(7 %)
B FEIXEEFE 1 3B 1 5 201T1 iy SPECT OAEET
—IRE - RERI T PR EREOKRE IOV T—
=11 -4 wH EE ARTFELE* IR IEE*
23 B -
BE MENEB 208V T 3IREBEIER Y >~ H A 5% H\Wv 2T SPECT 21TV, WEOK

FSLREEBIURE - BERAY L P (TN EOREICOWTIRET L7, 71RO LHEE
BT 13 mm LT T3 40 BET 9 RE 22.5%) VRIS MDA TH 5724, 14 mm LLEDRETIL
31FHEDOTRT(100%) 25 TISPECT IC & VR TTEETH o7:. BEBEDOTNILLFRENOKE SO
1213, HELZIEOMEM r=0.75, p<0.001) 2’ ), EBEIKEWVIIL, TNILIIBEEEZRLA. &
512, A—BEIIBVWTYH, SRUBEBTIIHREOKREZ d) L TINLEORMIZ, RIIWEELIE
DMK (=096, p<0.01) H’H VN, T/NIIIFEOKE SIZL>TER L. 2O TN LOEIHSS
R IEDCbDEZERON. LAaL, TNEdTHIELATN-dERDBE, HENOKEZ
WKAPHLOFTN-dEIE—EELR LA, LEo#ERIE, #RLVREEFOEREOFMHEIFEHTDH
BLEZONTWATINRIHREDOKRESIZL > TERL, LIWEML/INTA—FE2RDBITITTN
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HESLILKRESICL > THIET HLENHL I L ERLL.

L L ®IC

2'T)chloride ('T1) (XN 7-REHBAIMEEA T
HY, MifE", PIKRE? 0L 63, WEED
ZHEICHHVHNTWVS.  Ancri bid ©'T1 2%z
BUMIES © P TcO & h BB T2 2 &
%3, %7z, Kaplan 5 (39 2'T1 @ planar image %%
glioma @ viable cell D534 % IEFEIC KB L TV 5
EHE L. 2Ok, WEHODUIZS SPECT
PEASN, EEMLZIFMETOIL L) I2k o

* THEENAL Y ¥ —BEFDHED
o ] Pt 4o R 41 L
6 9A12H
BBt 6411 A30H
BRIGE KL | FTERPRXICF LI 666-2 (B 260)
FEENAL Y ¥ —HEFDHEE
7 )l & %

(RZEEZ 32: 217-225, 1995)

2. Thabb, ZLOBEOHTTIE, HELE
HEBANZ ROI 23X L £ D ROI WD A1 77 >~

M LIRE - REBRAT L PHERDOTEY,
Z DIRIEHT glioma DEME L L HEER L
0D, BUHRIG#% O BRGHRRNRSE & B RS &
DEWNCERATHLYO EHEIRTWE, Ly
L, SOFRE - RELH Y~ PEITREDOKE
XWICEDREFE YT T E2IIOWTOREKRY
eI 2w,

AR TR ER R AE B 12X L 2'TI SPECT
TV, REOKE S ELHFEE - BREHHI Y b
e DREYRET L. MBI 2 iF s LY,
R MRI 25 BlT%, BERBL 20% CI3EHEN
THHIENDND L) IZho/2. SEMMER
BRIE, AKRFEIEO ML & HElRE = Ff D
BHYWMOBRLIHMIEBLAbDTHE, &
SICHBERICHNR, BEBRERLU LS 2Bk
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*HT5H, &£ homogeneous 2 HIfAEED & - T
WB0 L7eh o T, 0TI OB REE O EMLE
CHFERE R L L TV B0 7% 51F, F—ERICE
WTIE, TRENORERBEIZ B VT b B A
Hl-h o 0TI OEFUIFEOK S SIIEBE S
TWEAX RS ZRITE L L%, Lch> T, %
FUERRER R R IIBAESE A~ O 0TI HEIROERIC S
WLTRWET VIR S EBbh, 4RO %*
107,

