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BANZT L A TGa IS4 A — P O#IBIZDOLT

L RS Ul
R B*

EEr ER OEE

N YN

BE RV ULVBEHNTHHI L, SHlD 50 E8EF v — MlE YGa EHOFIRICERNLT,
Ga OfEHA A — VR BT IBMEROBER, SETIOELIAV. SE, FEH X, EEIC ¥Ga
DAY REN-BICHFEZHRE LT, 0P CEFMAMHE2 S Ga 2HitL, BHA A—V 0
HEROFTREMEZ R Lz, EBRICR, BB~ ABIUEBEREY AV, BERATIE, MEOEMIcONT
%Ga ZEH LT 24~72 BEHEICERAID Fesin ZEL T, EHA A —VEML kBl £ 0 /R,
BMERS X OBEKRHIT YGa OES A A —Di%, RPWEENDHI LBbhol. L L, HEIOREIC
XoT, YGa ZEHEEES PRt B0z, EFBLICEEORWEEA A —YiRBb R ok,

L xC®iIc

5Ga-citrate (LAF 67Ga LB&$) &8 L 0BRIT,
19714, Y B2k > TR LD THE~ Y XICo
WThahiz. 2o, 19744, Clausen?, Hara®
Hlzk o TEHEH S 7Ga 2L & o transfer-
rin EEAETEZ L bh Y gk L O BRASEER
M7z, 19794 Larson?, 19804 Hammersley®
HIZL-T, HEEMMMOEEIC Ga O Y AL
DOHFRO B THZENZ Z B A b,

FRIRRIICIE, Ga DA » — P oHED
Wiz, 1980 4F, Sephton® 33 &7 Smith 57 | X
2T Y"Ga EHFIZICSFOBEN = 25460
T, §E, ##H5iX, “Ga BNEFIC+HHic
BERESNTH o HF 2 HE LTl s L OER
KA 5 Ga ZHElE LT, [EEA A — T O
OAFEMIZ O W TRET L 2D THRET 3.

Il RRHHELUVHE

EREVLE LT, EE~-Y R ERKBEELFHLE.

* PR BRI
ZfH:5942H86H
BRWmZA  S94E4H6R
BIREERSE | BEETRRHET 82 (8238)
PR E R R F AR EHR S
X 5 %

HEE~ Y 213, B ORISR YGa oo
ZLOLA, BEFRRIT YGa OfFEFA A —VEL
BR7e. B~ RE, fKE 20~30 g OHEDRE
B~z (ddy %) 2ERAL, % oA KB
—n ) v e KB Z B L, ERSER 1 cm
OfEfiL oz L FICERICH W .

BERIEIL, KE 2.5~3.0kg Ot 0 A A AR
BOFRREERAL, ZoARKEEIC VX-TLE
BeBEL, EFEOERMKI~Scm ikt
SICERICHAWE.

{#FfE L7 Ga-citrate i, —5V 4 74 Y b
—7HrgEFT, HE~ v 2 1EYY 10 £C
(3.7x105Bq) # fEIEPIC S Lz, R L7<8kAl
X, RfuiEHAID Fesin (SEERLERAD) T, &
NEEFvTyR1CYY 0.05m/ (kA & LT
1mg) Z2RB#HARE v #HiE L. HERREICE,
67Ga % 14 7- v 200 pCi/kg (7.4x 108 Bq) # E
HARE VIR L., $7, FH LSRR, &0
EBEr RN HRBIEDIC, T UBEEE 1T
Wi gkt LT 8 mgkg 2 HHAR & Y ESH L.

&S (S oIz, TIBC Bl e E
(Ferro Chem Model 3050, 3[E ESA ##) #Hv,
3% S0 ¢ (0.05 ml) D&k & JIE L 7o, Hagkhs
A8 (TIBC) i3, IfiF 100 p/ % gkfafnFl L & bic,
S~10RA L, SfaffiFe LTS EnEE
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X WHEIE Lz, oW T, Rafnsks &8 (UIBC)
X, TIBC 515 SI fEX 5V THH L.

S EL, BEERLCEREED Ga OB AR
R, £7, FEBO “Ga OIS REDIE X (cpm)
RREL, ZhE2IZL D ICEN L Ga o
FEDIE (cpm) TEI-> B2 EHRTHHb LIk,
ZLT, KEROER (2 TEEOENEMELE
o7 %lg ¥ BBIROMY AARRL Lz, %7,
f&% 18 D “Ga ORSHEE DR S (T) Lifiyk 1 g
DHEEHREDH & (B) b+ b bEE,/ fik(T/B)
DHERE L L.

