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%L L CHEED BUAR-LI & 21Tl o> 4E5HFLEE &
HET 2L Ebic, A0 LERRBE X OTE
LoMRERE L.

I % %

14 FloFFL L OFERED glioma #%t% L L.
% B 2 W 12 oligodendroglioma 1 f]3s X O°
astrocytoma grade 11 4 {5 (UL _I low-grade glioma),
anaplastic astrocytoma 2 | 3 X ¢ anaplastic
oligoastrocytoma 1 ] (UL I grade III glioma) i3
X 8 glioblastoma (grade IV glioma) 6 <, 3
M T, bt T B, SRR 45.6414.8 5% (P +
EARfiFE) T D (Table 1). Z o 5 HIEH] 613,
6 ERIC i W & 2T 73, Z OO HRRZHT
1%, astrocytoma grade II T & - 7z. JEH 713,
FEAIGHIEZERS 2> & M= HIPHIC JR 22 % anaplastic
astrocytoma T4 EH & itk o F i BR BB 5 (&
% 30 Gy, Jm T 21 Gy) 5 & Ok 2 ¥ i (metho-
trexate $fi¥) & 17 - 7o fEFI T, itk 73 HiC 201TI
SPECT # 7 7z. K 10ix, 4 » H i ic glio-

28 % 11 % (1991)

blastoma 0 #i 2 & 17\, Wtk ICHIHBRBH (2
i 48 Gy, JFT 20 Gy), k& #: (ranimustine) 33
X O inh (interferron-g) & 4T L 72 EFITH
5. fER D BE H 5 201TI SPECT = oz
1THEH»S 12 A TH 5.

m. % =

1) 201T]I SPECT

201T] $#{k, # v 7 & 111 MBq 3 mCi) % # L,
1545356 Y o 7% SPECT #:i& (HEADTOME
SETO3) # HWT~<=hVY v 7 2% A X 64X64T
1254 251D 0.T~1 2 HF A b2 IHEL
oo TR AXF—1 42 K, 7T0keVE209, &
L 7-. Ramachandran 35 X U8 Butterworth ™ 4R
74 ME =% A CEGHEERE T, BRINAIE
Z, MR 77 b2 2HWTfTok. Bohkz
it b TREE (D) L zh LB (C) e[
o BLEERE BE L. WEMIC 20T o 4%
¥R LHAE, RLEBoRVWRMLEPOLL
T, Tl o EBH L WA, [FRFICHETT

Table 1 Clinical features and histological diagnosis of 14 patients with gliomas

Patient Age Sex Histological diag- Tumor Size of Primary or Duration of
No. (yrs) nosis of glioma location tumor Recurrent symptoms
1 22 F oligodendroglioma L. Frontal 40 mm P 5 mo
2 37 M astrocytoma R. Frontal 30 P 3
grade I
3 38 M grade 1I R. Cerebellum 50 P 3
4 45 M grade I L. Parietal 35 P 192
5 54 F grade 1l L. Parietal 35 P 4
6 38 M grade III L. Frontal 40 R* 86
7 71 M grade III L. Temporal 90 P** 4
8 53 F anaplastic L. Frontal 45 P 1
oligoastrocytoma
9 45 F astrocytoma L. Frontal 55 P 9
grade 1V
10 IS M grade 1V R. Parietal 35 R*** 6
11 67 F grade 1V R. Temporal 35 P 1
12 50 F grade IV L. Parietal 50 P 2
13 63 F grade 1V R. Temporal 45 P 1
14 20 M grade IV R. Lat. vent. 60 P 4
(trigon)

* 6-years after subtotal removal of astrocytoma g;;dé II.

** 2-months after partial removal with irradiation and chemotherapy.
*** 4-months after subtotal removal with irradiation and chemotherapy.
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Table 2 Visual inspection of 201TI uptake in the tumor, the average counts/pixel in the tumor
over the average counts/pixel in the contralateral region on 201T]1 SPECT (21Tl D/C),
Labeling Indices of bromodeoxyuridine (BUdR-LI) and survival of patients

Survival (mo)**

Patient 20171 201TI D/C BUdR-LI Interval* Extent of
No. uptake (%) (%) (days) resection ) @)

1 — 77 <1 23 subtotal >34 >28
2 — 91 <1 37 subtotal >37 >33
3 — 90 0 2 total >35 >32
4 — 113 0 6 partial >220 >28
5 - 100 3 6 subtotal >29 > 25%k*
6 - 92 <1 21 subtotal 110 23
7 + 151 7 73 partial 9 3
8 + 172 8 2 subtotal 27 26
9 + 162 4 6 subtotal >50 =35

10 + 165 10 6 subtotal 21 15

11 + 258 9 2 subtotal 12 11

12 - 202 3 5 partial 14 12

13 + 202 14 6 subtotal 16 15

14 | 203 6 S partial 16 12

— No accumulation of 201T] in the tumbr on SPECT imége.

