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Clinical Usefulness of *"'Tl-chloride
Scintigraphy for the Evaluation of
Metastatic Bone Lesions

Akira Fukui'', Masashi Kawamura®', Masaaki
Kataoka®, Takashi Fujii®’, Koji Yamamoto',
Shinji Yoshioka' and Junpei Ikezoe”

MT]-Chloride scintigraphy (early and delayed images) was
performed in 40 patients with suspected metastatic bone le-
sions. The sensitivity and specificity of *"'Tl scanning for
detecting metastatic bone lesions were 66.7% and 77.4%,
respectively. The uptake ratio of *"'TI per voxel of the le-
sions to the normal site was significantly different between
the metastatic bone lesion and benign lesions.

In 20 sites of 15 patients, *"'TI-Chloride scintigraphy was
performed before and after radio-or radiothermotherapy. There
was a significant difference in the mean uptake ratios in the
early and delayed scans between before and after therapy.
The mechanism of intracellular uptake of **'T1 is considered
to be one of active transport, which might make *"'Tl an ac-
curate indicator of the viability of tumor cells and metabolic
| activity as long as there is sufficient blood flow to prompty
transport "' Tl to tumor cells. Thus it would seem that de-
creased uptake of *"'Tl and change in retention index after
therapy depends partially on tumor blood flow.

In conclusion, *"'T1-Chloride scintigraphy is very useful
not only for clinically detecting metastatic bone lesions but
also for assessing the therapeutic effects.
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MRS G AR D N d0IER 2 X R E L, D)
b, SRR & W S 72300025 oV TILE 5
EAHEEFAMISHEH SN T 0D, TR SA0ERIZD X Bl
X-P, > »F 7374, CT, MRIZ X 2 W{&ZHIZTH
ﬂ{‘;_ﬁ‘m&’)bﬂf 166FBALIZ DV TR L7z, 4 a i
Th b uzIHrEi T RT OB TR I 5
:aummatm ZBRARAER, B L OW{EZIIZL Y
fTotz. F/:—8T riﬁ WBIERZ X 2T R OREHE ruﬂt
ZHEIZLT. FOMNRETable 1WIRT. 72, 1561208007
2o TR, b L < ixhisd ‘Iﬂn‘mlﬂ-ﬁ'f:]ﬂgﬁﬂ‘m Hil
HIZH ) LNEE S o F 7T T 4 AP, FOFEME R
Ff L7z, BUOHRIGIFIZAME V-X#L (ML, =3H) T,
& L ChHEH A BIIZRATI230-50Gy 2 H8gT L 72, iRsii:
AR E = % =t 8# Thermotron RF-8 % Hvy, 812 1 76
2 [, #EF8 A5 10EH61T L 72,
2. HEEFROZSHA

General Electrictl #Starcom4000XC/T, single head ffj 7l
SPECTHHA »~<Hh A5 & H\7-.
ABLF7574

{5127 Te-hydroxymethylene diphosphonate (I A< A ¥ 7
1Ty A, PUTE=F 9 MIZEABIYF557
1 EREATL.. R AL -HBEGHiET ) A -5 2 H
ua”“ToHMDPMOMquﬁqH““L 3 M, 6 4
m, matrix 128 x SI1212 TR YRIAME+ MG L 72, #ET
PN F—14140KeV, window!d20% TH 5.
B) ¥ )Ly F7T7 4

