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Abstract: Total body irradiation (TBI) has proven to be a major tool in the treatment of
childhood leukaemia followed by bone marrow transplantation (BMT). However, growth
impairment and growth hormone (GH) deficiency have been reported in children treated for
leukaemia. We have studied growth, GH secretion and bone age in long term survivors of the
children who treated with TBI+BMT or whole brain radiation therapy (WBRT)+TBI+BMT. TBI
was delivered by 4 MV X-ray linear accelerator for a total dose of 1000-1200 cGy for 4 days.
WBRT was delivered by 10 MV X-ray linear accelerator for a total dose of 1500-2400 cGy for 2-
4 weeks. The body surface dose was measured with pairs of TLD and pairs of semiconductor
detectors. In case of TBI, the average dose to each site was 1045 c¢Gy for the head and 1089 for
the knee. The maximum dose to the head in case of WBRT+TBI was 2390 cGy. Growth
impairment was recognized in 5 of 10 patients treated with TBI and in 2 of 2 patients treated
with WBRT+TBIL. We observed most of growth impairment and GH deficiency during the first 3
years. Radiation dose may be an important factor for the problems in growth impairment but
other factor: chronic graft-versus-host-disease and its treatment affects growth treated for
leukaemia.
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NBEHMBOEEE L TE2F RS (TBL Total
body irradiation) % RILE & L72E R (BMT:
Bone marrow transplantation) 1A%, &b @I T
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HOTBI-BMTIAH I BT HBEHEEIZDOWTO
H|ESL <, NS - FRREEIE) KR
EENFREE 2o TWB M, FEICTBIRN &M
4+ (WBRT: Whole brain radiation therapy) %17~
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¥ %

BRI, 1989F1H A 51995F6H £ T, Lbeic
T/NR A Rsecond complete remission (2L TF2nd
CRYBET) EZWrSh, TBIZEILE L L TBMT
iV, REHRBEEIETH 72 1261T, B
MBI, A, ERIIEISISHTH o7,

HEaxd i3, /NNE A MH{bF# S | il
AR L 2T S, WBRTZITWELZAE
Briro7298l. 25 I/NBAMBHRAETR
TWBRT % 1T - 72 |CTBI-BMT % 17 - 7226120
WTHHB L. FasigEITBIC T H % 51
HeELTEHL, RE367 AU LEDOER 5L
L7z (Table1).

B &

1. AR AE

TBIDO M43 E X)) =7 v 74 MV X-ray
(LMRA4C Toshiba Tokyo), JEA7x}[H2MERES % —H
—MiEfT, 1\ E1$250-300 cGy, HEFE10
cGy/min'C, #ARE1000-1200 cGy% 4 H B CTHRES L
7o, BEHCH o TITEEMBNCT 7 ) VTR R
DZRTCHEE T ANV —RERL, BH—%KRES
MERER L7, BERER, BERBOF N
— (M300148FEEI F = > /N —PTW Germany) &,
BEAREMMICIOBATOTLD & - E A 2
(DPD-510 Scanditronix Sweden) % #%i& L THEZAL
7z (Fig. 1). &#A 4 ¥ 2 — Vi3, TBI4H BT
LTBI# T#1H & ) & 5 b8 44 0 M 1T,

Table 1 Patient characteristics (1989.1-1995.6 in H.C.M.)

TBI WBRT WBRT+TBI
(n=12) (n=9) (n=2)
Age (y/o); Median ( Range ) 11 (4-15) 6 (3-14) 4, 6)
Sex (Male/Female) 8/4 5/4 1/1
Diagnosis
ALL 6 8 2
L1 2 1
L2 4 7 2
AML 3 1
MDS 3
Follow-up (yrs); Median ( Range) 4.5(3-12) 4.8 (3-7) 4,12)

Semiconductor
Detector

Fig. 1 The effectiveness of the compensating filters in producing a homogenous dose distribution was checked by the
TLD and semiconductor detectors in all patients. The body surface dose was measured with pairs of TLD (in

and out) and pairs of semiconductor detectors.
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LSBT 41 H ICBMT % 1T L 7=,

WBRTDBEEEIZ) =7 v 710 MV X-ray
(Mevatron KD2/50 Toshiba Tokyo), 4 *FE2FIHR
5% —H—PEfT, L#EE13120-180 cGy, #B#R
#1500-2400 cGy % 2:8 5 H 48 THRET L 7.