+ Definite accumulation of 201T] in the tumor on SPECT image.
* Interval between 201T1 SPECT study and resection of the tumor.
** Duration; (1) from the onset of disease, (2) from the time of resection, >still alive (Feb, 1991).
*** Recurrent glioblastoma 20-months after subtotal resection.

L 7= N-isopropyl-p-[123]]-iodoamphetamine (123]-
IMP) SPECT, X # CT » %5\ iz MRI # #' 4 K
LT, MEBCAHY T A A0E & Pl & U RO
BErRELE. BOBOD 1Ly AHlzh DI
BiEotoEsr®R & D/C ratio (%) & Lic.

2) Labeling Index

RfEsE O IC st s, BEREHE Im2 &7y
200 mg » BUdR # A:BE&HHHE 100 m/ I F5f# L,
3053l 2 CREIRINIC B L7z, IEETR T & 1T
SIS, o IR~ & 709, =% /
—LVTREELZEART 74 ICUBEL, K4~6
pm Bo R #EKR L. A7 740 0%, BT
BUAR £/ 7 e —F A iEEZHW TR A F Y
5 — ClgEE T e & 1T o 7o, JEEAARRZ 500 {F
Pz, o) bREIAIEOEIAEREML,
Zifz BUAR-LI(%) & Lz, g s 1
fELL E 4 LA T o HaiE, 1% Kiie Lz, e
7%, BUdR-LI il 73 H iz SPECT %17
7B, Foflo 1343 4T SPECT fEfT# i

% 4Ty, BUAR-LI # & L 7z. % ORI,
2HMBITHTH o1z,

201T] D/C ratio 35 & 8 BUdR-LI o il §% %
HPEEE I X % Y H o # o R E &, unpaired
Student’s t-test % f v 7z.

IV. #& 3

201T] SPECT T D JF it~ 0 201T1 #5# 0 A HRH
&, D/Cratio 3 & ¥ BUdR-LI % Table 2 {27
4. low-grade glioma 5 f§i|» 201T1 SPECT T3,
EFFEIC 20Tl DEREZ B DL 0T 1 FIL 7
Stz LT, B o &V grade 1T LA ED
glioma @ 9 ¥, 1 FlEER< 8 Fl 2 EHEH~D
B & has 20TI o 48 % 7R L 7z, D/Cratio i3,
AiE o 94.24+11.9% i % L T, grade III glioma
i3 138.3+33.9%, grade IV glioma {3 198.7+
31.7% <, low-grade glioma & grade 1V glioma
DI fERRER 0.001 KO B EELR/O . Fi,
grade IIT & gradelV # & b & 72 T 1 low-
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P <0.001
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Histological grade of glioma

Fig. 1 The average counts/pixel in the tumor over the
average counts/pixel in the contralateral region
on 201TI SPECT (D/C) according to histological
grade of glioma.

grade glioma ¥ o [i]ic fERR 0.01 Ko B EE
#3Ww7-. low-grade glioma » D/C ratio iz 42T
13% LLFTH D oicxt LT, grade I Ll Eo
glioma » D/C ratio iz 1 % R\ TISIYLLET
& - 1 (Fig. 1).

—7J5, BUdR-LI i1 low-grade glioma 73 0% #»
& 3%, grade III glioma 2% 1% £ ifi» o 8%,
grade 1V glioma 23 39% 76 14% 2 Fi L, ¥
+HE#REZ R ZER 0.80+£1.12%, 5.17+£3.32%,
7.67+3.77% T& - fz. grade IV glioma {, low-
grade glioma & @ filic 0.01 KFo fERBCHE
Zx W, grade Il & IV 28 bH 28T low-
grade glioma & o [ i2 0.01 KGN EREBETHE
#% 3w /- (Fig. 2). %7z, D/Cratio & BUdR-
LI ofElicix, HE%E0.753 n EDfHE % 3B
7= (p<0.01) (Fig. 3).

