Central

JCOG Data Center T

Organization

1 Chair l Execu.ﬁve
Committee

Clinical Trials Review Committee
Data & Safety Monitoring Committee

.
l Disease Study Group I‘—_"

Study Group Group Chair

l Group c«:_ordinator !

1 Lung Cancer Study Group

Lung Cancer Surgical Group

Gastrointenstinal Oncology Group
Gastric Cancer Surgical Study Group

| Japan Esophageal Oncology Group

Breast Cancer Study Group
Lymphoma Study Group

Studies Study Chair
70 t Study Coordinator ‘
l:arl:ticipating I Investigator l '
nstitutions - "
ca 400 Dep ¢. ’ Site Goqrdmator
ca190 Inst.
% Physician H CRC |

Gynecologic Cancer Study Group
Colorectal Cancer Surgical Group
Urogenital Oncology Group

Bone and Soft Part Tumor Group
Radiation Oncology Group

Brain Tumor Study Group

Fig.2 The Organization of Japan Clinical Oncology Group (JCOG). The Brain Tumor Study
Group was organized in 2002 supported by Health, Labour Science Research Grants of
the Ministry of Health, Labour and Welfare.

BALE (Fig.2). F—%Evy—ix7a b a—L{EH
DERE»SIESR/IN—T2ZET 5 L Ebic, WHEMHE
BINLBICE, BE, BRFT—SOEIR, £=5Y v
7, BE, BEEBAARL0EBFETH. —H, BEZE
ARLFBT 2EREBREERER S, IRLLHFHEZER
&, BEEZESCREEMZEESIC LD, HBOESE,
EEMThh, RBRBEERIHAL s, BBEoRE
BH (quality control) 8 & WREREL (quality assurance)
EIFoTn35,

JCOG MiFEERF T IL— T I K D ERARHER

JCOG MIEBEME /v — 71k, EEXHRENRER
Bhéic X D TR 14 FE THIRNEREMOEAER
RIFRESE, 0—RLLTRIEN, FHRISEEH»S
X TOSABRRITRESE ) LEMEEA, 17 FEICIEHE
B2 HBEOMENREZ T T5E, SA—7L L TRE
HEmEBEIC NS A8 /AR ZHBLTRY, B
7, BHRENBEBE T2 EUHERRZETPTH
RN TEE R IBNE T S BRI TE M
grade 3 « 4 ICX§ B {LEMERIEHE L L TD ACNU H
$heEHE & procarbazine +ACNU B D F 5 4fl
LhigEAER (Phase Il /IERER) y; &9 ¥4 b, EA

B AEESREEYT A L2 BME LTS, B
BoXHie, BRIEBVLTIZERMBBIECTL, i
2 ACNU % 18 L 7o (L i IaR A C v o LT
VWA 2, 2EFENC & % 5 EEFERIE, EHHIEE grade
3 CBEREEMAENE) ©23%, graded (BFIE) Tk
THIBE LR, ZOFEEDO—2H3, nitorosourea RYLIE
o T 2 MEREMGMT TH % & &N TWw 3,

MGMT & nitrosourea I HNZ & > T methyl b & N -
guanine %> Z ? methyl #% &>, DNA ZE 5 ¥ AFSR
WEAE CC ik D% RIE T 5. Procarbazine
b OS-methylguanine 2K T 5 Z & 55, procarbazine
THILE.2 T2 LickDh, Z2Ric k> THERINT
O%-methylguanine ® methyl £ IC {fER §+ 32 2 ¢ ¢
MGMT D& &N, % D#ER nitorosourea ZHUEHIDZY
Bx biFs 2 LAHEIFETE S, Valavanis 5001707k
5w b TOHEETDH procarbazine 218535 LT, IF
I, BBE, Y VoS, BIERF O 0%-methylguanine @ L
Bis&on, A MGMT OB TZERLTWS, C
N %3213 T Brandes 5243, ¥ glioblastoma 58 i+ 3t
L, day 1~5 IZ procarbazine 100 mg/m? 5 HE#E DS,
day 3 ¥ & U} 5 i BCNU 80 mg/m B IRMNIZ 5., day 3 i
vincrisitine 1.4 mg/m%§RAR S & v 5 iBRREZ 8E T
LiC#E DR L, complete response 6 #il (10.3%), partial
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Astrocytoma grade3 - 4
Supratentorial tumor
3-14 postoperative day
Age 20-69yo, PS0-2 (PS3 by neurological sign)

Registration : Randomization
Grade 3/4, Institution, Age <60/60<, Residual tumor (+/-)

ArmmA
ACNU

Initial treatment
RT 60Gy+ACNU

Maintenance therapy
ACNU
Every 8 weeks, 12 courses

ArmB
ACNU - PCZ

Initial treatment
RT 60Gy+PCZ - ACNU

I

Maintenance therapy
PCZ - ACNU
Every 8 weeks, 12 courses

Fig. 3 Scheme of the JCOG 0305 protocol entitled “A randomized phase Il /
I study of ACNU versus procarbazine plus ACNU as a postoperative
chemoradiotherapy for astrocytoma grade 3 and 4. The purpose of
this study is to establish a standard therapy for malignant gliomas in

Japan.

