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Summary

Recently, total body irradiation (TBI) is being used as a method of preparation for bone marrow
transplantation (BMT). However, many variations exist in the TBI procedure, such as the irradiation technique,
total dose, dose rate and dose fractionation. In TBI treatment, it is important to apply a homogeneous dose to
the total body, and avoid interstitial pneumonitis and cataracta. Therefore, we applied a four-field technique
using 10 MV X-rays with a shield for lungs and eyeballs, and employed tissue compensators and bolus to obtain
a homogeneous dose distribution.

The midpoint doses in 12 positions of the total body have been achieved within +10% of that of the pelvis
with the use of this technique. Also, this TBI technique is capable of accurately controlling absorbed doses to

the lungs and eyes.
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WAE, 2B WET (total body irradiation, BUTF TBI)
MR A, & < 2B OB i AE#E: (bone mar-
row transplantation, LA BMT) ORiLE & LKL
fTohTw3, TBI OHMIZ&H CBEIHRE 25 L
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Fig. 1 KR T & 5 WHEHRERESW 2P L T, #
JE & RE AL 2547 cm & L, AFEE— A2 X Bl
BAEARA 4 PR 2ETE U/, B AV F — 1310
MV X#C, BB IIEEOLEE2SLLOICa ) A—
& — R ASPERER S &, HREEF O AR & BE Ol S
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164 X164 cm?, SAFRDOEFE 3 13232cm TH 5.
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TBI set-up for a four-field technique.

FREMANT WX AT 5 1 CU B, 245 77 1A 1 ATIEAAT &
L7z, WENOEHE b S BEENFNIC o eEinb
& O TR R R S M

PG ARR BB T L (KRIEFE) 2HEMEeL, B
WMEI12Gy 2 1 H 20, 3 HMO 6 2 CHRETL 72, i
I E IR T 5~ 6 cGy/min & L7z, FRI9RE L D
Bt 2 FIIEET, P8 4 B & D 2240t 2 PR e 217
oz, HIRAATIEBREOHEE LR T 2201, A
HIEADL & ERIEAVGL % 1 H & E AT 7z,

LR TR 8IT U C TBI 2 ifT 3 % 729
IEEPRAE 2 LB L LR \ds, T KRB IE I HRIE L 7o,

3. ERKES L UVAIESRE

RS | S-S Linac ML-15MIII
HIZERR -
- Tonex 2500/ 3%4kREET
PTW Farmer-type, 0.6 cm?
PTW Shallow-type, 0.055cm?
+1008Y 5 FifREEr CREMAMREE, Toyo medic #57)
- BEDERESE (TLD, 3 2 7 Vs

TLD VY —%"(UD-512P), TLD # T~ (UD-170L (BeO))

77> hADMixDp (40X40 %40 cm®)
4. & s

4.1 772 L& B RERNE

STD 547 cm @ TBL &HTORERK 2 E— LT — %
& LT, TPR (tissue-peak ratio) 38 & UF OCR (off-center
ratio) ZHEIEL 7z,

H T 13 OBIESAF (STD 100 cm, JHHEF10 X
10 cm?) TE = FfEEF O IEEITV, Kz STD 547 cm
THE 5cm B 2BIPHRRORIE» D E— 78TO
Tmya=y ) OBINERE (cGy/MU) (AT, H
REO HKDI:,

BMEETIXEN N7 v R B CIIHETEBEREE &,
ENV R 7y FHEBIZ DOWTIRY v 0 — BB v,
7 7 ¥ M AW MixDp 40 X 40 cm? £ BNV F 7 v FHEE
DOEFIW ImmBED7 7 ) V40X 40 cm? 2R L 7.

