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Progress in glioma surgery: a role of navigation system
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TEA) O3WICHV, EEHHE, BBFE AFRCoVTRF L. EHEEHOREAR 68%),
BREE (80%), CEE (90%) &, FE¥¥—Vay  YAFLOFHICEY, BWEHHRREELLE —F, &
#%2r AOKPS TH-MRETHRIZAR (69%), BE (70%), CHE (70%) &, 3WTERILLNT, WiH
OKPSKEBVTHHEELEMEAbN Motz FIiTT 8% glioblastoma DAFFFTIX, A# (12M), B
B (142M), CE (15M) L3BEMTERROhWAd ok, 7Y F—<FHcBnT, BHFOFES~V g
vOEAL, BERETESLOBEHRBEROB EICHFS LA, glioblastoma llBWTHEDOEGTFHEIIEE
BEEZT, SBROERNOERIZLAREILETCHLLEEbN,

A key to glioma surgery is to maximally resect the tumor without compromising neuronal functions. In the present
study, we examined effects of three different modes of operation in the patients with glioma on the tumor removal rate,
Karnofsky performance status, and the overall survival rate. Three modes consisted of no navigation surgery (A group),
surgery assisted with only Evans navigation system (B group), surgery with echo-linked synchronized navigation, pho-
todynamic navigation using 5-ALA and functional mapping with subcortical stimulation (C group). Introduction of
image-guided navigation in glioma surgery enhanced tumor removal rate without apparent deterioration of neurological
function. Furthermore, echo-linked real time navigation combined with other recent modality of surgical assistance (C
group) enabled us to maximally remove the tumor around the eloquent areas without compromising motor or speech
function. The present study did not demonstrated a favorite effect of the increased rate of tumor removal on overall sur-

vival in the patients with glioblastoma.

Key words: glioma, surgery, navigation, brain mapping, 5-aminolevulinic acid
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FUF—<iIMEEAOMRL L V RAL, B
UMM R TIEETHS. EONRH
BBV IIERIBR T ER T 5 2 i
— D JEE Tlobectomy 25T X HF/ A & v
T, WBE, FIEATRECHA. Wi glioblas-
toma @ X 9 WZJEEE BRI IA PLIC BN A%
HLTWAEE, L2 FTURTEPHEL
Bxixhv. ThET, ZUd—<ERicBly
HEMAEF~NOMIFHREFELT, Bl
F—< T, F#h, KPS, BEEHMEENZETS
htwa, BHs) F—2, %12 glioblastoma
KBWTE, BERUELTHREOBRIEE
THREPOBET S b D F CHRETILRE
WRTHA.
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MEENBHR SN S T TIX, WMiEREEELD
FIZTMERELRRYBEEOESRMIU 2 BT
LEBBEREOM Lok PBbDLEDR
5. TOHMODIZ, ThFCHEAOEHRE
BEVRBER, EROFMCEBASRTE .,
FOHRT, BRFETFES—Va v VAT A
&, Z{OMRTHYANLGND LHiTEoT
&7-. BT, & 5IZ5-aminolevulinic acid
(5-ALA) AV CHPOEETHRILZIT
photodynamic navigation %, JEEHHEET
REEE, RETHEREOBRAERENE=Y Y
YRV, R BESTICHRRT AR
MOPMY ARBNRTWVES, T BHFLVE
BB E . Ho&FE, It —<0is
WMBEZ LD L) ILERTZOTHL I B Th
KIS 5720, 4H, BLOBRICBNT, F
WEBETVT 4 —DEBIZLH 7 A —<F
5D ), % retrospective IZHRET L 7z,

X - ik

199241 H~20034E 12 R AR ¢4tk <
FIE PR 24T o TR ERAE B 91 51 % k4t
L L7 MBS, diffuse astrocytoma

18 %1, anaplastic astrocytoma 18%, oligo-
astrocytoma 240, oligodendroglioma 2%,
glioblastoma 51 Cdh -7, Thoz AR
Er—3a AR (1992~19954F) (26
B), BB Evans ¥ ¥ — ¥ o v HMER#H
(1996 ~20004F) (3141), CH: : BHEWHMY
TFTIVIAL AFEF—a Y RAFLHEBLFICSE
ALA, HigR~ vy ¥ 72 HVIET Y
y—varyAFAERE (2001 ~2003 %)
(3481) DO3IBHT, OESEFHLE, OBET
%, OEFRDIFRIC OV THERE£1T-
A

BERBHIT VI A DFEF—a vy R
F A, StealthStation™ (Medtronic) & i#8¥
kW& & Prosound SSD-5500 (ALOKA) #
SonoNav™ 72—~ (Medtronic) TV ¥ 7
s, ROV TNI A LAEESREGRE FOH
I —BT AMRIMRI ¥ 721k CT Ei R % FIERC
L CTERTEFEF—Ta Y YAFLATD
D, chETCVyZ7urfAF-JEF—¥ 3
YERATERTY, 5.ALAZ X 5 photody-
namic navigation T, &8 FREEIG 1 BB
12 20mg/kg D 5-ALABORE- 21T\, HEHE,
HEF2—74Y 10mg/kg DEMNBRSE 217>
7. BEXFEELTEE, ¥ I ¥ FDviolet-
blue Y% vy, BI#IiXlow cut filter (cut
under 480nm) ZHAWV7. WEEE~y 7
L LT, EBBREICE L CIESEP, MEP D1,
R BT e 2 U ¢ 500Hz oD T 55 BE B [l il e
LB BEEEMOEMGE=2 Y ¥ 7% 4T o1z,
SEMEBICHE L CINETERIEIC L A58
<y ¥ 70k, EETEREZITVREE TR
Db EHHETo 72,

g 2

THEBGRHFITAR 68 £22%, BE .
80 +21%, CH: 00+ 11%EHMATFHEY -
AUV AFADEAIZL Y AEICHEHEIIMLE
L7 (Fig. 1). 7, HHEOHEEZAD L,
ABETIE, 100%HHIZ£HE0 5%, 90%KiED
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Fig. 1 Tumor removal rate in the three different Non-e q q
modality of surgery. Fig. 3 Tumor removal rate of gliomas in eloquent area or
A: no navigation used, non-eloquent area.
B: Evans navigation only, Three groups, A, B and C are the same as described in Fig. 1.
C: echo-linked synchronized navigation system com-
bined with 5-ALA fluorescence and functional map-
ping
B 100%
95-99%
Ry 90-95%
<90%

A (68 = 22%) - B (80x21%) C (90 + 11%)

Fig. 2 Percentage of the extent of tumor removal in the three groups as described in Fig. 1.

