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Usefulness of 3D Conformal Radiation Therapy for
Reduction of Radiation-induced White Matter Injury

Yasushi Hamarmoto", Keiji Niino®,
Hiromichi Ishiyarna?, Michito Adachi?,
Takaaki Hosoya?, and Masaaki Kataoka"

Purpose: The usefulness of three-dimensional conformal ra-
diation therapy (3DCRT)in decreasing radiation-induced
white matter changes (WMC) was assessed.

Material and methods: Thirty-seven patients (age 5-77 years,
mean 42 years; male/female=11/26) with primary intracra-
nial tumors received 40 Gy or more, and were followed up
with MRI for more than one year. Thirty-four patients un-
derwent chemotherapy (with a platinum drug, 16; without a
platinum drug, 18). Nineteen were treated with 3DCRT
(radiation dose, range 60-64 Gy, mean 60.2 Gy; maximum
width of radiation field, range 7-16 cm, mean 12.5 ¢m)and
18 were treated with non-3DCRT (radiation dose, range 40-
62.4Gy, mean 53.4 Gy; maximum width of radiation field,
range 4-19 cm, mean 12.3 cm).

Results: WMC occurred in 37% of the 3DCRT group and
50% of the non-3DCRT group. Among the patients with
WMC, Karnofsky performance scale (KPS) deteriorated in
none of the 3DCRT group, whereas KPS deteriorated in 3
of 9 in the non-3DCRT group. All the patients with deterio-
ration of KPS were at least 50 years of age. KPS did not strictly
correlate with the severity of white matter changes on MRI.
Chemotherapy with a platinum drug increased the incidence
of WMC. Age (<50 years vs. 250 years), gender, radiation
technique (3DCRT vs. non-3DCRT), radiation dose (<60 Gy
vs. 260 Gy), maximum field-size (<12 cm vs. 212 ¢cm), and
maximum boost-field size (<10 cm vs. 210 cm) were not rel-
evant to the incidence and severity of WMC.

Conclusion: Though 3DCRT did not decrease the incidence
and severity of white matter change on MRI, it may be use-
ful to preserve the KPS, especially for older patients.
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Table 1 Characteristics of 3DCRT group and non-3DCRT group

3DCRT (n=19)

non-3DCRT (n=18)

Age

Radiation dose

Maximum width of radiation field
Maximum width of boost field

Follow-up time

5--77 (mean 42.4)
60-64 Gy (mean 60.2 Gy)
7-19 cm (mean 12.5 cm)
6-16 cm (mean 11.3 cm)

Chemotherapy drug
mainly CDDP, VP-16 6(32%) 5(28%)
mainly ACNU 9(47%) 9(50%)
including CDDP/VP-16 and ACNU 4(21%) 1(6%)
no chemotherapy 0 3(16%)

13-77 Ms (median 38Ms)

8-61(mean 41.5)
40-62.4 Gy (mean 53.5 Gy)
4-19 cm (mean 12.3 cm)
4-19 cm (mean 10.2 cm)

12-132 Ms (median 54 Ms)

3DCRT=Three-dimensional conformal radiation therapy, M=month

ESZEHNE, 60GyL T TOIE N IEIRIEE Th 2
MSEFE & By, BilE% EAE 3 2 BEREE B
WCHTET LI LNH B0, FFICHGHERIEE L b
ERUEH LGS II3PEELV LIEREOHR S EBH T
ERVIEEMEY D 5. WL 2 2HHTIE, ThF cist
HEOBRVICE D HEELOREE, BECRTIHRETS
<, BERESOHEAN, AEECOHECEE, 5121
BERERICRIZTEEIIDWTIZIEo & ) LTWA W,
Alb b U FEARIB ST O A AT E L DS HE
FERE, & 5IZI3BRE % Dperformance status |2 R IZ§ 58 %
FUMCRREF L7z, $72, SHICHEEL T, 48, Bs
i, WARSEE, 77— A MESEFRAE, 775 FRE
ROMH % EORF L HREEDFEREEL L OH DR
EHOFEIZOWT ORI L7,

MR EFE

xR IT19894E A 520004F £ TIZ I KZEZF LR R
iz Tl B BT C40Gy LA E o BB & % AT L 72 5 Ll
L OFEBENIEGEED I B, MRICT 1 EL HiEAEE
BAT o 723700 (4Rl © 5~775%, HOLE42i%  BrELIFI, &
H26B1) TH 5.

