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tadiation Therapy for Brain Tumors

Yoshiaki Tanaka", Motoaki Fujii",
Tsutomu Saito", and Jiro Kawamori?

Brain tumors respond differently to treatment with surgery
plus radiotherapy or radiotherapy alone, combined with or
without chemotherapy, because they are characterized by
subtypes with different histologies. Since the development
of diagnostic radiology, such as computed tomography (CT)
and magnetic resonance imaging (MRI), brain tumors have
been easier to demonstrate and can be found at earlier stages
than in the conventional situation. Furthermore, highly tech-
nical devices and equipment for radiation therapy have been
developed and installed for clinical use, especially with multi-
leaf collimator (MLC)and treatment planning systems. In the
field of radiotherapy for brain tumors, it has been possible
to use more precise treatment planning with conformal ra-
diotherapy, three-dimensional treatment planning, and ste-
reotactic radiotherapy. Dose escalation studies and the modi-
fied fractionation schedule of radiotherapy can also be de-
signed by analyzing biological data and applying
hypofractionated intensity-modulated radiotherapy (IMRT)
to radioresistant tumors such as glioblastoma multiforme and
anaplastic astrocytoma. Future investigation may be useful
to determine which fraction size is likely to be optimal for
these malignant gliomas when highly conformal radiotherapy
is used in adjuvant treatment. These technological develop-
ments and newly designed radiosensitizing agents will im-
prove local control rates and survival times, thereby enhancing
the quality of life in patients suffering from various kinds
of brain tumors.

Research Code No.: 602

Key words: Brain tumor, Radiation therapy, Conformal
radiotherapy
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RS L A g iaaEld, CT, MRIZIZL®HE T3
E{EZW ORI LY, WEORIARER & ERR O Ei
BIBASHRE L e o722 & T, LV EHELRIEEANL BT
LT&7. ThICB<FY =73 A—4% (MLC) % EFr
7o IRETER DM A DI, = RICIHHERT 2 56 WU
MRS B OERETH Y A T A0 R E, BEDEE
HOEMSKE (S LTV, HRFMIEGOSE,
D X 9 HEATRAES R AT oM L, EREREEOm
Flzohdid Z PSR, MEROBGHRIGROBEZZ
— T AELIALTTEN. T TREDEDBEIEEE O
WA E B 42T, RIES O BEHEE IZ DV T OB
EREMLEBOWEEFEHIZOVTHIT 5.

RROfES (<3 4 B SHRAUA DR

FREBE % it i A O A & AdUE, DT O X9 2 5%
WhbToNs, Thbh, ()EFDOBEFREIF LK
72 0 MR RBIEOR L L L OWRET AHEI %<
v, Q)ESOBEHHERZEEIE— 2RV TENIEE S
vy, (3) IEH AR D BRI B AT <, U
38 % [AlEd A il o MER A, (4) glioblastoma TfT
FKENLEHES) 4 —<i, BMEEATHBEISRET S|
D558y, (5) ZRITCHI 2 A AR T R AR BRST, AT
HBET 7% &, ERERE e MR RN s S B, (6) Tl
ASERAT R R fl EAHE s o e, TR L LTI
RO THREIDKE W, (7) S1EHH & DfF AHRE
IZOWTIREDNEZFERZOFLZHEL LTy, 28T
HDH. SOIHEHOREL, ZOREREIFERXSH
WCATRLZBI LR, FHEAICE > TEMEERLY 55
WDHHI LR ERH>TBLLLENH LY (Figs. 1, 2).
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El malig. lymphoma
80% [l craniopharyngioma
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60% [ schwannoma
[ pituitary adenorna
40% [l meningioma
[ glioma
20%
0% e il E

Total Adult Children  Old age
<15y.0. 270y.o0.
n=38,273 30,803 3,198 4,272

(from data-base survey of brain tumors in Japan (1984-1993) )

Fig. 1 Classification and frequency distribution of occurrence of brain tumors in Japan
according to age group.”
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80%
60%
40%

20%
095 L

Total

Adult Children  Old age
<15y.0. 270y.0.
n=10,824 7,773 1,882 629

(from data-base survey of brain tumors in Japan (1984-1993) )

Fig. 2 Classification and frequency distribution of occurrence of glioma in Japan ac-
cording to age group.”