4.2 THET VI DiRETHE

kR WY, RO —VF, KEMHED DI
4 VY RAER LT, fiE 7 4 V5 3R (BE p=
11.34g/cm®), EREESR 7oy 7 (& p=9.4g/
cm®) B, FE7 4 N0F 37 7 ) MVTEIRICEE L TR
FZORIMEL~20cm iy 7 4 7 LTz,

FEEIE t BREEERA. (1) LML 2258 (P)

(2000 )——

NI | -El ectronic Library Service



Japanese Soci ety of Radiol ogi cal Technol ogy

1993412 A AT RRR TR SRS 9B B12s
DOEEHRL ORREED 5 B CRREFHI L 72, F 72, MEEMLCBWTERT 4 VS
t=(1/4) In[(TPRXOCR),/TPR,] (1) CEBBMBEOEMEFRL T, 74V HERKOEH

TRD Iz, p EHHET 4 V8 ORI RE KT,

4.2.1  FiBIGRRE OHE

I DB AR E12Gy D 2/3 Th %8Gy WHEE L
7o, BIEENE 2 PIRSt OB ERSESE T a vy 7 T
IO 1/3 1y —N R L, Zfstm 2 Pl
w7 7V VR, B LB E R —F A E L THWY,
FRHRIC b YT,

BB oMk OK) FfiE Ter & CT it & MERDE
& T., MEFOES T, OIS ETEE po %
NZENHGEL, BWEMIEC LD XA TRD 7,

Ter=(Tc—T) +T, * pe (2)

Jli OFARIZIBERHAEMI TCOXEY S 2 V—F BEEN SR
E L7, HigAMOERSGE 7 vy 718, GHIBMLIE
ARIBAMIE &5 8 EfERR L 72, A M BB & -
THIE SN 2HS 2R E, oBRcEbE T,

4.2.2 THEHSEES & N O EHE

TEER, SHER, FEEOfE AR 2 FIES OB
Ba AW CEBREICEbE ., FTRIZDWTIEART
I, JRBHETES, TRRES, EBAEIEO 4 FALC 0 THE
L7z,

4.2.3 RO —NF

HRER 7t 2 FIRSHC BV T 7 0 v 7 TR
B2y —IRL, BiEEL IGy Kl z 7z,

RIEE 7 4 V5 OB, HOLPUDXIRY I 2 —
& CERD LU IBEKERO~ —F 7% b LR
HWETEbY, V=7 v 27777« THERLZ, Xy
P o=k AMERDICBWTIE, STD547cm @
ERALE & BT BRIE 21T > 72,

4.3 BENOESHE CREDTOE

ReEEs L R ORE, RERDE=Y ) 7
FEIGRE % 5 AP SRR CRBIL o, BESE
GEE D & BB & TS 128 O E UL O E B R
W, EBERHLCS A ERE (%) TRHEL 72, &
AL O H LR R Dy I3 H R 2 D, % TLD W2 & D HIE
L, b S OBE>RS X CEBORIED S

Dn=D, * [(TPR * OCR)/(TPR - OCR),]

- [(STD+'T/2)/STD]? (3)
TRz, TREERRT. %3, TLD ik 1 500w 3
vy, ZOWH%ERD Iz,

T T ZE AR A 2 PREET OBFE,  HulRRE D E R
ETE2 L5 OB TLD 28tA 72, IRERICDOWT
WEAMIRAC TLD 2R L CASHREZHEL, 2 cm &

TPR @Rz v 7z, BB R B & KN D5t E
OHE XIS & L E T - 7.

5 A AR S & TLD ORBIE I x 300 ¥ —R7E1E:
kLT, TBLIZAT 210 MV XECff>7. 54
AR AR TBI &/4¢, TLD & STD 100 cm, 44
920X 20 cm? OMEEERMET, W BIEEE (5em) &
BW CBBERERERT & HRIEL 72, £72, TLD 3 1 Gy
2 EIEE L, ZOREOFEE»SXFRTF I L IWCKIE
TEHERD 7z,

5. #& R

5.1 77> bAICEGERF

5.1.1 TPR jifg

STD 547 cm, HEETEF164X 164 cm? & STD 100 cm,
HEETHF30 X 30 cm? T O ¥ — Az B8 1F 5 TPR i %
Fig. 2 @R T, W15 cm £ CIREMEICE TR WS, IS
20~30cm TiE STD 547 cm DFN 1~ 3 %E L k- 7o,

