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1 [XLC®HIC

BRI AR T A B 2REMENIEL Ch 5, Hall, Friz 210K T d 2 Huiin & #r £ 3K bevacizumab (BEV)
MR SNBHEEOIEEICL AV S5 T5, BEV id b Fivascular endothelial growth factor (VEGF)
PUkT, IR LTk 72 B e i % 72 597, BEV RSN R 2 ER{b3 2 & [FIRFICE L C
W25 IMHEIMBEMY  (blood-brain barriers; BBB) Z FEE 2 Z L2 L 0 FUESEAIOESENEIEL UGET 5
EINTW5 L, Z0 BBB BT EEGRMEL EFLT 5720, AROIBHEDS Ffilazh) of
B 67, i MRI CI3EEEF E OFESE &SRR T & WO BINRZE ks b 7o b3, 16k, 16K
NEOHEITER MRI BT 2 ERREDORE S THELTCWe, LarL, BEV 2 L7254, Eiio
BHIZE Y MRI 28 [T DS (pseudoresponse) % LOTR[BEMENH D, T, MRI OFi7- 725
1% & LT the Response Assessment in Neuro-Oncology (RANO) criteria 232" 7= 2, ZAUIRERDIER
REDKE S OFHEIZIZ T, T2-weighted imaging (T2WI) 7> fluid-attenuated inversion recovery
imaging (FLAIR) O, FRAEOAME, AT A ROMEH, EHRERE I CGEHET 2 5k ThD 2, L
7»L RANO criteria TRHMliL72& LTH. {H~x D MRI FHIZBWTA 72059 pseudo-response 23 Z 1
2HLEEINTWND, ZOLXD72BEEG, MIEGEKEIL BEV IRRIC L 23M = TEDFREL)) 2
(ZRHEg 520 & v O BVEICIE R LTV 5,

BEVIGEED TEORES] ZFHET 5 7-OICBFE E TIZ, diffusion-weighted MRI3, perfusion MRI4, %
L Tpositron emission tomography (PET) 72 Ehkx ZetikEig OIS H AR BT\ 5, PETIZ K 25
B4 2 & ik, [8F]-fluorothymidine (FLT) 57, [18F]-fluoroethyl-L-tyrosine (FET) 810
[18F]-fluoro-L-phenylalanine (FDOPA) 1112 [18F]-fluorodeoxyglucose (FDG) 13 72 & k L —W % fifi
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L. BEVAZ# G U7z B RBIEE G5 L CPETAIRG Shu, 2L LTI 0@ ix, PETO EM
TRIBIE 31T DIRFICKT T 588, A TR D 2 WL T S 2 b RANOZEYE CHIE L 7-MRID#E R~
TEYIEfEIZTHI T %, & LTW%, L-methyl-'C-methionine (MET) %, 7 /7 r s &L
THROHBH S THDPET ~ L—5 T, [EEPMIREE - HIHGE DL E LT EEIEE L STV 51415, Fix
NP LR Tlk, HRIBHED 2% %5 L L CBEVIGE% OMRIE MET PET% il L 72 S 13 AR7270
VN, AR TIE. BREBIFEIC R 2 BEVIERZ O AW EE 5 2 MET PET C& &0IC7F M L, MRIO%)
RHIERR BT 52 LIk, RANOREDEFMEZ#ET 2, AT, MRIBXUMET PETIC L - T
BEVIER % OHR)R T 217 9 L ChRai R 2 6T 5 2 L2 A E Lz,

2 MREARE

POE

AWFENE~NV T R ESICER L TiThh, A FERRFZEFHHHEZESOAREEZH TS (No.
H22-96), MEGUEFNILL FO&MEOETICAE LI-b oL Lz, OF3EBHME, @Karnofsky performance
scale 60%LL [T F & KMHRABISRICHEEE LA L ORRBIE A fTae. @20 bl b, @IEE; o 325
DS 2 O IR SR LIS O KM VLI A7E, ®MRI 3 X O'MET PET % 7'v k =W hE - CThifT, ©3C
HCBMOFEZ BT, SREFIEE 14 6] (B8 A, &6 A EHFH 58.7+12.5) Th-oi,
BE

2T ORERPEECHHNER & U TR X 2 NESHH . £ O%ICHTEE Supp’s L A > 16 & U THEHHRRA
WOFHEFRE (temozolomide; TMZ) A MafT &L, £ D#IZ TMZ & W ToERFRIE AT TV 5, 6 Bl
HIEIFFH CTAMIEICS ML THEY, 780 84X 2[EIE DFFETSML TV 5D,