19954F LART V2 X B G #EnT 12 3R L 72CT, MRIME{%7%
ERBEI LN SERTMERD 247\, EAxm 2 M
Mg, B2 2 MBS, 3 M, HHvIEIhsDHAE
B ETHEFEIT > Tz GEFRIBS) . BB HT 2
B L5013, SRBEFLELRERZBR\VTIE,

BIA%1961, FEFARRE THRH 1T o ZZERD18FITH o
2. B, WERKREWEHRIETIT > T A EERSHE T 1
Ty 7ON b)) - @ESERELTNF) -T2 R
=5 &80 L THATOBEEZ TWIHRIZLEHDT
H5. NEHFOMNE IIneuroepitherial tumor®™35%l, germ cell
tumor®® 2 ] T& - 72. neuroepitherial tumor TIZJFEHI & L

SER 16463 A 25 H

TIRHE % & 7-#iH % clinical target volume & L, )T
BOHEICIR I 2omBEDY— T V&, BEEIMK
B3 lem#BED~ -3 » &1 A 726 % planning target
volume & L7z, @RI K % BBGIETIH 41T o TV 7 RELICIE
RESTEES IR L) b REL R 2EMEH o7z, F 7z,

germ cell tumorDIEFITIL, FExdH) 2 M2 K 2 4 a5+
25160, &NNsEIESAHT 1 BITdH 72, neuroepitherial tumor
DR EHEE I FA RS ARTICI260Gy ki & T2 2 &S
B 72 hs, FARMREHE A ICI3FEAI L LT60Gy & L 727z
O, FRRGHEIIFEERFPITRE o Twa, L
L, i, mREHEE, 77— NEEBELEICOWT

To F7z, EBCAB L, 7 b EREEII3E, 7 b
THEBE 4 BITHhH o7z, 7 FTITHEOTEDNH -7 4 4
BlI VTS KBNS D BB SR SEFICTH o7z, (LFHE
F133440TiTHNTEY, neuroepitherial tumor TIXEHI &
L TG #RIGHE & MEEOR A S 4, FGHia#L b S E B
ENTWiz, ZAAF A Fuzus4 F(ACNU) #E
RELIZL DA (FR@HL Y A 0 ACNU 100-120mg/
body + B-interferon 30077 HLAT) % FE v 7= 4EF1 0518451 (FARHR
S0 9 B, JEIRRERETEI O B1), 7T FFREA, T MK
YR(VP-16) 2 EL L VX Y (ERFRHLY A VRS
7 F >~ (CDDP)25-50mg/body x 5H + VP-16 80—100mg/
body) & V7= REBIAT 1B (RARBES B 6 15, FEIEARIEST
5 #1), ACNU% FfEE L7z I A ECDDP/VP-16%
BLVLIA L OWF b2 35 L THAT L7ERIDT 561
(RREBETB 4 B, FEBARERETB 1 01), (L5 % oFH
L %o 72iERIDS 3 B (i b JEFRBEGHE) T o 72
(Table 1).
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BEBIIBRI L. AEE(LD Y L — F4¥HiIIFazekas 5 S
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NE B HENERE S (grade 1), 3) AHENERESHOH
A, WAEMEH (grade 2), @S LI-KELRBHENSE
5 (grade 3), (5)FeHE, RETICHEESHAM K (grade
4), (6) HEMGHE (N F A B EANEE51) (grade 5) D 6
BRI L7 (Fig. 1A-E). EHLE, ZThbo9 brade
1204 & BEREHH 2L, grade 3-5DZL% 5 HEZE
k& L7z, Bio B REE OFHMIC &, KENational Cancer
Institute ®common toxicity criteria(NCI-CTC) 25 LiE LIZH
WHNDAY, Fazekas b DG TIIBEEZL W LHSEEOHE
ZALIZ2W T X DM 2SR SN TWw A D, 4E0
FiEdCldFazekas S5 DO AT A LE 2, ThEHV
7

JEE PRSI Tl R LIRS 72 L ORFHBEA T Db
720, MEEHEEIC X AH/EENSHIE LAY LT, MRI
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L7ZRERIZ DWW T HE (b OGRS B e 0 2
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o, FLBBZHIREI2~1320 A (hdfiiga1h H)THAH. B
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Fig. 1 Classification of white matter changes.
White matter changes were depicted as high in-
tensity areas on FLAIR axial images.