The extent of tumor removal was divided into 100%, 95~ 99%, 80 ~ 95%, and less than 90%. Value in the parentheses of each
group shows a mean removal rate and standard deviation. .

HHAT80% T - 724, BEETIE, 100%FH VEWHICHmMLA (Fig. 2).

20%, 0% DR 54% & 4% 12 100%IH =D 7., BERERMNEZ —REBHTFRSEHN
BEA&LR, SHIZCHTH, 100%BMIE  BLUZ0EEERE S b eloquent area & £
17%, 90% RO A332% & 0% EOFEH 1S non-eloquent area l24-) 72354, non-
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Fig. 4 Functional outcome evaluated by Karnofsky performace scale (KPS) in the three surgical groups.
KPS was determined at the preoperative status (Pre), one week after surgery (P1W) and two months after surgery (PZM).
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Fig. 5 Overall survival rate of glioblastomas in the three surgical groups, A, B and C.
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7, ALARRVIMETFES—Yarick 72 (Fig. 4). ¥ 7 eloquent area o[- TR
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EERKIZOWT, LZIAREDastrocytoma,
anaplastic astrocytoma DFEFIEAL %o 72
723, glioblastoma I2 2T DMRFH 247 - 7=,
BEOEFHMREIZAR 12074, B
Bo1425 8, CEH 150 BCEZEHICEE
hEIAONEP o (Fig.5). 72720, EE
HEITOHE (TTP) 245k, CEHTRR

BOWEmHA LR,
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7Y A= ERIBNT, TEHETFEs

—¥vavoE N, BHorCEERHEORE
IS Lz, BRSO mE P EE i glioblas-
tomalZBWTH, FEF—Ta VHET T,
HBRMRESCEMBAlTRE 2ol E5IT,
EHIF RSB EED eloquent area ICEET
ZEF T, BRFETOFEI~va vzl
ATy ¥V 7R ETBAME, &5
VBB U CHETRERET I LICLD, &
D RS TR L 22 S I M AAT X B
B N e X% A

ZVF—FHIFEX T a VBREAER
B ADBEHE, BAERTOEREOMEIER
#BAZ e, BN THERTHEEL intrinsic
tumor |ZF L CHERBREE % I X §7ICIERE ISR
RIEHTA2LTHY, ChITHLOEES
BFIFrEr—avIyAFAlHAREINTE
7o, L2 L, BROBREIHBOW M EEHK
2P o TH U A brain shift Tdh by, FFICHE
R REE o BT+ — < DPRH TR,
LiFLifFrer—s g roeitHATE 2y
ZEHRBINBL, FORNEN—DELTE—
TFYMRIZRECL Y, HRERET Y 77—
L, YZAZA4h - FEF—TarkfTiot
PETOLNLDS, BEREHROE COMELED,
—~ICERT AR Ty, AT
nE T, BHEEDWEEZ StealthStation DI

ERFETF—-Vark)rra4d, fiboBE

WHBREENERIETHMETDOMRID B\ id

CTHE& L FERICHNEELZ2I12L D, brain
shift IKHALLT& 269, ZopkE, WEY
B A & JE I W848 T brain shift (23t
LTRIEEICHEFRTHY, BEOBVERHKD
DR E ot 22750, BHRIETTAICD
nNT, BEREEROBHITRIILELZ LIS
{, FBROBVEFREGROBHUORAREL &
LIS BROBETH 5.

—7%, BEEOEELERFETOFES —
YavORTHNBT S LR EET, B,
WHRWE CERE N BEOTHRIEE &h
X9z oTR_%. 5-ALA RV ElFb
Tk, HCEME7) A< TORE, BRI
HicH <, BERBORRHERICAATHS
310 772, EERMEIACIE, WIR R
REBORECREEOEFENOHNEIIRET, &
K, BLIZ L~ —F 44—~ FEHNTHBEA
N7 MVERY, BRHKETOIEVT 4 Y
YIX OBIERELD b BBMICIEEOA KLY
ELTWA, L L, MESLEGHRE LR
BeEREEZTHERIR T RN E,
7zlow-grade 7' V) F — < CIX5-ALA T X 5 HARR
LERIB LNV LR Y, SHRORENY
EThb.

BT SEELREOBE LB HoTY
SERMICHBET A7V F —<OBBIIBNT
1X, SEP% MEP % EOffe~y ¥ ¥ 7 & 3ic
WREETHREZBRNBT s LICkD, &
D RECBEEELRITICHERLEDL L
WEREH Lo TWBEY, 32, BEWERE
DEEIZOWTE, KETFEHZ2ITIZLICE
D, BEBEEZBR/NITAIEN 8N THA,
4 5 b 500Hz O BFEBE BN X 2 HER
EBSFYYAITEY, VTNVE A AICEEREE
OWREBELBL, BRIFEHEELEL. B, #4E
e RE B e & ORERME % i § 5 fiber trac-
tography DA OEMICHV b TwaRD,
S, RETESRHHL L HIZ, HPofunc-
tional navigation & L COISHM S NS,

FRTBBBORERICL Y, Mo CBELER
FLARKEERBIRIC > CE . BE
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HHROm LI, 7Y+ —<BREOEGTHRE
WEL-LORENALNE—F, BEWNLE
RyH529, K2, B r—<LLTH
% 2\ glioblastoma i, BIE, BEOHBME
LEGTRLOBLPLHBESES L TY
W, SEORLORKRTYH, glioblastomalZ
WTBRHFOFHTBRETVF 4 25 o THHE
ZEELTH, EHFRICIKRELERELE
ode. 128, EFORIIT BN EREFE
BALNB LR, 4%, SOLIENLE
BToHziicdh, MMELEFROBBRER
FETABLENHA .