VR 7y PHEBIC BT Fig. 3 @RY & 512,
STD 547 cm Ti& STD 100 cm 12 LE~BA & i IC R ET 6
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Fig.2 Tissue-peak ratio compared at 100 cm
and 547 cm STD.
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Fig.3 Dose build-up curves compared at 100
cm and 547 cm STD.
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Table 1 Physical data of the thoracic region for a typical patient

Total lung Effective

Position Field thickness thickness? thickness®

T. (cm) T, (cm) Ter (cm)
Lungs A-P 20.0 12.0 11.0
Shoulders (Th2) Lateral 46.0 14.0 » 36.0
Anterior lung Lateral 30.0 16.0 18.0
Posterior lung Lateral 30.0 18.0 17.0

PRelative electron density of the lungs: p.=0.27
PEffective thickness obtained from Eq. (2) of the text

Dlagonal Beam Profile of 10MV X-rays at 547cm STD

11 F Field Size: 164 x164 cm?2

-,
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Fig.4 Diagonal beam profile measured at vari-
ous depths.
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Fig.5 Transmission curve as a function of lead
compensator thickness.

DOFEREIMLU T, EERTOTPRIZZNETN0.60&
0.327T, TPR20.90IcENV Y7 v 73 583 X 6 mm
E9mm THolz, E—7EIF2.0~2.5cm ElEHE U
Thoz.

5.1.2 E—A7ur7yA

B A P IBEET O AR I > 72 &2.5cm (BE—72
ZE), bcm, 10cm, 20cm BT B E—ALTT 7 741
(OCR Hiift) % Fig. 412713, HEEHOMHRRE I E— A

(a)

(b)

Fig.6 Patient positions in TBI treatment.
(a) Lateral decubital position with lung
shielding. (b) Supine position with an
eye block, lead compensators for head,
neck and lower extremities, and bolus
for the lungs.

o — 7R 2 TtREINTWS, GunfllTiX
KB O E— AdL 2 5100 cm O FERE £ T 72
nizoickb, target T80 cm Bz /o H D 5
ARBEETEAECK, Lied-> T, BMRNTFRIIE
— Al v & U 7z gun #1~80 cm, target f]~\80 cm
D160 cm FPNIZERE L 1z, 2 OESEETFROE—A
077 ANVONEEZE 2% UTFThY, FHEEEL -
EHZBOKREVWEE2.5cm T+ 3BT, HFEE10cm
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Table 2 Physical data, beam parameters, compensator design and TBI dosimetry results for a typical
patient
1/2 Compensator Calculated Measured
Position thickness TPR  OCR thickness TRANS* R.MPD* R. MPDe¢
(cm) (cm) (%) (%)
A-P irradiation

Head 9.5 .883 1.05 106.1 93.3+2.8%
Neck 5.5 .958 1.05 115.1  107.2+4.0%
Shoulders (Th2) 8.5 .902 1.04 107.3  106.0+4.4%
Right lung 5.5 .957 1.03 Alloy 3.5+Acryl 0.8 0.309 34.8 37.8+6.1%
Left lung 5.5¢ .957 1.03 Alloy 3.5+Acryl 0.8 0.309 34.8 37.1+6.6%
Mid-mediastinum (Th6)  10.0 874 1.03 103.0 96.7+4.3%
Umbilicus 10.0 .874 1.01 101.0 95.8+2.3%
Pelvis (Central axis) 10.0 874 1.00 100.0  100.0

Thighs 8.5 .902 1.02 105.3 94.4+1.1%
Knees 7.0 .930 1.03 109.6 99.2+1.8%
Legs 5.5 .958 1.04 114.0 98.24+0.9%
Ankles 4.0 .985 1.05 118.3  105.8+1.7%