{t % # #: 1Z, BMTH] {2 Busulfan (BU: 4
mg/kg/day) ZTBIR T#&1H X D2HM, #HwWT
Cyclophosphamide (CY:30 mg/kg/day) %*2H %
5, ~HOKIEDOHBMT 24T > 7. 72
Cyclosporine A (CAS: 3 mg/kg/day) % BMTHj H %
550H ¥ T 5, €0ker A £ THERSG L.

BMT# DL # L L, S Mgraft versus host
disease (GVHD) FFji & L TMethotrexate (MTX:
10 mg/sqm/day) ZBMT{%1H, 3H, 6H, 11HIZ
#%5-, Prednisolone (0.5 mg/kg/day) %BMT%1H
»5H7H  CEBES L7

BYEGVHDIZH L TIE, A7 11 FAIRG 3%
Ae& L, R Ut gE LBl 7.

2. EEOFHE R UHRET
REBEEQHEIX, HEIMRIZBVTHEMDN
IRBHEE AR L 7-.
KEBEEOFMER F, FEREMBIZLLE
W5 B OSSR T-1SDU O BE 2 i ERE L
L7z, BHREOFOIIFREXREET, TEMEK
BERNVECOFEMITNY TVART A MTAT
WV, ELICHRBAVEYOEERTo7. BE
REFTTOHMIIEHEETATEIRELEL, BEE
FEH T TOHBEEL L.
BREBEOER & L TS #EIE#E, GVHD,
@ E Rt L7,
2-1. IaHRIGHE L BLRREE
BEHRIGEE IS L 5 THREK - B~OXEZ K
T 5720, KN OMEFMEITo 72 TBUE
B TIZ BRI 22 X AR - BOSIARE
RUSHEBREDOTFE %2 ZOWMULOBRENSE L
L7:. WBRTHSITIZ, TERBEZZ2, H
AL OWIGRE & G EETRER ICTHRE L TR
L7 FTEREE~OBEBIIREICLVRE
BRI R L B Z LB FRENLD, BEHRE
EHOLEERET TOHBIZOWT ORI L
7z, 1o, BNOEBIIBGHRIBERDOERD

M54 5 ENEZLNI-D, BEHRIGER
DHEEBEHLEBEEOREEIIDOWTORET L2,
2-2.GVHD - {bF#E & REE

BMT#OGVHDIZZFHNEH®]D, %20 F
B - R E L TOLEREDBRELEDER &
%%, 4EIIGVHDORIEICIRE L 2 - 18
M CEERSEL, WREE S OBRE RS
L7:. BMTRIDfLF#EEIL, LFRICBW T
TBI-BMTHEFI & CIZH@E L T 5728, 40T
WET Loz,

#w xR

RE D 5-1SDEL LD BB E B L 510 7
DI TBIER 1265 441, WBRTHEF T 1395 #2651
T »72. WBRTHEIZTBI-BMT#% 521} 72246 T
12, 2EF L D BRRBREFEELXRD. FHREF
BIEZRED-H DDOFREXMHEE - Triple load
test CRE X RO Lo 72 b DATBUHER T2,
WBRTSERFI T161, WBRTHHTBI-BMTEH T14]
B LN, WITFREXHEE, Triple load test
TERERDOEMNL, E2THREETREE -
T\:7z (Table 2).