Table 1 Types of radiation portals and irradiation techniques used for the treatment of brain tumeors

RT portal and technique Applied tumor type

1. Whole CNS Medulloblastoma/High grade ependymoma/Craniospinal dissemination
2. Whole brain Multiple brain metastases

3. Whole ventricle Germinoma

4. Extended focal area Glioblastoma/Anaplastic astrocytoma (GTV plus 2-4 ¢m in margin)

5. Focal area Low grade astrocytoma/Meningioma (GTV plus 1-2 cm in margin)

6. Strict focal area Pituitary adenoma/Craniopharyngioma/Solitary brain metastasis

12 HAER SR HFea% 5745
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WS IToNS, T, MEHL &AL LTTR, T4

L () FhiE ERzRRRIES, () RASAEIESS, (3)BlE
%, (4)) o iExsmaiEss, (S)IeHiaiEss, (6) MV gk
IHERE, (7)EBMEEHICARILAZETHE. DX, M
Fe M RES O ADGIERE L72Z & T, #iab X UTES
B2, HEEEIEE D o ORPTRE, TERERE, 558
AHEEZBR Lz, 261, #5d LD - zanaplastic
(malignant) & W9 #3i% % |E® Tanaplastic|IZHE— L7z Z &
BHIFoNh 52,

EEOEBKRPSAB L, LT L) 2%E, Wil
RO DA, Thabb, (1)BIEEREE (RhEE R
YY), (2)EE N (R RMRNE, BN, WRSENE 2
), ()R (REIAE, AeaiiE, L&RERY), 4)
FORRAE (BO2FNE, PRIFNE, ik ERE, Er) /}\Hﬁ, E
HWHEEZR &), (5) PHREMRERNA~ RS (B ) >/ %
), 6)y vy MFa—7EALTOESEFMELR L) T
HbH, Z0H)H(5), (6)DEERIIR. —F, MBETHE

FHPSHD L, BZHOE V germinoma b i b B
FMEE T, »RYVDOEEND S (Fig.3). WTFHIZLTY,
T DR AR A & R R b LSRR B
DHLULENDH 5.

RERAROER—BET s LURNTE—

BEEHEF DR Y J T, 1)/%431*;%%3? mEt, (2)&RER
5, (3)&=ERES, @)IKREATES, (5)BrHEE,
(6) BRJR/INER ST L 2 AR *é n, MEHOMEREE, HEARE
2 & o Tl S h 5 BEHEF, HETHEDE S S (Table 1),

MBSO BARR 2 i & LT, 1 MBS 2 MR
SIS CEE S MRS, FAARRES, DizEErsh, 356
12 ¥ — 4D AS Ak & B2 TR\, W@ Snon-
coplanar B84 % A L 72 =K TCIEARBRS R0 L UM AR IR ST
(ST A% 5. STITILHV UK % EAFEE (C =XITH 125k
PECHRES A 2 L ASTE, RFTOKMEIRS AT %

o7 9, S BIZMLCOMEAR, Bl 2 XGTV (WHRAIES &
), CTV(FEEMERERD), PTV (AFRETERENEIR) ~0
WERESEEZARLE, XL BEEREL L &
S>TETBY, SHEEATIGHEIGH IMRT) DOREIES G~
DICH b B OFED—2TH 599,

RERE & 0B

— AR\ AR O AR R, 1.8~2Gy/[Hl, 5 BB
EETIEES0~55Gy T A, 7277 LAEHAE TIIARE)
REARELCHES L, BHEIKE (2513 EHERE LR
L4 H0T, BHEORCAEBINEZ £12I350GyHI%R T
MRS 2D, HEEOBITIZIZEI65~70Gy TS5
cone-down boostiEA N S 5. T DI IR 45 EIIE
Sk LT, 1.2Gy/lEl, 5 REUEOMEZ BT H?2
E S35 1 B & orEBEgE<, 1.5Gy A E/El, 1 H 2 [