BT )T LY CF 7T 7 1 BT L. KT R

Table 1 Diagnosis of metastatic and benign bone lesions

VEF—=HB ) 2= 2, OTICH(HRAY 7 15y

7 AfE, ALY ) ATE) LLIMB# B S-, 15401412
(% (early image) %, 4 FEH#212JEIE(Z (delayed image)
g L, SRR %21E 8 4Ym, matrix 128 % 5 12’(7,
FEE L AV F—1370Kev, window!£20% 12 THL L 7-.
T Cldsingle photon emission computerized \tomography
(SPECT) (2 & ) LI & BIE(E & 372, SPECT{%(3360°,
FEM$E, 647 L — 4, 208/7 L — 24, matrix 128 x 12812
TF—8ER, 740y —NyrTuldzsri gk
(NOdeH: , matrix 64 x 6412 TM{E % FHHERE L, ek
B, ZAKW1R, WEHEEERLZ:. 740y —3n=r 7
TANG—, BIXUFG T T740s =% L7 HED
AR Z D W Y »F 757 4 2HfT L 72BITiE, [
—EROLIHS L CSPECTIR ARG L7z, ¥ v Al > F
77 7 4 OLRFE DTG SHEAEIMNr & & b 12, R
%mtﬁm%NHJM%aummﬁﬁakﬁ%u.me%ﬁ
BEL, Ghvoxel47-) OFHH Y v bRk F7, &
TR DIREEE LT, FUAE & IBIEE 2 N F N T BRER AL
DI 77 2 M ZH B BRI OE A o ot
k¥, % 4early ratio, delayed ratiod L7z, F7:, (I
Hiflcy )y Mg > F 757 4 4T - 72Tl Zretention
index =(delayed ratio-early ratio)x 100/early ratio % Kb 7.
COMHEAKE W, ROIEFRE L7 RE RS THy )
L (O'TIC) DFRER D W 2 L R IRT
3. MRI&

Siemensf#Magnetom1.0% FI\2 72, 32B1IZMRI# fifT L
7z, TSRS, T2585 M (%« Hif$#%, Gd-DTPA0.2mmol/
KgfHid% 512 & 25 mt % 180 CHBI L 72, BRED%
SCRRRE OFH SR EL ORI X 04T, TIRREHE THET 5
mﬁmaﬁﬁﬁmﬁw%ff%m%u+ IR AR D

VAR EIRT LD F (4), DT L AEEDH LR
&wﬁwf-&,sﬁﬁhﬁmbﬁ

4. BHIX-PECTE

WHLFEH Ddensity 78 E5 L Tv A b O % osteoblas-
tic type, XN LT 5 b D %osteolytic typek L, i
BRIEL TV 5B b D% mixed typel 203 L 7.

5. AREIIR ORGSR

Freoipah ez, FRY(EEIZiHER), AR (50%LLED
HROBOENI2b D), WEGORUTIZEE 5720
D), WRHITEAELREDLZ VD) IZHHE LT,

d, AIEFEDHEIXWilcoxon signed-rank test %
U*Man-Whitney U test C17 - /2.

# &

. BRMEBEBEOERBKICE TS5 U LEEY
7“7 2714 DFRAMEIZONT
I )?r#é MEEE ST AR F 55714 BLUY
) AR 2 F 7T 7 4 OWIERE

disease no.of cases no.of lesions
Lung cancer 11 55
breast cancer 3 22
| thyroid cancer (follicular) 3 12
" trasitional cell carcinoma 2 8
renal cell carcinoma 1 11
cholangioma 1 1
pancreatic cancer 1 1
hepatoma 1 5
colon cancer 1 7
rectal cancer 1 1
prostatic cancer 2 4
epipharyngeal cancer 1 1
maxillary cancer 1 4
unknown origin 1 3
compression fracture 9 17
rib fracture 3 3
osteoarthrosis 8 10
diskitis 1 1
total 166
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Table 2 Result of *"Tc-HMDP and 2'TICI scintigraphy in metastatic and benign bone lesions

&
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disease no.of lesions  *"Tc-HMDP (%) *'TICI (%) FT5L0hHho7. ZOF
Lung cancer 55 45 (31.8) 36 (65.5) “T77 71 ORBROS 5, 3
breast cancer 22 21 (95.5) 14 (63.6) Bl 5 HHELIZT 4 ) 7 Ao daf ot
thyroid cancer 12 8 (66.7) 12 (100) mAaEo Sz, i, wmEME
trasitional cell carcinoma 8 8 (100) 4 (50.0) WD 6 fl1 2L, & v 57
renal cell carcinoma 11 9 (81.8) 6 (54.5) _ S
cholangioma 1 1 (100) 1 (100) 2o SRR ARERS of
pancreatic cancer 1 1 (100) 0 9, YN LML TS T T4
hepatoma 5 3 (60.0) 3 (60.0) DA THH S L7z,
colon cancer 7 7 (100) 6 (85.7) g0 LIERY Y F T 7 11
rectal cancer 1 1 (100) 1 (100) back ground e <, HEhZ FUARA
prostatic cancer 4 4 (100) 1 (25.0) N SELEE NEER ket
epipharyngeal cancer 1 1 (IOO) 1 (100) ;\L:“rii, {'le ”_. in FIHE’E,‘ }Ilh'Ji‘E}.DJI\‘juéﬁ:
maxillary cancer 4 2 (50.0) 3 (75.0) T A0, TG DEE
unknown origin 3 1 (33.3) 2 (66.6) BEERDIGEL, WA A
compression fracture 17 14 (82.4) 5 (29.4) Z L hid otz 29HITSPECT DA
o racture 2 S . PR BT L 7o, GG
osteoarthrosis 90. g P
it SHHWE LA S T,
diskitis 1 1 (100) 1 (100) gAAls e T