V. & fl

1. 63 3%, Zrt4, grade IV glioma (JEf] 13)

19884 12 i 25 BRRKS & O RARTIRA H
BL, freclELL. BFE1H4BICXKRCT
BTV, ARUSEIERES & SRS hABiL. 1 A

28 % 11 5 (1991)

BUL",Rl P<0.01
I 1
(%)‘ .
Imeants.d.
10+ .
L]
L]
L]
L]
L]
L] L]
0 ll:I: o
Lorll m [

Histological grade of glioma

Fig. 2 Labeling Indices of Bromodeoxyuridine
(BUdR-LI) according to histological grade of

glioma.
BUGR|
Ll o Y=—4.20+0.0598X
(%) r=0.753
10
5
0 ‘ a

100 200 D/C (%)

Fig. 3 Correlation between 201T1 D/C ratio (D/C) and
Labeling Index of Bromodeoxyuridine (BUdR-
LI) in patients with glioma.

24F iz SPECT # 47\, JNZHIc 20Tl o4
fi% W 7- (Fig. 4). D/Cratio (1202% Td - Iz.
1 A 30 HicH 2% 1T L 7z. BUdR-LI i3
14% < & - 7-. glioblastoma multiforme &%
L, ICHSRBE B X ML & MifT L 7.
=0, THE, HITEELEMNOMERT 2B
f=1=®, [[@4E 6 A30H ic FHEE SPECT % fifT L 7=.
RS & 7 JREEH O B 20Tl A& R
», D/Cratio i 134% Th -7, 199045 H 8
HICHET L.

2. 37#%, 214, low-grade glioma (if 2)

1987 4E10 7 IC B RRIEL &L, XK CT
THAEEICER RO LA LR VERR 30
mm O{EIRIIE Y W7z, 1988 42 1 H o SPECT
T, AATHEIEORE R IC 2T ofif2ED
+, D/Cratio {3 91% T& - 7= (Fig. 5). #i£3H
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Fig. 4 Patient No. 13: 63-yr-old woman with glioblastoma.

a: X-ray CT scan showing enhanced mass lesion in the right temporal lobe with
central low-density area, suggestive of a malignant tumor with a necrotic center.
Marked mid-line shift to the left is noted. Surrounding low-density area indicates
peritumoraledema. b: 201TI SPECT image through the level of the CT scan showing
marked uptake of tracer corresponding with-the CT scan. Activity at the periphery
indicates normal accumulation in soft tissue over the calvaria. 201T] D/C ratio is
166%;. c: Section prepared with immunoperoxydase stain for BUdR, counter-
stained with eosin. Many BUdR-positive tumor nuclei are shown with high
cellularity and pleomorphic appearance. Calculated BUdR-LI is 14 %.

ffi% MifT L, fibrillary astrocytoma & 2 L 7. — AN R SO R T WS,
BUAR-LI 13 1% KETdh o 7z. OHIFERENIHEE TH D2 &, D) MIBESANL
WZ liE, EMENEWZ ORI L LS.

VI 5 % UinL, RESSALER 5 158 L 7B b B 5 M

FE I O TEME B & R BIIC BT 2 5k L LT, NEHRE, EMEORVERORA TLIERICD
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Fig. 5 Patient No. 2: 37-yr-old man with fibrillary astrocytoma.
a: X-ray CT scan showing low-density mass lesion in the right frontal lobe with-
out definite enhancement of contrast medium. b: 201T] SPECT showing no uptake
of tracer in the lesion demonstrated on CT scan. c: Section prepared with immuno-
peroxydase stain for BUdR, counterstained with eosin. Only one labeled tumor
nucleus can be identified in this microscopic field.

iy, ERMLFHMEx Tz Li3#LL, &
BRI E R LT 5.

REMT O FiEL LT, <t 3H-thymidine
FRWkA— b T VX T T 7 4 23Thbh, glioma
CHISHEREY, Zo%, SERbAbIIT-
7k 57 BUAR IZ X 5 HEEY o3kt L 72 v, 1986
FICEBFSD X, FKEE 38 o BEEFEAR o fi%

a1 X ORI R i o flow cytometry (2 &

% M %247 vy, BUAR-LI (1 glioblastoma multi-
forme, medulloblastoma 33 X O¢ highly anaplastic
astrocytoma T 5~209%, moderately anaplastic
astrocytoma ? -4, ependymoma 3} X OF mixed
glioma T 1% KL #HE5 L, zoih BUIR =/

7 v —F AR E R BEC X S S BiMAasE
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3, KRR O A M MR EE o0 GEA (< R A A
FLlebd e Lk