II. MWREBLVAEE

KGO MR EERS 20 FEF) (B 16 61, 1otk
4, FHLER 59 %) |2 2'T1 SPECT %47 - 7.
AR B NERIZ B LR AR 4 61, e 3
B, IRSILARIE 4B, W LR 26, MR
4%, KB BIBLOARH 2B TH L. Halk

Table 1 Detectability of metastatic lesion by *'Tl
SPECT and tumor diameter

Tumor diameter (mm) Positive results

13 or below 9/40 (22.5%)
14 or above 31/31 (100%)
Total 40/71* (56.3%)

* Seventy-one lesions were detected by Gd-DTPA-
enhanced MR imaging

ot
-
l-

16mm
iy

mm

SZ2mMm

.

Z21lmm

Fig. 1 SPECT image of cylinder phantoms of 8, 16, 21,
and 32 mm diameters. Counts of ROIs were 4287,
6619, 9863, and 12105 with the phantoms of 8, 16,

21, and 32 mm diameters, respectively.

32 % 3 5 (1995)

&) 7 . 111 MBq B#HE 15 0% £ 0 3 fi 23 ml8x
BN < H AT (EZ GCA9300A) E w7 —%
WERITo7:. 3) XA — Z XTEEBEH O fan-beam
T A—=FEMEHL, WESX ) v 7 X3 128X
128 T 4 J step CIHISE X 1step 60 ¥, &5t 60 /5
[ 5 DAL % 30 50 TYUE L 72, fan-beam|Z
L5 128X1287 M) v 7 ADIKET — ¥ % 64X
64 < b v 7 A D parallel-beam % 5 1Z 12 1%,
BILEE 7 4 W7 I Ny —T— X7 4 V¥ % FitE
BiET7 77408 2Bl 1 A7 4 X34 mm
DOWrEEx e L7z, AREED FWHM (& 7 mm
Thorz. FONIHMRIZBW TIPSR
KEHORLHEE (RO 23%E L, ROINDKRAKA
Hr s b E100% E L, FD8% H T FE cut
off flik L CHEMYIZRES ML e L. %
B> ROI % JC#E LAEH IR — KD ROl % 3% %E
UREIEER, #EE S ROI NOFEEH o v b2 F i
TNT,N & LIFE - ¥ A7~ M (TN L)

Table 2 Count recovery of phantoms

Diameter (d) of

Total count (C) C/d
phantom (mm)

32 mm 12105 (1.0) 378.3 (1.0)
21 mm 9863 (0.81)  469.7 (1.2)
16 mm 6619 (0.55) 413.6 (1.1)
8 mm 4287 (0.35) 535.8(1.4)
9 T T T T T T
°®

TI1-201 T/N ratio

y,= 015254+ 0.19361x R= D 75093

L 1

5 10 1S 20 25 30 35 40
Tumor diameter(mm)

Fig. 2 Correlation between T/N ratio and the diameter of
28 metastatic lesions. There is a significant
correlation between *'Tl T/N ratio and tumor
diameter (r=0.75, p<0.001).
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B
Fig. 3 AB Tl-weighted MR images with Gd-DTPA
enhancement of a 75-year-old male with multiple
brain metastases of lung cancer. Two metastatic
lesions of 31 and 18 mm diameters were detected
in right frontal lobe (A) and right cerebellum (B).

B L7 206146128V T Gd-DTPA &1
£% MRI T1 SFAEREHRE L, SEERED
B, A XEFHU L7z, 2069 11 A% MR
R THY), o IBIIEREHIEBTH -7, [
BRIZ7 7 ~ b Lostudy 24T o 72, [B1ED' 8, 16,21,
32mm DAL 7 7 b A2 40 uCi/ml DIEALZ Y
Y L Ei7: L, AKHIZT SPECT Hfg %17 7-.
IS, FEREFRAIRERLETHo 7.