AWFFEIZSINE 7p o7 14 Flix, BEV & TMZ OffHRIEEZ =772, BEV ¥ HIZ 10mg/kg % AilEE
L. VUK 28 Z & 12[A dose %5 L7z, TMZ X BEV & 53 B725 7 BHEHE#H T 100mg/m2 ZNRE L, 2
B LT IR LT, ARTEEIT MRI T RANO FE#E 2|2 f¢ > T progressive disease (PD) & 725 £ Tkl L
720
MRI

MRI /Z 3.0 T #&& (Discovery MR750, GE Healthcare Japan) % i\ CHgf4 L 7= FLAIR Tl echo time
(TE) 110 ms. repetition time (TR) 11,000 ms. matrix 288 x224, 5 T1-#FHE % (Gd-T1IWI) Ti.
TE 9-10 ms. TR 400ms. matrix 448 x 224, field of view (FOV) 220 mm?2, =X 6 mm ##R{E5&ML L
7= MRIIZFIER] & & BEViaHRT 1 BB LN (pre-MRI) ({5 B4A 4 % MRI-1) | 15% B 44 8 % (MRI-2)
O 3 EHRME Uiz, 1GEEHEX, 4 %, 8 MEOENZEI o MRI Bt L &2 ATD MRI i & g L,
RANO FEHE TR R A HE L=, 4 H .83 H » MRI T i.7° complete response (CR) . partial response

(PR). stable disease (SD) Th 75 % &%), progressive disease (PD) THho7=GE8 &R EE
T, TOH%L, IBFOMGEE FATLTMRI 2 4 T2 IC< DI LIEHR L CWE, PD &Rk T
IREB LN MRI #2181 ~7-, BEV J5ERM4A 1 HES MRI T PD & 72 -7 H O % MG

(progression-free survival; PFS) & L7-,

MET-PET

MET b b —%i%, ['CICHsI % fiV 7= solid-phase 1'C-methylation & CAAK L7217, b L—H DOHE
1T 99%LL ETh D Z L AR L7z, 325-398 MBq (mean, 6.8 MBq/kg)® kL —H & §HEL 30 5312,
PET/computed tomography system (SET3000 GCT/M; Shimadzu, Kyoto, Japan) =\ C MET PET %
% L7-, A%+ 1% Fourier rebinning (FORE) + ordered subset expectation maximization (OSEM)
W, field of view, 256 mm2, matrix, 128 x 128, pixel size, 2.0 x 2.0 mm?2, slice sickness, 2.6 mm
THMEEL,

MET PET /% MRI & FRRICHEGIC IV T, 10T 1EBLN (pre-PET) . 7RG 4 % (PET1),
IBREHLE 8 % (PET-2) o 3 [m#gfg L7z, {4 L7= PET B} - CHFAICIEREN @ ERTICER 6mm O
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BY.LMEIK (regions of interest; ROI) % & &, standardized uptake values (SUV) % H#&RIZFHAIL 7=,
SUV T A, KA, F/IMED 8 S3FHAIRIRETH D23, AWML TIEH ) SUV 2 KIERI O SUVEE L
Too TRIRRIT. MBS AR & SO oD KM B BESE SR 3 4 FTIC 6 mm @ ROI (& & | 3 > SUV A
il 2 B U 7= RIS BRI ERAL. > SUV il 2 SCHBIR AN SUV TR L 7= fifi %2 SUV s / 1E 5 AkfE (SUVN)
& LT,

MET PET (25F 5 BEV i##8 F4E % PET-1, PET-2 Tf7-7-, PET HEi{#? SUVin 28 1.6 LLF D
G w22, SUViND 1.6 L EDORZIEZ EEFR Lz, By A7 1.613, 15 & IEEOERNCRBIT 5
> MAZEIZET 2 EOREITIE SN 1819
fRAT

IBEBLAE 4 A, 8 MHODOKKRA L R T, MRL, PET O#REHENEH L LB ThHo25E%
trueresponse & L72, £72, MRI "ZETHHICH DT PET BNIERDNTH-THE
pseudo-response & L7-, 4 B, STEHDZENEINIZIEIT S, true-response, pseudo-response DHEE %
B L,

TRIEBIRE S 8 Wik £ COMMICK T B HJEFI D SUViN ZBAbR 2B LT-, Z2b=RiX. — (81 PET ®
SUVr~ —t#% PET @ SUVrtN) / 8ii PET @ SUViN (%) THEH L7,

IF 2 HEN 925 LT MRI & PET O X5 0NHHTH D0, MBI LIZFENIT W20, 2HEET 57
»IZ, PFS % MRI-1, MRI-2, PET-1, PET-2 ®ZIZHLCTRRAE & IZRBED 2 BEHI Tl L7z, &6
(2. true-response Af & pseudo-response ALl PFS # 4B, S B OZNEFN TLEE Lz, k#kiin 7
7 v 7 WBRCRRAT LTz, 23 p 25 0.06 LT THEEDH Y & LT,