L RIRAT U 7o ikiE g 14 1> BUAR-LI i3, low-
grade glioma < 0.80+1.12, grade III UL F »
glioma T 6.83£3.82 L b = ¥ TOWE L IE
FEL, EHEAEVLOREEWEL K o,
low-grade glioma T 3% &t ## % v» BUdR-LI
o L7z SEf GREGI 5) 13, #5164 20 5 1 I B &
ALy HEL S L THRB L. BERBTLE
SPECT (¥, AEFHIEHEIC 201TI o & i ER %
o, ZoOBOMELZHNZ, glioblastoma T -
2. —F, BEWMLL~» 0TI o £ 13, low-
grade glioma » 5 #l Tz £#l TEMT, L VE
PEEED Ev I, 1 BlEERL 8 HAs, MEHERIC
—F L TEWER % B w . D/Cratio TR L7
SRR, EHEREVWLOIEEEL, WED
MlCHA A BEY B . OTIOERER
¥ 15 s - 1z grade III astrocytoma o 6] (KEH 6)
1, B TEERTICRIEL, 6 4Rl ezt
L xR, gradell Th - 72, SEO i
B M2kt grade 1T TH - 7283, = @ %iE
» D/C ratio 1% 92%, BUdR-LI % 1% K it & i
F L LK<, T 4R & AL O MHRE & O
MarBEz €5, ZofERE, 147 H%ICHER
47 L 7= SPECT <, 200TI i3 ¥ B 7z 45 %% (D/C
ratio; 208%) # kL, D9 hHBICHLE LK.
JEF) S §, malignant transformation # & 7= L 7
JER] & % x b, glioblastoma & L T % L -
S CHM L7z B0 D/Cratio %, 157% Tdh » 1.
3E 5] 6 LL 4+ o grade III glioma o 2 # X, D/C
ratio, BUdR-LT & § [Af2EEIC LR @iEE =725,
o) B U EGEF] 7) 3 BN 72 B 2 IR 1
E, BB LA ERUET B 2 L < T T
3T Lz, = ofEfild, B A RIELE
DEH & MBI 2 TRIEMEICHFEL T
Wizlow, HEBkEr - sz L AL LT
AR EITV, BRI HEBRIGR AL HEE AT
>7z. SPECT i3, Zh b D EHRELT - BicHE
FFLED, ZoBKTE, EEIEAERCHY,
2EMBICET Lz, X # CT L, JEsh Btk

O ERFLTEY, 0TI g EHAEMETRL
7= %3, partial volume effect i X YV i@ /NEEfI L T
WwsLEX2HN 5. glioblastoma i, JERF 9L
O S FIHHTE 1 G 1S pAICELE L. fE
#l 9 » D/C ratio 3 X 1° BUAR-LI xzhZh
162% & 4% <, L $1iZ glioblastoma & L T3
HTd -7, R0, TN, BEHBIEHB
X OLEEFREE % T - 72421 SPECT & 17 L /<.
X#HCT L, WEILABEMTARE—ICER S,
FDERAMERIR & R+ Z L s, REHC X 5358
LoEMNEE S . BEBH#STOA, B
RN MER SN, T Lz, low-grade glioma
o SHhx, 2RBEFLTWS.

AR o feiE L LT v b T BUdR-
LI BRI 7 TBMEEE S 5 W ix T L AT 5
LiFzhETcib ESA TR Y &LI0, HE i
R iR L 201TI OF Y IAA & ORI HHE O H
5ZELEbR TWAILD, UL, 20T o4
FERREE L MIREAE L D BAFRIC > W T D RRIRAFFE D
WEE <, 0TI o L RRE L RIRK s BEEE
H5NETHEDBFRICHONT S+ BRENTFT
bhTwiw, 20T 3, # Y v AL FHUDES)
R L, EEMRE~GRFTLRE, mRMkEMNo
WHiEMER L O Nat-K+-ATPase K > 7D iEM:IC X
5 EnbiTingbLai21a,