BE W

i &8

T F—FEHICBNTCFEY - gy ¥
AT ADBENE, WERERZRAR) L 2<E
MR E LS ¢/, B, EHHLSEY
T E ORI OERERMICIE, BERDNE
Bz rvrsgiyryrar4 AR FESF—
YaviAF e, RETEER YV SRS
myBZeicky, RECBEBLEELOOHE
BB L 2o/, T/, REEOEE
Iz, 5-ALA 1 X 5 photodynamic navi-
gation BEHH TH o 7. Glioblastoma 2B\
T, BERHELEGTFRICEOHE XA LN
o, ERMIIT R IZERNCTRERFR
X CTOMMIIERT B A SN,
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BIRE U BT 2 PACAREREME ) ¥ BT
% B #5913 high-dose methotrexate (MTX)
TEATALERE AL FRER OB TH B
EEZLNLNY, HEOHBOKE LB,
LFBEROBSTRBHOLEREIIOVWTTH
4?2, National Comprehensive Cancer Network
® Clinical Practice Guideline{Zi3, 60 %M 2
TRBEBEORE, RFHEETARETHS EHELS
NTwaBD 2% (K1), National Cancer Institute
D PDQ (Physician Data Query) T, ZTOD &
LT, ShERBimgzr & A ZHRERBRD

P

PDETHHEVHILERIZE LT oTNEY,

A. Memorial Sloan-Kettering Cancer
Center 7 & D%

2000 4 {2 K [ @ Memorial Sloan-Kettering
Cancer Center #*5, high-dose MTX % &b
R + AXIBRGT A5Gy 12 X % 4 77 1) B A 60 7
ALw) s HE Shz9, MTX 1 35mg/m?
OERNIE S % 2 BHEEIC50], MTX12mg O

ENEe S5 28 M5 E, vincristine 1.4mg
/m2% MTX #RMNES EFBI25E, procar-

AV bLEt—b (23gm2) #EGIL
FHE T AHRRRST ¢

IRRERGET 50 (TIRES ICHRST

BERMMERE H 5 VI HFHMRIICREE 3
o hEHERIEERRS

=S KPS = 40

X hD

%‘3‘; / Cer = 50

% REEOEE

B |—e| EHEZER

’f}jﬁ B MR

> KPS < 40

éé ™ % kit
Ccer 50

L

=1

28 45Gy (% 7= 13 MTX LISt D{L#REE)

IR ZEGE T & 0 ITIRES (CRRSY

BERMIRES 5 5 WX BRMRIISRE .
B I HERIBEEARR S & B iR AR

PR RBM ) L NEREH I KT 2

* 60T A B BE O TRER R Y WA SRS AT 5.
(National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology-v.
1.2003. http: //www.nccn.org/professionals/physician_gls/f_guidelines.asp#site % (%)
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bazine 100mg/m2D 7 HEWR% 1, 3, SEIE®D
MTX #IRNEG & FRICHAITL, %Dk 45Gy
DOERRE, BREHE T # 3g/m2 ® cytarabine % 2
A& ) A7 Va2 — W TiRE T, F0
BNIEERED S AT 000, HHENZD
BIRHFZITO LD o LRHEIES OB TH S,
WorOBHTRFZTbLd o EFD 224
HY, FEPRMEIE70R (HPHS4~89RR) L&
MEVFIELALTHo2ZEhD, 60MUET
R EIT 721260 (e RiE67 %, #EH60~
T2) LOHBEAT oz, fLFEHBEO KR TR
EiTb ko ZERIRED 10/22 (45%) (ZIEHFH
FEH O NAELF R REIZ 337 A TH o 729,
—HALERIE RIS & 1T L EBIRE T, E
BHRIE1/12 8%) OATHoillbihbbd
$, 107126 (83%) 12 EFEM AR E A
BL, £ 0EMIIEMHETRTL, EELHH
RAEX 324 B L HFBAHER L S THo 72, F
LbbEHE LBV TIRFOERD 2T &8
AR N BB OB single institute 2 5
DHDTHBH, BRIZMTX % 25mg/m? 2 dose-
down L7z 1 ¥ * T Radiation Therapy Oncol-
ogy Group IZ & % multi-institutional phase II
study & U CHEIT S h, 03 36 A 17 00 B v i
240 B, HEFHRPRES69 7 H, 60K
A P OES04 A B, 60l R Clk21.8 %
A, EEOEREOEMEL 15% ROz L#ftE
a9,

B. {bEHEEBROBHRBHOLEHICD
W

RIS X 5 BRAEMESMOREIIEE
TELRVKELGMBETHAH. TR, woZtDI L
BHEHLREVEE) B

Massachusetts General Hospital @ 7 )V — 7 i
MTX 8g/m2% 2 HMBICCRIZ%R2Z$T, b

VIZ8PIZR B ETHRY)EL, CRVER I
b&HIZ2MEBM L7z, & &id4AEIC 1] EE
FRE L LTG5 L) E:ClHE L2
REE L7720, EgEAM PR 128 7 A,
EFMIH PR fEI: 228 + 4 A, CR + PROER)
i 74%T, (LFEFERICEWRF 2170 WE
IR 2 CTH -7z, BHEHIEIHZ SN2
BAT, BROHMBIZIFALRD TV, 4
ZHRIPEFIC X B study & L TIEMTX 5g/m?2% 16
HOMEIZ 4E¥%5 L, vincristine, ifosfamide,
cytarabine, cyclophosphamide, vindesine D&
RAES- £, E512MTX & cytarabine D BERN
BEZRALLZLVIY AV ORERRESIR TS
2, CR+ PROEXHET71%, MYEAFLH
RAE21 A H, EFHETRES0 7B &) Eh
RERTH o727, 60U LEDREFNIER - TAHT
bEIEAFM P IREL A A, EFHER R
347 RTHoB. FloooLI AL DFHM
LERBEEON b WE S Tw oA, HREEIC
BRBEEAMET LRI 1PS B o /e®, 72
PRI E OBICRD TV D, S5 EHoH
Hioihid, 60D EOEAEZHRE LT,
MTX 1g/m?® 3B O#IRAH 512, lomustine
(CCNU), procarbazine, MTX gt ¥ 5 % 4
GhElzrA 7 Ve 6EERY BT HEILL - TH
L7 R, CR+ PROBRIH 48%, EIEAL
AR AP JLEIL 106 7 H, AR o fii3 143
HRTH-ob#MBFE IR TR, EFOEHD
REEIT2RERIEMEECNRELTVHDI
Lb2hbod, HROUKAD L VIEEST (mini-
mental state examination: MMSE T4 f 2L Lo
BT) #RBOLEMI8UDATHo7/zE DT L
Tdhb.