FRL164E9 A 25 H

’a‘s o
2 | ~._eglioblastoma
@
= “... e anaplastic astrocytoma
c "
o™~ ‘ .
2 e malignant lymphoma
= e ependymoma
5] e medulloblastoma
5 e germinoma
— meningioma e
-o o
E craniopharyngioma e
(low) radio-sensitivity (high)

Fig. 3 Tissue characterization of brain tumors shown concep-
tually from the viewpoint to radiosensitivity and tumor invasion.

AT 2 DS 5 EIREHE, S~7Gy/BITRB0Gy AL Gt
TALLEBEEL EAH L. SHICHETIE, Fr<T
47254 F v 7 EABEHRES T bR T A IGRED
1 [a1B&5F (SRS: stereotactic radiosurgery) %, %I L TH79
SERL TG A% (SRT: stereotactic radiotherapy) 3@ 5. X
TR GHEE L LT, TS, NBRIEGHER, RRNG
B, MFEPETFHIRRER EFD 5.

& &

12 B IS (glioblastoma) & B £ IAHEAZHE (anaplastic
astrocytoma)
glioblastoma (GBM) I3 FHEBHE D 72 70 T b BHET P
ARRGHEETHS. 40~60ft BB IRE IS  FE
T 25ONUERT, —7, anaplastic astrocytoma(AA) (ZGBM
I )RR 30~50F I T 5. GBMEAAZ T
EH A —<OTFHETE LT, Filif(SSHELT > 655
PAE), @5 iRAE (KPS & & > ), RELEAL (RTSESE > i
fE), 4k (60GyLlE > 50GyAii), RS 1R (L HE Ik
> u[iﬁ}ml%*)ﬁ HIFohTns,
TBHR ALY TT B B9 ) IR A | UG & T 9 O A5
T, HSHGEREIL KBTS Te0GyLLE, b L <IE50Gy
B CHRETET 2 48 - TET66~70Gy S ¥ 4. BUF#IGHER
DIEHFERIECTVEEBA ST L AL TH YO, FF~D
20Gy/4 [ElD43E: 12 & 5 SRT boostBH} 7 & A b T
WA, (bR L OB, ACNUZ EPER S TWS
0, AR, GBMIZAAERIM Il (MST) T10~13 7%
H, 5 EEMFRIESWUT, —hH, AAWS FEAEFFRTI0%
A% TH 5. GBMIZHT BILAAEEMHIC oW TIE, KE
DRTOG TATh N7 B85S +topotecan DA HY, FE4F + PCV
+ BUARDFE R R, B TITHIL7ZACNU + tenipside
(VN26) L ACNU + Ara — COLLEERERY Tld, FEREHE
FEOm FIZELS T, ZOENS, NEE5EE

13



390 i REEA85 D Tt i

HHZ & BHREIEINGERRT 19, 50Gy/20[8]/4 D555
519, 30Gy/6 [E1/2 D53 EIBENY, 35Gy/10E14F60Gy/
30[E DEFIRILBGAER'Y, IMRT T42Gy/14[E DS, LLF
GTVIZ50Gy/10[8], CTVIZ30Gy/10[E/2 JHDMEF™, GTV
I260Gy/20[, FELDPTVIZ40Gy/201E]/4 8 B &,
GTVIZ70Gy/28[d], CTVIZ56Gy/28[alDBRE2 7 & DIMRT
DEERIEHADRA SN T VDD, WTFNRH S h g EE
ERohTwiw, TA/NEOREEME Dastrocytoma |25t
T BLFEREDEH OB A G SN TWB 5, 4Bk
PRI TWBIRINTH L,

EIR¥mI2E (astrocytoma, low grade astrocytoma)