Lateral irradiation

Hea‘d 8.0 J911 1.05 Pb 0.4+ Acryl 0.9 0.832 103.1 97.5+1.9%
Eyeballs 1.05 Pb 2.2+ Acryl 0.9 0.48 50.4 51.1+5.4%!
Neck 5.5 .958 1.05 Pb 0.6+ Acryl 0.9 0:771 100.4 96.3+0.4%
Shoulders (Th2) 18.0¢ .725 1.04 97.7 91.1+4.8%
Anterior lung 16.0¢ .763 1.03 Acryl 7.0 (Bolus) 101.8 92.5+2.3%
Posterior lung 16.5° .753 1.03 Arm 8.0 (Bolus) 100.5 93.5+4.4%
Umbilicus 13.0 .818 1.01 107.0  105.6%+1.0%
Pelvis (Central axis) 15.5 772 1.00 100.0  100.0

Thighs 15.0 .780 1.02 103.1  102.3%+5.6%
Knees 11.0 .855 1.03 Pb 0.2+ Acryl 1.5 0.887 101.2  104.8+3.6%
Legs 9.0 .893 1.04 Pb 0.3+Acryl 1.5 0.854 102.7  102.9+2.4%
Ankles 6.0 .950 1.05 Pb 0.4+ Acryl 1.5 0.821 106.1  113.2+2.4%

aTransmission of compensator

bRelative midpoint dose of position i relative to pelvis=[ (TPRXOCRXTRANS)i/TPRp] x100%
cRelative midpoint dose obtained from Eq. (3) of the text: meanz (SD/mean) X100%, n=6

dEffective thickness included lung density corrections

°Effective thickness included lung density corrections and bolus material

"Relative dose evaluated at 2 cm depth

T 2. 5% AT ThH o Jo. BEORETM I IZBWS10
cm @ OCR 28 L7-. 2 OBMIE, &EBLLONHM %
JEE (1/2KE) 310 cm TH Y, 7B SICE % OCR
DEBNI VD TH 5,

5.1.3 &L/

STD 100 cm, MEEFEF10X 10 cm? THLIE L 728 = &7 fij
EEH OB EX %200 cGy/min, &= ¥ 2= v b %2000
MU i #%&E L7z & & D STD 547 cm T ORI &K X,
¥ — 7 %E6.85 cGy/min, R OBBEEHL (RS

10 cm, TPR=0.874) T5.99 cGy/min, ZEAiH (B
15.5 cm, TPR=0.772) Ti35.29 cGy/min TH - 7=,
JIRE130.03425 cGy/MU ¢, 1:EMZ &0 5 HOHE
Wk AEEMIZ 1 BN TH - .

5.2 fHE7 1 VFDIER

CT & 5RO I MEREHOZE S L2/ 65k
ToRERR (OK) &S % Table 112733, FfildE 6 Fakt,
TE BERITER I 5 2 Bkt O ALE & ELUE T U e,

RENZEBE KT 2EHMOES (1/2688) £ 20
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5.3 BBICEIT5REFTME

B (KiET) ~ORGHREORBE R, HIBHREST
W2 & B5EHE (Fig. 8) » SR ART101.3+£0.21%, &
ETHTI2.742.04%, 4FIDFETIEIT.0%TH > 7.
FHE L RN X B BRI 5 ZEAL O RRE
(%)% Table2 ®EE T, SHICRT, BEWALOFHE L E
3 D HESRH Bt D B IR 71 T8 . 4%, & <12 Ik
B TR S~UB LR E L ro e, EAEFHATIEEY
4.5%Th o Tz, Mk ORE GFHEMED34.8% 1~
7.6%E L IRERD ¥ — v ¥ CREFEED50. 4% 1 i 13—
B, BEOWEHR RISV TES OFE%:
T2 TR WERES, MsHBIEES, RBAEET 6 ~7 %&
<, VEE T 7 %KL 7o Jo, EAHETIXE B
BT 9%, METT%IEL, EREEEECHI0%E < Ko
e, L L, #igLEAAAOFTIIZE A EOTHA
T+ 5 BN DHEMETH - 7.

