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Liver Tumor Imaging
by Thallium-201
Chloride with High Resolution
Three-headed SPECT

Tomoko Takechi

Thallium-201 chloride (T1) is useful in tumor
imaging. The purpose of this study was to evaluate
its usefulness in liver tumor imaging with T1, **"T¢
(Tc)-phytate (colloid), and three-headed SPECT.

To evaluate the method, we imaged three spheri-
cal phantoms with inner/outer diameters of 8/10,
16/20, and 26/30 mm, respectively, in an aqueous
solution background of 37 MBgq/1 T1 and 74 MBq/
I Tc. All lesions in the phantoms were highlighted
by the subtraction.

Clinical materials consisted of 44 patients with
102 lesions: 31/73 with hepatocellular carcinoma
(HCC), 8/21 with metastatic tumors (Meta), 2/2
with cholangiocarcinoma (CC), and 3/6 with heman-
gioma (HG). Tl accumulation in HCC was the
highest, followed by Meta, CC and HG in that order.
Ring type accumulation was observed in 17/21
Meta lesions. Mean tumor/non-tumor ratios were
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as follows: HCC (non-therapy) 1.454:0.33 (mean+
SD), HCC (post-therapy ; transcatheter arterial em-
belization and percutaneous ethanol injection ther-
apy) 0.47+0.22, HCC (recurrence) 1.35+0.52, Meta
1.074:0.25, CC 0.454:0.64, HG 0.48:£0.13.

T1, therefore, is useful for liver tumor imaging,
and Tec-phytate is essential in discriminating TI
tumor uptake from normal liver accumulation.
Image subtraction (T1-T¢) is helpful in depicting
diffuse and small HCC.
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Fig. 1
illustrated. Inner diameter of spherical phantom (d) are
8, 16, 26mm. Outer diameter of spherical phantom (D)
are 10, 20, 30mm.

The tumor phantoms and the container are

WElidis 4 #— v o

Fig. 12k <, 1TX1lTem @) 7o 2w

B B2 o ACK iz 2.000ml sk & A fL,  # LIz
TAMBaO Tl (HA A 27 4 vy 7 Z4H) iz,
3TMBq/ 1 T i 72 VER L & AsE | 72,

M & 8mm (¥ £ 10mm ), 16mm (20mm ),

26mm (30mm) O A Lht 3 REFH L ERIE O
7 7> b (T 7 ) BIRR) % ARz
L, BFPNESS e LAz, I 7 7 > b 2121200,
18.5, 37.0, 55.5, 7T4.0MBq/l %k T ik

HAL, WSSO TIVRED Sy 777 70 F
2L, BB 0% (KD, 054%, 1.014%,
1565, 20fE L d L9 lcELR. P> 7%

— FE T, M7 7> b LaDFH A Wz E
[ o i B > % % 4572, KA AR i 148MBg
D Tc &z, TIHEED 2R84z 5 T4AMBqg/]
NDTemHw E TIHEROBRAMWMEER L,
FEIRIREE T2 > 70 ®— F ik & BRI {7
— 7 &EHH,

i L 72 SPECT #& 1 (215 = 4 )L X 0% 53 i fig
B 2—2 #3655 L 72 3N ERmE R A o = 7
A7 (U2 GCA9300-A) * BiBESE T — & ALt
i (R E GMS-550U) T4 %, SPECT o 0] fiz
AR(Z210mm & L, 7T— ZUUEIR, 67 &1z 1M
ERMZT 1 Mg 72 ) 20451, 516075 [4360°
PoRET - ERNGz.2 F ) v 7 2 A X332
mm T, 4 A= 4 L2 128x128=F 1) » 7
Z, A7 4 AW 3.2mm TH 2, HIRLELH S 2
JOLT 15X 15 @ Butterworth 7 4 /L 7 % Flw,
WS e 12 Shepp & Logan 7 4 /v % % {liH
Lz idel s TR % & Ve L 72, WRIBGH (34T
bah =i Tlox 20 ¥ i€ 3, 7T1KeV
+10%& L, Tedd = 4 0 ¥ i 13, 140KeV
10% & L 72,

Ehiz, Mo TIORB G 6T 3
Tc ORMHE &SI L, 77272 3 g%
firrz.