NI LT, (LEREOHA TR Y HH
MEVPARKDTHHZ LR BT 285 LFEET
4. German Cancer Society Neuro-Oncology
Working Group @ study i3, &9 MTX 8g/m?



Z2BRBICOEIXG T HHETHMLIERER
#HLTW5, CR+PROFEFHFILI5I%T L,
Loz 10, ZhIEEITRA L 72 Massachusetts
General Hospital ® 7 V— 72 L 2B 74% &
WRTELLEDIEBETHEHD, BEHMTX
DHEH 6 ETICHIBLAZLICLEbDTH
HAHEEZLNRTVE, D study TIEMTX 15
g/m2% 2 B2 68 }ifT L, cyclophosphamide,
doxorubicin, vincristine, cytarabine #ffH3 %
ILEBREDOH, A5Gy 2 &MICHBHE T LR
306Gy Z &I T 2| L DRBITONT
VB, 60 MARMOES TH, IEFRHRI /M
A5Gy BT 25%TH - 7= DIZx U TEM 306Gy B
Ti283% (p=001) THo7=2%, 60EL LOJE
BlTEZnEERD b odz, /2, 2kE LT
OAEFRIIIBEBEICL 22RO o7k
A, ThECREZERLAEMICH> TAHS L,
213 ) 60 %A OREFIZ BV TR A5Gy FREHH#E
DIFETFRIZNRUTH - 72D L, 306Gy #
TIE60% T, T%bH60mEMIIEIZBNT
BIRERELZEL T LIEREBEBET TS L)
B L 7o 7o, AT 60 B LA OO BUBE T I3 RS
MBI L 2HEBBBOBNITHB S TR,
BT, EI)DEREICBLTIMRETH IR
HHIRTEREL V) HAIIZET v ADERKL
DO LI THE. L LT ToOREmER
BV I B W T AL BT OGHR I E
WTHENEIPIZOWTIZHmRFNDH D12, 4
W2, SRIEERICHERBZT ) REDP L) P
DWTEBMPH L. ThENOULGOmMBE R
e,

C. FLULitHA

1. blood brain barrier disruption
Neuwelt 512 X % blood brain barrier dis-
ruption (BBBD) % BA L7 iRAHERENRY

VIL BEE—3. iR RESY o E 181

YSEIHRORSBFEH LV DT RV, -
BORZ Misk CHBE LRSI BR IR 1B1Y,
2 KK T 12 mannitol (25%) % 4~ 10ml/second ®
BET30HE (120~ 300ml) BHIRAIERS- L7-1#,
MTX 2500mg % )RS, cyclophosphamide
500mg/m? & etoposide 150mg/m? % R AR5
L, ShE20MF) LY AL % GBIEIC1E

T o72. CR + PROZEZIKII 48/56 (86%) 1,

SELFRIT42%Y Loz bl ThHbs. LAL,
EbAL L7 — s EHEITH NI phase study
FiFbnTwinn,

2. hematopoietic stem-cell rescue & 9 L

7= high-dose chemotherapy

High-dose MTX %8 A S b iR R EM Y
YOSEOERBARITES LA, Lol EE
R PR 3EDO LRV THEITHTLH 5.,
FIT, AFHBOS LR EESHBE LT,
F 2RO X ) AR & NET B 7201
%, hematopoietic stem-cell rescue # FH W7z
high-dose chemotherapy ® W el AR X LT
W5,

75 Y ADY )N —T7ik, high-dose MTX &
cytarabine IZ X o TIHE L2 phb O THESR
L7HEB 5 2 WIZIER VB T o 72551 22 5l
3% E LT, peripheral-blood stem celliZ & %
rescue & i/ L 7z intensified chemotherapy # 17
ST IR L. BEIEZE F cytarabine (W)
HiZ50mg/m? % 12 #2) TG, 2HHE? S
5H HiE2g/m?2?» 3B 2T T o5 & 50mg/m?
ZI2BE 2T CoORSOWMS) &, etoposide
(200mg/m2% 4 H#) 12X %% (CYVE regi
men) #1T\, % ®# peripheral-blood stem cell
ZERI, 351b ) LHEE UIbE#iEzdTo TX
MA@ - 723541 intensified chemotherapy % Hi
fTL7:. Z2OVL Y A i3, thiotepa (day-9745-7
¥ C250mg/m?2% 3 HH), busulfan (day-67*5
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Reni M and Ferreri AJM @ F5E 12

Hoang-Xuan K and Delattre JY ®
B2

HgEHDaA L

High-dose MTX (HDMTX) ZHES %I
Z IO CRE 82~ 89%, i
BAEFEWIE (PFS) HR{E32~404 H,
HFHE (0S) WhRMEIZIH B LI|ES
NTWBEDIZH LT, HDMTX #lic X
AHIEBTIXCRFE 30~ 65%, PFS 13~ 17
HATHBEIS, HERUELVIBILAT
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Abstract One of the most important prognostic factors in
brain tumours is the extent of tumour resection. Its
evaluation has been difficult on computed tomography
(CT); however, magnetic resonance imaging (MRI) can
clearly determine the extent of tumour resection. Using
MRI, we analyzed 77 patients with astrocytic tumours
that were surgically treated at our department from 1994
to 2001. The tumours were classified into the following
types: (a) well-circumscribed: single lesions that can be
distinguished from normal brain; (b) localised: single
lesions that are localised in one gyrus; and (c) diffuse:
other tumours. Our treatment of glioma resection is to use
sulcus opening and gyrectomy, a technique based on
identification and dissection of the sulcus adjacent to the
tumour followed by en bloc tumour resection. Almost
total tumour resection (>95% resection) was achieved in
76.8% in the well-circumscribed type, 100% in the
localised type, and only 10.5% in the diffuse type. Nearly
total resection was achieved in 61%, which is consider-
ably more than in the literature of the CT era (10.4-
23.5%). The sulcus opening and gyrectomy technique
based on MRI achieved radical glioma removal in cases
which could be identified by MRI, resulting in a better
tumour removal rate than that based on CT.