response 11 ffl (19.0%) &\ 9 BESEE2ETV 3,
TR 14 FEEEFHMNEFREORZ R, TBE
B DIZMRAE RO BT ) SR &
N, JCOG MEBEME SV — 7k L THRERRARE
BT Bichizh, BES VA —vOFEREE LT
ACNU Z#FH U7z EHRIBE L L, Zh iRy 250R
$## & L C procarbazine % 61T & L 7- ACNU #iE B &
VBFTRE A & LTS I /IIERBR 2 5E L - (Fig.
3). N&RIZ 20~69 KE TDF >~ b LEMNEIE grade3 £
XU 4 CEWAEEMIEIER XK VIBHE) <, Fiick
b HHE W 23HEE X 17z ECOG performance status (PS)
0, 1, 2, BEXUEEIC X 2 HERERICEET 2 PS3IE
Blc, it 14 HURICESRL, 7v5 475, AR
LU, MEHRIBEE 1 BB XU 36 HEIC ACNU
80 mg/m?% BRI S- L, & 52 8B L ICHEkD{LE
BikE 12 20—217H, BT, HRERESHELIRR
B LU 36 HB & Y 10 B procarbazine 80 mg/m?*%
o5 L, IR 8 HEIC ACNU 80 mg/m*% ##IRNIk 5
T3, IhbZ20B8EILIC122—RAKNET. &
SIHRIREIZ CT I & 3 3 RIGIREEENICE W TiTy,
WHER L UOBFESBC 2cm O —Y ¥ %D 78 i
i 60 Gy, MRI O T2 83 +2 cm DI 50 Gy D
a2 179, AHEERRERIZ, B HORLEBIMEITEL
LTwknie, FH/HHERARE LTHEIN TR,

Thbb, 7vy sl CREAEBART 345, B EEM
b8 56 PIER L7 BT, ReWEEL ML, X
DOREICHREF LS Lo TwhkiTiut, ZOFTEE
MAHRBICBITL, 5 EMT0MOEF 2 ERFL, 2
ER DB EEIARM % 5%1) 7244, primary endpoint % £
HAME, secondary endpoint % EREEALFHIR, Z=5584,
FESERELTHEE NS,
HERENTTbN T O SRR ERRR TR, TEF
VAEBRD I BT Y RERT BDOEEIHRIo T

BERWVEbotk, ZEFURALRVLOEWGEERERE

2179 ediciz, OBERE Y& 7 b SRR R
REICHLDTHY, @2Fnave 7l bicEIwni7n
Fa—LefER L, OERADRREEZEES (institu-
tional review board ; IRB) DEREEET 2. X 51z,
@EEAMNCRR, BEE, BE2 SICoLTHYRE
HET->79 2 TORE (IC) 28T, ®7uta—i
KR 7B EERT 5. @FEDLNETF—FIio0nT
2, ZOEEEZHERT2-00EEEE 2R, O
BIC LTS HABEE L WESEIC L 5 HEEER
2T, @TOBBEEFEHZLERT LI 7oL
AMBETH 5,

Jpn ] Newrosurg  VOL.15 NO, 1 2006. 1 7



Table 3 Taylor-made chemotherapy for
malignant gliomas

1. Selection of drugs unrelated to chemoresistant

genes

Gene Related drugs

MDR-1 adriamycin, vincristine,
cyclophosphamide, methotrexate

MRP-1 adriamycin, etoposide

MRP-2 etoposide, cisplatin

TOPO Il @ etoposide, adriamycin

MGMT nitrosourea

GST-7 cisplatin

2. Pretreatment with drugs with anti-chemoresitance
05-benzylguanine or procarbazine against MGMT
3. Selection of drugs with high sensitivity

PCV (PAV) therapy for anaplastic oligodendro-
glioma with 1p/19q loss

F=T— A A R

RIVERERERBDS, % { OEHIc BEE LT,
S OB RIBRERRREL WIS & bV)?‘:TY:'E* EoT
VEDIINL, T—7—XA4 FiBELE, B1oEEC
NUT, FEBIRZME - iHECBET 2 ERICE VA
HBIRL, BELEEZToTw{boThh, K
THHRBEE VRS, BRETI, HaE2EOES
LT, ZOBRBEZBRTAGBETEZLVWID

DRV, BELRBERTOT -7 —A4 FAREREF
L, LaLads, bI»rThaEsikiaEksE
RUTHBHRZED L) LI BANRINTHS
ZOHFEELTRET, WEOLRVERDEBERE W)
ET, LHIXEBNLE T -7 — A4 FIRETHS, In
&, FEHMEOEGFPEROEELZZEEICOVWTEH
<, Fl 213, HEITE R ST multidrug resistance (MDR) -
1 MPFEJ L Tedud, adriamycin, vincristine, cyclophos-
phamide, methotrexate 7 &% IR L 72y, MGMT 255
fEDEE 1 ACNU £ nitrosourea ZIEH 2 Hwhw e
W HFETH 297010 (Taple 3). T DIFA, ZRLHD
HEIDRZEZ T T L OIEREE 2 WIER Y T, B
NCHEATE ZES ORI L Y, BRICASEETDH
LI EENDH B, RIC, MGMT 2 BB LHBELT
nitrosourea RIEAN D BRFHZ H D 5 54T, 0%benzyl-
guanine *° procarbazine 7% & % nitrosourea %537 - TH%
E52/ETHEZY, I oW TRELXT+HRIESF
v A3 {, BiEk L 7z procarbazine+ACNU i X 5 HiEK
FEROERGMBE /NS, BEERMIEE N L T, e
FLDEA TS T—7— XA PRI, Bt Z2

8 BidkRE 15% 1%

FEIBNRIC N ¥ % procarbazine + CCNU + vincrsitine (PCV)
ik (BTl CCNU ofb b iz ACNU w65
7:% PAV B LIFENB 2 ED% W) TH B, TS
C OBFHMEZREBIEIC G 1p 8L 19 DR K
BH Y, ZOREN PCVERICKIET 3 L IREICE
D bDTH S, BEFEE LIBRENEREIETO L
RBRBERRETHD, SHIDL I RERMPSEHTK
B EDHFEENEYO, L Lids, ZoREEE
FIZBRME L L TRAEIHEL L TH D, Zhic
ko TEMRMEZ ZRIBIEDREENRE LR TR
{, BIcENTTbN T PAVEEIX PCVEELR
BABRB/O NS LI BRI, BRRENICIIA S
EMEN, HLOEWRSNS S EENTOBH, KER
AR E TIT», ZTORMEZERT 2 LESE
L,