@2 "o

KB L ONERS 7 7 > b oz THE % HAL
T sl > 71— Fo SPECT #i Wiz
BT, M#7 7 baznsy 277980
BefEAg d 5 3Btk & L Rl HED L TEmY 1=

HABEfeasad 45 54 2% 45 14



B oW

T 1401

Table 1 Results of #*'T] imaging in various malignant and benign tumors

Patients  Lesions | 3+ 2+ 1+ —
Hepatocellular carcinoma 31 73 P33 19 4 17
Non-Therapy 17 41 24 16 1
nodular type 17 37 V22 14 1
massive type 4 4 i 2 2
Post-Therapy (TAE, PEIT) 13 17 i 17
Recurrence 13 15 9 3 3
Metastatic tumours 8 21 5 7 9
Gastric cancer 1 1 1
Colon cancer 1 1 : 1
Pancreas cancer 1 6 2 4
Lung cancer 1 1 1
Breast cancer 2 7 P 5
Leiomyosarcoma 1 1 1
MFH 1 4 2 2
Cholangiocarcinoma 2 2 2
Hemangioma 3 6 . 6
Total 44 102 (38 2 15 23

TAE ; transcatheter arterial embolization PEIT ; percutaneous ethanol injection therapy

MFH ; malignant fibrous histiocytoma
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Fig. 2 Schema of regions of interest
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Table 2 Detectability of tumor phantom on visual

examination
(A)
“_ TI concentration
—_ 0.0 0.5 1.0 1.5 2.0
size (mm) \
8 ND ND ND ND ND
16 C ND ND ND H
26 (& C ND H H
(B)
“_TI concentration
Se— 00 05 1.0 15 20
size (mm) \
8 ND ND ND ND ND
16 C ND ND ND H
26 C ¢ ND ND H
(03]
size (mm)
10 (&
20 C
30 (&
(D)
\ T1 concentration
R e 0.0 0.5 1.0 1.5 2.0
size (mm) \
8 ND ND H H H
16 ND H H H H
26 ND H H H H

C: Detected as cold area H: Detected as hot area
ND: Not detected

HAPE s 05 64 % 55 14 %
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Fig. 3 (A) Eight/ten (inside/outside diameter], 16/20 and 26/ 30mm tumor phantoms fills
with thalliom-201 (0, 0.5, 1.0, 1.5 and 2.0 times of *™7T1 concentration against the
background), using single mode (*'T1 only)

Fig. 3 (B) Same as A)using dual FT1 and ™= Te) acquisition mode with *'T1 window

Fig. % (C) Images using dual acquisition mode with *™Tc window. Tumor phantoms are

detected as lower pixel count lesions

FREGF12 A2 H
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(D) Subtracted images {B) dual mode **7T]

summarized in Table 2,

() dual mode *™Te).

Detectability is

Fig. 3 Images obtained by the phantom study are demonstrated by
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HCC Meta CC Hemangioma

Fig. 4 Tumor / non-tumor ratios (T/N) in each cate-
gory are plotted in the figure. TI SPECT image shows
nodular uptake (O) and ring uptake (@). Untreated
hepatocellular carcinoma (HCC) shows T/N over 0.85
and higher T/N than the other disease. Eighty one
percentage of metastasis (Meta) shows ring uptake. CC;
cholangiocarcinoma
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Nodular Massive

Fig. 6 T/N of nodular type HCC and massive type
HCC are plotted in the figure
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Non-Therapy Post-Therapy Recurrence
Fig.5 T/N of untreated HCC, treated HCC by TAE or
PEIT, and recurrent HCC are plotted in the figure. T/
N of post-therapy was below 0.85 while the untreated
HCC and most recurrent HCC shows over 0.85.