Keywords Extent of tumour resection - Glioma -
Gyrectomy - Magnetic resonance imaging
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The extent of tumour removal at surgery is one of the
most important prognostic factors in the treatment of
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brain tumours. Planning for the maximum extent of
removal can be based on magnetic resonance imaging
{MRI), which provides more detailed anatomical infor-
mation than computed tomography (CT), is very useful
for selecting the optimum operative approach, and allows
accurate estimation of the possible extent of tumour
removal. This extent can also be assessed more correctly
using pre- and postoperative MRI. However, safe and
reliable methods of radical tumour removal should also
prevent postoperative aggravation of neurological symp-
toms. Here we describe our experience with surgical
removal of the brain tumour bulk using our sulcus
opening and gyrectomy technique (2, 4] based on
preoperative MRI findings.

Materials and methods

Subjects

Seventy-seven patients, 51 females and 26 males aged 1 to 80 years
(mean 49.9) with astrocytic tumours, underwent surgery including
biopsy in the neurosurgical department of Yamagata University
School of Medicine from May 1994 to April 2001. Histological
diagnosis was pilocytic astrocytoma in three cases, fibrillary
astrocytoma in 22, protoplasmic astrocytoma in one, gemistocytic
astrocytoma in two, pleomorphic xanthoastrocytoma in one,
anaplastic astrocytoma in 18, glioblastoma multiforme in 28, and
“other™ in two.

Classification of brain tumours by magnetic resonance imaging

The brain tumour bulk was considered to be the area on TI-
weighted MR images enhanced with gadolinium (Gd) or the area of
abnormal intensity, if no enhancement was present. The tumours
were classified into three types according to the appearance on MRI
of the bulk portion as follows.

a. Well-circumscribed: the lesion boundaries were clear, even in
cases showing abnormal intensity without Gd enhancement. The
lesion did not extend outside the sulcus, and the boundary with
the subcortex was also identifiable. The position and depth of the
sulcus provided good indicators of tumour extent, and total
tumour removal was achieved easily (Fig. 1).



Fig. 1 The well-circumscribed type of astrocytic tumour. Preoper-
ative (upper) and postoperative (lower) Gd-enhanced T1- and T2-
weighted axial MRI scans. The margin of the tumour bulk can be
distinguished from surrounding normal brain. Extent of tumour
removal is over 95%

Fig.2 The localised type
postoperative (lower) Gd-enhanced T1- and T2-weighted axial
MRI scans. Tumour bulk is located in only one gyrus. Extent of
tumour removal is over 95%

of tumour. Preoperative (upper) and
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Fig. 3 The diffuse type of tumour. Preoperative (upper) and
postoperative (lower) Gd-cnhanced T1- and- T2-weighted axial
MRI scans. The margin of the tumour bulk is not clear, therefore
only a biopsy was performed

b. Localised: the tumour was demarcated by the sulcus and
localised in onc gyrus. The boundary with the subcortex was
also identifiable. Total tumour removal could be achieved by
sulcotomy and en bloc removal of the gyrus including the lesion
(Fig. 2).

c. Diffuse: the boundary of the enhanced tumour was unclear, or
the area of abnormal intensity was extensive. Total tumour
removal was rarely achieved (Fig. 3).

Assessment of brain tumour bulk removal

The maximum dimensions of the brain tumour bulk were measured
in anteroposterior, lateral, and superioinferior directions on pre- and
postoperative MR images, and the percentage of removal was
calculated from them (Fig. 4). The extent of removal was divided
into four categories: total, indicating =95% removal (including
100%); subtotal, indicating 65-94% removal; partial, indicating
=64% removal; and biopsy [1]. Differentiation between 95% and
100% removal was impossible due to the presence of surrounding
ocdema or hacmatoma caused by the tumour or surgery..

Results

Classification of brain tumours

The well-circumscribed type was the most common,
occurring in 56 patients (72.7%), followed by the diffuse
type in 19 (24.7%) and the localised type in two (2.6%).
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Fig. 4 Evaluation method of
the extent of tumour resection .
in MRI scans. Tumour volume
is calculated using horizontal
(A), anteroposterior (B), and
vertical (C) maximum tumour
diameters. (ABC/2). (1—postop-
erative tumor volume/preopera-
tive tumor volume)x100% is
the formula for calculating the
extent of tumour resection

Table 1 Tumour type and ex-

Well circumscribed Diffuse Localised All
tent of tumour removal
Total removal 43 2 2 47 (61%)
Subtotal removal 3 2 0 5 (6.5%)
Partial removal 2 2 0 4 (5.2%)
Biopsy 8 13 0 21 (27.3%)
Total 56 (72.7%) 19 (24.7%) 2 (2.6%) 71

Table 2 Summary of reported

Total cases Total removal cases Ratio of total removal

series. BTRJ Brain Tumour Author Year

Registry of Japan Laws 1984
Soffietti 1989
Shaw 1988
North 1990
McCormack 1992
Philippon 1993
Suzuki 1988
BTRJ 19781987
Present study 1994-2001

461 57 12.4
81 19 23.5
126 23 18.3
77 10.4 -
53 10 18.9
118 16 13.6
503 106 21.1
3,092 441 14.3
77 47 61.0

Removal of the brain tumour bulk

Total removal was achieved in all of the localised and 43/
56 of the well-circumscribed types, but in only two of 19
cases of the diffuse type. Partial and subtotal removal was
performed in nine patients. Biopsy was performed in 21
patients, of which 13 were of the diffuse type. Eight of 56
cases of the well-circumscribed type underwent biopsy,
since the brain tumour bulk was located in eloquent areas
or the deep brain (Table 1).

Discussion

The study found that the well-circumscribed type, with an
identifiable boundary between the brain tumour bulk and
surrounding normal tissue on MRI, was easily removed at
the high percentage of Z95% in 43 of 56 cases. The
overall rate of =95% removal in the present series
assessed by MRI was 47 of 77 cases (61%), suggesting an
improvement in total removal over series evaluated by

CT, with rates of around 20% and a maximum of 23.5%
(3, 5, 6,7, 8, 9] (Table 2).