3 #ER

2 14 JEFIT, 7a hasoi@Eb 8 =— A0 BEV+HTMZ I8N T S 3L, TE Sz MRI, PET ®E{&5
wBsnz (Fig. 1),
Gd-T1 FLAIR MET

Baseline

4 weeks

8 weeks

SUVyy = 1.67
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MRI & PET %%, HEREGDO—F, A—EiT Fig.2 Oi@Y Th D, x4 mr LIERIL, 1BERGE 4
# H o MRI (MRI-1) Tl 5 451(35.7%). 8 % MRI (MRI-2) Tl 4 i (28.6%) T -7=, %< DIEEHIA.,
MRI,PET & ¢ 3E%%4h T - 72, MET PET C SUVnx 1.6 LA T 278 L= 80001 1R LA 4 % (PET-1),
1A% 8 H H(PET-2) T, 224 6 il (42.9%) . 4 5] (28.6%) Thotz, Wi & DENE R LIZAEH]
(true-responder)ix, 4 HH, 8HH & 24 (14.3%) Th-o7z, MRI TEZZ /R L7 PET THEHT
& - - JEH (pseudo-responder)i%, 4 #H T, 8 H T 34l (21.4%). 2l (14.3%) Tdh->7-, MRI THZE%)
ThHO 7N, PET CEZRLIIEF <, 4 H T 28.6%., 8HHT 14.3%#D7

SUVix i pre-PET & PET-1 T, 13 BIOIEFINMET LTV . 2RO -24.7£15.6% TH -
7. L7»L, PET-1 & PET-2 O TIX 10 FIAEMIZEE T TE Y . Z{LREHNT+14.0£22.0% & 72> Tz
(Fig. 3),

Changing rate of SUV e (%)

Pre-PET

Fig.3 SUVmnZ{t3% Pre-PET & PET1 TiE. %< OFEHIN SUVan DR F %7 L=
73, PET-1 & PET-2 [l CiE, SUVan HAMICEE L T 5,
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ZEER & FEZENEBI D 2 FERIZH1T D PFS 0728 % MRI-1, MRI-2 DZNEN Tk Lz Z A, &
B HIZENT S EAEBIBEDIEZEFIRE L VA EIC PFS 2MER LTz (Fig. 4 EBY). MET PET T,
PET-2 |Z3\) 5 ZMBHEIERIEE L 0 A REIC PFS MER LT /223, PET-1 CTIEmAEM T B EITR O 720
-7 (Fig. 4 TB), Wiz, Fig.l1 TrL7= L 51 MRI & PET OB HED—EH, R—ETHAEDLET- 4
BECPFS % 4B . 8HA THEEL TAHD & 48 HTIL.MRI & PET Oli#F MR ZE%h% 7~ L 72 true-responder
@ PFS i, MRI Z%h2>> PET 3E34hD pseudo-responder @ PFS & A& /RZERII2 o 7-28, 8 E TIX
true-responder ® PFS | pseudo-responder X V A EIZIER L T\ (Fig. 5),

Progression-free survival

Progression-free survival
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4 ER

BEV O ZRHIZIRIZ KL &R MRI OIFEEFT RS, EWFHIRE DRV RN T DIREZRD)
(pseudo-response) %z 7~ L TV AIREMEDSERRAIICIIE E > T0AH Z &k NI U HIZ) Tik_7z@h T

b5, AWFFTIL, pseudo-response DFEIL, 1HH 4 M H TIX 21%, 8HHE TIX 14% Tho7z, Fx &
Al U< PET Z4AW¥HE &R & LT MRI B H)E & ik L pseudo-response DAL Z 7R L72 U< DDy
DHENH 5, Grade 3 glioma %57 high grade glioma (HGG) 11 %1 MRI & FET-PET % BEV #
5. 8-12 %I L= 5 T 36%8, HGG 10 # ¢ BEV {AJ%1% 4.9 TMRI & FET-PET % Ltk L7
AT 30%. HGG24 #1 Ci5 6 #1412 MRI & FDOPA-PET % bt U7- 45 Tk 25%12 & ST\ 5,
MRI & %W & PET I8 5B D EFHORRIEBDENRH Y . 245 O & AR OR; B4 B
95 Z EIXTE W, BEV IR ZZ 7B A —~<JEG D 5 6, 4 15-30% 28 MRI TR2MT
DN ZE R L TWAHATREME H Y . MRIIC X 2B ETIIEENKLE L E 2 b,