@)

6. & £
(b)
- - i , , i 6.1 77> bAls BT
Fig.7 Verification films in TBI treatment. STD 547 cm T® TPR #8 STD 100 cm X b B CE
(@) Lateral decubital position. {72 B DI, STD 100 om CIRIBSEF4330 X 30 cm? & ff

(b) Supine position. FIL7:7 7> b 240X 40 cm? X D/8s <, STD 547 cm

OB YA ADEDNZL D7 7 ¥ b ABELOZE & #
ZoNb, 77 haYv A XOMEBEREADEE DN
T, Podgorsak &' 010 MV Xigizxd 3 % #E 7 —
59 5 Y A K230 140 cm? LT 7 7 &
b 240X 40 cm?® DT, ) DOFEIX0.1%, HEREE
533 (PDD) TIXBES20 cm T0.5%CThH Y, 1F& A LR
B 5700,

ENVR Ty SEROBE L, STD 547 cm T3 STD

: - i B : . 5 ol e —
Fig.8 X-ray photograph of semiconductor [~ /,?g?'r/“’ =
diodes placed in the rectum for dose 08 I //'
monitoring. A-P and lateral views.
06 ¢

10 MV X-rays

~=—With Beam Spoiler at 547cm STD
* Without Beam Spoiler at 547c¢m STD

Y—AF—% (TPR, OCR) % Table 2 D 2~ 4 #§
W, ThodTF—%%2b L i()AroRDIHEE T 4 v

0.4

TP
T

YE L ZOEBEER RIER) 255, 6MIRT. 8, oz | o Without Beam Spoiler at 100cm STD
FE 7 4 v 7 W TS8R OFRREIHREL 1 13, T2 D TBI 0_ . | , ) , \
SMETRD TR (Figh) 20 50.398cm™ TH - 0 1 bepth W;ﬂ 3
7z, ABRSAEOREEI DWW TR L OB &
AR Fig.9 Dose build-up curves compared without
;_' . _ R ) and with beam spoiler of 1cm thick

7 4 VI ER—=FADE Y T 1 7% Fig. 612, acryl screen. Distance between beam

FOV=7 v 279 A% Fig. TIWRT. spoiler and phantom is 20 cm.
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100cm £ DRHEE 7 7 > b A OZEKEGLIE & 5 Rk
BT DHETEDEMT 52, ©— 27 HI32.0~2.5cm
EZb BV LS T, KE RS Ues 2 EINE
BrEznE, 1om KT CREENRSTHTH S, B
R7y AR ZHINT 5123 — A ARA T —1219 R
— T AWENTHY, FIZE7 7V VK lcm BEx E—
LARAT—ELTT7 7> b AEHODE{IOcm, 20cm,
30cm B Wz & & DOKRMMO TPR &% h £ 11.0.943,
0.887, 0.822, B3 1 mm TI%0.965, 0.937, 0.897& 7%
D, EXFTy IRENPNIECEES NS (Fig.9). L
L, E—AARL T—DR—=—FTABELTH, E—A
DERD 5 WIIRIA T 2EF I ENVF 7 vy TRENE
g 2 728, WigAAO 4MERERWS Z XD
RREITEOMRRIILDWRET 2 B THRENS,

E— A0 7 7 A4 M2 DD T2 RS O A
Bh3232 cm &R <, 200 cm & Ok B SEHE E -0
5N LS FPRTHo Tz, LL, EBIL target filic
BWTEEONY FELOMEICRRA T 2 HBE T 24
Ulztz®d, E—AONFRM, FHES+5E SN 6%
BEHEFIX160 c TH - 7o, & D & 5 WWHEBRYE ORI
B+ EETAIHERD 5.

%7z, long STD #:IZ & 2 KIREE ORERIE W H 72
2T, BMEFTOAT A« r—7VEIREERL, R
THLENH D, AL BRERERN IO VW TRNY
16164 cm? O & Rl 2> T, S S5em THAEL
TeRT e r =7 NERIZ0.7% Th - 1z, 5 BB
HEC DWW T HEBRICIT > 72281 BN TH - Tz, Wi
NHHE LB R WETH 5.