Conclusions

Our sulcus opening and gyrectomy technique can remove
the gyrus and lesion safely and reliably only when the
brain tumour bulk and adjacent sulcus can be identified
by preoperative MRI [2, 4]. This method represents an
improvement in the rate of brain tumour removal,
achieving radical glioma removal and a higher tumour
removal rate than that based on CT.
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Abstract. Malignant gliomas, most of which show an elevated
level of vascular endothelial cell growth factor (VEGF)
expression, are well known for their hyper-vascularity. One of
the possible inducers of VEGF in tumor cells is nitric oxide
(NO), which is synthesized by NO synthase and stimulates
soluble guanylate cyclase (GC) in tumor cells. Here, we
report that 2 of 9 human glioma cell lines, CCF-STTGI and
U-87MG, overproduced cyclic GMP (¢GMP) and showed
increased expression of both or either subunits of soluble
GC1, GUCY1A3 and GUCY1B3. Transfection of antisense
GUCY1A3 or GUCY1B3 into these two glioma cell lines
markedly reduced the content of cGMP and expression of
VEGF. The angiogenic activity in vitro was subsequently
inhibited, which was determined by induction of HUVEC
cell growth. Furthermore, subcutaneous tumor formation by
U-87MG cells in nude mice was dramatically suppressed to
less than 0.05% in volume by transfection of either antisense
GUCY LA3 or antisense GUCY1B3, which was accompanied
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Abbreviations: VEGF, vascular endothelial cell growth factor;
bFGF, basic fibroblast growth factor; PDGF, platelet derived
growth factor; HGF, hepatocyte growth factor; NO, nitric oxide,
GC, guanylate cyclase; cGMP, cyclic GMP; GUCY1A3, soluble
guanylate cyclase 1 a 3; GUCY 1B3, soluble guanylate cyclase 1 8 3;
RT, reverse transcription; PCR, polymerase chain reaction; bp, base
pairs; SDS, sodium dodecyl sulphate; EIA, enzyme immuno-assay;
ELISA, enzyme-linked immunosorbent assay; FBS, fetal bovine
serum; PBS, phosphate-buffered saline; HUVEC, human umbilical
vascular endothelial cells

Key words: angiogenesis, glioma, vascular endothelial cell growth
factor, soluble guanylate cyclases

by the significant decrease in vascular index to about 10%.
These findings demonstrate that cGMP is an upstream mediator
of VEGF expression in glioma cells and that soluble guanylate
cyclases could be the target molecules for controlling neo-
vascularization in a subset of human malignant gliomas.

Introduction

Malignant gliomas, the most common type of adult human
brain tumors, are well known for their hypervascular features
(1). Since the growth of solid tumors, including malignant
gliomas, requires neo-vascularization, one of the most
promising approaches to the control of malignant gliomas
is the blockade of oxygen or nutrition to tumor cells by
inhibiting neo-vascularization (2,3). The vascular endothelial
cell growth factor (VEGEF), an endothelial cell-specific
mitogen, is one of the main factors involved in neo-
vascularization in tumor tissues (4). In fact, the expression
of VEGF is highly up-regulated in malignant gliomas (5,6).
A hypoxic state or several cytokines, including basic
fibroblast growth factor (bFGEF), platelet-derived growth
factor (PDGF), and hepatocyte growth factor (HGF), are
widely accepted inducers of VEGF expression in tumor cells
(7-11). In addition, some studies suggest that nitric oxide
(NO) induces VEGF expression in tumor cells (12,13). Since
several studies have demonstrated that VEGF up-regulates
NO synthase expression in endothelial cells through their
VEGEF receptors (14-17), the paracrine cascades of VEGF
and NO between a tumor and the surrounding endothelial
cells would be activated autonomously in terms of tumor
angiogenesis.

We are interested in the possible involvement of the
cascade downstream of NO in autonomously activated
angiogenesis in malignant glioma cells. Chin et al have
reported that the induction of VEGF by NO is abrogated by
guanylate cyclase (GC) inhibitors in hepatocellular carcinoma
and glioma cells (12). Gallo et al also demonstrated positive
correlation between NO synthase activity, cyclic GMP (cGMP)
level, and tumor angiogenesis (18). NO is known to activate
soluble GCs (19). Three types of soluble GCs have been
reported so far, all of which are hetero-dimeric enzymes
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consisting of an o and a 3 subunit that catalyze the conversion
of GTP to cGMP (20). Among them, the type 3 GC is
expressed in the human brain, and both subunits [soluble
guanylate cyclase la 3 (GUCY1A3) and soluble guanylate
cyclase 18 3 (GUCY1B3)] have been previously cloned
(21). In the present study, we investigated the possible
involvement of the soluble GCs/cGMP cascade in VEGFE-
mediated angiogenesis in glioma cells using the antisense
RNA of a pair of subunits of soluble GCs, GUCY1A3 or
GUCY1B3.

Meterials and methods

Cell lines. Eight human glioma cell lines (Hs683, SW1088,
SW1783, DBTRG-05MG, CCF-STTGI, U-87TMG, U-118MG,
and U-373MG) were obtained from the American Type Culture
Collection (Rockville, MD). One human glioma cell line
(T98G) was obtained from the Human Science Research
Resources Bank (Osaka, Japan). Cells were cultured according
to the supplier's recommendation.

Northern blot analysis. Poly(A) RNAs were extracted from
cells using a Fast Track mRNA isolation kit (Invitrogen,
Carlsbad, CA). RNA (2 png) was subjected to electrophoresis
in 1% agarose gels containing 2.1 M formamide and
transferred onto nylon membranes, Hybond-N+ (Amersham
Pharmacia, Cleveland, OH). The probe for VEGF was the
reverse transcription (RT)-polymerase chain reaction (PCR)
product of 563 base pairs (bp) amplified from human brain
poly-A RNA using a pair of primers, 5-ATG AAC TTT CTG
CTG TCT TGG -3' and 5-CTT GTC ACA TCT GCA AGT
AC-3'. A cDNA probe for human B-actin was purchased from
Clontech (Palo Alto, CA). These probes were labeled with
[a-3?P]dCTP using a Multiprime DNA labeling system
(Amersham Pharmacia). Hybridization was carried out at
42°C for 18 h in 5X SSC, 20 mM sodium phosphate, 1x
Denhardt's solution, 0.2% sodium dodecyl sulfate (SDS),
100 pg/ml denatured salmon testis DNA, 10% dextran sulfate,
and 50% formamide. Membranes were then washed with
2X SSC/0.1% SDS at 42°C for 15 min followed by exposure
for 1-4 days at -70°C to BioMax film (Kodak, Rochester, NY)
with an intensifying screen.

