.12 £ 0.04 0.12 + 0.04
bladder 0.04 £ 0.01 0.08 = 0.00 0.05 £ 0.03 0.03 £ 0.02
muscle 0.01 £ 0.01 0.01 = 0.00 0.01 £ 0.01 0.01 £ 0.00
bone 0.01 £ 0.00 0.01 = 0.01 0.02 £ 0.00 0.01 £ 0.00
Liver 7.15 £ 0.39 6.67 = 0.69 438 + 0.58 355 £+ 1.17
tumor 13.79 £ 3.69 1332 £ 332 858 + 348 1041 + 2.78
Urine 0.31 £ 040 353 £ 241 1.13 £ 0.24 0.54 + 036
faeces 0.00 £ 0.00 0.01 = 0.01 0.01 £ 0.01 0.01 £ 0.01

Fo o SIS VEES R T A% -188 0t 5 2 42-00 HeTk AE (1 AFHILL TR GA L 3 B A

#]&))ts 1~ 4] pF2_ T/Liver ratio 2 T/Lung ratio

188Re-MN-16ET/lipiodol ™n-microspheres
- 7 NL-SL 3756 8 4 | i GPTTB -4y 85 4+ | jir N1-S1 956555+
ime
B B et
(hour)
1 4 1 4 1 4
T/Liver
i 1.93+0.59 | 3.15+1.14 | 1.92+0.41 | 1.98+0.29 | 1.72+0.22 | 3.25+1.75
ratio
T/Lung
i 17.33£1.54| 5.95+2.56 | 9.88+4.34 | 3.31+0.62 |21.05+1.49|31.36+4.91
ratio
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Control group

188Re-lipiodol

® Abbreviation : T: Tumor, N: Necrosis, F: Fibrosis, NL: Normalliver, L: Lipiodol, VD: Vascular
damage, HA: Hepatic artery, MS: microsphere
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