HHbIC
““ﬁnnﬁuﬁ%ﬁ&'f"‘?—){’f F%Iﬁo)gnn
b3 —EDOHWEZFR>EBICNL, BEDHRREDY

EhOTHENREE, 7—7— A4 FIEBEILELRZLD
THB, LdpLids, RIFEECRENLINTVEE
ENEEL, ZOWEIHT3REDRELZToTY,
Wind EEOEMS Y I —e bBEREETH 5. B
BRETRETEDI0R, — 20 EEREERbNS
BREEOMBERIL T BERS Y, ZoHEHE
PHRREBEL VI LILhES, ZDL) RBFEOFH
5, Bz TMGMT Bty & Tlp KKy L HevwifiE
OWEICH L TERBEL VI LD TR, TBHF
B 50k TBES VA -2 EIBEICHLTE
ShiIBEESHEZ I N T 2 e g h 3,
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{(Jpn J Cancer Chemother 33(9):1279-1285, September, 2006

Efficacy and Safety of Monotherapy with Temozolomide in Patients with Anaplastic Astrocytoma at First Relapse—A
Phase II Clinical Study: Ryo Nishikawa*!, Soichiro Shibui*?, Motohiko Maruno*?, Kazuhiko Sugiyama*¢, Shinya
Sato*®, Takamitsu Fujimaki*é, Hideaki Takahashi*?, Toshihiko Wakabayashi*®, Jun Takahashi*®, Masato Kochi**°,
Hideo Nakamura*!!, Yutaka Sawamura*!%, Jun lkeda***, Tomokatsu Hori*!*, Tomokazu Aoki*'®* and Masao
Matsutani*! (*'Dept of Neurosurgery, Saitama Medical University, **Neurosurgery Division, National Cancer
Center Hospital, **Dept. of Neurosurgery, Osaka University Graduate School of Medicine, **Dept. of Neurosur-
- gery, Graduate School of Biomedical Sciences, Hiroshima University, **Dept. of Neurosurgery, Yamagata
University Faculty of Medicine, **Dept. of Neurosurgery, Teikyo University School of Medicine, *'Dept of
Neurosurgery, Brain Research Institute, Niigata University, **Center for Genetic and Regenerative Medicine,
Nagoya University Hospital, **Dept. of Neurosurgery, Kyoto University Graduate School of Medicine, *'*Dept.
of Neurosurgery, Faculty of Medical and Pharmaceutical Sciences, Kumamoto University (currently with San-
al Hospital), *"'Dept. of Neurosurgery, Faculty of Medical and Pharmaceutical Sciences, Kumamoto University,
*12Dept. of Neurosurgery, Hokkaido University Faculty of Medicine, **Dept. of Neurosurgery, Hokkaido
University Faculty of Medicine (currently with Hokkaido Cancer Center Hospital), ***Dept. of Neurosurgery,
Neurological Institute, Tokyo Women's Medical University, ***Dept. of Neurosurgery, Brain Tumor Center,
Kitano Hospital) '

Summary

The efficacy and safety of temozolomide were evaluated in 32 patienis with anaplastic astrocytoma at first
relapse. Temozolomide was administered orally once daily for the first five days of a 28-day cycle, at a dose of
150 or 200 mg/m?*/day. The response rate determined by independent central review of MRl was 34% (95%
confidence interval: 18.6%-53.2%), with 3 complete response and 8 partial response. The rate of “no change or
better” was 91% (95% confidence interval: 75.0%-98.0%). Progression-free survival (PFS) at 6 months was
40.6%, and the median PFS was 4.1 months.

The incidence of constipation (50%) and nausea (25%) was high, but these events were all mild or moderate
in severity except in one subject with constipation, and could be managed with standard laxatives and antiemetics.
The main laboratory test abnormalities (total incidence and incidence of grade 3/4 change) were lymphocytopenia
(50%, 25%), neutropenia (47%, 6%), leukopenia (38%, 3%), thrombocytopenia (31%, 9%), and increased GPT
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(25%, 3%).

WAt &

Temozolomide was shown to have good efficacy and tolerability in patients with anaplastic astrocytoma at first
relapse. Key words: Anaplastic astrocytoma, Temozolomide, Phase I study (Received May 26, 2006/Accepted

Jul. 18, 2006)

BE VHEROEWEMEMERE 2 45085 L L7 temozolomide DL MR ESE IHERER 21TV, it L L4l
BEE LTz temozolomide X 28 Bf%® 1 27—k L, &7 —N0O#FH O 5 BRI 150 $7213 200 mg/m?/B% 1 H 1 BE&EH
BOKRE L7, B8 B1 2RI 34% (11/32) (95% 53X 18.6%~53.2%) T, EXBIORFIIEZ3HI, &
BBPITH >l TEULTH - LEFOEIE I 91% (29/32) (5%EBWRM 75.0%~98.0%) Thotz, £z, 6 »AE
BEETFERIL40.6%, EREAFHENOTRER4.12ETH7,

BEEEROBTEZRIB O TRER G0%), Bl (25%) OFBFEESEP o7, NG RERBO LAERVTT~
THEEDUTOEEE T, EENZETHS L WREMATI Y o —ATRETH 72, T 2EREEEZELTHIL, Y
> SEREURA (50%, grade 3 DAL 25%), IFHhEREORD (47%, grade3 LIk 6%), BMEREHA (38%, grade 3 Bk 3%),
H/NMREEA (31%, grade 3 BAE9%), GPT I (25%, grade 3Bt 3%) TH o7, temozolomide B HIEEHEDE