D

Fig. 3 CD *'Tl SPECT images of a 75-year-old male
with multiple brain metastases of lung cancer.
Abnormal uptake by metastatic lesion was shown
and T/N ratio was 8.22 and 4.26 in the right
cerebral (C) and cerebellar (D) lesions. In
contrast, T/N-d showed almost the same value,
0.27 and 0.24, in two lesions regardless of tumor
size.

m. #% %

MRI B2 B\ Tid 20 FEFNIZ B VT 71 2B
DOREERBEIRE S h. 7, EBEOV A X
12k 5T, TI SPECTIZ X AiREDRIEEHL
SR BHRREF L7 (Table 1). FEHHY A XA 13
mm LT TREENZDHDIE 40 RED 9 FE
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Fig. 4 ABCD TIl-weighted MR images with Gd-DTPA enhancement of
a 53-year-old male with multiple brain metastases of lung cancer.
Multiple metastatic lesions were detected in cerebrum.

Fig. 4 E 2°'TI SPECT images of a 53-year-old male with brain
metastases of lung cancer. Multipe abnormal uptake by metastatic
lesions were shown.
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(22.5%) DHTH > 7:H%, 14 mm Ll ETId 31 %
BIXTHhtHansz, Lad>T, 14mmbllE
ODEFET A XhSNIESEFER L3RS
SPECT £1& T100% MR TTRETH 5 L Bbh /.

40 uCi/mi DIFALZ 1) 7 4 %7z L2 EE ) H°
8, 16, 21, 32 mm OM4E7 7 » + 4@ SPECT H
%% Fig. | \IRT. 4HDO 77 P LaDLHT
cié’{% 2mm D77 PANRLE B SN

. ENFNIZRI—KDROI ZRELFE A 7~ b
©) a%jzab% L (Table2), 77 ¥ b} LEED/NTH
2138, B FORIPRD L LN EDRGND.
ZhizxL, AT MO EF WA THEL
C/d %KD B &P, C/d [HIZERED FWHM O 2
&% 8 2 A 32mm, 21 mm, 16 mm T3 IT—FE(E
L7 DEDERL Y, BRAICBVWTHL T/
N A BEHEE ) CHIEL/ZT/N-dfE%E /85 A —
& L1z,

RIZ, EERBEDH A XL TN & OFFE % 5
L7c (Fig. 2). TINHZBH L7289 ICB W T
WY 5 EMBEOMICIE, BERIEOHMEIZED
L7z (r=0.75, p<0.001). ThbL, EBED
P AXDBKEVIIETNLIEIEL, EBEDOY A

ZAH/NEWITE TN HId D - 72,

EBOBERBI*MET 5. 715 HOBUTHAT
ELFFHE LTRBEL . FHIBD Gd-DTPA 1%
#4255 MRITI S EI% (Fig. 3A,B) Ti&, A
BIGHEEIZ 31 mm KD, A/MEEKIZIZ 18 mm kX
DY —ITEZ SN LEBE RO, W X HE
B E, 4556225 mm EDOREE % 0RO R Ex
BB SN, [REEREMTDONID, M
MEHHEEIIBON R o7, ZORESO 20T]
SPECT Tii (Fig. 3 C, D) MRI THgff S L 7-9m

—H L CERABEL 2T ORFERELED
72, TN HIZAREED 31 mm FED b D822,
/KD 18 mm BED D DHT 426 TH W HEDK
EVborEEE AL bEdE, REOMK
LB L BSERE R A AR R 7 5 BRI
HEBLTWADTHE 00, RKOLEEMELHE
DRESICHESINEVELZ RS RITRE R L%
VW, 77 PATORBRIIEIE TN L EER

(d) THIELZ TN-dfE%X KD S & 31 mm ED
BRI EAT0.27, 18 mm FOL/NHEEFE 3
25024 THYH, T—FEERLL.
ROFEBIZ 53 5% D B CT/INIRLIE D % 57
.88 Tdh 5. Gd-DTPA &I L 5 MRI TI 587
HE{% (Fig. 4 A~D) Ti&, MflAMERKIZANS
BoSEUEBELF D, 2T SPECT Tk
(Fig. 4E) 13 ) SR MICEREERGE LD,
HEOBRERFREOKRESILLIsTEL> T
7. FNENKESDOEL LELFEE 5 2ATIC ROI
FEREL, INREEBEOY A X EOMEL L
B L7 (Table 3). SLBEOKES L TN LD
MU IIEE R IEDHMENDH - 72 r=0.96, p<0.01)
(Fig.5). $hbbH, T/N HiZ2.0 55 3.33 125