LA MEHC X v, D/Cratio %, BUdR-LI
L ORI r=0.753 (p<0.01) » IE D FHE® H Y,
JEHE~ 0> 2OVTI o> HEFFRREE (3 HIAGIEAA D FREE & 4
42z edmrah., £, 0TI oEREERE
(X, glioma o J i BEAERE & X SHHBEF D 72
TR, BRAEMED D TR L b HEE
EEROH 2 Z LIRS NI, EHHIRLI IEE
Brhch—nofzrdT L3RS F, i, 2
MICRET Sz LAl glioma oM TLdH 5. &
BNHILREEO» BRI LBELTH DD,
# 11 1% glioblastoma multiforme o KR AR
LxhTwza. BUAR-LI i3, #H L 7=k %«
hin e viable A& B Z LIk Y, S AR
DEBRHHBMIEL ST 22 L3 TE5. %
hicxt L <, SPECT ok LT 21Tl D 4EFHFREE
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AT 2 5E, ok O AT EE/ NG
B2 L sn, FRTHESERE L IER o B
By 2OUTI o> S5 AF F5 0 (3 R R 2 TR BE RO R PR Y
T EMERE L X SAHBA L, RESMRL O EHEEE 0K )
gL £2 5h 5 BUAR-LI & 4 & < HIBAL 72
L7z »> T, 20T o> $£f#ix, glioma o Wil
EHEE L L KR L, HINEER ¥ 5 viable 72 @
MBOTFELELKIliL Tws Ex LN S.
201T] SPECT (%, glioma o B t: BE o> 3Ffffi 12 fi2 57
b, RFEBEOHERCER, B I OEELoHEIC
LERThD LEXD.

VII. #% =

145> glioma ic 20'TI SPECT # MifF L, NEJE
W~ 20T o> TR O 3588 % D/C ratio & L
z. £/, HEEHLHF oK BUAR ##%5 L,
JEFEAIR D 5 b BUAR # HR DA A 72 MR EI&
% BUAR-LI & L C, il Z0iREL L.
201T] o> #4413, low-grade glioma o> £ A3 etk
Tholznicx LT, gradeIII UL ED 9 il H
b 8 A itk <, D/Cratio o Fiftix, %HE O
BN ECE P>, £, BUIR-LI i3, B
FENSE V glioma (2 £ Hffi T, D/C ratio &L BUdR-
LI L oIcEEOIED HE % B iz, 20Tl o
PR T RRIRA 7 MRS & X KCHIBAT 2 2 &,
201T| SPECT (%, glioma o M FE o 3EAl, 749
DERCHEL IO THROHEICHRHAMAELTH
5 &%'A"_ sz,

X M
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Summary

Evaluation of 2'T1 SPECT in Patients with Glioma: A Comparative Study
with Histological Diagnosis, Clinical Feature and Proliferative Activity

Noboru OriucHI*, Masaru TAMURA**, Takashi SHIBAZAKI**, Tomio INOUE*,
Naoyuki WATANABE*, Madoka TATENO*, Katsumi ToMiYosHI*, Tsuneo HIRANO*,
Hitoshi IGARASHI***, Keigo ENDO* and Yasuhito SASAKI****

* Department of Nuclear Medicine, ** Department of Neurosurgery,
Gunma University School of Medicine
*** Department of Diagnostic Radiology, Gunma University Hospital
**** Department of Radiology, Faculty of Medicine, University of Tokyo

The purpose of this study is to clarify the useful-
ness of 201T| brain SPECT in the prediction of
clinical degree of malignancy. Quantitative evalua-
tion of 201TI uptake in the tumor was expressed as
count ratio of tumor site over contralateral normal
region (D/C ratio) on 201T] SPECT image. Four-
teen patients with gliomas received an intravenous
administration of bromodeoxyuridine (BUdR) at
surgery to label tumor cells in the DNA synthesis
phase. BUdR-positive cells in excised tumor speci-
men were stained with anti-BUdR monoclonal
antibody by indirect immunoperoxydase staining.
Percentage of labeled cells in relation to the total
number of tumor cells in microscopic fields was
defined as labeling index (BUdR-LI).

D/C ratio in patients with grade IV glioma
(198.7431.7) was higher than that in patients with
grade III glioma (138.3+33.9) or more low-grade

gliomas (94.24+11.9, p<0.001). BUdR-LI in pa-
tients with high-grade glioma was also higher than
that in patients with low-grade glioma. D/C ratio
correlated well (r=0.753) with BUdR-LI, which
is considered to represent proliferative activity of
the tumor. D/C ratio does not only correlate well
with histological grade of glioma, but with clinical
course or prognosis of individual patient with
glioma. In conclusion, degree of 20'TI uptake in
the tumor may provide non-invasive prediction of
malignancy grade of gliomas and accurate estima-
tion of efficacy of the therapy and early detection
of recurrence or malignant transformation of the
tumors, by delineating viable tumor tissue in pa-
tients with gliomas.

Key words: Brain tumor, Glioma, 20Tl
SPECT, BUdR, Cell kinetics.
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