A: Grade 1; Miniral patchy white matter foci seen.
B: Grade 2; Start of confluence of white matter
change seen.

C: Grade 3; Large confluent white matter change
seen.

[): Grade 4; Confluence with cortical / subcorti-
cal involvement seen.

E: Grade 5; Diffuse abnormality of white matter
(leukoencephalopathy) seen.

7z,

HEZCOREE & BBARAEIR, BRSHE & BRI RO R %
AEST 2I12H7coTIE, BHRED S IIFEM 2 MEIER - 4
FHHEER DTEWAA 153 TH o 72 DT, Karnofsky perfor-
mance scale (KPS) TREili L7z, KPSOEHHIAMRIE THE
ZALDSH L 72 165E B R ARER S50 7 1, JEE AR BB ST 0
BT, BHRTA#E BRAAEE & Bl AR BB 2EHE 1217 -
7z. BRIEFIZOWTIE, EEHERIHE LA LL
R LT 72 2 16805 H A & L7z IR £ TR PS O FFAM
3T b o7 KPS FHAR L7z VLS4 6 0B
AR, RARRREHEIC16~537 A (hovi#E3s A), FERE
GBI T17~-105% F (FFefEie0n ) TH - 7z,

JFARBRSTBI & JEFAR RSB 0 HE (LD R4 RO EDORK
TEH A 2 85E (2 x 2 TEIRTHIEED S LTOXE LV H D
%813 Fisher DEHERERE# M) T, 2 BEEOFHHED
72 DIRE IEMann-Whitney DURREIZ TEFNZE AT - 7.

#m R
FVE LI ATER D43 % (16/37) DIEFZFEH Sz, BE
FHERIz A A &, BARBREHETIE37% (7/19), FEE(KHEET
FITIZ50% (9/18) TH -7z, BEEREZELITERER D22%
(8/37) DIFEBNZFH D BTz, BEHERIZ A D &, FARIBES
AABERSRE H64% 635
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Table 2 Incidence and severity of white matter changes in 3DCRT group and non-3DCRT group

Go G1 G2 G3 G4 G5 total
3DCRT group 12 0 3 3 1 0 19
non-3DCRT group 9 3 2 0 3 1 18
3DCRT=three-dimensional conformal radiotherapy
BITIE21% (4/19) 12, FEBARIRGHIT1322% (4/18) 124 5 % =
= _a

iz, FARERSHE, JERARERSTHE OB TR Lo
¥ OEEAREORERI KN EEERIEDON
Lo fz, FARESE & IR ARSI O 521l & grade )
12434 L TTable 2 lZ/R L7z, HAIZNCI-CTCIZ & 5434
T3 FEARIREH] Tl grade 0 A%1261 (63%), grade 1~2 7%
7H1(37%), grade3 LLEAT0 B, FEFEMAREHITIL, grade
0759 #1(50%), grade 1~2 #%8 f(44%), grade 3 #% 1
#1(6%), grade 4 H*0 FITH - /-,

K, BEZENCORE & HEFMRFKPSOMERE A%
b, BREEEEZEEBIZ BV TIZKPS 90— 100% DHEEFIAYTS
%, KPS 50%RMOIEHIAN12.5% ThH o7z, NITHL,
R EVE LB B W TIE, KPS 90— 100% D HERFIAT50
%, KPS 50% i DIEFIA25% Tdh - 72 (Fig. 2A, B).
& EVRZA LB TIZKPS A5 B 72 FEBI D HI A 350 RV )
EALNELDD, KPS 90—100% DAEFIA 5% HDT
BY, AEZLORELKPSELTLIMBEL TV AL
7z. MRIETHEZILHFEE LIZ16ERICDWT, BT
fii: & IR BB OKPS 7 It 5 &, JEFAIRS ¢
B L7 9 BITIIKPSIE TRERD 3 Fld o703t L, K
RBBSHCIGHEE L7 7 B0 5 HIIZKPSIE T RERIZ 2 2o 72
(Fig. 3A, B). KPSHHMET L7= 3 #liz&HI50i L ETH -
7z FEEURERE RIS ALY A SN 9 FEFID 9 H 505k
PETH- 7 5EBNT 4 I THo72h5, ZD4BNRS E75
% (3/4) ICKPSIE T AR N2 LIl b,