1. AHRAR E A REE

BRBEBEEL R LIEICBWT, KR
SRR E % 1A L 745 £ 2 Table 317" 9. &
B B 5T o0 BT 2 o 2 13 B E R Ll T 250-
300 cGy/fr, ##HE1000-1200 cGy. 4 D =Kt
W7 1 VY — VRO FETIIER (T
FiR) HE1045 cGy, BEER (F) #E1089 cGyT
& o 7:. WBRTIZHEIEO fp.Coll % 26 & 1120-180
cGy/fr, ##81500-2400 cGy. MBEFEMER 4 T &
AR & AE L 72 B D FII31978 cGy TH - 7.
TBIRTICWBRT % 41T - 725 C¢id, BEHEF (FEWK)
HWEFHRIEEOME LTHH LEYHEE
2390 cGy Th o 7. FTEAIIBITHIHEITVTHN
DORHHET 2400 cGyLL T TH - 72,

RWTHEBIHEIC B 5 BEEER T, £R
50 OB ERMERR T TOMMERE L7 (Fig. 2).
WBRT + TBHEFI TIX 1 ERI DO REIZEHE ORI
2RO N, BERERITLEAEPEE»L3
FLUATEHESI TS,
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Table 2 Regimen related late phase toxicity

TBI WBRT WBRT+TBI
(n=12) (n=9) (n=2)
Growth chart -SD -2SD -SD -2SD -SD -28D
3 1 2 1 1
Triple load test 1 1 1
Carpal Bones 1 1 1
Metabolic disorder 1

Table 3 The average dose distribution to each site (cGy)

Table 4 Growth impairment versus GVHD

Pituitary (head) Bone (knee) Growth impairment (+)  Growth impairment (-)
TBI 910-1092 930-1188 I @)
WBRT 1470-2350 I O 0000
WBRT+TBI 2380, 2400 970, 1100 1 O CO
chr. GVHD OO O

Growth chart 00 @ ® o o Growth chart od eoceo o

! i é ) ) :
Triple load test @O i ; Triple load test @ O (o]a]o] (0]

% é 0 [ O g
Carpal Bones ] (] .

Carpal Bones ® ©oogqo | O

1 2 3 4 5 yrs 2 4 6 8 10 12 14 yo

Years after irradiation Age at TBI

OTBI @WBRT QOWBRT+TBI

Fig. 2 Acorrelation between the time after TBI-MBT
and comlications.

HROEZFEH L REBEOBFRIZOVT
TBLESI THEFT L7228, BEZFEDEIIRLRE
EEZNE Do L P REEIIRD SNk o
7= (Fig.3).

2. GVHD - {tEEE L REE

GVHDD R & REEEORE T, TBIES,
WBRT+TBHESI THREREE %2 8O 712 EF L 32O
o EBF R FIICGVHDD BREE & DG
THE L. EMOGVHDE REEEL DS
PR EEIIED B h o 12h, BEGVHDREBES
TIIERIIEEREE D7 (Tabled).

ONormal @Abnormal

Fig. 3 Growth impairment versus age at TBI.

EBIRT

EEG

8K IFMDS DB U & T L EHELE 4 B ) KT b
2nd CRE %2 1), 11584 B TTBI 1000 cGy (250
cGyX4) DO#HBMT. BMT#IZHFREDGVHD
(grade I) #FAH AT 101 FHEEZ #BHIIZIT D .
135 (TBI#2ME) CTHREMRDMAK (Fig. 4), 155%
(TBIR44E) L) HREREELZED (Fig. 5).
HEBETHRRGEIST cm & HIE. VT AR
7TAMER. FERBRAEELEH I TV,
BAMBIRI R F RSP TH B,
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ERI2
3MBEICALLSE. fL2ABETT ) b BEHARE IS
L) AR IRKAERR LB SR, 3R, A

TWBRT 10 MV X##1500 ¢Gy (150 cGyX10) HifT.