SRR L NS & RS 4

total 166 139 (83.7) 97 (58.4) Dearly ratio & delayed ratio & Fig. 112

7574, U LNEEY L F T T 1 BIE TR
OB Table 212”7, ULl Y v F757 4 5
G TR SN BIEGOATHB SN HEIT S h -
2. Y FTT T 4T ASER 6 FHHEATHBE A RKIRE L L
THi S Twizds, Zhe b REERlE L BRtse
BCEEL Y F7T71T83.7%, VI LIEEY v F75
7 1 T584% DGR TH - 72, (EBHEIEEO A ZRET
L&, FNFNGZ0%, 66.7% Th-72. BIHHESETI,
87.1%, 22.6% DR TH 7.

RIS I >WT, By v F I 71BLUY Y Y
LNEHE Y 2 F 7T T 4 %4 OFIRIEL R (sensitivity) & S35
1 (specificity) & K& 7z (Table 3). H > F 7774 T
IIHHIESEH83.0%, HERIEZEH129%T, ¥ Ll
By FITT7 4 TIEE466.7%, 77.4% THho7-.

2) O TICIOEFRDIFRIZ2WT
R EEE T, By F 75 7 1 OREERH R

Table 3 Comparison between “"Tc-HMDP and 2°'TICI in detection of bone metastases

IRY . BRSPS Tl dearly ratio

72.00£0.73T, delayed ratio#1.49
+033Th o7z BMEETIEIE 4, 1311022, 1.02+0.53
Td -7 earlyratio, delayed ratio & & finfe b Iify & pik
FIRBOMIZIIFEENlRO LN, (p<0.01)

HEAE T NE S O HLAX-P & CTOMEET T, osteolytic type
D63EBAL, mixed typeh26#H, osteoblastic type?s10#B{
ISR O, SIS LMY L F YT T 4 TREEHKT
&%, 65.1%, 73.1%, 40.0% 258 &) % L JES
¥y F 77 7« Gearly ratio & delayed ratiolZ2\WTlE, =
H O3typeDBIIH EAE I LD o 72,

R IES OMRIC BT 2 AN ROME T, 13611886
BEOW, ++)4 #BHE, (+) 1080, ()4 ¥ETH o785, 5)
2 LN o F 7T 7 4 Dearly ratio & delayed ratiol 22w Tld
TERAROBEOMICE I R 72, $72, MRITHIE S
NI2ZN/2L DD 5, 15emKAT1 B S zdhs, Fhll
TObLOTHH S N/BI B h otz THUISPECT R AV /-
5 ) LY 2 F 7T 7 4 THIABROBEETH - 7.

RHHEOMRIZ BT 5 EES
ROWE T, 7 W28 M,
(++)4 #BRE, (+)3 FBAL, (-)5 &

sensitivity =83.0%

sensitivity = 66.7%

*"To-HMDP bone metastasis  no bone metastasis
positive scan 112 27
negative scan 23 4

total 135 31

pecificity = 12.9%

21T bone metastasis  no bone metastasis
positive scan 90 7
negative scan 45 24

total 135 31

pecificity = 77.4%

total fLThotz. TNEDHEFHED
139 o 2BE, WY ok
27 Zzcompression fracture C&H 1, (+
166 +)280, ($)1 BN 5 ) 7 LJER
Y FTT 74 TREDOFFEEEH
total bz,

97 2. ARENMBICH T HHEEEGE
69 LTOrUDLERFT57

166 1+ DEAEICOVT
TCEHRRIG R & D L T S Rk

FHI0E1 25 H
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Fig.1 Comparison of uptake ratio of 201TICI per voxel of the
malignant and benign lesions to the normal site in the early and
delayed scan.