Pseudo-response D U 27 13dH 25 b DD, FEEROERKRBIS Tlid MRI HAR CORFEFHhA RER S D
BENZ, ZOBETIE, 15K 4 8%, 8 1% MRI Hh COHE T, PFS IZZ88hRE & e D 2 B
MCTHEZZR LI, ZHud, MRI B CTHAEZORFEZ THITE Sz e L Tns, Larl, &
EEOHIZ MET PET CT% 2&%0% /R trueresponse FE3 & FNTEH Y . b ORERFID PFS M5 RICE
BLTWDAREMEIIRETE RV, £72, AUFEORKRENSL, RANO FEUEI IR s HiiiE Th 5 2
EWMAZ D, Fig. 1 DT X910, 13 A CEEHREDNER URRICEE IR ERT L 0 254, RANO
TIFEFHUARRE R ERIRAE & L CHIEIX SD & 700 ARWFSETITIER & 7272, #5%. MRI TIHEREHTYH
PET CTZE#h 2R~ 3ER © 2 <AFFE L7z, MRIIZ X Z5HIEL, 20T OEE LOTRREMEDIZNIC, ED
5w RakdalettE b b o 2 EBbhoTz,

PET IZHBW\ T, %< OJEFIT MET OIEFNER (SUV) X, BEV 5% 4 8 BB W TR D
LTz, MET 2517 X /8 b L—4 1%, BBB OFEICIEKTFIEICIES 7 X /B2 E &AM ¢ %
23, 23 b L—H 8 L-type amino acid transporter-1 (2 & - CREEIFC SIS S D 2 &1
L5, UL, bL—Ho—iX ikhE L7z BBB @i LMaNIcBEI+ 5, Lo T, isotope D
TR R, 25K BBB HHEITKAT LT 5, TRIERTE i L TiE & A EOSERIT SUVIN MK L 722
X, BEV+TMZ OIEEDREEZMIEZEL TND EWVH KV IZBEVICX % BBB OFEREN G725 L8
X RO FICL A bDEEX NS, FHE, 4% O MET PET (PET-DIZI51T % 250t & FER2hRERM
D PFS I EBEENRD -T2, 5T, MRI & PET OMFENRZEL)%E /R L72 true-response FELE Dl
DFEL PFS THEZEZ -2 RORD o722 L b, 4 %D MET-PET 2N REIC & 2 B sh iR 4 s me
LTWRNWZ EERLTWD, BLEDORERENS, BEV G 4% O MET PET 12 OKRICE T 5 HH
PRIIEWZ RIS, — 07, 4% 8B OMTIE, 13& A EDERO SUV 327 EFI2HR
CTWb, TOHAEZHMICHIATAIZ LiITTEx20Wn, BEV 2L % BBB fEIC L~ CT—BKT L
MET #£/EE2ZE Ml L, Z 0% OETREIEIC L F] U CHERMERIN, SUV LRI 27 - 7= aTeetk a6 &
T2, 8% D MET PET ([ZBW T2/~ LIZIEFNE, FEZRBNER L W A B PFS NMER LT,
& 512, MRLPET Ol # 825 %~ L7~ trueresponder (. MRI TZE%h7 > PET TIHELD
pseudo-response £ % & O - MERIZ L LA RIS PFS MER LT\ 2 Z &1k, 8 12D MET PET 2z
P35 ETMRIBEMOFMLE YV EHTHL Z L 2R LT,
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Abstract

Restoring disrupted blood-brain barriers within a glioma due to the effects of bevacizumab (BEV)
occasionally leads to false favorable responses (pseudo-response) on magnetic resonance images (MRI)
with contrast medium. To clarify the frequency of the pseudo-responses on MRI at the early stage of BEV
treatment for glioblastomas, we compared therapeutic responses between MRI and positron emission
tomography with 11C-methionine (MET-PET). In addition, we determined when met-PET should be
performed to predict prognosis.

MRI and MET-PET were performed before, and at 4 and 8 weeks after starting biweekly treatment
with BEV plus temozolomide in 14 patients with recurrent glioblastoma. The response on MRI was
identified as either complete or partial response according to the Response Assessment in
Neuro-Oncology criteria. The MET-PET response was defined as the tumor-to-normal brain ratio of a
standardized uptake value (SUV) of < 1.6. Therapeutic responses between MRI and MET-PET were
compared at each 4 or 8 weeks. True- and pseudo-responses were identified as appearing responses on
both MRI and PET images, and those on MRI but not on PET images, respectively. Progression-free
survival (PFS) rate was then compared between patients with true- and pseudo-responses at each time
point. Frequencies of patients whose MRI was response but met-PET was not response
(pseudo-responders) were around 20%. The PFS was significantly prolonged among true responders at 8

weeks, but did not significantly differ between true and pseudo-responders at 4 weeks.
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