4504 HIZTBI 1000 cGy (250 cGyX4) DHEBMT
47. BMT#ZICEE2GVHD (grade III) %32
. 4i%114 B (WBRT - TBI#£114 A) FAREE
B8R L BIEE D 5 (Fig. 6). -2SDDOHERE
BELFMS N, FBRHIITARVEVERT
A M CTHEFRNVE Y FULERE 2RO (Fig. 7).

E =

TBI-BMTIZ & 5 B EREEX, THRMEREREEC
L BANTEE, BREREHIHEICL 2E5HEE
DHDDOBENKELERTH), £OHEEL L
TIIH ST - GVHD - {LEEESEZ LD,

Fig. 4 Carpal bones X-ray study. 2 years after TBI (13
y.0.).

123 456 7 8 91011121314151617 Y. O.

Fig. 5 Growth velocity and logitudinal growth curne for
boy (TBI case).

1. A REE

1-1 B SR £ 2 NG BEE

BOHRRIZ & A TREBREFEOREL L UH
FERENE, BRIV E L O WEEREDIH30
Gyt Shih, BEOHE TIE30 Gyl EoHAx
HRERNOBEHZ X Y 2UEDNICEEALE LD
SWEEERTESbRL TS99, —F, 24
Gy LT ORI, BEHES-10EIHR+A LV E
VORBIEZES EVERE IR TV LB,
Brauner” & [3TBI 10 Gy (1[MEBE) fEFITIE
GHAMWMHIZIZEE IR N e BB L Tn b,

T4 DOTBUHERIICBIT 5 T EAHEL910-
1092 cGy/4 frCHRGHEHEDN S TERIZT X S
FEBIFATELLEZ L. F7-WBRT-TBIHt
FESI Tl T RARE L LRSI L 7225, FEED
BT LEEHEEIZ24 GyAT TH -7, Dk

Fig. 6 Carpal bobes X-ray study. 11 months after
WBRT+TBI.

cm
180

TBI-BMT
P T S I A
12345678 91011121314151617 Y.O.

Fig. 7 Growth velocity and longitudinal growth curve
for boy (WBRT+TBI case).
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DRERP LRSI E 2 TEREEIL LR E
bEBIZIZRIDVEEVWEEZON. L
%A, AEE L2 TBHES TR EE
HIBIERD i, PG RE 2 30 4 3ES)
DEREBEESFEE SN, T2, BEORKER
BT, BEALORERENSRFHRIFEUA
IZF2% b, WBRT-TBIff FIEESITIE, 14487
BORMPIIHANVEY - BRIIBELRO. 2
DIERP LA 1L, TEEBEBEDORRELE L
THEHHRLUNDOERPRENEE Z 7.

12 bR L A N iREE

LR ARG & LIS T R R E
WLl TkaeTmEVPHEINTE.
Caruso® O i, {EFHEICL O R, LREF
VEZOFWICHELY RIZTREESH S &
L, [FEIERIZHE S 04T - 7224 Gy D EHRIEHE T
BRERVEGUEEEZRT I L3> 2o
E#E LT\ %, Thun-Hohenstein® 5 %, F#j
IAbSERE R T o 7B R, M eibEREL
[Tol-BETORREEZRE L, BIHRIEHE
WMEICE L TIIEHRELII8 GyTH24 Gy TH K
BlIZIZEDL Y PEI o2 LBRTWES,

KA OBEEREIES CRIICEESREE L
Zk, F7/-GVHDERIEIZ & 2 BB EFER
WEEFBELLZ L, S 5IZHEO R
BPETOEF T4 Gy FTHo72Z &h b,
4 OTBUEF B &£ OTBI-WBRTH: FEF 2B
AR WEEDRERFIIE, {LFERERLGVHDIC
LAHLEIANKRENVEEZS.