{if F 9861 % BAT L 72 15BR208BAL 12 DWT, &4 DIEBIDN
N, B ryFr I 74, EEMRIPTR % Table 417K
3. ¥ U A v F 75 T 1 Oretention index | ZiEFEH
EeTHImM I, WA 4 BT, SBIIREL DT F
Y rFTT 7 1 OEFRIHROBE T, 3 BT 2RO
BINAR S NDs, FOMN2HIIFOHIEEFRD LN
7o, Ao | FNZIEHRRIC A U2 Ima R & B SR &

ZZbhi,

F 7, BIEEIR MR Z AT L 7 8 fER

2.5

1.5 1

pre RT

early ratio

post RT pre RT post RT

delayed ratio

i
Fig.2 Comparison of uptake ratio of 201TICI per voxel of the
metastatic lesions to the normal site in the early and delayed scan
before and after therapy.

LOEBRZON, 4 JEBIOD 5 #BALIZ THEEZAROBIRHTFRD 5
7z, BRRRICOWTIE, 9 HBALASERD, 5 ERLAERD,
4 EALASAD T » 7N GHRRI IR D 1) 7 LGRS Y » F 75
7 4 Dearly ratio, delayed ratio, retention index & % [0
RO L OMIZIIFEE TR 72,

WRAHRO 5 ) 7 LEE L F 75 7 4 Dearly ratio,
delayed ratio# & Uretention index % Fig.2 (2733, {HHEHTO
early ratiol32.11 + 0.45, delayed ratiol£1.56 £ 0.26, ZF7-

Table 4 Comparison of ?'TICI scintigraphy performed pre- and post radiotherapy or thermoradiotherapy in metastatic bone lesions

pre-therapy post-therapy post-therapy
| case primaly site  therapy ER DR Rl ER DR Rl #"T¢-HMDP  enhanced MR
1 lung femur RT 2.29 1.79 -22 1.38 1.20 -13 no change increased
pubis RT 2.02 1.63 -19 2.01 1.46 -27 no change increased
2 lung spine RT 2.20 1.79 -19 2.43 1.60 -34 no change -
3 lung femur RT 1.93 1.36 -30 1.59 1.47 -8 increased -
4  lung spine RT 1.48 1.24 -16 1.43 1.00 -16 no change =
5 lung spine RT 1.69 1.46 -14 1.28 1.18 -8 no change no change
rib RT 2.06 1.48 -28 1.37 1.21 -12 no change -
6 breast scapla RT 2.37 1.72 -27 1.60 1.54 -4 no change increased
femur RT 1.66 1.25 -25 1.24 1.31 +6 no change -
7  breast spine RT 2.29 1.78 -22 1.60 1.23 -23 no change increased
8  pharynx spine RT 1.59 1.35 -15 1.00 1.00 0 - =
9  rectum sacrum RT 2.29 2.00 -13 1.88 1.00 -47 increased increased
10 prostate ilium RT 1.92 1.42 —26 1.61 1.56 -3 = =
11 bladder pubis RT 2.96 1.82 -39 2.40 1.47 -39 no change no change
12 thyroid spine RT 3.14 1.98 -37 2.70 1.80 -33 no change no change
13 thyroid spine RT 2.55 1.41 -45 2.38 1.49 -37 increased -
14 thyroid spine TRT 1.54 1.27 -18 1.31 1.05 -20 = no change
spine TRT 164 1.21 —26 1.41 1.39 -1 - no change
15 HCC spine TRT 2.33 1.88 ~-19 2.01 1.37 -32 no change -
16 spine TRT 2.16 1.39 -36 1.92 1.36 -29 no change -

RT: radiotherapy, TRT: thermoradiotherapy, ER: early ratio, DR:

hepatocallular carcinoma

delayed ratio, RI: retention index, bladder: urinary bladder, HCC:

HAER & M 58% 61 &
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(B)

FFig.3 80 year-old man with thyroid follicular cell carcinoma. (Case 1)

Conventional radiograph (A) shows compression fracture of the Th12, L3 and osteolytic change
of the L4. Bone scintigraphy (posterior image, B)shows increased uptake in the Th12, L3, L4
and defect of the left 9th rib. 201TICI scintigraphy (posterior image, C)shows increased up-
take in the L4 and the left 9th rib in the early image (left)and 201TICI remains persistant in the
delayed image (right), whereas no abnormal uptake is seen in the Th12, L3. Histopathologicaly,
bone metastasis has proved in the L4. Following after these studies makes diagnosis of bone
metastasis in the left 9th rib and compression fracture in the Th12, L3 due to osteoporosis.