Table 3 T/N ratio and tumor size of a patient with
multiple brain metastases shown in Fig. 4 E

T/N ratio Diameter (d) T/N-d
3.33 22 mm 0.151
3.20 20 mm 0.160
2.93 18 mm 0.163
2.20 16 mm 0.138
2.0 13 mm 0.154
Mean+=SD 2.73+0.54 0.15£0.01
CV 19.6% 5.7%

There is a significant linear correlation between tumor
size and T/N ratio (r=0.96, p<0.01)

a4 r T T T T T T

35 [ -

3 F

25 [

T/N ratio

——y = -0.205 + 0.165x R= 0.962331

i I
| 1 1 1 1

10 12 14 16 18 20 22 24
diameter
Fig. 5 Correlation between T/N ratio and tumor diameter
shown in Table 3. There was a significant linear
correlation between T/N ratio and tumor di-
ameter (r=0.96, p<0.01). The regression
equation was represented as y = —0.205 +0.165x.
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32 % 3 5 (1995)

Table 4 Correlation between T/N ratio, T/N - d, and histological type of the tumor

T/N ratio d (mm) T/N-d
well-diff adenoca. 2.25%+0.66 13.8+4.8 0.17%£0.03
(5 lesions)
mod-diff adenoca. 5.63+1.63* 245+ 7. 1*%* 0.25%+0.10
(4 lesions)
poorly-diff adenoca. 479+ 1.35* 26.1£13.8 0.211+0.06

(8 lesions)

d means diameter of the lesion.

* statistically different from well-diff adenocarcinoma (p<0.01)
** statistically different from well-diff adenocarcinoma (p <0.05)

LERENKEWVITIESETH 572, MeantSD
13 2.73+£0.54 TH Y ZBEHREK (CV) 12 19.6% T
Holz. T L, TN HEEEE ) THILE
L7ZZT/N-dfix KD % &, T/N-dfE?D Mean+SD
130.15£0.01 T ) BRI (CV) 1357% TH -
7o, L7eho T, SRUMEBEIIBVTIE, T/
NEDD, TIN-dDIT) BKREZIIHADDLTIT
I2—FEEE R L. BEEBE ¥ BRE O MRS LR
AU TN Yo, REHAE (d), 3L U TN & EHE
(d) THIIE L 72 T/N-d fEIZD\W THE L 72 (Table
4). B LBRE, oLRE, B X ESLIRIE
IZBIT5 T/N idFh £h 2.25+0.66, 5.63+
1.63, B3 L U74.79+1.35 T b LR, K51t
BRIED TN I B BRI I RE B ICHE LR
L7z (p<0.01). L2 L, &5 1LBREE, ho{biiE,
BLUEMUBRBICBIIABERIZFNER,
13.8+4.8, 245+7.1, 3L 26.1+13.8 mm TH
) LR B OREE R I B URE I A B
KEH o7 (p<0.05). ES{LBRIE BT H EH
BICZEEERZVLOD, 22 ) EHLIRE X
DIZBEEFKED» o2, Lo T, HLESR
WRAZTNEOZER, SMLEICL2ZDATIE R
CEBEOKEZIMEIbDELEILNS. &
H L, TN -d B3R, HothsE, B
S UMESMEBRFE DNEIZ 0.1740.03, 0.25+0.10, B
U7 0.21£0.06 THH, BALBRFEAH 5L
12, KA LRRRE SRR R EE % R L 7228, Hik
SMEEICEEEZERALN o 7.