TR EMMAEIE I U CEN L BYR L BE SRR LI,

i C & I

HZBEIRMEEO 25% b 59, MEBECHT
ZEBHRERELEIN TR L RBWEY, BERED
10 ERP LR LA LESL TRV, FIGRPRIEE
#HFEIE (anaplastic astrocytoma: AA) BZFE (gliob-
lastomna: GBM) & v> o7z WHO MBS ZEME grade 111/
VIZHEET20b0 2 BEHEBEORERBERTR
T, TNTILOSEEFRI 24% & 7% T Lz 0Y,
temozolomide I3 ¥IFEBHFEEEH B 3 EFHAMER
BRYS, FUMERERIC & > THER SN T 2 E—DEH|
TH 59,2005 FEwwFERE N ZOENERROKEE,
FENC RBEREREORERRE L RV T T T H
ETEAFEIN TS (2005 £ 8 HIETE) 28, AIFTIEE
BERTH 5,

temozolomide ¥ 7 V¥ MEF W HEE E h 2 FUEESE
T, mM#EPR EEBNFET TER RS EE L, 5
[(1 Z)-3-methyltriazen-1-y1]-1 H ~imidazole-4-car-
boxamide (MTIC) e &# & 337, MTIC iZERH»IC
SRS N, BHEFRETHEAFNVIT V=T A4 V%
L, DNA Q7 v FWESF & UTERT %57, tem-
ozolomide RZEAED % ¥ MAEAEIFT 2 B @/ T 5 2 &
PREZEE N TV 39, temozolomide DRYIEE T3t 2%
B3, MPTERSIVERT 2 MTIC & X 2 HIEEER
WZIZ T, KRE{LAED temozolomide HMEIMEIFT % 3@
BL, BREMLCBITURBICBRICERE NS MTIC
& BHUEBBEROMEDCTFENEZL 6L TS,

SH, FRCBT2EFERAADBEEZNREL
T, temozolomide DEEIER X U RLMERETT 272
» D% kIR [T E 2003~2005 12, BEME
FREDORRBEEZRES TOARER I L TEM L2,
ERRE®R6»PBRACBI 2EERRE T 5, AR

KIERERE, FREESHES L UIRELBEFME
BERIR1IOELBDTH D,

1. Mg EFE

1.3 #®

PIEFMRF BN AA LR SR TV 3 BHE
T, MRLiz & > TEFEOBH E - 3FBABHER S 1,
B#BEF O Karnofsky performance status (KPS) #5 70%
Pk, S 18 EDBE 2R L L, BEBFENZE
BHRRFEERHEGE DL > TERE 2T o7, &7,
FIFERE & FEHSIE B B8 & U nitrosourea REEH 2 S iR
BU YA L DMEEEESHETEN TS I L 2NE
&PFE Lz,

2. FFMEIE B

1) B %%

MRI BB TCEBENSERTHEZ2ATIAAEZBVT2
HHEZEEC & ) BEEHEIIREZHE L2, MRIE&
EFRTOEESER LD OEER, BETRFED
EOROBIIN 0% L EFHA L, FIREDOHBELRD &
hizwd OEER, HEFRREDEDOEDBML 25%
U EERT 5 pHFRENER LIz OR2ET, oo
DTN OEB LWL DEREE LIz, &7z, AT 1
A4 F OERR & R ERUERE 2% L TRENEE
HWAGHRZHE LI (R2). BEBREAIMNR LRENES
MEIHREIDRZLUTHERES (R D PHEL L, &
iz, FHEIREEK 6 » A% E TOMBELER (progres-
sion free survival: PFS) #&HfiL 7z,

2) &2k

8, 1B, IFE WREHORES X CERRE (0
BENRE, MRELCERE, RRE) 2HTLEESE
REEWEREFEL 72, BEERIIAEELR D National

Cancer Institute-Common Toxicity Criteria (NCI-
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Abstract

Objectives/purposes: Postoperative vomiting occurs more frequently in patients after intraventricular surgery than after other intracranial
surgeries. This has been attributed to intracranial air. Carbon dioxide gas (CO;) has properties beneficial to the treatment of some medical
disorders, displaying a higher specific gravity and more rapid absorption into surrounding tissues than air. We therefore, attempted to replace
air with CO, during intra- and paraventricular tumor resections. The aim of the present study was to elucidate whether intracranial air after
intraventricular surgery could be alleviated safely using CO;, and investigate its clinical usefulness.

Putients and methods: CO, was introduced into the subdural space at 2 /min through a silicon tube from time of dural incision to closure.
Subjects comprised 40 patients alternately assigned to one of two groups: the trial group (n=20) receiving CO, treatment; and controls (n = 20)
without CO, treatment.

Results: Intra- and postoperatively, no patients showed complications caused by CO, treatment. Postoperatively, intraventricular gas shown
on CT scans disappeared significantly sooner in the trial group than in controls. Frequency of postoperative vomiting was significantly lower

in the trial group than in controls.

Conclusion: Intracranial air after intraventricular surgery can be safety alleviated using CO,.

© 2006 Elsevier B.V. All rights reserved.

Keywords: Intraventricular surgery; Intracranial air; Carbon dioxide gas

1. Introduction

Intracranial air collection, or pneumocephalus, is a com-
mon occurrence after craniotomy, with asymptotic pneu-
mocephalus reported at a frequency of 100% [1-4]. The
amount of intracranial air may vary between individual
patients postoperatively, and approximately 2-3 weeks is
typically required for complete re-absorption [3]. Intracra-
nial air rarely presents a clinical problem, but can potentially
develop into tension pneumocephalus [4.5]. In particular,
more cerebrospinal fluid (CSF) is drained during intraventric-
ular surgery than during other intracranial surgeries, thereby
creating more space for accumulation of intracranial air.