TEHR ALY VT S A 2 U SRR 247 9 o AR
Th5bH. HEHE, MRIZ ETHS NS EEHEOBERE )
H1~2emBEDEEME & > T50~60GyBEHT 2. HEH
BEAADS 1 ERY Do THEA IZHE{E L THET LD
VM TH D, HHRREL, 5 EEFRTO%HR, 10
FEHERT0%HHTH S, Low grade astrocytomalZ¥t LT
FEENZ X B BN RS EROA A OMENH 529, R
JBL7ARRIZITAA TS L WnTH 2. A Cpilocytic,
xanthomatous, giant cell astrocytomaZs & O MBI #G{% % 2
THDRXTFHRENFTH B, F7/NERHRZIE U Fzastro-
cytoma (% < {3pilocytic type) b FHRIFTH 5% 9. —7,
NBOFREE 7 ) 4 — =2 BW T F R DS
ZENHE SN TVWAEY,

Z RECiMAafE (oligodendroglioma)

BAREIZZ < 2\, GBMICH AR TETEHEIZRIET 5.
Z NDanaplastic type DGR TTFHRATF L LTHITH N
DI, i, KPSTH D, JHHR BRI A 771 R o gl
(MST) T7.34F, 5 4FTR2%THY, MOEWS ) +—<
ICHRTREFTH 22, HBENIMEEZHT TSN 5 &N
IO 2em D R RET60Gy/6 BA—IRIIT, = hic
procarbazine, lomustine, vincristine?®D1bAF#EE: %M L7
B TIX104EEAFRA7%, 104EERALERI0% DIHEDN D
520,

B%E F37fE (ependymoma)
i 28 b A8 13 AL#EA-A9 12 A Tependymoma (low-grade)
anaplastic ependymoma, ependymoblastomalZ4it &%,

high-grade T N IEMBEWHF O@EIETH Y, &5

DL %2 b, FHENEBTIHEIF P LI L5
YIFFREELZEDDIZEZVS, vsiP)low-grade ThH N
X 2emBENRZEE2H LB OEGETH 22, &
B IIM N Dhigh-grade THEFEATER SR OBE, BFIC
60Gy, «RFHIZ30GyDIEEY, low-grade TaFHOBA
IZRATICS0Gy DI AT—REIITH 5. (AR, 5 44
FETlidlow-grade T60~80%, high-grade T10~40% Rl
Thsb.

14

E#mBE 1SR (germ cell tumors)

PEA B TEREES 120, BEZENE (Vb @ Btwo cell pattern
germinoma, BT IZMRME & IIEN 2 ) DIED, teratoma,
choriocarcinoma, endodermal sinus (j‘yolk sac)tumor, em-
bryonal carcinoma, mixed germ cell tumor¥$H 5. Z D9
HBERERZEDE O ASgerminomaTH 1), 15GyREED
MRS TRUE R A NI RSB O NG, ISRk, ]
FRTEBDIEA, /NG ER R 1 I BN S RE 22 258k L,
BEPEPCHEIE 3 2 BT . 108RACICATR L, Toshis
WIZE > TREPWIFTE BB VIESTH A, Mihdh
BWVITEERPICHCGEDOBE L W L EEDO LR 2 =
ENHBN, MBI BONEWEAI}, HCGE <
100mIU/mL, AFP{H < 10ng/mLAS— 0D BMIHETH 2 .