2. TBIL BfES

BRI OB I3 5 B O R B IZCox™ b (12
EBL10GyTORREELZ AL D DLTREDNDH
D, TD5/5310 Gy, TD50/5t330 Gyf2/E Toik LT
LREHONROEZESTVE LTS, KK
DOTBHERZ BT 2 B O 213930-1188 cGy/4 fr
THRERIZTT 2 BEHROEERS b T e E
5. AE0OFKAOFRBRTIIBHBOER L BKE
REFRFOBRIIH S TR Do 7287, BEK
FSEER ISR L SN TBY, BERZFDD
DT B BEESHUTRIGE - {LFEE L b HE
R CTOREIRELEZL., LeLedb, N

SWBEEIC X DR EIMAIL, NoWREES
RERBFHBICHET O THL%S, BETE
LEREMH L E B b, ZoEs, LFEEE
2 & B NI E T B BT B T REE AR <
WELSHEEE B b LS, BEHRGEEICL 25
WEEEIT18-24 GyO BRI TH 5 7 O IRGTHIHE - 4
WErEETLI L TCEELYEETELTRETD
HEEZD,

T, BHBHOARLER LK ICFORLE
bUFESNEHMEAFIO ML Cw5, mMREE
BRI T AREOE - BREIIRBEORIETH D
EHEEORETHLI L IIURTHL. LirLn
BOSEHERETFHIEMT 512 L2 EED
QOLIZx T 2 ERHE < % 4. TBI-BMTHOBE
BEIMERIPECORELERTHALEERD
7%, WEHRIBEROIN S, S b BEE - £#E
BLAMIEPLEEEZS.

w &

LZRICHEE 7 1 vy — 2 HWATBITIE, #&%
=212 GyLL T CTIdBEEIR R E X% DI5% L.
T YNTWBEDERE LTIIREL W
EEZD. FABICBEFOIOINTAHBEDF
BCTEXLELEZS.

2. TBI-BMTH# DR EE %  ORRER D 6% 2
5L, REBEORRL L T{L¥M#EE: - GVHD
PRELZERTHH LEBbNIS.

3. TBI-BMT# O R B EYE O 70113 b F#E
T 2BESLELEZ L. T RGHRIEE
TIREZERTEE LGRSV ELEbR S,
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BE  /NEHMBROHEEE L T2 8BS (TBL Total body irradiation) % BLE & U725 BF4H (BMT: Bone
marrow transplantation) {G#E, HLBNTHEMLZEELEZ LN TS, L LS /MEEHOTBI-BMT
BRICBITAMEEREC>DVWTORES S, NFUWEE - FREREEICE)REEEFBEL 2> Tn
5. SEFE A IITBI-BMTEREZORREELTASUEE L BREBEEICSIT, TBI - TBI+ 2B 4t
(WBRT: Whole brain radiation therapy) - WBRT® & e 0 R HIBIEH CHLEHRF L7z, TBLI4 MV X-# T
HRE1000-1200 cGy. WBRTIX10 MV X-# TR E1500-2400 cGy. £ HBEIIB T 5 ZFHMAOEHRIVEE
WEETR (TEK) #E1045 cGy, BER (B) #E1089 cGy. WBRTTO T EAEEDTFIZ1978 cGyTH - 7.
TBIRTIZWBRT % 17 - 72fE6I Tix, $EH (FEME) FHHREIT2390 cGyTH o7z, FTEEIIBIFHHERITN
THOBEHET 2400 cGyLL T TH o 72, KEBEEITBHEM 106156112, TBI+WBRTHES 2652411252
Do, REBEORTMMRIEREE - KERVEVSUWEEL HICIIE A ESBMTEIELANICED S
N7z, Br OBEEREEF TRYICEENRE LI L, $/-GVHDRIEIZ X 5 BHLSBmERER I BED
BIELZE, L IHEROBERMENETOERNTUA GYUT THo722 &0 b, RADTBEEFIB L U
TBI-WBRTH FIEESIIZ BT 2 B EDRREE, (EEFERGVHDICL B L IAPKEVEEZ D, 72
BNHREETIEEERZER L BRI LELEDNRS.