HEREOA A =1L, WERDOEHAREE -7
# 7 (GCA-401-3) 2R L, SA‘EICLBH
BEAX—THBT 2720, HBLERBT
BRI—& G TRIERF © %1%, “Ga oRELZE
BLTHELRE.

HE~ T 2T, Ga 2 EH L T&EEIC 9Ga
BRIV IAENTZ LB b R 5 24 BRI,
Fesin # 1L, *0304, 05%ICEEIZ LD
KR D Ga DR Y RARROEA 2 X RRE L
Bl

HBHE R TIE, “Ga 4 LT 24 rf%RIC, 7
= UEp$k (8 mg/kg) EH LT, 3,10, 304, 1,
2,4, 6 BEBRIZY v FH A S TRAEDEEN S %
B L. Sbiz, 24,48 N2EEBICLEEA
A—=VEEY, NBRBE LB L. k72, 10E
KRR IERE S (B (RO 2] EL, 7

21 % 75 (1984)

VEESREE 51T X B IEHERS o Ga fHD 2L &l
ELT.

IHL KRB R

<7 21T Ga K LT 24 BRI Fe-
sin S L, 70304, 905%0EHEED Ga
DI IABDOE(E, Tablel TH3. ThbD,
SIfEix, *tRRICH~STELIOEML, Lizd-
T, UIBC f&iz, BRI TELENY. E
1%, Fesin 303 E TIRFBL D 2 LA
BV D RAAREERL, 900% TIIHBE LER
Kok, FoMoss i, Fesin Eihic &
D KBRE LB Z 50t BEEL D b0 L 7.
La L, MR o 7Ga fEix, *tMH»2.87+
0.06%/g =%t L, Fesin #5871, 30 4% Ti
1.88--0.03%/g, 90 434 Tix 1.00£0.01 %/g L%
FLiz. =oi®, T/BHix, Fesin Z5EE45%t
MBEEY VB2 <, Fesin 590450 T i %t
BEED 129 12kt L, 471 L4 3.5 {ZicmL 7=,
DD, BEOEIVDOANAY Y « 75 RRBD
LT, BEAA—CDaL TR MBBLAED X
SiIcBbh 3.

2DNT, EFERREIC GCa ES LT, 24 FH
Bz UESEE TN LA A —Y3, Fig.1 T
b3, Thbb, SREHIHETTTICER K
DA A= R0 L, 3048 TN U) ©
AA—TBBLL o, LaL, EE D 0L 2

Table 1 Distribution of Ga-67 in tumor-bearing mice. Fesin was injected 24 hours
after Ga-67 injection and mice were killed 30 minutes and 90 minutes later

Ga-67 (%/g)

Serum (pg/d/)

Tumor Liver Kidney Spleen Femur Blood SI UIBC T/B
Control 3.69 5.84 674 4.38 4.16 2.87 248.3 220.3 1.29
(n=10) +0.75 +1.56 +4.05 +1.21 +0.64 +0.06 +16.1 +15.7
30 min 4.96 5.5 10.78 4.15 5.10 1.88 1,161.3 —277.4 2.64
(n=10) +0.98 +1.04 +3.87 +0.55 +0.60 +0.03 +347 +17.5
p <0.05 NSD <0.05 NSD <0.005 <0.005 <0.005 <0.005
90 min 4.71 5.76 9.72 3.63 5.02 1.00 1,176.1 —266.0
(n=10) +2.57 +2.19 +6.68 +1.16 +1.41 +0.01 +34.4 +16.2 471
p NSD NSD NSD NSD <0.05 <0.005 <0.005 <0.005

p: Student’ t-test
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— VRIS THAY B RS =V, Fig.2 Ths. Thbb, 7T BEE
> TW5., Eiz, BEOAYy 7 « 750 KL EH L CARM%Z T, ALYy - S F7 v
W moTW5. Tk, 1,2,4, 6 B LR & Kz L, B0 A 2 —2e0M/h L, Kt
EHITHERED A A =TT L, KRHCER O A IZEDA A=V RO o TS, LAL,
A=V, RRMEHILTNS. 28D A A —JICFREBRENRHA DL

& 51T, 24, 48, 2B ORI—RAEDOEH A 2 oz, Zhix, #it+5 Fig3okoz, &

10 m, 30m. 4 h. 6 h

Fig. 1 The change of Ga-67 image in tumor-bearing rabbit following the administration
of ferric-citrate. The size of tumor image decreased gradually whereas the size
of urinary bladder image increased by iron-loading.