=-0.17

300

0 i L i ]
0 100 200

Size(mm)
Fig. 7 T/N of untreated HCC versus tumor sizes are
plotted in the figure
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Table 3 Detectability of HOC basing on T/N and T/N with uptake pattern
| Finding |
True Positive False Negative False Positive True Negative | Sensitivity(%)  Specificity(%) |
| T/N 55 1 17 20 982 63.0
| T/N, Ring 55 1 L] 42 982 91.3
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Fig. 8 Caze 1 A 65-year-old male patient with untreated nodular hepatocellular car-

cinoma is demonstrated. Visual accumulation score was (3+) and N was 1.41. CT (lower
right) demonstrates a nodule at the dome of the liver. Tl SPECT image (upper left) shows

abnormal uptake, Te SPECT image (upper right) shows cold zpot in the same legion, and

the subtraction image (lower left) clearly demonstrates a hot spot,
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Fig. 9 Case 2 A 62-vear-old male patient with recurrent hepatocellular carcinoma is
demonstrated. Around the necrosis caused by the prior TAE, recurrence 1s evident. Visual
accumulation score is (3+) and T/N is 2,68 in the recurrence and 0.43 in the necrosis, CT
{lower right) demonstrates low density area of the necrosis, however, the diffuse recur-
rence is unclear. T1 SPECT image (upper left) shows defect of the necrosis and abnormal
high uptake of the recurrence, Te SPECT image (upper right) shows a cold area, and the
subtraction image (lower left) clearly highlights a hot area of the recurrence.

Subtraction

s 4
&

Fig. 10 Case 3 A 79-vear-old female patient with metastatic from pancreatic cancer. Tl
is accumulated in the non-necrotic area but not accumulated in the central necrotic area.
T accumulation score is (1) and T/N of the non-necrotic area was 0.82 in S, of the liver.
T accumulation score is (2+4) and T/N was 0.85 in 5. Solid tumors with central necrosis
are shown by CT (lower right), T1 SPECT images (upper left) are smaller than those of
Te SPECT image (upper right) ; forming a ring uptake in the non-necrotic area. The ring
uptake is evident by the subtraction image (lower left).

1407

TITix (3+) oMM Rehi. T/NIE o R LR, CT, &M BiTL .
TAE o FEE o MM I PR WA SE b L iz
fiEfll 2 (Fig. 9) 62 &k, DHE, FEENFass, 4, BEMTEE THENEOBMIETRTH -
64 HE L3 A AMICTAES G &= 2 B2, 2. TITik, TeHAKE (3+) QR

ERpRGgTH -, a-Fetoprotein (AFFP) 54, BRMOERIHENTH- 2 —H, Tl

FR 6 12A 2 H

649



1408 WAL 2 ) 7 A & SRR SPECT 12 & B HFHE# A £ —2 > 7

THEMO RN o7z (=) DEbMx CT Bt
T TAE #OBEIELRIc—K L Twi, T/N g,
BRI T268 BILHT043TH-72, 7L
77 a yE{ETIE, BREBIIHEBICHEE SR
2.

fEH 3 (Fig. 10) 79 %, Zotk, & E
(%)

1w CT Ty, BSHiBiclEErRon, I
icix, PO Ag T, Bl REL )7
B2 LR EEFR LN, Tc TSR
HoRBBEOR LN BEAI—BL T, TITD
LR RIES E ), RBEICERIGRLEN S
YIORERL, CTHEE —HL T, EENAN
X (S,) DEFBENY) > 7 Dilikiz (1+)
DEFET, T/N i3 0.82 TH- 72, AR T KR
(Ss) 1 (2+) mHEMT, T/NIZ08 TH -
fo. 7T 723 YEHETIE, FOERLRIAE
T, MBI & s,

z B

T1 D fEE~D EFE#E T 12 Na-K-ATPase i& £
&), KoREKEERE L THEEICEREI NS &
Wb TWw 3, Ito' %13 5 B lE 55 i~ o Tl
DEM LK DIFERE P RIFLHB TR 2 &8
HL Tw 3, —F, Muranaka'® S (3 fEH~D
T1 >8R A%, Na-K-ATPase {FE# B ET 5 7
T4 rofbic k- T3l e mELTB
N, T1DEHKEF 2 Na-K-ATPase i 12 K 7F
LTwadEEZbNTWS, EEHMEDREGHE -
Na-K-ATPase iz & { #HBI L T H n o9,
Na-K-ATPase i@ EE i Tl o EfHs
WfF3 N5, BERE CIEFRECBIT S TIo
HHt & Na-K-ATPase it 0 & W AHBY A5 = H'
i N@HmESN TS,

TIiZEES > F 7774 &£ LT TI2HFHRM
B UMESICERRIGH S h, 4, RO, &
HURR, B'0, Big', FLIR®, BER'25ICHB W
THLFDOAEREI»BREEINTW S,