Iv. £ =

MAE S 2 350 B 'TI SPECT &, BMAE# O EM:
FE D FHISY, BUHRGENRDOHIE? b L U
BB TR% O ST IR EETE & BB 5 L &R
WERTHAEHBIATVE, WTFho#HR
b, FHEER & ARE N R LRI R E LR -
WEA Y v b ERO T, EEMLREFMHEITo T
W5, Bl ZIERES O EMRE ISR LT, Black &
39 EEERDOE 7 LTz ) OF A v btk
IO 7 ENHiz ) DFHH 7 2 b % thallium
index & L CHHM L, thallium index 7% low grade
glioma T3 1.2710.40, high grade glioma T 2.40
+0.61 T, cutoff fix 1.5 & ¥ % & accuracy (&
89% THbH EBRXTWAE, T4bL, low grade
T thallium index (3{&fE %, high grade TIX &
#RkL7. 72, Oriuchi 51328 FlD glioma |2
BWTRBED FET Tl index % K&, grade IV
glioma Tid Tl index A% 198.1+32.8% L& b &
<, grade IlI glioma Tl 140.5%+15.1%, low grade
glioma T3 104.1£22.6% T& h, Black & ZIZ[A]
BOER%1E72. 512 Tl index & thymidine
analogue CTd 4 BUdR FtEMRE & DfICIE (=
0.67, p<0.001) DAHEEOFEHH hH T EHAE
BEHOMEER L SBEL TWb L i Tw
5. Fi2, 25 PAURICEL o BED 0TI
index 25173.2+£44.7% TH>7-DIxf L, HEfFH
DEED Tl index & 1224+44.5% THYH, T
% & Tl index (2 b BEA S o 7.
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—7%, Mountz 53", high-grade astrocytoma 5
FlHZBWT, 2071 |2 X BHEHEERD microauto-
radiography % 4T\, grain density %% viable tumor
Ti3& <, necrotic tumor T background & [F]#2
VMK <, high-grade astrocytoma % *'T1 A5 3
BN, tumor cell ~NDFIRH LI AARIZ L B
Lo EFERDOT. LA o T, glioma DERD
BVIIRFIEE B EE &N THDI1IC)
W) DRI DT EAFREIN.

TRGTHRE R DO RATHRINERTE L BEERE L 0%
BB L, Kosuda 5139Black & & [FFED HiET
L/Nratio 3K, EEBRE I CEFRFCILY
NI 2S L ERR L7z LT, MbtariiE
LTI LN A 25 LT TH o 72 LR RT3,
DL, BEH DS ) T LADERE EEHK
2RO Z L, EREOMBERSLESEDHEES
U, BMYTRIEFEZOBT & BOTHANEETE & D
MIERTHAS. LHL, BEF~D5 ) 7LD
ENE EEMIROB5E, FHLREZOS
RRERIEEOKE S 1) B BFRBEO 2L -
TRODLERMEIRL > T HAILEBFETHS
A, ZORICKET AREHEAS 2. Kim 513
FWHM D 2 f5 X ) b /NS RRRIZBWTIE, 7
v ¥ PONE/ANGEE S B LB, KREWIREICE
WTHEHE A necroticcore * H { GATWA &,
partial volume effect D728 'Tl index 23/ & < 7
B LR 7z. ARFILTIE, EFSBERESBRL T
2 3RMBFEEER T < h AT H, $TED
REDEE T A X% 2'TI SPECT THytEfiE € &
A7h, S HIZHERD thallium index T2 b HIR
HB-ESAT Y MEAREOKRE SIKET S
a0 % BB R AE B BV TR L 7-.

BREZ RSB DY A XA 13 mm LU Tl 22.5% O
BMHEETH->725%, 14mm Ll ETIE 100% DRH
FThol:. KEBRI 77 E—LT)A—%%
L€ D5 f#EE (FWHM) 12 7mm TH 5. L
72hoT, FWHM D 245§ %b 5 14mm LLED
REIIRHTTEETH B L EZ LD, EBICD
14 mm Ll EDFHED 100% A° ©'TI SPECT (2 & 1)
B CTE. F/0, TINILEEE L 28WED

Ib, Bo T NRELRENIIRERT LI ENT
EL 27T RETIE TN 20 B2/ L. B3R
DD 1 FITIITREA 7mm THH, MRI &tk
LTRLOTEFTERLIBRTELD, ZORE
TOTNIZ 153 Thotz. L »>T, HE
BICREL 3 & DS E LCEERT 57201
i, TN 20 ER2REZITRIETR O hwE
e S 8% (W3