F72, BRECFEEN EFEFEEBNCHELT, Fin, B
S, RRBHEE, 7— A MREEFRAEOTFESE L
BB 2L, W OBRHETFOFHEIC S HEFHEE
ZIIBD N4 A o 72 (Table 3). WMEHEELFEAEF LA
HEACD T L o 72 R IE T H o 7 FEBN G L 7285
&, FRENOTYIE#RITS2.0m8 £38.6/T, BEHEEL
WIS NIFERI DT FERRH B A & S 7oA, Fiat
FHEEZIIRD L h o7z (Table 4).

F 7z, EER (SO, SoRELl L), M, BRETEE (AR
5, FEEREBSY), BEGHREE (60GyAKiM, 60GyLlL), HR4T
PR (12emsKiil & 12embl b)), 77— A~ BEEF LR
(10cmZii & 10cmEL L), {LFEENE (77 F FRIEHH
HOFE) DFRTI2o2WT, SHEZ LB L UEEAEE
CDOREMEE A5 L 7T FFR%EH = G bEmREE B
WISERI TABICHERLDRERES T -7z, T
DEFIZO2WTIIAEEIIFZD 5N b o 72 (Table 5).
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BV TSR B EBEEATE ST RE R L2, BIAER
PEHN DT HOIGEES0Gy L LI s h- i dhb
A5, /NE R bR O ERI TIE S & 1RV iE: TR
WHHENBZ L0512, —RICEENED 2 WIEUE AM
O PV R O S PR S T VLB & BRR M O B R ASE AR
FETAENEALNSY, HEECITMREEEIZA L R
TV, BEAT S0, HEMICEEICELD AT
D, RECEETABRCENRAIZY T 5. BKIERE
LT, #EREd, fshhmeE, RUMmEEE, K8, E5)
Mk, HERGE, SHEEE, ETHEORER, BER &4
LRERERETAIENMLNTWA, T2, E{EZE(LORE
JE & BEEREIROBESLT LOHBE LW b HONT
1(\,69). 13-}_

Mo REHREEE, WG, ARG, Bl
B2k ENE?, BWHKCILEE SR TALNS
BRI, 1 [ERIRAT 7.5~ 10Gy O FL B Rfia: o B4
BORPLRASFIFr, AV ML E - ERMHLAL
SEE L OB IZA LR T WE SR TwA, HEN
B R B T ICHRIEIR P RS R 2T AL
DBV, R ITRTH A, WA I
R 2~6 H FICRIET B4, Th LAY 554
5. BHARIIE— iR IIGEREFEDP S 2 FAEEOMIC
W5, BEEIGETETHL Z D%, MRIT
12, FPREEMICEETEFHEL, #7775 L EES
HAEHEMIRAIERT A, SHICHELTASEAEN
O AMICEESEBATRY S L) kY, RbETLE
BRI CESEFITIIAE S L VIKEEIA#ICEE
TN, REOFMmE &3, BELAHENLD
FEH SRR T IR E N ko T 5 L STV DA,
BHEZFEDOH L R BEIIRENTE ST, I
Ll L OMIE VW E ESNTWAEY, Fi, FOEEILE
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Fig. 2 Distribution of KPS at the last follow-up in patients with white matter change.
A: Patients with mild white matter change (grade 1—-2). A B
B: Patients with severe white matter change (grade 3—5).
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j ///
80 80
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Fig. 3 Changes in KPS from the initiation of RT to the last follow-up in patients with white matter change.

A: three-dimensional radiation therapy group.
B: non-three-dimensional radiation therapy group.
RT=radiation therapy

Table 3 Means of each factor in patients with of without white matter charge (mean+$.D.)