FFREESIZ DWW TS, Fl¥, AHD® 52k ) #H
HEINTWwD, Thick 3 &, FHEi&C L 286

70

T, gD 7605 5 Bla e, EHERE
D19 FIT T, BHERZED IHITCEE
LWV RERTH -7z, FI S IFRRIREE 5 LA
REIRE SO PRER RSO 1L TI 57
774 DWEERLTwE, BREIRESH 2 H
W AT FEE OGRS T, FiE 2ot &
T 10 SR THIAT L T v 2 2%, ERBMEIFE LA
IFEABC R S 2 C S L Tw B,

72, KERRGE T, MBS 10 48
BlUCHEAT L, 7B TR MEREL TB 0, il
IZTRAT 5 PIIRDBIIRFIIR S + > b e PIRERIC
L0, PIlRD HAEFEERICHH L7z THic & 0 HEH
T3 LHEEL T3, Fofliciz, FEOEEC
B2 TIoFHEOHEIZA L, FEY S
DEEETHT, TNCEHGBTORITH -
J2. BEE > F 7574 ELTTIHERTH S
EHESINLBAMICAANBTHREN, 0 F
BN TEREYD B, w3 #EE SPECT @
gL, MenEEs > F77 741285
TIOFHEZHFHET 28ErEmE->TCETH
N, TIoEMPERZRTHECEBNTY, &
%5 & REF~OEMZ KT snicmfL gL
FHEIN, KR T, TcZ24HL, &SoF
HESPECT # w72 Tlic k 2 &8 > F 75
74 RRAH, EbiZ, Y7 I 7 3 YEREE
L, ARMEZHERL .

EBREORFICBNT, I NVE—FDT—%
WAETIE, NESmm DIEE 7 7 > F L & HEHE T
H2EHTEY, NEI6mm Tli 2.0 5 EL
b, 26mm Tix L5 FREL EASBLETHY, /N
WO I HE -2 5z (Fig. 3 (A), Table
2 (A)., ZEHERRKNERDTIE Tcot 7 b
Z7va v EgTIE, YIINLE—FOTIOTFT
— TR TE Lh - 2N 8mm @ 1.0 5
FE, 16mm, 26mm @ 0.5 i EE LL_E T B i 4 ]
ThHEE % - 72, W 8mm PLETH NI, FENES
B & BEEER ) T1 MEA % Th - T LR THE
THY, YT F 23 EHREOFREATREN
72 (Fig. 3 (D), Table 2 (D). AWroeniEkT—
% CHER T & 72 e/ NEBAEIL F A IEE O 9mm T
b odz, BRI TIIIFIGEECA P HSIIC £ 5

HAEKSHE F548 F 145




i

PEEIC &0 e ze M eSS TR 5 L8
ZBNAH, TRk, BKB L, EBERGET O
WrEET AL, EEOKHERIZ 10mm # )%
ThY, SLICHECHBT 2O ENKE
B HY 16mm FEELEE L # 2 LTz,

TR THEIE, 2> 7N E—FD
TU% & Mg 5 & gz s - T2z (Fig 3(B),
Table 2 (B)). THHMFEEILE T2 Tl O %E
4 ¥ FodicfbldE (Te) o 27e X F—7
Ik BB EZ biLlz, ZHD L0 T,
KA LX) A—=F24MHL, TIE Tc#®
7.4MBq, W 2emic T, #ET7 4 ¥ F7WR%E
20% & L 72856, 11.7% (Tl 4 >~ k)
r185% (Te74 » k7)) o7u X} —70H
HHR b N, AIFROBERR TIE, THZ
TN E—FETA A=V 7L, TN Te
FRE L, A A= 7 ERITo20, Tenfs
mix TID#H17fETHY, Tl s Te~D 7
A b =713 R EE 27,