X512, SRIOFKRIE, TN EAREO AKX X
WA LETHA I ERR L. TN ETR
EOKE SOMICIZIEDOHENSH D r=0.75), %
UM E B 2REFTH, F—EGICBIT
AZTNLIE, EBEOKRESTKEWVITIL, BfE
ZRL, MEDOMIZIE r=0.96 DIEDMHEIH -
2. bbb, COSZEUMEREICBVT, T/
NI (y) EEEE x) L OBIZId y=—0.205+
0.165x DEYFAHI B SN, T 2 TORIFREITRK
BOREZSWIPPDOLT—ETHEL., —fKily=
ax+b OEYFERICB VT, BURFREIL a=(y—b)/x
TEEN, by THNE, a T y/x (AT 5.
FERRIZ Table3 T/RL7Z TN-d (X 015 2R L,
EFREL 0.165 (2L L 2% 7k L 72, 2'T1 OiF
WAREEOEME * KL T3 2 5iE, KEMH
DML LR & HIERE % FFOMIE LS, DR %
BEALICEERE L TV B S RURMEBE BV T
i, BEEEH 2D 0 0TI OEBRUL, FREDOIBAL
RRESICEEIN GV ERZRS 2T LR L%
V. 4, BEREEBEICBWCIEREE ) T
TN LWEHIEL, TIN-d fExkocE 25, [
—EFNIBVTIIEBEOKRE I IO
T/N-dEPSIZIZ—EDfEEZRLI. LaL, 2O
WIEEEHETH OTI OGHIEY—THD 2
ENHIIRTH Y, FEH A necrotic portion * % { &
ATWVDERHE, BILTE LV, BRI — %R
BIZBWTD, REDIEH L EEEZ KD D720
12k, X512, BEED viable volume 3K, Z D
viable volume (22D W HIEDSER LB LR D D
DEBbLNS.

BREIE D EM B O IEME 2 5FAMIC 1L, BRMEA L
{, fET, EMLEEBELROZITNITRG%
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WV, A EDORETTIE, KD thallium index A% tu-
mor volume (2 X B2 FITTED, index = It
B4 5BI21E, tumor volume 2S5 L TW5A Z &
PERBLZITNEROWI E AR
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Summary

A Study on Thallium-201 SPECT in Brain Metastases of Lung Cancer:
With Special Reference to Tumor Size and Tumor
to Normal Brain Thallium Uptake Ratio

Takashi Tocawa*, Nobuharu Yur*, Fujimi KiNOSHITA¥,
Masamichi YaNacisawa* and Hiroki NamBa**

*Division of Nuclear Medicine,**Division of Neurological Surgery, Chiba Cancer Center Hospital

Thallium-201 brain SPECT was performed on 20
patients with brain metastases of lung cancer using a
three-head rotating gamma camera and the effect of
tumor size on tumor detectability and tumor to normal
brain thallium uptake ratio (T/N ratio) was studied.
Among 71 metastatic lesions, only 9 (22.5%) of 40
lesions of 13 mm diameter or below and 31 (100%) of
31 lesions of 14 mm diameter or above could be de-
tected in this study. There was a significant correlation
between T/N ratio and tumor size (r=0.75, p<0.001).
The greater the metastatic lesion, the higher the T/N
ratio. Even among the tumors in a single patient with
multiple brain metastases, there was a significant lin-

ear correlation between tumor size and T/N ratio (r=
0.96, p<0.01). In this patient, T/N ratio varied by the
tumor size and these differences in T/N ratios were
thought to be based on the partial volume effect. How-
ever, T/N -d which was a parameter corrected by tu-
mor diameter (d) showed a constant value regardless
of tumor size. The present results showed that T/N ra-
tio, which was usually believed to quantitate the ma-
lignancy grade of brain tumor, was affected by tumor
size and that more accurate parameter could be ob-
tained by the correction of T/N ratio by tumor size.

Key words: Brain tumor, *'TI SPECT, Thallium
index, Partial volume effect.
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