6.2 BEICHITHIRETM

B E ORIE I & 2 #5485 ORE XI5 H T
4 1% & HRERE B By, EA TR 7 % O
BMETHD, ZOHMAE LT, #iEAMAISHESIZERICT
WT7 7 v b ARE & BAFENCHEBL TS DXL,
EEAMTEREEN20cm BETY 7 > M A A X40X
40 cm? WHAVNE L, HEMREMET 75720 H 2 5
na, &z, EAHAMEERIHOENEERENRE N
B, BIREEELI L 2RENKELS L bDEHEZ N
5.

MBS DV CITHTE: & AA E A Gh ¥ 7z 4 FIIR
Bhz kD, 1F&AEDOEAM T+ 5 BRLAKHEEDHFEL
BRI N TE B, L, BRI THE LIS
WEHER L A T CHRIE SR & WIBBAETER T ik 4 FIIRST
BEMTH S, —FH, TEHTEII#AFATIORZBEZ %
BREMEINS P S NIH, EBROWRBEEASERE AT

FA9E FHl12E
1.00 | ?78/’::_1_’_‘—“
%/o‘;./‘/A
098349 A~
“11 e D=40cm 10MV X-rays
o [ o D=50cm 30x30cm? field
8 0.96 4 D=100cm at 100cm STD
v - 597 cm Wall
2 —
T 094} Pocm L,
="~
0.92 | LD
| Floor
0.90 N S
o]

5 6 s
Distance from exit surface,t (cm)
Fig. 10 Variation of relative dose (normalized
to the value obtained with full scatter)
in the region of the exit surface. D=
distance between phantom exit surface
and wall. Phantom is MixDp, 40 X 40 cm?

in size.
1.0
0.8
. 06 \lo‘)
—————0.
a T
04 10 MV X-rays
547 cm STD, Field Size: 164 x 164 cm?
0.2 —Filter (=)
) ® Head Filter: PbO.4cm+Acryl 0.9cm
O Lung Filter : Alloy 3.5cm +Acryl 0.8cm
0 ||||||||| i IS U TR SN SN SN T SR JE T ]
.0 5 10 15 20

Depth in MixDp (cm)

Fig.11 Tissue-peak ratio compared without and
with compensating filter. Distance
between compensating filter and phan-
tom is 10 cm.

BB T OBPEEHE 21T 7o & & QB HBALICHARE — A
DEBENFERNCHML, BRCHELRENIGS
iz,

fifR & OWEE 12, Btk M BERRE 033.3% (2 Gy)
WwH12% (0.24 Gy) BE < m oz, Thid, FHEEDS
34.8% (2.09Gy) & HEHRER X V4.5% RO,
FHE 7 4 5 OB AR © OBGELC & 2 BREE IS
HrlebeFEzLNS, LrL, MioEkEE 8 Gy itk
b 3INOEETHY, BRNCIERECR SR
WEFEZ B,

RICHEAL OB E B O THBTRSMEE LT,
SRR OPE 2 S HWEDOHULRE R RO 25512, H
HIZR1H T d backscatter DR E & &) & O backscatter
DB P 510181600 3 % v — BUBEEFERRBRET % A7
77 v AEIETIE, BED 5100 cm, 50 cm, 40 cm TO
BHHRERE RBEURE IR Zh T 16.5%, 3.6
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%, 1.9%DTRELER D, BT DO W LTz WEEL S O
backscatter THIEE S h 3 (Fig. 10). ¥ TBI T2k
& BEOBRHIFRE £ TORBIE30~40cm TH D, &
HMBEOETIX 2 XU T ThL 2 e FHINS, Eo,
FE7 4 vy 2EREMCHWIESEIE, 7405050
RBETFEELX BRI X » CTEEEFEOBR RSN &
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