germinomaDFUFHREFRIL, FEEHI MBS (D L {134
RIS + JRPTERST D, SNEEBERESH(CSDTH b, &
BIIF/ATIZH L T40~50Gy (REBHRIZ L 5), LMEBRIC
324Gy RETH 2%, FEFIZERE L7 b DICIICSIIIAE
ThHoLOWMENS BN, HRBAIL90% L. EDOEHRA
Foh, FBEHI L2 HEREIRD S TL 2REE
HSHZ L D BEOHB SN MHEMFE VR, {L¥EEEL o
fFF 2D Tidetoposide + CDDPH: S & U #LEHRE DA
PEARE ST VB 30, —F A 51E, MR HEIEs
%, 1)good prognosisk (pure germinoma), 2)intermediate
prognosiskf (HCG# 4 germinoma7z &), 3)poor prognosisk
(choriocarcinoma, yolk sac tumorZ: ¥) 2503 T, ZhZFh
(B L 7L IR EAT ) 7O P a VR 2 £l
LTWw3¥ 30 Znhbuwid, BEHiERSORiERE
DEEDHEGRETHOTEZAI12H Y, FZ 1Tpure ger-
minomalZxt L Tid, {b&# 3 (CDDP/etoposide) D 3 I — &
BRIZRFT~D24GYBE & 7 o TV B DS, [EESHITE D &
TINTHorilROHLEZATH S,

FRZENHEERE (craniopharyngioma)

ARES S R O BRI S 5tk + 2 88 C, i
RIS ~ 15O/ S <, REBFOMEIRIZBEREIR & X 12
FEEMT, EALIEE IS, SRR AT IR T
HAHN, BRUEETH D120 0hb o & B2,
AT HEARD DD, FAHEMTIIEREIE S, FICHE
EHB TR~ OB VAT, NBEE TH PR
5 F 72 EHR RS TS0~ 56Gy DEBET 21T 5 . IAHH DR
i, —RRIC10FEEFRTOBMHTH Y, BRLIBET
b RS 3D BEES I S B WS Y. —, a4t
BOFERERL L THSUBRETRLHEIEE R &0
D, MEFHREREOSHICEERT 2LENDH 5.

B > /¥ (malignant lymphoma)

PACHIRE R ICWSET 2 B¢ o oSiEIL, kS
Tldnon-Hodgkin lymphoma, B cell type Cdiffuse, large cell
typeD b DAL, KX RBEHEDET L BE ISR
DR, H3EPEHEMET, & EICHEREPIRAER

BAEREE B4k 575



M B 34 391

D ZEHNDH D, BRIIHMBESEEZHS PICT H720
I2d, Filrd L IZEMRBRERIC X 2 BB IASLET
H5H. HFIAT O A FE| L 2RN40Gy | [EFRPT10~15Gy
DRSS TH 55, dembl LD O A
FTLWET2HELH L%, HEIZZOMEHEREIC L <
g 545, BHIZEELLT CHENREIARTH 5.
{LZEHRE: TR E D L HIPF I #% Td 5 CHOPR VEMP,
ACNUDIZA, Methotrexate X itit G-23H % Th 5 & O
W 5Y. MTXKEFEDOIEGHFITIZ, WSI(whole spi-
nal irradiation) 1T > 72 H S BRI L v & 5 58T
H5HY, FHRETFE L TIIER SO TA L), KPS,
FREE (BB L W) ERITENRTBY, b xEamis
1384k L T3 L 72Nottingham/Barcelona® FHIA I 7 £ T
&, MSTIZAI 7 04554 H, Aa7 1H414H, a7
2H32HAH, AT 31 HATHo712%,

B2 & (medulloblastoma) _
NROBIEER, & ONRBRIICHFREL, BRICS
vy, Z DmedulloblastomalZfjll . Cpineoblastoma <2 [AIAH DAL
#&54 O E45 2primitive neuroectodermal tumor (PNET) & ##
M b, BEI RAEIER & AR OGRS T, gt
IEREBEEE 2 SR LR TV 0T (40%HIHE), SHFEKE T4
FUEMEMEBH T OPFEATSH 54, #HiEkiTEhE
#1230~35Gy, MEHERIZIXETSSGyRRETH HA™: 9 2,
) low grade® b DI IR % W0 (RN FHIC25Gy) L
TH LW, IBFRKIE 5 FEFFRTSS5~70% T, FHREA
F & LTHR(BRAE), KPSHHIFHN TS, high
risk group|Z{ZVCR, CCNUZ% EDfbFHEEZ M 549,

B2 (meningioma)

40~60iER DL ITIHFFE L, MBEFNICEETH BHEY
# D 1B ¥ 54 high-grade DH A I MEHR GO BIL T H
5. FoEEEELR RO X o TRESRHOBEIZIE,
WEDOBEHRRERIILETH S, BEHIHEIZ 1 ~2cmD%
% & > T50~56GyREIT ) DHF—KIT, ThIZXY
4 DHEFEETE COMMIERE RO NE. JEHEITKE
WA, MBI & ILEEE AT O OISR ER KR LS |
EEZILPLT L, RMOBHHEICOFES LanwE ST
WA, BB, KE I X o TIREMBETHERE O BIEHH
5.