K: kidney, U: urinary bladder, T: tumor.

Control 24h. 48 h. 72 h.

Fig. 2 The change of whole-body image of Ga-67 in tumor-bearing rabbit following the
administration of ferric-citrate. The size of tumor image decreased gradually and
the activity of background decreased by iron-loading.

L: liver, K: kidney, U: urinary bladder, T: tumor.
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HES LT 24~ IR IS IR o YGa 23O b, S5 Y Mo YGa 3R D
BLEEDTHS 3. B2, il LTI & F O o
D&, 7T UBSKESIC X B Mt o 9Ga 67Ga 2SN LEHBEE L RIL IS ES VTV 5.
DR E DE(kiZ, Table 2, Fig. 3 Th 3. T 4b iR, SBEIC X > T—ERRME T A S8 L

Table 2 Clearance of Ga-67 from blood of rabbit following administration of ferric-citrate
(A) Control (x1073%/g)

Time
0.5 1.5 3 6 9 12 24

Control ~ 338.95 244.89 166.87 15277 129.59 131.80  70.11
(n=6)  +21.49 +26.04 +47.53 121.54 42078 2554 -+14.88

Time
24.5 25.5 27 30 33 36 48 72 96 120 144

Control 69.52 66.34 62.19 56.32 50.19 44.26 29.06 15.30 9.68 5.82 2.66
+20.57 +20.31 +18.52 422.01 +15.01 +16.32 +3.74 +2.10 +0.81 =1.89 4+2.04
Time: hours )

(B) Ferric-citrate (x 10-3%/g)

Time
245 255 27 30 33 36 48 72 96 120 144
Iron 2426 1155 513 210 156  2.65 9.63 946 720 461 404
(n=6)  +0.33 4145 +0.84 4065 4037 050 -43.95 =199 +£1.31 131 =197
p <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 NSD NSD

p: Student’ t-test

1000

100

% ADMINISTERED ‘Ga IN BLOOD(10_:)

T T T T

o 24 48 72 96 120 144
HOURS
Fig. 3 Clearance of intravenously administered Ga-67 from the blood of rabbit. Ferric-

citrate injected intravenously does accelerate the clearance from the blood stream.
control, ......... ferric-citrate.
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(x10°count/min)

20 4

o 10 20 30 40 50 60 70
Chrs)

Fig. 4 Clearance of Ga-67 from the tumor in tumor-
bearing rabbit following administration of
ferric-citrate.

Up:1.01

Fe 24hrs

1.21

Fig. 5 The change of the Ga-67 image in a patient with
lung cancer following the administration of
fesin. The Ga-67 uptake ratio of the tumor
increased by a factor of 1.10, 1.13 and 1.21
relative to the time after fesin administration.
Up: Ga-67 uptake ratio

Shiz Ga 235, Mg o gEREYSLT 512l
i, MEHIC7 4 =K RNy 7 LclzdTh
59,

Fio, MR EOESEHICBEOEREZZEL,
P HI X 3 SO YGa 0B k% “Ga D
BEEMELTHELTAS L, Figd Ttbs. +
nbhb, EEHO Galt, 7T BERELT
K2 W% £ CEOMICEA L, oI
il & &b ITiRA TR LTz,

V. B8 K 6l

SETCOPMERORER» S, BEHIT+Hi
Ga pPEMShThrogFEHEE LT, AVo
RNy y « 77 PR s TEEHSDO =2 b
FAMNEBRESEDZ LBz AR, HEER,
57Ga % 5 L T48% L < 137244 12 Fesin 2 {3
(40mgx2) 27 FofEi(20cc) LBE L, 3
BICHBLRE—RHUETY v F 7T 0% LV HEO
A A=V LHERL 72, &M, YGa o
PEELTHIELE.

EHig, gEEIC X BftE D Ga 0L E %k
RAYNCFHET 3 7201z, EETSBLIOMBLE L
TR OIEHHE IR UK & & oBELHER (ROI)
e, EFHSO “Ga oifs (T) L IEFHE
D Ga oI x (N) ZHEL 7. =zT, (T-N)
T IEER S O YGa O E ThH Y, (T-N)/N
¥R (Up) LEDT. ZLT, JBAA—Y
LHFHH DA A — U OERF OB % g L 7.