The specific gravity of carbon dioxide gas (CO5) is higher
than that of air at 1.54:1. In addition, CO is more rapidly

* Corresponding author. Tel.: +81 196 51 5111x6603;
fax: +81 196 25 8799.
E-mail address: tbeppu@iwate-med.ac.jp (T. Beppu).
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absorbed by surrounding brain tissues than air [6,7]. CO;
is commonly used for insufflation of the pneumoperitoneum
during laparoscopic surgery for three reasons: high solubility;
combustion suppression properties; and lack of toxicity [8].
Postoperative vomiting occurs more frequently in patients
after intraventricular surgery than after other intracranial
surgeries and has been attributed to intracranial air {9]. In an
attempt to alleviate intracranial air induced intraoperatively,
we exploited the beneficial properties of CO; by replacing
intracranial air with CO; during intraventricular surgery. The
results are reported herein.

2. Patients and methods
2.]. Patients

The study protocol was approved by the Ethics Commit-
tee of Iwate Medical University. Patients recruited to this
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study were hospitalized in the Department of Neurosurgery
at Iwate Medical University between January 1998 and June
2003. Entry criteria for this study comprised: (A) a diagnosis
of intra- or paraventricular tumor based on the findings of
preoperative computed tomography (CT) scans or magnetic
resonance imaging (MRI); (B) a tumor bulk with a diameter
>2cm on CT or MRI; and (C) provision of written informed
consent. Fourth ventricular tumors were limited to tumors
originating from the cerebellum. Patients with tumor origi-
nating from the medulla oblongata were excluded from the
present study. A total of 40 patients with newly diagnosed
intra- or paraventricular tumors were subsequently enrolled
into this study. Patients were assigned alternately to one of
two study groups: the trial group, with CO; treatment; and the
control group, without CO; treatment. The trial group com-
prised 20 patients (12 men, 8§ women; mean age, 26.1; range,
1-71 years) with diagnoses of subependymoma in the lat-
eral ventricle (LV) (n=3), astrocytoma in LV (n=2), central
neurocytoma in LV (n=1), germinoma in the third ventri-
cle (3rd V) (n=4), astrocytoma in the fourth ventricle (4th
V) (n=6) and ependymoma in 4th V (n=4). The control
group comprised 20 patients (10 men, 10 women; mean age,
20.3; range, 4-62 years) with subependymoma in LV (n=2),
astrocytoma in LV (n = 3), central neurocytoma in LV (n= 1),
germinoma in 3rd V (n=4), astrocytoma in 4th V (n = 6), and
ependymomain4th V (n=4). Obstructive hydrocephalus was
present in 13 patients in the trial group (60%) and 12 patients
in the control group (65%). Preoperative nausea and/or vom-
iting was identified in 11 trial group patients (55%) and 9
control group patients (45%).

2.2. Anesthesia and operation

Anesthesia was maintained using one of two methods:
inhalation of 50% nitrous oxide gas (N2O) with intravenous
administration of sevoflurane (1-3%); or total intravenous
anesthesia using propofol and fentanyl. Type of anesthesia
was selected based on the needs of individual patients by
anesthesiologists. NoO was continuously supplied until skin
closure. No patients underwent any drainage or shunt of CSF,
such as ventriculoperitoneal shunt prior to surgery or continu-
ous spinal CSF drainage during surgery. All patients received
osmotic diuretics to relax the cerebral cortex before dural
incision. Temperature in the operating room was keptat 27 °C
using an air conditioner. All patients underwent surgery in the
supine or prone position only. Routine craniotomy was then
performed according to suitable approaches for each tumor
site.

2.3. Introduction of CO»

For patients in the trial group, CO; was introduced into
the surgical field using the techniques described by Kitakami
et al. [6] with some modifications. Briefly, a sterile silicon
tube connected to a CO, gas cylinder via an air filter was
used to continuously introduce CO; at 2 I/min between the

Fig. 1. Surgical field in prone position for a patient with 4th ventricle tumor.
The tip of silicon tube carrying CO; gas is fixed at the edge of incised dura.
Arrow, tip of silicon tube; arrowhead, edge of incised dura.

time of incision and closure of the dura into the intradural
surgical field. The tip of the silicon tube was fixed at the edge
of the incised dura in the surgical field using a silk string. The
tube was positioned to avoid disturbance of the microscopic
field (Fig. 1). PaCO; of arterial blood was recorded at 15-
min intervals from the introduction of CO; until completion
of surgery. Moreover, CSF of each patient was obtained from
the surgical field immediately before dural closure, and pH
of CSF was immediately measured.

For patients in the control group, operations were per-
formed using standard techniques without introduction of
COj. When suturing the dura, patients in both groups under-
went flushing of the dural space using physiologal saline
solution.

2.4. Statistical analysis

Several factors relating to intracranial condition were mea-
sured before surgery and then compared between groups:
age; level of consciousness; tumor site; tumor size, pres-
ence of nausea and/or vomiting; and presence of obstructive
hydrocephalus. Level of consciousness was estimated using
the Glasgow Coma Scale (GCS). Tumor size was defined
as the maximum diameter of tumor on CT or MRI. The
Mann-Whitney U-test was used to evaluate differences in
age, level of consciousness, and tumor size, while the chi-
square test was used for tumor site. In addition, frequency of
preoperative nausea and/or vomiting, anesthetic use of N2,O
and frequency of hydrocephalus were compared between
groups using Fisher’s exact probability test. The values of
PaCO, and pH of CSF were also compared between groups
using Student’s 7-test.