TEARRE (pituitary adenoma)
REHIZBMEER T, 30~40RICE < ALND. H
FEBIPIER I2non-functioning tumor?™ic b % < ($940%), =
V> Cprolactin #EAE B #57 (#940% ), GHEEENES (£920%),
ACTHEEAENES; ($1%) DIETH 5. MEHEREICLY b
TBENRBE BN ERBF S Y, HBFH
microadenoma (££10mm i) & macroadenoman$d V), Ff
2179 ODFRAITH 5. Aeef el BRI TR
BIREATH A5, BEHIR~Eo 72 4 MRS, [EHRIEST,

FRL164E9 A 25 H

JFARERS 2 L, B EIET50~55Gy RT3,
C DIED BN SR IS 217 ) B4, SRSOBEIX15~
20Gy (50% isodose), HAFEIZIE 8~10GyLLTET 5.
AR NS BB D 104 FE R FILTO~80% R E TH
B, WEICL DHBREICOVWTOLUEIWETE S,

S FE 1R EE (metastatic tumors)

B MERRIER (- DV Tid, EHEDCT, MRIZ EQEIEZ
WOYERICEVERINLBEENEHL ALY, SHICEMK
SHIRE DB CIHMB RN 2 GO REL I 0722 & T,
EfE L THERBEOMENRONS L 1Tk o7, Ak
O 7 AEMAERINCHITA L, () —%Es L
T FIRGE (KPS), FIEHEHIEOAE, WRIEAMT R 2
g, QFEPFTEML LTEESORE S (], #5), B,
i, Y, O)MSHREENETIBERNECR
e, SRESIEHOEER ETHE. EAMEHES T
TR AR (B 2 SRR DO80% O R) TF
AEN, PLEinEEARE, SRS/SRTOMEIE (SRTDHA 1X55%]
M%) SEEH I NS,

SRS VRS IS (239 % I RIEEE O 78t & LT, SRSH
HigEIERESHPER P IZ OV TIIEROGINE E A
Thsb., BRETL LT, Mo, BiR 6, K
FHOME, MY, REEHEOFE, RAB IOt
DIFEDILAY , I LBH S h b $ TOMH, &8Ik
R LT ONE9, ffifgd & D MIEHERMIEE (3 LT
&, SRSHLH L Y b SRSIZEM IS 0F H L7228 Brifl
AR, BARZHIE F oMM, PRAEIEIZE LT BiF
Thofzbwviad,

HUHARBISETE (radiation necrosis)

JBETIC KA DSHRG S b sk I EE s h b &9
12720, Fio, ALFREFEOBEISRR 512 L7,

LR 2 A 5 B BRI (radiation necrosis) 23]
B2 TESZO 49, 49 = 2T ) Bt iNEEsti, ik
W12 B AL AT TR AR B 12 & o THEE 2 WA 2 NE 5 5T
(tumor necrosis) & PRI L7 { Tidk S %w., A,
IS 2 =R & L7 S s S ST A E E o
Th &<, —h, BEDIERRHREIZA O bR D%
(bR D U HARIEIE T 5 2%, FICITHBFENIC AT
MEARET DA H D, HGHRANHIE 28 55 4
D50Gy/5 HBT 1%LLTF, 60Gy/6 HBEIT 5--10% D 4HME
TRILEEDLNTVAD, EMMRSHREHECIMRT O
BIZEY, RSN © kT REF OB HIE 2 T E /2ED
%517 %, Floyd b IZIMRT O 12 & 0 IEFEH™A: 7
EFORIZEMAEFERNZ87: L S92, BERGER6 N
A6 2 ELIICA L, WEZET EIRILER O &8 5a%h R
LEFMEEOAS 2 E, Ui LISIESESE L 380 L 7-F7
RAEETAHIET, BRLEMZOENA LT LIXRIEIC R
5. BRI O BRI ICPETR BT OA AR U 6
NTnB0,
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BbhUIC