OOz B v T, Table 1ic/R$ 2 &
<, Wsmlam iz (2 4) Ll ko Tl o iy i
WIERE DR b Lz, BRI T3 81%12 )
> RO PR L, ORI L AR E
#z bz, TR bR TR L T,
R P RO e T R & B 2 bz,

e, AHO® Lo Sz L 58T, Tl
DRI IR 19 Bl &6 Tl Th - 72,
i, TInATIIREMOIER & FEEDE
Mz TET, ©LAPLHORIEEN AL &
LZTWhLDEREEINDL, ZOMNiE, KD
2k TLE Te b L 7z SPECT Wi 5 & o
BT g EHEOERIZ LD, LS TH
Huiglc kb eEz sl 7, EHR
FECMENT IZ, JEPHIF & D55 ERED B v id R
Th - fz, KiGHFEONFHTaED T/N O FEHIL
1.45 T& 0, EEMEFEE 107, FFImASIEZ 0.48
Tdh -7z, IEMIENEE 0.45 & 0.64 TH - 72,
RIS B & OV S (3 RGO a0
T/N & DRI A 2 D IR & o855
WHEE FH 2 bz, SRIOIFRICIZEENLh -
fedf, WRME, AEEMSEIZE, SHaaNRI SR )

EREC64E 12 H 25 H

P 1409

PENE S NE BRI B W T, TR
X Tc TOBMHbHO A & IR & &5
TEBLWHMAH D, GHOMEDHETH 5,
ERIITIC BT, T/N 570.85 DL L7 & 1F
MilasE, T/N A%0.85 ki 7213 ) > 7k o i fi
YRS N B A IR MRS & iE 3 5 & Sensi-
tivity |2 98.2%, Specificity I% 91.3% & \» 5 Rif
LRERDEL N2, TS I3 SRR T D
JE & BEV AL MEEZITICE S WA, Tc
EOHLAZTI > F 2757 4 Ollifgs L T/
N D FEREIC & 0 JER I M0 IS > 75 e 4 5
TE L 2R L T b,

2R 5 B, TAE 3 L f PEIT i#&#
HBO1THEITNRL (=) THD, T/N F
B3 047 T, £WHE T8 R TH - 72,
TAE &1z CTRE T, Z0iligh b DE%
WEDFHEi R = &b BH%, Tl > F7
77 4 TlEERHREIC LR S N, PR3O Tl
CAHHTh - 125 2 %8 L7z (Fig. 9). PEIT
%I CTHREICBWT, =4 /—niz k 31K
WA, 38 & 2 AU A 1 Wiz ok 5 54
h oY, ZOHPATYL, Tc THORIBIO—H
2 TIOHERD R o, FAEOBKIHRETH-
TZRER B L 72, T L DZED T/N £0.85
PlbZe s HBEOWEHE2RET 230 E 2 5
fz. Tk, FHEEGEHEC LD, B mii%E
B9 250 FFRILEORHIGIC L A Z & HUR
=¥ (WA

JFF B o> P HE 43 3RS (R 2, BRAR) &
TI T/N L OMICIXAERIML N h - 72,
F 72, FFMIINE & k2 & - oMlicHBIZRS b
Lh otz ZLDRIRGECIEEOKE 213,
FF #4019 o 186 gt i > Na-K-ATPase i1 & 13
LFLLBHIL TuiwnwEEz sz, Tlodf
RO FEE ¥ IR 985 0D T it 5ok 5 R0 SR % WL B 7
b, FTHOHFEICHETIDETHEINE, Tl
Bl & AR E OB AR T2 2 L iIXAH
EEZ Lz,

AR TIE, Tl OEGEWLOHIIEZ L TwvZn
728b, ANFHLSS ) o 2URAERE T PR oy JE NS T
@ Tl DRI L 2SR E»F 2 L, K

71



1410 LAt V) o7 2k wisr e SPECT 2 & B MM 4 A — 2> 7

AL Dl CIERE L TR SN2 S -
7z, BT O BSE TIE 2 5 g diE,  IEE5ER
& IENEBRBOBL TN $ T & T OG22 2

Z BNz, 4l BELMOHIE 2T 2 L H5E
HTHhb.