Enzyme immunoassay (EIA) for cGMP and enzyme-linked
immunosorbent assay (ELISA) for human VEGF. The content
of cGMP and VEGF in a cultured medium was quantified
using EIA for cGMP (Assay design, Ann Arbor, MI) and
ELISA for human VEGF (R&D systems, Minneapolis, MN)
according to the manufacturer's recommendation. Cells (109)
were seeded on 6-well plates and cultured with a medium
containing 10% fetal bovine serum (FBS)} for the detection of
c¢GMP or 0.2% FBS for the detection of VEGF. Twenty-four
hours before the measurement, the medium was aspirated.
The cells were washed twice with phosphate-buffered saline
(PBS) and then incubated with 2 ml of a fresh medium
containing 10% FBS for EIA for ¢cGMP or 0.2% FBS for
ELISA for VEGF.

Transfection of antisense GUCYIA3 and antisense GUCYIB3
expression vectors. Antisense-oriented DNA fragments were

obtained by RT-PCR from human brain poly(A) RNA
(Clontech). The pairs of primers used are as follows: 5'-ATA
AGAATGCGGCCGCGCAGCAGGGTAAGAGACACC-3
and 5'-GGGGTACCAACCACCCCAAGGATGTTTTC
ATC-3' for a 491-bp fragment complementary to the 5'
portion of GUCY1A3 cDNA; 5-ATAAGAATGCGGCCGC
GCTGGGGGATTACACAAAGA-3' and 5'-GGGGTACCC
AATGAGTCAAACCCCAAAGAC-3' for a 515-bp fragment
complementary to the 3' portion of GUCY1A3 cDNA,; 5'-ATA
AGAATGCGGCCGCGCAGACACCATGTACGGATT-3'
and 5'-GGGGTACCTGGATTTGTTGTGCCACTGTT-3' for
a 482-bp fragment complementary to the 5' portion of
GUCY1B3 ¢DNA; and 5'-ATAAGAATGCGGCCGC
GGTGGAGACTGTTGGTGACA-3" and 5'-GGGGTA
CCCTCCTCTTCACCCCATAATCC-3" for a 473-bp
fragment complementary to the 3' portion of GUCY1B3
c¢DNA. Each fragment was cloned into the Notl/Kpnl
restriction site of a plasmid pcDNA3.1/Hygro(+) to obtain .
pASGUCY 1A3-5', pASGUCY1A3-3', pASGUCY 1B3-5', and
pASGUCY1B3-3', respectively. These plasmids were
transfected into cells using Lipofectamine (Gibco/BRL,
Rockville, MD), and stable clones were obtained by selection
against hygromycin (100 pg/ml for CCF-STTG! cells or 150
ug/ml for U-87TMG cells). CCF-STTG1-derived cells carrying
pcDNA3.1/Hygro(+), pASGUCY1A3-3', pASGUCY1B3-5',
and pASGUCY IB3-3" are named STTGlcp, STTGlas
GUCY1A3-3', STTGlas GUCY1B3-5', and STTGlas
GUCY1B3-3', respectively, while U-87MG-derived cells
carrying pcDNA3.1/Hygro(+), pASGUCY1B3-5', and
pASGUCY 1B3-3' are named U-87cp, U-87asGUCY 1B3-5',
and U-87asGUCY IB3-3', respectively. Three independent
clones for each plasmid were analyzed.

Angiogenic assay in vitro. Glioma cells (2.5x10%) of mock or
antisense transfectants were seeded onto Millicell (Millipore,
Bedford, MA), whereas 5x10° of human umbilical vascular
endothelial cells (HUVEC) (Kurabo, Tokyo, Japan) were
seeded on a 24-well plate. Twenty-four hours later, the cells
were washed twice with PBS and co-cultured with HU media
(Kurabo) containing 0.2% FBS for 24-72 h. The number of
HUVEC was counted at each time point as an indicator of
angiogenic activity in vitro.

Tumor angiogenesis assay in vivo. Glioma cells (1x10°) of
mock or antisense transfectants was inoculated into the flanks
of 5- to 6-week old female BALB/c athymic nu/nu mice.
Tumor growth was monitored by measuring the xenografts
in three dimensions. Tumors were removed at 32 days after
injection, fixed in 10% formalin, blocked, cut into sections
of 4-6 um in thickness, and stained with hematoxylin and
eosin or a monoclonal antibody against CD-31 (Dako;
Carpinteria, CA). The vascular index in each sample was
counted in x200 fields. All animal experiments were
performed in accordance with institutional guidelines.

Results
Increased expression of VEGF in human glioma cell lines. We

first examined the expression of VEGF in 9 human malignant
glioma cell lines. Northern blot analysis revealed that VEGF
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Figure 1. Increased expression of VEGF in human malignant glioma cell
lines. A, Northern blot analysis of the VEGF (upper) and f-actin (lower); B,
ELISA of VEGF protein in a cultured medium of glioma cells. The content
of VEGF was adjusted by the volume of medium and the number of cells.
Lane 1, Hs683; 2, SW1088; 3, SWI1783; 4, DBTRG-05MG; 5, CCF-
STTG1; 6, U-87MG; 7, U-118MG; 8, U-373MG; 9, T98G.

was significantly expressed in all cell lines except DBTRG-
05MG cells, in which overexpression of VEGF was detected in
3 cell lines, CCE-STTGI, U-87MQG, and U-118MG (Fig. 1A).
Secretion of VEGF proteins into the cultured medium was
subsequently measured in the same series of glioma cell lines
using an ELISA. Significant amounts of VEGF proteins were
detected in the cultured medium of 7 cell lines except
DBTRG-05MG and U-373MG, in which U-87MG cells
showed the highest content of VEGF (Fig. 1B).

