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Fundamental and Clinical Study of Three-dimen-
sional Compensating Filters and Direct Dose
Monitoring System for Total Body Irradiation

Keita Tsuboi," Norihiko Kamikonya,"
Masayuki Izumi,"” Miwa Irie,"”
Yoshinobu Takemoto,” Eizo Kakishita,”
Syunrou Kai,” Hiroshi Hara,”
Masuji Yamamoto,” Takakuni Tanizawa,*
and Norio Nakao'

We devised 3D-compensating filters to improve dose dis-
tribution during total body irradiation (TBI). This study
investigated the effect of these 3D-compensating filters and
related complications in patients who had undergone bone
marrow transplantation (BMT) followed by TBI. The 3D-
compensating filters were fabricated by CT measurement
of body thickness. The effectiveness of the 3D-compensat-
ing filters in producing a hornogeneous dose distribution was
checked by a thermoluminescent dosimeter (TLD)and semi-
conductor detectors in all patients. At the pelvis, the dose
was measured simultaneously with an ionization chamber.
The average dose distribution to each site when the 3D-com-
pensating filter was used was 93% to the head, 97% to the
neck, 99% to the thorax, and 98 % to the pelvis in TLD when
the scheduled dose was taken as 100%. There was no sig-
nificant difference between the TBI and non-TBI groups with
regard to the frequency of lung toxicity. Clinical intersti-
tial pneumonitis occurred in 22.7% of the patients, intersti-
tial pneumonitis with CMV in 13.6%, and idiopathic
pneumonitis in 6.1 % without any virus infection. Only one
patient was regarded as having radiation-induced pneu-
monitis.

3D-compensating filters can be conveniently produced
within a short time following CT measurement, and they seem
to be safe and useful for dose flattening during TBI.
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PR EMAFHES 6§ A MG E#E LT, BB
(bone marrow transplantation: BMT) %/ { T T
H. BMTOHREL & IZ2ORMIE L LT, Afwmik
TRET S HREMEL D, S0l B IIHIE % #
D4 B B4t (total body irra-diation: TBI) b JE { fTb i
DL ol EEERKEREICBVTY, HEF
TTBIZ HijiLiE & L72BMTZ 110885 L TWwa. TBI®D
TR I LT, RIE 0 B iy B 3R 4F~ D 3% 7 TR b
AT 72, FoMERRIC X 2 BEHEE - BOHEEEEo
L& EOYHMHH I L, EFELETLTRILE
WESNRTVHDY, BEIZBWTHH—LBESH %
HAFEL, MHI0MV XH TR X 2 BSIES - Mg 7
T NE =& AOTTBIZ 4T TV 10, L Liedss,
SO R BMESAMDOE ML RTRBEOLED 20,
19904E A 5 134MV X2 fEH LCTIZ THREHED 5
Z, 77 VVEIEROBEBYO=RITHIE7 1 V& —
ZAERCL, #OIBETFZEICE L T3 T B AR R
FRIZTHREL TS, KL TIEHSEEIZBIT 5TBIH
ZRTCHE T ANV Y — 12 X 2 E L BE T TORBK
TERERET 5.

¥R

XFRIZ19914E 8 A2 519974 6 H T Cluli[ER sk
TERTHMM 7 4 Vg — % - TBIZ B LE & L,
BMT %47 7: HIMLJEIERI7 16, 534414, Zetk3of<adh -
720 SEIRIE 7 D 549 B, PREB0TH -~ 7. HIMIED
PRI EPEY > 7 e P Mam22180, Sk 56k 1 fFs20 4,
A BV T 1961, BB AERETE10H Th - 7=,
ROBEEIMIE 1 P A2 5690 H, hIE19.07 HTH-
7z(Table 1). F7/zaxd4 & L CRIEEICTBIZTHITBMT %
T o 7243 % JETBIFEE L7z,
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Table 1 Patient characteristics (1991.8-1997.6 in H.C.M.)
TBl (n=71) Non-TBI (n = 43)
Age (yr/o) ; median 30 27
Range 7-49 10-48
Sex (male/female) 41/30 27116
Disease
ALL 22 3
AML 20 12
CML 19 20
MDS 10 8