(A)
retention index{d-25 + 9 TH o7, HEFZEITL 4173 + Af]i{f,;, YF 7T 7 4 %1% (Fig.4 D) Tl RIS ()
047, 1.331£0.22, -20+ I5&Z AR SN, TFEOEIZ RVEREATR S8, BIES (A7) TR E AL _..P&) m‘t
{Zearly ratio, delayd ratio & & {142 THEENRDH SN Bhrorz. early ratiold1.15TH o 7z, AT EROH S,
72H%(p < 0.01), retention index TIZFE® SN o 7z, JAETEE R &Rl S e,
F 513 701k, ZiE, EBEHTE
= H 'I%‘Ij"%h"fié 6 A1 A THRBEREAHB L 7. CT(Fig.5

. : kit m CTEAEIICEEEEEsR s, §2rF757
RENLEG % 2RT 5. 1 fﬁ[f{lf%- (Fig.5 B) T3 JEI Da0#% | 25\ Bl B AAFED &
fEI 1 80, B, FIKEEGERRE) Nz, ¥ LNEE Y 2 F 7T 7 4 SPECTH#IN G TIZHR

T TIPSR & Wi % ke L7z, BEX-P(Fig.3 A) #it% (Fig.5 C), iBIE(% (Fig.5 D) & b IZEMATRED &7z,
(2 TThl12, L3DOHEFIELADBEERESR SN, & early ratio, delayed ratiold % 42.29, 2.00, retention index
v F 7771 (Fig.3B) TidThl2, L3, LADEEEAE X 13-13ThH 7. EBIEEES & B Sh, 2.0Gy x 250,
eSS 9 Mg OEFEIIE & 2 003~ DOBRE O EFEHER FEME SOGy DISTHGEATHEAT S 7z, IBIRIC & & R
o, ¥V LERY v F ST T 1 %iEE(Fig3 C) T RIIEDTH ol BEBEOF )T LEEY F75 71
RIS (), BIESGE) L DICLALES o BB~ gk Tldearly ratiold1.88 & 4 (Fig.5 E) L7z, iBIE% (Fig.5 F)
WRRE® 572, Th12 T Dearly ratiold3.14, delayed ratiold TS 2 BRI 54137, retention index|d—47 & B
1.98, LHEOINE TIEHE43.95, 2.67TH o7z, LaldERIC L7

L0, FLEEIOEIEEEESCL VEBYEEEELS
WradZz, —J, Thi2, L3EFDHBOBEMX-P, B LU

PRAEMIZ & Y osteoporosis|Z & 5 HEEEHT & B L 7. ' F
ER 2 B4AmE, Zoik, HERGHRZE . BERMEREEOERZETICE 2 FRAKICOWT
HHEE & EIRICREE L7z, BAX-PAIRITE (% (Figd4 A) B ;1’.1-1& SRR A IS OB I REPR R & aliX-P, F >
& U'MRI-T158 7 H{4 (Fig.4 B) TTh8, ThODHERARM/ ML FTTT ALV BEIATOIT &7, RKESITHR
t e LT 5EHE, BIXUOESHEORENRES FHRZWI LB LM Z585 2 EFRBERGE LS L, &
, BEEABHOFIEEE)N %U‘Jﬂf_. BYrFITIT7 4% T LOMELRZHTOD L ITGHETOIL T Eidvwi
ET%E(Flg 4 C)TTh8, ThOIZEFEMATEDL NIz, F ) oz, BIETIICTHMRIZFOEESHETOELSRIZL Y, K

EH 1041 25 H 29
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(c) (D)
Fig.4 64 year-old woman with diskitis. (Case 2)