WA DR 5 O TG I, EHZZHT OS2 X b
WHEBRZADFED L D HEEIZ L Y, MLCRERL B
HEEUH LR RGHREREROEAL DT> T, &1
B RIERDPTERIC R o 22 L HHIFo N B, =REE
JEFTIX°DVH (dose volume histogram) 47 1= X 2 j&#e5
DFHliZe £ —MRIATONBE LI ICh-TE, LHEH
LESERG L ER R OB A, fLERE S OJERICD

WTIRASHROBETH 5. IMRTROM 7GR REE~D
FRRIGHIZ2WT S, ZOMBEFHL P IZENL THA
D . TGRS O SRR EAE R B I O B B, 1498
BREOEWFHEOHEL R &, Fir- i BBAAIEE S 15 5a
THBEEE-TLW,

AL 630 HARES B 422 MR S (PR 1645 4 A10
H, #E) B 2HFREOABTZRIZTLDH-LOTH S,

X #
1) Bl 5 A E A R AT R (1984 ~1993) & MMAEESIL Y v 314y
20024F 7 A (5% 2 ID), &BUHAR
2) B [ HES O EPR48. Brain Medical 13: 223-228,
2001
3) Chan JL, Lee SW, Fraass BA, et al: Survival and failure pat-
terns of high-grade gliomas after three-dimensional conformal
radiotherapy. J Clin Oncol 20: 1635-1642, 2002
4) Baumert BG, Lutterbach I, Bernays R, et al: Fractionated ste-
reotactic radiotherapy boost after post-operative radiotherapy
in patients with high-grade gliomas. Radiother Oncol 67: 183—
190, 2003
5) Murthy V, Jalali R, Sarin R, et al: Stercotactic conformal ra-
diotherapy for posterior fossa tumours: a modeling study for
potential improvement in therapeutic ratio. Radiother Oncol
67: 191-198, 2003
6) Zinkin HD, Rivard MJ, Mignano JE, et al: Analysis of dose
conformity and normal-tissue sparing using two different IMRT
prescription methodologies for irregularly shaped CNS lesions
irradiated with the Beak and 1-cm MIMIC collimators. Int J
Radiat Oncol Biol Phys 59: 285-292, 2004
7) Chan MF, Schupak K, Burman C, et al: Comparison of inten-
sity-modulated radiotherapy with three-dimensional conformal
radiation therapy planning for glioblastoma multiforme. Med
Dosim 28: 261-265, 2003
8) Kortmann RD, Timmermann B, Taylor RE, et al: Current and
future strategies in radiotherapy of childhood low-grade glioma
of the brain. Part [: Treatment modalities of radiation therapy.
Strahlenther Onkol 179: 509-520, 2003
9) Kortmann RD, Timmermann B, Taylor RE, et al: Current and
future strategies in radiotherapy of childhood low-grade glioma
of the brain. Part II: Treatment-related late toxicity. Strahlenther
Onkol 179: 585-97, 2003
10) Jansen EP, Dewit LG, van Herk M, et al: Target volumes in
radiotherapy for high-grade malignant glioma of the brain.
Radiother Oncol 56: 151-156, 2000
11) Wehbe T, Glantz M, Choy H, et al: Histologic evidence of a
radiosensitizing effect of Taxol in patients with astrocytomas.

J Neurooncol 39: 245-251, 1998

12) Fisher B, Fisher B, Won M, et al: Phase II study of topotecan
plus cranial radiation for glioblastoma multiforme: results of
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