BEA 10 %
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ALL: acute lymphocytic leukemia, AML: acute myelocytic leukemia,
CML: chronic myelocytic leukemia, MDS: myelodysplastic syndrome.
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. ZRTCHEE 7 4 V& — OTERK

(U“%&ET 5 Ol
BEFET— 1L, CTICTHRGHRAL & FFM 2 g Lt

WL7z, HEWFS % B0~ T 3em MIFE, Nk~ 5 s

Tld 4emiFR THese L, [FIRRICALE P B 2 A LTS

ffﬁf%k scanof) b L L7z, KA S0 O MR % 5H L

. BHEFEEISICRE LT, s L 2B RNR (R AR &
ﬂw,_ﬂumm HBENR % N 2 72 b O % BB SR 0 R 0E

& L7 (Fig. 1).

QR E 7 1 V& —EOHMT — 7 VAR
74»&—%& Hlzo TITREMKE L LT5~18cm*%
""" EL, TZI)NMEREHW 271 V¥ —EE ZEFEIZB

I-T/Z’atlsswc peak dose ratio (TPR) Z #ll5g L 7=. bIb N Dl

BT, MR A EFRIEPE LTWwa D, AL
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LD ERDIZ. TOTPRILE 7 1 IV ¥ - B5 I ORIEARR
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Fig. 1

CT measurement of body thickness.

2mm, 3mm, 10mm® 4 flifEHAH Y, FHEIINE
lSmm, 20mm® 2 fiHE HiE L7z, S 61ZCTDscanof@h

B 128 NP R OVER 24T o 72, S OFRMR I &
il oD g 2 A, 74»9~$EM¢mg%Lg@m
ElZHW, CcTE N Een/-KEDT—4& %
ExTW, FEET7 20V EOHBET—-7 VLD ﬁ.ﬂsu@
T NVEREERIT L. BT o) VIEF—F
57 70 NEHIRE — 2% Ehhdbd, BEUROT 7 ) ViR
W7 1 v 7 — Ve LB ) 41572 (Fig. 2).
2. B ELELAIINE & O A D il

REEIZB T ATBUINEZA S 2 TS TIT-o T b, 1B
REDOIL 2 OHRI S, WE S BF ARG & DR R
< HKZ))"_&‘JL BHEEa s ) — PO TS 4T
bRIFIUER S 2w, ZOORBI X B EEMOEELE
B3 542 ﬁ%h Y — ALl D& R BT B 22
wmEE L, BANELSMEHEE L7z, SRR
K%L~\,%ﬁﬂMWLiUEWQMME%hm_bL
V— L7 1 V7 — 2B L7z, SEHLEE OB MR
7 b A & AR E L TS 5350em COZE R T

Imm,
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|
Body filters thickne:ss =2 cm
(Compensating ratio: 4 cm)

|
Head filters thickness = 1.5 cm
(Compensating ratio: 3 cm)

Fig. 2 A: The 3D-compensating filter is made of acrylic pieces fabricated using CT data.

B: Schema of the structure of the 3D-compensating filter.
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Fig.3 TBlgeometry. The 3D-compensating filter was placed 1.75
m from the gantry.

e L7z,
3. WgEE:

TBUIAPEAGL L THEFT, BESIEPRECR O 728 T bR % BREENE i
SHEMEERIC =M~ P 2B Lz, BEOEEIZILTEE
5B E T %2 B A E % B (LEPINOY#: : CALERGO
France) & fi\2 72, FESHI4MV X-ray (B H | LMR-4C) %
vy, g 2 MEBEHCIT - 72, SEA I R AE350em,
MRS 420 (40 x 40em) THAMOA T Y — L& v, 3
) A= ZASEEEE S, AL E TH180cm D BRGTE % 1
TRUZ:. SORMNMESFHE S FITA 70108 — A 7
AV F — % BEGTIZRE Lo, BRI 3B Al o
TAHEL L, HUEIRIIES10cGy T - 72, il 5
175cm AR IEA O I8 \Z = RITHiIfE 7 1 vy — 2 BE L7
(Fig. 3). S HICIREkEED - DEBOTO Y ¥ R 22h L )
25 LTHEEL, HIHIZ L - TGEROAE R LT,
EHEAT Y a—id, TBI1H 14 HE, TBIET# 1 H
£ EH AR 4 HBMAT, b TH 1 B
BMTHEifT 2L LT 5,

4. 772 b A KBRS

ZRICHIE 7 4 N 7 — DFFEEC X RS D E MK
T77PAIITHLPLOMF L. ME7 7> ADFH
#8 - SEHES - BOEE - g ER oD &1 |2 thermolaminescent dosi-
meter (TLD) % ¥l&AA, B4 B IRHHZH] L THAS %47
ofz. EREER AR O HHE & L T100cGy & BRET L 72BE0
BTLDZWISE L, #atidAi 0¥ —%mad L7z,

5. TBLUEH TOMRHIE

TG X B B 2 % & L 72 JARPIZAE &5 (PTWAL ;
UNIDOS TYPE 30001 Germany) |~ Tt # fEZ2 L, X512
MREH RIS AR B & OSHHEHE % BB Rm i E L7210
fEATOTLDIZ THERR L7z, 2 BBAEIZ104 FTDOTLD & RIS
& BIZ10fE D=4k 4 >+ — (SCANDITRONIX#: : DPD-510
Sweden) % il LIRS ORERL 21T > T2 5 (Fig. 4).

[l. BRERETAME (B, %)

TBIZDEHHES L TR B L Shs MBIz ow
TTBIFRF DGR & OB#E % et L7z, MEMEiJs 02k
&, BAREMIES X ) XG5k 2t,
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Fig. 4 The patient's body surface dose was determined using a
thermoluminescent dosimeter and semiconductor detectors. At
the pelvis, the isocenter dose was checked using an ionization
chamber.

BRARAEIR, MR CHIEMED L <y 1V Ao
e, R Dcytomegalovirus (CMV) A 7 ) —=> 7, &
BAZHEBIC & o TIIAE LM PE I THW L 72,
FIOWTIHRERE, JVT7F=y, 2LT7F=02)
T T v ATHEEERFEML 22, —40mEGIE, BEET - 1B
SHUM R - BRAEARFPNAGHFER L. £/, TBIB LU
FTBIMEEH TOX N EThEEOREERICOVTIRE L
7z FCRHERT I Z1ogrank test% IV 7=,

B\ R

I. £5MBEOERIEEME

I, ZRICHE 7 4 V& —DVERK

AR E o 72 2HEPICBWT, TBHIBEEZ: & FifT &
Nrz. ZRICHIE 7 4 v 7 — OFERGHENT 1232 L 7= BRI,
BEWENED 72D DOCTHRAE % G TR 6 B TH - 72,
EHRZIIBUA2BRERMETH Y, BEAEDL S ZXKTH
M7ANI—DOBRBEETTRNTOEY M7 v FITEL -0
32055 Tdh - 72,
2. BFTEGELTINE & O A A

Alnl, BEW & BERETONMES, §DBERICED o 72
FEFITS0em T 72, T OEIZBU 25 FEELAINL0.92
%I TH o7, HHEMNERFHEHEIEY—-LFHBE 7 2 L4
—ZMH L, BEME L EEE LD 5350emD LT +
3% LN DIESHEFIZ156cmTH ), €D H151emAT+ 1.5%
LI T - 7z (Fig. 5).