Conventional tomography (A)shows narrow disk space of Th8,9 and bane

e T o

.
|y

SNTWEYY, 07, Btk iEs o R 5 R
(BT R LS L 2B vy F 57
1 OIFENIHRKE NV, T4 ORHTT D -5 16
& DI S NIFHED-3.0% W FH WAL L CThHt
Enfz. Lo L, ZOHETHIREDBIEEMIZ
LT REEM TR 00, SRR
A9 B HIRIELHEAB83.0 bc‘:lt‘?!xﬂ-h-—a:h DAL
TR ®EIZ12.9% & EbOTRVERTH -
fo. —H, ZUOLEEL Y F 7T 7 4 Tdfnk
TEEHESS & I S N7 D66.7 % 13 FH Hfi &
LT Sz, e rr s 4 2 F9HIER
HIX66. 7% LTy F I T I L TED - 7
DI L TERIESERIIT174% LB o7z, Lz
ﬁof, ) WS Y F 7T T 4 EHEOR
AT s, B F7o 714 TOREHE
fm%&ﬁ&WHﬁi%ﬁmU¢%bthkﬂ% seHid 5
ks EEZONS, LL, B FS
57 4\ HOWEDORIEC U@%ﬂ“m&fﬁ
VL BEERTRET, HRHTLE >~
7?7{ﬁmmcﬁofbwmﬂhf?UﬁAﬁ
B v F 777 4 TREERPEDOLTHS,
BRI I & Bk e B Dearly
ratiolZIZBH S A EARO S, ¥ 7 L DR
OAFHELE & | G OFREE D zoui%dl D7z
FEETHLI Edbhot, LL, ERMEE
%(ﬁ&w%%ftm %ﬁmebﬂé;kﬁ
Wi s TR Yy, T, HUIRIRR i 2 i
&1 HEMESE T, RUESICIE<T, U
J_\O’)?k“’ TV EShILTWaAY I Lizdis
. AaET Tldretention index @A 0 5 4T
iif;b‘?ﬁ“‘, carly ratio & FERELZ L 727207 TR 2N
BOREROEN IR TGt b b LE 2
Hb.,
[T iz R BEER D E2 T L Z B | C I3 Planner (8D AT
TFTHAHH, HEEETIEY ) 7 A Dback ground
ANE\ T O BF R O H WSR2 = & A5

»

F

destruction of the end plates. MRI-T1 weighted image (B)shows abnormality Sz HHEL, FRICHURER, O, EbE L ER

of intensity of the Th8,9. Bone scintigraphy (posterior image, C) shows increased
uptake in the Th8, 9. 201 TICI scintigraphy (posterior image, D)shows faint uptake
in the Th8, 9 in the early image (left). Delayed image (right) shows almost no il
uptake. Inflammatory lesion has proved histopathologically in the Th8, 9.

PEOBWREIIMREAICm E LA, L, REMIZITHE
FX-PIZ L BEW L FFEICMRICBWT LRSS DL, T4
b%,ﬁ%ﬁ%ﬁ%@ﬁﬁuﬁﬁmfgmtm%ifﬁﬁ
MEERE 2 OB MRE, E, YMESECRBEDOES

R I EAFE STV EY, Ltmof,%ﬁ%ﬁ%
TAHUREED S HHEFNFEL IR L REOEN 1T
CLDOBERIIRENEEZOND, ERED, F) LA
("Ga) > ¥ F 7T 741 BRAERONBE DD, RiED
FEMEIZEZLL, MHERETCEERBRZ R T LM

30

B8, EREMLOFEIZIISPECTALETH -
F70, HAHRREKRE LIEE CIIIREAN A
HWT&7. LaL, SPECTI3Hk(E 2 HiPAAER &
Nb7:0, BYyF777 4 MR & ) gk
MERETLLEFDH L, EIHFOKE SIZDOWTIISPECT
EHVTH 1.5em T OREE Ttk Sh DX 1 floHATH

INSWIRETIZ Y ) T LB F 75 7 « DFRME
IEWEEZ OGNS,

HHIX-PE L UCT & @I Tllosteolytic type, mixed
type, osteoblastic type? 9 L TICIOHEFEATLD b NTzD
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Fig.5 70 year-old woman with rectal cancer. (Case 3)

CT shows osteolytic lesion in the sacrum (A). Bone scintigraphy
(posterior image, B)shows increased uptake in the sacrum. 201TI
scintigraphy (SPECT, axial image)shows increased uptake both
early image (C) and delayed image (D). After radiotherapy, the
accumulation of 201TICI is decreased both early image (E)and
delayed image (F).
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