T1 i 4k M < Na-K-ATPase i # 0 & v .0,
B, WL USRS T 528, 2k
FTHIBDOZMNCIZHE S v EE2 LN Twni9
HSPECT # w2 Z 212 k0, BT 3.0,
W, BAE & AN O SERGEAL & 12 3B TRE T A -
oo B bic, oy T, Mo 4 B RIS, Tc %
TR >0 CT lifg - i 4 25812 25 4
ANEHE 2 MR T B L IR L oo 72, E 72, I
T TI DA ER A G T 2720, FFHOIEE
~DEREXFA L W EEZ LN TE T,

AWFIETIE, Tc & Tl o> REHE R L 12 &
BB & BB o) S filt & &R o T HEM: % W
L7zds, MBSO B2 e TE 2, EhicH
TET7 7 vEE VA X, L) B
WHEFET 2 Z EDMEETH -7, Lk ¢
MM L 5 20 > 780k B9 2 R0
HOLWITMRolEE L cTIor» 7 ve—
FCRHELECREL, 7572 3 viiifg
TIE—RLTHET 2 Z 20 %2 50, b
TrUuFEMUMRETE 00 AEEL L,
F72, TIB & Tec @ SPECT #iWiig T o
R & CT COMEERE & D—B & MR T 51
{2, SPECT 1% & CT lif§ > o jad b4 H
THY, FRAEEIC B TR 2 L 72,

AR AP D RE % LUF IS8, IRz
FIND L) ITHAL W,

(1) TIE Tenr 777y 3 > Wife % ERT
BB, L 7 E— Rk TR R
THEDREWIALE 56— Tdh 5 = & % PLEEMIC i
BLIZIZT, v 7 E—Fiko TEiEs»
by, XD MEHEREENSEED TG & —3L 7
Tc W% THAEL TEY, SEMELREIVIEL
5. F72 TcEDRHORRE /R #50E, JEIE
EHHFOTIE Tco 7 h 7y b % 5#E 12
LT, ELHERACHEY AEEREL T2

72

DHIRTH B, L DMHGFUELE 2 2 1 2 —
F—TMHICAT 2 U, BRI L TR %2 8
s,

(2) fEFNIZ & - Tix CT W% & Mk L %45 4ug,
MR D FEACALE & W% 2 2 L W40 5
2% CT & RID7 4 o b TIEBIMHE o g /)s
BNENENR G B120h, BMELNIGE 4 25
BITI3, AIRMICHET 208ibL (KL 22
D&, FDize RIEHE % CT ORiWi1% » [
—KIZHERL, A&7 4 NAERERL T 20h
BIRTH B, N5 OB B L 3T 012 13
Picture Archiving and Communication System
(PACS) i Al kN 7 3 X FHRE D,

% A&

1. EPEaRE

(I Ty > 7 nE—F ik, NESmm ol
W7 7> b ARRMTE Lo 72, BERE S
LICIEAE I6mm TlEvy 72759 > FiostL
2.0 o T1 4R, 26mm T3 1.5 B EE DL b A
HThot,

2 TIETconH 7373 »ilifgcid, W
£ 8mm T 1.0 £ % B, N 16mm, 26mm T
0.5 fEMBEELL - TRz T & - 72,

2. BERRRAYARET

(1) HFERD o5 BUMERTZE % 453 2 44 1 102 35 384,
T > 7ZnE—FE LU Te o0 KGR
WL EE SPECT # ltifTL, 7+ 5 73 3 > i
R L 7z,

(2) RIGHDOFFMILRE (41 753) OWELHgH E
HBETIiE (3+) 2924568, (2+4) » 164 T
&Y, EROPHCIE T/N @S-+ 18 i {5 =
13 1.45+£0.33 & @V EERUb RS e,

(3) IEBMEIFHE (CLHH) 7 81%ic) » 7 ko
LR GRS S NI TH - 72, JEIELL e T/
N31.07+£025 TH D, HFMAHEE (2 5% 4L)
(3 0.45 & 0.64, 1 % JiE (6 %% ) (X 0.48+0.13
Th -7z, EBHERES L OMEE & RGN
HigRE & T/N EoMIc A E=rR S iz,

(4) T/N #%0.85 LL - 7 & BFA W, T/N 0.

HABE R #5458 8 14



W

85 ki F 7213 ) > ko Hakih R b iz AL
JENF s & AR 2§ % & Sensitivity 1 98.2%,
Specificity (1 91.3% ThH - 72,

(5) TI& Tcon# 7773 »lifgickn,
T1 o if s ER % B f i T & 72,

E

Mz 2ok, MR, HEHEBY £ LoEk
K R O R S S B T AT R VR 2 B IR % 1
FE3. 2 RECEE R, e, A
R > 72 B WL LA TR B HOH SR EESE Sk,
e e P A S 2 A SR I S 1 R R
L9, WEAE &R E & L 2SR pEysii 2
WhER, fe b ORI 3 NEHCERMHEECL 29,

AWFFED—EIE, 39 mERERREES (1992 426 H,
o), 032 bl HABRE e (199249 A,
BRie) & & oc 40 BREBEY 2 (199346 7, Lo
F) loTHEELL.