White matter change (+)

White matter change (--) Mann-Whitney U-test

Age 46.1£18.6
Radiation dose 56.4+7.3 Gy
Maximum width of radiation field 13.0£3.5cm

Maximum width of boost field 11.6£3.3cm

38.31:18.1 p=0.2198
57.3%5.8 Gy p=0.8940
11.9+3.9cm p=0.3315
10.1£3.2cm p=0.1194

T, BRETHLE, (LS9, ALk L4 R RTHBURT 5
EINTVBDY 7. 8. 100 ZedgfRe e - F 1 3
HT, 20% KL TEH09D5100% LT 25509FTH
5.

ARIORELRTIX, BHBCOREE, BEHEZEL
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BRI EM A TR D S h o 72, FEARBEHE A 12
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Table 4 Means of each factor in patients with of without severe white matter change (mean+S.D.)

Severe white matter change (+)

Age 52.9+15.1
Radiation dose 57.5+7.1 Gy
Maximum width of radiation field 13.4+3.3cm
Maximum width of boost field 12.3+3.2¢cm

Severe white matter change (-) Mann-Whitney U-test
38.6+18.3 p=0.0860
56.8+6.3 Gy p=0.7312
12.1+3.8 cm p=0.4144
10.3+3.2cm p=0.1697

Table 5 Incidence of white matter changes and severe white matter changes according to each factor

White matter change Severe white matter change
P-value P-value
+ - + =
Age
>or=50 8 7 0.3063 5 10 0.2281
<50 8 14 3 19
Gender
Male 7 4 0.7423 2 9 »0.9999
Female 9 17 4 14
Technique of RT
3DCRT 7 12 0.4194 4 15 »0.9999
non-3DCRT 9 9 4 14
RT dose
>or=60 Gy 12 16 >0.9999 7 21 0.6487
<60 Gy 4 5 1 8
Maximum width of RT field
>or=12 cm 10 12 0.3682 4 10 0.4448
<12cm 6 11 5 19
Maximum width of boost field
>or=10 cm 12 12 0.2597 3 9 >0.9999
<10 cm 4 9 5 20
Chemotherapy drug
containing CDDP 10 6 0.0390 B 10 0.0554
without CDDP 6 15 2 19

EHEEACYBE F 3B L o ERIZ G A L,
BaIFHEEZR 2V 00, BEHEELREFOTFH
EWATE {, WERNEEE TIIES Lo AEELATEE
RYPTWEANH LD D L, SREIORETE, =
nECTHEBEDRBRET L LTHEITS R T/ BEHR
i, WBHE A XL BRI OFRAR, EBLE OMER
IREaNdpodz,

BB T LI ERICDOWTKPS 2 A5 &, HWEH

BEAL% & 72 L7 TIIKPSABHINE WEIA R SN

72500, MRILEDFEZALOREEE L XPSIZVT L b HEE

LawkiEz bl PHRMEREM ) NEICH L, 1k
AR T L7- 5 T, IBEARICMRITHEZIL

HROHNTIERITH -7 b OO, HEHREEEGEE L7
BWELRER VMK T2 X LENI s LT
27, ZOWEDS HIEBIC L D PEMREEECRER

ERE 1643 A 25 H

MRIRCT % L OWE{EAT R 720 TIHIEMEICHh 2V EZER S
No. HEELDFE LIERICOWT, BEHE L BERT
BOKPSEAL O MR E A 5 L, FARREE CIEBA#EIC
KPSHUET L7 EBIA 2 oo 72D\t L, JEBABESBIC
13D THEIEZICKPSOET AL N T Wiz, L8
> C, ARSI EE o OB CTERE X8R L
Tkd, KPSERFTLOICERTHLWMRERDH D &
Eibhb, 612, HEHEESRBDONIEFID) B,
KPSAYMET L 7= fE M1 I hsIR I AR BT CIaHE S 72505
PEOFEFITH Y, FFFEAEBHFEITEICAEREI BN
5058 LA E DSEFIC IZE R ICKPSIE T ASRET 5 L v &R
1% o Tz, FRMEEREM) S EOEHICET 2
B, (b2 L 45Gy D EXIBTR, FR % L O di
ROBRMAEBEZRIIC0M AN IZITEBEETH o 120123
L, 60 ETIZ60~80% L EEEERTH /2L ST
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na,

B &

JEARERSHE AT S W% Lo B LS RS, e
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EEE 1T L CHEE R OKPSIRRFZIZH I Td 5 T AT
HbHLEZ NI

W oB

ARFFEL LT, IR SESE SR E S~ T8k
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