4 % Tl Fesin $:5.0 RG] & #9204 8 5% L 7.
—fzic, SBEECEIVEAIOTCGan Ay o S
Ty RRBA LS, BERVLEREES» D b
67Ga PR LI A 2 — ¥ L o< 2D
A B hic, > T, i o RERHER 27T,

fEF] 1 (Fig. 5) &, Al (R bR ofkER T
H5. Ga kIS L T2 Fesin 2 34 L
T L3, 4Bl oA 2 =21k, 2fKE LTHR
IyvEch-oTwa., LaL, EREE, dEo
1.01 123 LSk 4413 1.10, 1.13, 1.21 L 08800
LT3,

fEF 2 (Fig. 6) b fifif (R L) OfEFITH
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Fe 3hrs
0.82 0.96

Fig. 6 The change of Ga-67 image in a patient with
lung cancer following the administration of
fesin. The Ga-67 uptake ratio of tumor in-

creased from 0.82 to 0.96 relative to the time
after fesin administration.

Fe 3hrs

Fig. 7 The change of whole-body image of Ga-67 in
a patient with malignant lymphoma of the
neck following the administration of fesin. The
image of the metastatic lesion of the left sub-
mandibular region and left hilum of the lung
became more defined by iron-loading.

%. Ga % 15 L 48 5% iz Fesin # & L 3
R oA 2 =iz, AL IR~ TH#AL
RoTW3., LaL, B OERIE, X2 0.82
wxtl, SEEIZX V096 LMLy R R B
PHRL Lo T, fER 3 (Fig. 7) 12, AHEEEK
ROBMY VABOEFEYVF ST LA THB.
“Ga 2 EH LT BRKE%OY v F S I547T, A

21 7% (1984)

SHERLAIMC EZH T ER (RED) & ZEffi P96 (R FD) 28R
BOREEMEE 2 LS. Fesin FE 3mER%E T
i, AVYORAy 7 - I FRHALMTED L,
EFETE(RE) L EMPIE(RE) DA 2 —V h8
mEh, MBAA—TIVERAICH LS.

V. & =

19714, Tox 722D bid, B~ Y RICERHA
ERELTHDL YGa 2 EH 75 L “Ga ok
SBPET L ERE L. LaLl, T0Y
BEiE, T Ga LEROBRIIEADL 5 Thr ol
Lz A, 19744, Clausen?, Hara® 51z X » T,
EH &N Ga BmykF o transferrin L F5A& L
THBBIGETh sz LG ashi. &I,
19784%, Larson® (%, REEMAIPNIC °Ga 23ER
VIAEND A B =X L LT,transferrin receptor
FEIRAE L, %Ga-transferrin 4 XU ETH S
ERE L. 22T, MikF 0 DFED “Ga
DEADTICEN» 2D b2z Tk o7k,
Z D1, 19794, Larson? &, 19804, Hamme-
rsley® 5%, #HEEWMERWT, ZTOEHE~O
"Ga Jg Y IAARIT B L IF TSRO i< o v THE
LTW3. 19814, EHEH6?, HH0 LiBE~ D
2T Ga ¥ EHATHRICEE &Y U TIEH & ik
H o Ga OB Y RHOELERET L, “Gam
fES /iR DRI, Ga & FH% ISR L &5
T5EHMTsZ LERE LK.