Postoperatively, all patients underwent unenhanced CT
immediately after surgery with sequential unenhanced CT
performed every day until complete disappearance of the
intracranial gaseous body. Mean duration until complete dis-
appearance of intracranial gas collection on unenhanced CT
was compared between groups using the Mann—~Whitney U-
test. Moreover, volume of intraventricular gaseous body was
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Table 1
Comparisons of preoperative and intraoperative conditions between the trial group and the control group
Trial group Control group p-value Test

Age (mean £ S.D.) 26.1£19.7 203+ 18.0 - 0.26 MW
GCS (mean+S.D.) 145+1:1 142414 0.56 MW
Tumor site

LV 6 6 0.92 CS

3rdV 4 5

4th V 10 9
Tumor size (cm) 344038 32+08 0.37 MW
Presence of hydrocephalus - 13 12 >0.99 FEP
Presence of nausea and/or vomiting before surgery 11 9
Use of N O anesthesia 7 10 >0.99 FEP
PaCO; (mean & S.D. mmHg) . . 34.64+3.6 339432 0.78 ST
pHofCSF(mean £ S.D.) 7.540:1 7.6+02 0.16 ST

S.D.: standard deviation; GCS: Glasgow Coma Scale; LV: lateral ventricle; V: ventricle; MW: Mann-Whitney U-test; CS: chi-square test; FEP: Fisher’s exact

probability test; ST: Student’s r-test.

measured for all patients using unenhanced CT immediately
after surgery, calculated using the following simple formula
[10]: intraventricular gaseous body volume (cm3)=ABC/2,
where A represents maximum diameter of gas accumulation
and B represents maximum diameter perpendicular to A, on
an axial slice showing maximal gas accumulation, and C rep-
resents the numbers of 1cm thick CT slices on which the
gaseous body is visualized. When more than two gaseous
bodies were observed on CT, gas volume was determined
as the sum of all gaseous bodies. Differences in gaseous
body volume between groups were also analyzed using the
Mann-Whitney U-test. Frequency of vomiting after surgery
was compared between groups using Fisher’s exact probabil-
ity test. Period of vomiting incidence was also documented,
and compared between groups using the Mann—Whitney U-
test. For patients displaying postoperative vomiting, meto-
clopramide was administered intravenously as an anti-emetic
two to three times per day until vomiting disappeared. Total
cost for use of CO; and anti-emetics in each group was
estimated. Values of p<0.05 were considered statistically
significant for all analyses. The same investigator (K.O.),
who was blinded to subject grouping, visually assessed all
CT findings and observed whether patients vomited within
24 h after surgery.

3. Results

No significant differences in patient characteristics or pre-
or intraoperative findings were identified between trial and
control groups (Table 1). No patients displayed any com-
plications likely to be attributable to CO, during surgery.
PaCO; and pH levels of CSF during surgery in the trial
group were within the acceptable ranges of 25.0-35.0 mmHg
(mean: 34.6+.3.6 mmHg) and 7.3-7.8 (mean: 7.54.0.1),
respectively. Neither value varied significantly from those in
the control group.

The CT scans immediately after surgery revealed gaseous
body collection filling the ventricles and subdural spaces in

all patients in both groups (Fig. 2). Mean period required
for complete disappearance of intracranial gaseous bodies
was 2.3%x 1.0 days in the trial group (range, 14 days)
and 5.34 1.6 days in the control group (range, 3-9 days),
representing a significant difference between the 2 groups
(Fig. 3). Intraventricular gaseous body volume immedi-
ately after surgery was 4.2 £2.5cm® for the trial group and
6.7 4 3.5cm? for the control group, again representing a sig-
nificant difference between groups (Fig. 4).

Vomiting occurred within 24 h after surgery for 5 of 20
patients in the trial group (25%) and 14 of 20 patients in the
control group (70%). Frequency of postoperative vomiting
was significantly lower in the trial group than in the control
group (p=0.04). The 5 patients presenting with postoperative
vomiting in the trial group comprised 4 of 10 patients with 4th
V tumor and 1 of 6 patients with LV tumor. Conversely, the 14
patients presenting with vomiting in the control group com-
prised all 9 patients with 4th V tumor, 3 of 5 patients with 3rd
V tumor and 2 of 6 patients with LV tumor. Patients display-
ing vomiting after surgery were not the same patients who
displayed vomiting before surgery. When limited to patients
with 3rd V or LV tumor, numbers of patients presenting with
vomiting after surgery tended to be smaller in the trial group
than in the control group, although no significant differences
were identified (Fisher’s exact probability test; p=0.14). The
mean period of vomiting was 1.4 0.5 days for the 5 patients
in the trial group and 2.6 = 1.2 days for the 14 patients in the

. control group, representing a significant difference between

groups (p=0.02). Mean daily cost for use of CO, and anti-
emetics was 170 Japanese Yen (1.2 EUR) for the trial group
and 620 Japanese Yen (4.4 EUR) for the control group. Costs
were small and not significantly different between trial and
control groups (Mann—Whitney U-test; p=0.052).

4. Discussion

Several contributing factors associated with surgery have
been recognized as readily introducing considerable amounts
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(A)

B

Fig. 2. Representative unenhanced CT scan of a CO;-treated patient immediately after surgery, showing accumulation of gas in ventricles and subdural spaces

(A), and 1 day later showing complete disappearance of the gaseous body (B).

of air into the cranium [1,4,11-17]. Excluding trauma and
infection not associated with surgery, these include: (A) N,O
anesthesia; (B) posterior fossa craniotomy in the sitting posi-
tion; (C) intracranial surgery following CSF drainage; (D)
use of osmotic diuretics during intracranial surgery; and (E)
hydrocephalus. In the present study, anesthetic use of N,O
and the frequency of hydrocephalus did not differ signif-
icantly between the trial and control groups. In addition,
no patient underwent surgery in a sitting position or with
CSF drainage, and all patients received osmotic diuretics
intraoperatively. Furthermore, no significant differences in
preoperative conditions (age, tumor site or tumor size) were
found between groups. Pre-and intraoperative intracranial
conditions were thus similar for patients in each group. This
allowed for comparison of the follow-up CT and immediate
postoperative vomiting between groups.
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Fig. 3. Postoperative period for complete disappearance of gas on postop-
erative CT scans for trial (CO3) and control (air) groups.