Activation. of GCs in a subset of human glioma cell lines. In
order to understand the possible role of GCs/cGMP cascade in
VEGF expression, we examined the level of cGMP in the
same set of glioma cell lines. An EIA against cGMP revealed
that the content of cGMP in the conditioned medium was
significantly increased in two glioma cell lines, CCF-STTG!
and U-87MG (Fig. 2A), both of which were shown to express
a high level of VEGF. We next examined the expression of
two subunits of the soluble GCs, GUCY1A3 and GUCY1B3,
in the same series of glioma cell lines. CCF-STTGI cells
showed overexpression of both genes, while U-87MG cells
expressed relatively high amount of GUCY1B3 (Fig. 2B). A
low amount of GUCY A3 expression was also detected by
long cxposuré in U-87MG cells (data not shown). These
results suggest that the elevated level of ¢cGMP in these cells
would be due to the increased expression of GUCY1A3 or
GUCY 1B3, although possible reduced activity of phospho-
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Figure 2. Activation of the guanylate cyclases/cGMP cascade in human
malignant glioma cell lines. A, Increased amount of cGMP in the cell lysate
from two human malignant glioma cell lines. cGMP was detected by an EIA and
adjusted for the number of cells. B, Northern blot analysis of the two subunits
of soluble guanylate cyclase, GUCY1A3 (upper) and GUCY1B3 (middle),
and B-actin (lower). Lane 1, Hs683; 2, SWI1088; 3, SW1783; 4, DBTRG-
05MG; 5, CCE-STTG1; 6, U-87TMG; 7, U-118MG; 8, U-373MG; 9, T98G.

diesterases might also participate in a high content of the
cGMP.

Inhibition of angiogenic activity in vitro by antisense RNA of
soluble GCs, GUCY1A3 or GUCY1B3. Next, for the assessment
of the direct involvement of the GCs/cGMP cascade in the
angiogenic activity of glioma cells, we tried to inhibit either
GUCY1A3 or GUCY1B3 in CCF-STTGI cells and GUCY1B3
in U-87MG cells by transfecting antisense RNA. All cell lines
expressing antisense RNA showed a marked reduction in the
content of cGMP in comparison with those in CCF-STTGI or
U-87MG cells transfected with vectors alone, suggesting
that the activity of soluble GCs was inhibited by antisense
RNA (Fig. 3A and B). Correspondingly, Northern blot analysis
revealed that VEGF expression in the cell lines expressing
antisense RNA was prominently suppressed (Fig. 3C and D).
Concentration of the VEGF proteins in a cultured medium was
also significantly reduced in both CCF-STTGI-derived and U-
8TMG-derived cell lines expressing antisense RNA (Fig. 3E
and F). However, a small portion of VEGF was still present in
the cultured medium, suggesting that additional mediators are
involved in VEGF expression in these cell lines. Alternatively, a
small amount of cGMP not inhibited by the antisense RNA
of GUCY1A3 and GUCY 1B3 may induce VEGF expression.
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Figure 3. Reduction of cGMP content and VEGF expression by the
antisense RNA of GUCY1A3 or GUCY1B3. The results in CCF-STTG1 (A,
C, E) and U-87TMG (B, D, F) cells are shown. A and B, Reduction of cGMP
content by the antisense RNA of GUCY1A3 or GUCY1B3. The content of
¢GMP was detected by EIA and adjusted by the number of cells; it was then
presented as a relative amount in comparison with that of cells transfected
with the control plasmid. C and D, Reduced expression of the VEGF gene
by the antisense RNA of GUCY1A3 or GUCY1B3. E and F, Reduction of
VEGF protein in a cultured medium of the cells transfected with the
antisense RNA of GUCY1A3 or GUCY 1B3. VEGF protein was detected by
ELISA and adjusted by the volume of cell medium and the number of cells; it
was then presented as a relative amount. A, C and E: Lane 1, STTGlcp; 2,
STTG1asGUCY1A3-3" 3, STTG1asGUCY 1B3-5'; 4, STTG1lasGUCY1B3-3"
B, D and F: Lane 1, U87cp; 2, U87aspGUCY1B3-5" 3, U87aspGUCY 1B3-3".
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Figure 4. Inhibition of the angiogenic activity in vitro by antisense RNA of
GUCY1A3 or GUCY1B3. A, Mitogenic activity of HUVEC cells by caltured
media derived from the CCE-STTG1 cell line and its derivatives. The
number of HUVEC cells was counted at 24, 48, and 72 h after incubation
with relevant media and is indicated with open, gray, and closed bars,
respectively. Cultured media with 0.2% of FBS (lane 1), with 10 ng/ml of
VEGEF (lane 2), and derived from STTGlcp (lane 3), STTG1asGUCY1A3-3'
(lane 4), STTG1asGUCY 1B3-5' (lane 5), and STTG1asGUCY1B3-3' (lane
6) were examined. B, Mitogenic activity of HUVEC cells by cultured media
derived from the U-87MG cell line and its derivatives. The number of
HUVEC cells at 72 h after incubation with relevant media was counted.
Culture media with 0.2% of FBS (lane 1), with 10 ng/ml of VEGF (lane 2),
and derived from U87cp (lane 3), U87asGUCY 1B3-5' (lane 4), and
U87asGUCY1B3-3' (lane 5).

We then examined the angiogenic activity of the secreted
VEGF from these cell lines in vitro using human umbilical
vein endothelial cells (HUVEC) as indicators. CCE-STTG1
cells with a vector alone, as well as three CCF-STTG1-derived
cell lines expressing the antisense RNA of GUCY1A3 or
GUCY1B3, were cultured with HUVEC cells so that only the
cultured medium and not the cells, interacted with each other.
HUVEC cells grew rapidly in the cultured medium from CCF-
STTGI1 cells with a vector alone, where the growth rate was
almost equivalent to that treated with 10 ng/ml of VEGF in
the medium. In contrast, the cultured medium from CCF-
STTG]1-derived cell lines expressing the antisense RNA of
GUCY1A3 or GUCY1B3 did not show significant angiogenic
activity because the growth rates of HUVEC cells in these