3G ik

1) Kaplan WD, Takvorian T, Morris JH, et al : Tha-
1lium-201 brain tumor imaging: a comparative
study with pathologic correlation. J Nucl Med
28 : 47-52, 1987

2) Black KL, Hawkins RA, Kim KT, et al: Use of
thallium-201 SPECT to quantitate malignancy
grade of gliomas. ] Neurosurg 71: 342-346, 1989

3) #N M, WA B OZER w, flb: Gliomalc b
i 52 T1 b # Y 7 4 SPECT o f HI i, #E
28 1 1263-1271, 1991

4) WAFZ, 4RFEHN, EWERL 4 Thallium-
201 single photon emission CT = & % Wi ok
it HEESE, 26 1363-1369, 1989

5) s AFCHL G, MR LR, 8k HORE R, fth:2'TIC
SPECT i= & 2 Il it & MO Uik B pE o #5132
W, BAPERce s, 510 415-421, 1991

6) F B A A, GH BB, A RAR ' TI-
chloride iz & % BEHRNEIE 2 % » > =3 7, Radio-
isotopes, 25 : 829-831, 1976

7) KB, BB, &R, At 0 2 T1 Chloride
12 & 2RI ooy, AREES:, 151 989-997, 1978

8) Hisada K, Tonami N, Miyamae T, et al: Clini-
cal evaluation of tumor imaging with **'T1 chlo-
ride. Radiology 129 : 497-500, 1978

H

9)

10)

11)

12)

13)

14)

15)

16

—

17)

18

19

—

20

—

21)

1411

mokd ok, EHLE, KfriEdk b *'Tl-chloride
12 & ARG o i, BB, 16 1 327-331,
1979

Ramanna L, Waxman A, Binney G, et al : Thal-
lium-201 scintigraphy in bone sarcoma : compar-
ison with gallium-67 and technetium-MDP in the
evaluation of chemotherapeutic response. ] Nucl
Med 31: 567-572, 1990

FIAC A R, A 2, AHK—, b
fig IE5E, e ABEN, B, W, p.560-562,
1991

PO, b IR AR ARTF R L2, flb 20T
SPECT Iz & 2 I # 32 W, # P %% 128 1475-
1481, 1991

HARIFHERF e 4 © BRAS - JEL, LSRRI Ric B
1, I, BEUBMG, MR, 1992

Ito Y, Muranaka A, Harada T, et al: Experi-
mental study on tumor affinity of *'Tl-chloride.
Eur J Nucl Med 3: 81-86, 1978

Muranaka A: Accumulation of radioisotopes
with tumor affinity. Comparison of the tumor
accumulation of *Ga-citrate and **'Tl-chloride in
vitro. Acta Med Okayama 35: 85-101, 1981
Elligsen JD, Thompson JE, Frey HE, et al : Corre-
lation of (Na*~K*)-ATPase activity with growth
of normal and transformed cells. Exp Cell Res 87 :
233-240, 1974

Kasarov LB, Friedman H: Enhanced Na*-K*-
activated adenosine triphosphatase activity in
transformed fibroblasts. Cancer Res 34 : 1862-
1865, 1974

BEHECRE PR~ D2 T o SRR 5 o fifk
—"Tl.chloride ¥ > 9 "7 7 4 @ dynamic study
12 & B BRI o) B i W 0 5 FIE—, AR,
24 : 991-1004,1987

ik & A, BB HE, —— HDAECK, il T
chloride Bk Wi Adkic & HME8- > F 77 7 4,
Radioisotopes, 29 : 194-195, 1980

Tonami N, Nakajima K, Hisada K, et al: *'T1
per-rectal scintigraphy in primary hepatocellular
carcinoma. Nucl Med 6: 327-339, 1985

ZH T, YR, RS, M e FA AT
T Te R (2T, 21 & 221" In) @[
WL I 51F B Crosstalk—7 7 > F L9823
IEHEOME—, B, 30 © 209-216, 1993

ER 6412 425 H

73