The CT obtained immediately after surgery showed that
gaseous accumulation continued to fill the intracranium of
patients treated with CO,. This suggests that the collected
gas would likely represent a mixture of CO; and air, as gas
should be absorbed completely and almost immediately if
the pictured gas represented 100% CO,. However, sequential
CT indicated that accumulated gas disappeared significantly
sooner in the trial group than in the control group. Further-
more, gaseous body volume immediately after surgery was
significantly smaller in the trial group than in the control
group. This suggests more rapid absorption of the gaseous
body in the trial group than in the control group, imme-
diately after surgery. Higher patient body temperature than
operating room temperature may have caused expansion of
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p=0.02 l
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|

2.5 1

Triat Control

Fig. 4. Volume of intraventricular gas measured by CT immediately after
surgery for trial (CO;) and control (air) groups.
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the intracranial gaseous body. However, temperatures were
the same for patients in both groups, which indicate that the
rapid alleviation of gaseous volume in the trial group was due
to properties of the CO, gas itself. No patients showed any
complications likely to be attributable to CO; during and after
surgery. PaCO» levels and pH levels of CSF during surgery in
patients treated with CO, were within acceptable levels, and
did not differ significantly from levels in the control group.
We believe that intracranial air after intraventricular surgery
can be safety alleviated using COj.

Examination of postoperative symptoms in this study was
limited to the presence or absence of vomiting, as other symp-
toms such as vital signs, recovery of consciousness; cranial
nerve palsy or transient hemiparesis of the extremities are
greatly influenced by anesthetic technique and type of sur-
gical procedure. Subjective symptoms such as headache and
nausea without vomiting were also not examined, because
estimation of these symptoms was difficult under the unstable
level of consciousness displayed by patients during first 24 h
after surgery. In the present study, frequency of postoperative
vomiting was significantly lower for the trial group than for
the control group. Rapid absorption of CO; gas and the small
volume of gas accumulation in the trial group may have pre-
vented postoperative vomiting. At time of the study, vomiting
was a common complication in pneumoencephalography, in
addition to headaches, changes in pulse and body temperature
[18.19]. An earlier study suggested that air entering the 4th
V produces irritation of the medullary centers [19]. Recent
studies have suggested that the essential region for coordinat-
ing vomiting is located in the brainstem between the levels
of the obex and the retrofacial nucleus [20-24]. The area
postrema is one vomiting sensor on the dorsal surface of the
medulla oblongata, and is positioned to detect emetic agents
in both blood and CSF, due to the lack of a blood-brain bar-
rier [21]. In the present study, alleviation of intraventricular
air using CO, might have mitigated direct irritation of the
vomiting coordinating circuitry on the dorsal surface of the
medulla oblongata in patients with 4th V tumor. Although
no significant differences were noted between groups, use
of CO; tended to be associated with decreased frequency
of vomiting in patient with supratentorial intraventricular
tumor in the trial group. Neurosurgeons frequently encounter
postoperative vomiting in patients undergoing supratentorial
intraventricular surgery. The mechanisms underlying postop-
erative vomiting after supratentorial intraventricular surgery
remain unclear [9]. Fujimura et al. [25] reported that malig-
nant astrocytoma patients with dissemination to CSF display
intractable vomiting, but MRI could not detect any lesion on
vomiting centers of the medulla oblongata. In that report, a
small population of tumor cells was considered likely to have
contributed to biological stimulation of the vomiting center.
The vomiting coordinating circuitry on the dorsal surface of
the medulla oblongata might perceive changes in pressure and
biological characters of CSE. Use of CO- rapidly alleviates
intraventricular air accumulation in patients with supratento-
rial intraventricular tumor, thus mitigating stimulation to the

vomiting-coordinating circuitry on the dorsal surface of the
medulla oblongata. Patients who display vomiting immedi-
ately after surgery are in danger of aspiration pneumonia. The
present technique may contribute to decreased postoperative
vomiting in patients undergoing intraventricular surgery. Fur-
thermore, the cost for use of CO3 is as low or lower than the
cost for use of anti-emetics.

Numerous techniques have been used to prevent accu-
mulation of intracranial air including flushing a physiolog-
ical saline solution into the surgical field [26], alteration of
anesthetic technique [14], and temporarily blockage of CSE
drainage during surgery [4]. The present technique, although
still in the trial stages, does appear to safety alleviate intracra-
nial air with COs, as no patients showed obvious complica-
tions during surgery.

Given these findings, our technique may offer a method
for alleviating intracranial air after intraventricular surgery.
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Abstract

Fractional anisotropy (FA) is influenced by histological data such as cellularity, vascularity and/or fiber structure in astrocytic tumors. We
describe two patients with tumor recurrence and one patient with radiation necrosis who were diagnosed using assessment of FA value. The
assessment of FA value in enhanced lesions after radiotherapy may be able to differentiate radiation necrosis from tumor recurrence.
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1. Introduction

A differential diagnosis between tumor recurrence and
radiation necrosis is difficult after radiotherapy of brain
tumors using contrast-enhanced magnetic resonance (MR)
imaging. Damage to the blood-brain barrier induced by
radiation results in leakage of gadolinium into the intersti-
tium, which produces a ring-enhancing lesion that can mimic
tumor recurrence [1]. Several accepted methods for non-
invasively differentiating tumor recurrence from radiation
necrosis are available, including positron emission tomog-
raphy (PET), single-photon emission computed tomography
(SPECT) and 'H MR spectroscopy [2-8]. However, using
['8F)fluorodeoxyglucose or L-[methyl-!!Clmethionine-PET
scanning, a differential diagnosis was occasionally diffi-
cult in several low-grade gliomas with hypometabolism or
necrotic areas secondary to radiation therapy [9,10]. Using
201 thallium (29 T1)-SPECT scanning, increased 2°1 TT uptake
was observed in both radiation necrosis and inflammatory
infectious processes [ 1 1]. TH MRS allow reljable differential
diagnostic statements to be made when the tissues are com-
posed of either pure tumor or pure necrosis, however spectral
patterns are less definitive when tissues composed of varying
degrees of mixed tumor and necrosis are examined [8].