LENE, EE~ YR YGa 2 EH LT, +4
CEFIZYGa Bl R hick Bbh 3 245/
#icgkH| o Fesin 24 LT, ¢Ga 0JfEf;, /L
BOHRE LbR_., &b, HEFRRICONT
LA A—TDH 2hb YGa nENBIEICE XIF
TEHAOEEEBRI L. 2 ORE, ¢Ga i
5 LTHEFIC Ga B +aiclivdEhicdb Lic
GFzEETs L, Fig 40X 5 CEEESHD
» Ga ot L A bH B, £hl ki, Fig. 3
DX HITTHRLPICKED YGa ik 5Bk
32 0T, “Ga OfERMIRD LRITH L H
ML, A A=Y THLERBOEY DSy - T
FSUREBOLTEREA A=V b7 RN
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BB+ 5 = L Aibd o7z, 19784F, Larson® 5%
Iz  Iron-dextran % {4 L T fLikF o °Ga
DEHEBDERELTWSED, Hoi, A
5L THBOBMBZECLIEIE L 272D T,
Z 0%, [MERFICHEY “Ga 28N+ 285 % %
TWiaw., FELOER TR, ¥Ga LR
HITh om0, METoOSKENERLT3 LHU
iz Ga BNE 72D ThH 5 9.
UEDERZHFE 2T, FHOREEFIZOV
THHAOREBERET L-. &T, SHREORE
KR EPID Z = A A%, 19804, Sephton®,
Smith? 52 & - T/ &hz. Sephton 5i%, ¢Ga
RS LT3R oERMICSRIEHEL, Z
D OB DA X —DiF, SEHE L W48
HERURBECHALIERA A —Y Th oz b #
£ L TW5.Smith? &3, Ga 4 2 BEEIRTIC &
Az LT, transferrin # $kCAIfnSE5 2 L
2k »>T, “Ga 0EFHEBE~O MBI &
M&3%/FEREH DR LR L, hoRWEEHIC 2
Xyv TR ENAJEETH oA L. L
L, SET0ERLY, BH0 o~y Ik
FIEk e BIER TIX, RLTBWERIX bR
Mmole. FIT, EFELHIE, SEOLSIC YGa
DEFIC IRV RERZEEDbR B8 WL
T2RE %12 Fesin & E 4 L TiEHR 5 & CIERHE
b Ga T HonicdEit s, JEEA A —
oAV T A NIRRT ELEZ AR
T2z, Fig. 3 ok S icgkFloFsizc X - <L
o “Ga iz, FHRLEEDTZH, —7,
Fig. 4 o X S IR b IEGMHE 2 & L Ga iz
BWh+5. 7272, SFNCX 2ERE» >0 “Ga D
BEitiiX, MiZhs SOEFBE» S0 Ga ok
MLy LBNDIZ, $RIOBEIC X > THEEA
A—UNFig S~T DX H IR E B0 TH S
5. 19804, Muranakal® & 4,, JEEHED S D
7Ga D PEitiT, EFEMAE D & OPREEL D LW
DBFETH B b TWwW3B. —F, 19824,
Koizumi'® (%, FEHRHIT 7Ga 214 L T 2405
iz 8k L — F Ao Deferoxamine # 4§ L T
Ry« 750 FeRbse, BBEOA AU

DB LIEFIZRELTWSE., ZhAbnZZ
B, EEOLLRILERICXS2bDTHSB. Lid
L, AZECH, BEEMRE? b b 7Ga 28K
¥L— OB o THAT 20T, EEERRY
CREIFESNIZE I BREVWS A=Y Rz bhizn
DBHERTH S.

VL f&

8Ga D&,/ MMk D HLZFRE, “Ga #EH LT
[EHiC Ga B+icl YA hicd Lg%
BETHZLICL VBV RATHARLE, %1, |
FC &5 afERE, BERREOERA 2 —Y T
bz,

Eolz, MEOHKEFITH, R X5 IgHIn
BEZEoTHEEAA—VDa Ly b5 2 BP0
HWHRENBZ bl
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Summary

Relative Tumor Enhancement of Ga-67 Uptake by Iron-loading

Tomomitsu HiGasHI, Keiji FURUKAWA, Hiromi WAKAO,
Masato KoBAYAsHI and Hitoshi OTSUKA

Department of Radiology, Kanagawa Dental College

In 1979 Larson reported that uptake of Ga-67
in tumor cells preceded by binding of the Ga-67
to transferrin. Since that time there have been
many reports concerning the change in Ga-67 ac-
cumulation in transplantable rodent tumor by
administration of iron before and after Ga-67 in-
jection.

This study was undertaken in attempt to discern
what changes were produced in Ga-67 images of
malignant tumors both experimentally and clini-
cally when iron was administered 24 to 72 hours
after Ga-67 injection.

Experimentally, it was observed that the tumor

to blood ratio of Ga-67 in tumor-bearing mice by
iron-loading at 24 hours after Ga-67 injection was
several times greater than that of Ga-67 alone.

In clinical trials, fesin (saccharated ferric oxide)
was given intravenously at 48 or 72 hours post
Ga-67 administration. This allowed time for
adequate accumulation in tumor tissue. It was
found that fesin accelerated the excretion of Ga-67
from the blood and non-tumor tissue and im-
proved Ga-67 tumor-to-non tumor ratios in pa-
tients with lung cancer.

Key words: Ga-67 tumor image, iron-loading,
lung cancer, tumor enhancement.
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