* Corresponding author. Tel.: +81 19 651 5111; fax: +81 19 625 8799.
E-mail address: hkashi @iwate-med.ac.jp (H. Kashimura).
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Recently, diffusion tensor (DT) imaging has been devel-
oped to obtain quantitative information regarding the mag-
nitude and directionality of water diffusion [12-16]. Several
indices, such as the fractional anisotropy (FA), the relative
anisotropy (RA) and the volume ratio (VR) are derived from
DT imaging. A comparative study of FA, RA and VR in cat
brain demonstrated that FA can precisely measure the degree
of deviation from isotropic diffusion [17], and provides the
best performance in terms of contrast-to-noise ratio as a func-
tion of signal-to-noise ratio in simulations [ 18,19]. FA value
is expressed as numerical value between 0 and 1 without a
unit. FA of 0 corresponds to unrestricted isotropic diffusion
and 1 corresponds to linear anisotropic diffusion of water. FA
was influenced by histological data such as cellularity, vas-
cularity and/or fiber structure in astrocytic tumors | 13]. We
describe two patients with tumor recurrence and one patient
with radiation necrosis who were diagnosed using assessment
of the FA values.

2. Case reports
2.1. MR imaging and image analysis
A‘H scans were performed using a Signa VH/i 3.0 T scanner

(General Electric Systems, Milwaukee, Wis.) and standard
head coil. A spine echo type echo planar imaging sequence
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Fig. 1. Left: T1-weighted magnetic resonance (MR) image with contrast medium showing the region of interest (ROI) in the solid portion of the lesion. Right:

fractional anisotropy map showing the outline of the ROI traced automatically.

with diffusion gradients applied in six directions was used
for the diffusion tensor imaging with the following parame-
ters: repetition time (TR); 10,000 ms, echo time (TE); 84 ms,
slice thickness; 6 mm, field of view (FOVY); 240 mm?2, matrix;
256 x 260, 2 mm gap and b factors, 800 s/mm?. Fast spin echo
T1- and T2-weighted imaging were performed prior to DT
imaging, and T1-weighted with contrast medium was per-
formed after DT imaging.

The FA value was calculated using a subprogram of the
Functool ™ image analysis software (General Electric Medi-
cal Systems, Buc, France). One large region of interest (ROI)
was placed within enhanced region on a T1-weighted con-
trast medium image. ROI was automatically transferred onto
the co-registered FA maps constructed from DT imaging.
The FA values were then calculated for each patient using
the Functool™ image analysis software. The FA value was
identified as a mean of values derived for every pixel in a
given ROL

2.1.1. Casel

A 67-year-old woman had been treated for left anaplastic
astrocytoma by surgical resection, radiation and chemother-
apy. Eleven months after the initial treatment, follow-up
gadolinium-enhanced T1-weighted MR imaging revealed an
enlarged enhanced lesion (Fig. 1, left). ROI was placed within
enhanced region. The FA value of the enhanced lesion was
0.27 +0.04 on the FA map (Fig. 1, right). The lesion was
as diagnosed tumor recurrence. The patient underwent cran-
iotomy and then total resection. Histological examination
revealed a glioblastoma.

2.1.2. Case?2

A 56-year-old woman had been treated for left frontal
astrocytoma by surgical resection, radiation and chemother-
apy. Seventeen months after the initial treatment, follow-up
MR imaging showed an enlarged enhanced lesion (Fig. 2,
left). ROI was placed within enhanced region. The FA

p ¥ *

Fig. 2. Case l—images obtained from a 67-year-old woman. Left: T1-weighted magnetic resonance images with gadolinium revealing heterogeneously
enhanced lesions with operative scar in the left parietal lobe. Right: co-registered FA maps from DTI. The FA value was 0.27 £ 0.04.
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Fig. 3. Case 2—images obtained from a 56-year-old woman. Left: T1-weighted magnetic resonance images with gadohmum revealing massive enhanced
lesions in the left temporal lobe. Right: co-registered FA maps from DT imaging. The FA value was 0.29 £ 0.04.

value of the enhanced lesion was 0.29+0.04 (Fig. 2,
right). The patient underwent craniotomy and then total
resection. Histological examination revealed features of
glioblastoma.

2.1.3. Case3

A 44-year-old man had been treated for right frontal
oligoastrocytoma by surgical resection, radiation and
chemotherapy. Twenty-four months after the initial treat-
ment, follow-up MR imaging revealed an enlarged enhanced
lesion (Fig. 3, left). ROI was placed within enhanced region.
The FA value of the enhanced lesion was 0.17 £ 0.03 (Fig. 3,
right). The patient underwent craniotomy and then total resec-
tion. Histological examination revealed radiation necrosis
(Fig. 4).

3. Discussion

DT imaging can predict the structural properties of tis-
sue, such as the integrity and orientation of tracts in the
brain {20,21]. The FA values in normal white matter show
strong directionality of water diffusion, and consequently
a high FA value, as water diffusion parallel to the white
matter tracts is less restricted than water diffusion perpendic-
ular to them [22}. On the other hand, in astrocytic tumors,
almost all normal fibers and cell structures are destroyed
by the tumor nidus, or displaced, separating to surround
the tumor nidus [23]. These changes may be one cause
of the observed decrease in the directionality of water dif-
fusion and decreased FA values [13]. The FA values are
influenced not only by tissue damage, but also histologi-

Fig. 4. Case 3—images obtained from a 44-year-old man. Left: T1-weighted magnetic resonance images with gadolinium revealing heterogeneously enhanced
lesions with operative scar in the right frontal lobe. Right: co-registered FA maps from DT imaging. The FA value was 0.17 £ 0.03. Arrows show the area of

decreased FA value on the enhanced region.