3. 77 ¥ AL DS SR

EXTCHE 7 4 V& — OB X BHTEES - TR - LT -
FREOTLDH ERH R, HE93%, HH97%, MLko9
%, HiHEI8% T, [Al—D AT 7 ¥ b ATOTEELS - Mlish
7 4y — OWEERSRILTEER4 %, FHE104%, MER99% T
Hotz. BETHWTWZIHER T 1 V¥ — T, L
HDEIXI0% TH o712, ZKTHET7 1 V7 —TiE, 4%
EETLTBY, FHETSHES .

HARESE $59% #1355



e

%
120 1
110 1
100

90 1

80 1

70 -

60

50 1

40 A

30 T T T T T T T T T 1

-100 80 60 —40 -20 0 20 40 60 80 100
Distance from center beam (cm)

Fig. 5 Beam flatness curve 3.5 m from the gantry.

4. TBUEH TOMRIE

42 By BRSO BRI O JEHE LB AR .0 T300e Gy /fr &
L7z, CDLHETHET %17 o 72 B 5 %8 8 il h. 0o
MG 2 100% & L, SEMOTLD & D% iT-7-. 4
Ol =RITHIE 7 1 v & — % O 705EHI O B & 0%
e, B 7oL TR T2 BSEE - Mgk 7 «
W% — 7% FIOCTHEBI O & 43k R 7o = RIcHlifE 7
AW F — PN BV THEN Ty 7z (Table 2).

Il BRERETAE

ZRICHIE 7 4 V& — % - TBHX & BIRIE L { 585 T
&, MiAT3IE100% Th o7z, F7z, FEBID 2 E4EFRIZ47
BTHoT-.

1. RN %

TBI-BMT# (2 FIRIPEN 45 & B &8 N7 5E60iE, BBk
WHEETdH 2 7266H1H 1561 (22.7%) T - 7. S S IZEVE M
REBW S NIz1560% 9 B (13.6%) 1, BRREFIES 12 X
DCMVIZ X B b D EBHT SN, 15610 1 7T AL F N
AJE & BT & 72 (Table 3). VB PR 95 D F8fE WG 11X,
BMT%25 H#%>5365 H (47 H) 1258 S iz, £7-RH
PR JAEB 1560 2 B2 B ARSI DA DF % 3B 7= (Fig. 6).
FERHMEEIZ X > THOERDEE S, HEHErEmiz &
Zr S h7zoizeehlh | PITEMEI2HEEICRD SN
B, TARBRIISREBEARETRRE L2, S5 ICTBYEIRE &
FETBHEBIBEDO M T, MMM RDOFEERZ BHRE L 7.
AGUX IR RGAT S N2 TBIZ JEAT L TV e Wi SRS s

EEA Ab10 %
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BI43IEGI T 5. JETBUEBIRETIX, FFTTRETH - 7234
Birp 8 11(23.5%) IC VI MMi e 2 7272, #D ) B 5 6I(14.7
%)DSCMVIZ & 5 & D LBl & 7z (Table 3). 4 ORY
PERT S SSIEERICBE LT, WE, #ia, 4, M5, TBIoO
HEDOERIZOWTE LRI EIT 7205, WTFh b EE
w57z (Table 4).

2. EHEREREE

TBI-BMT#1961 (27 %) |2 B BEE D FIE 2 72 72, 1945
1 BUIBMTHD > 7 0 2R U5l H & ) Bispkid+
RoTzz, SEFITEE BTSNz 210600 4 B
WAL A RNEREETH 12 RRERMES X U
FENE DR % B\ 72 146 O B BEEAEF] L2 OV TR B EBIR
Ut 2 kR L 722, SBIZ K28R TR o

LU Y LE I YA

Moiz. 1964 6 BlIESEEDE AT & VBN £ 1T - /2.
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I EEEEAOFHAE

1. ZRICHIME 7 4 V& —DIEIZ DN

Sl bIUITBUHO 7 4 V¥ —{Eficdhizh, FoOFE
MOWEETo 72, #E7 4V —-OFEME L TiEMix
Dp, MixR, A—/3—=2A ¥ v 7, &, Ty FAZI, %k
+, KROEHOHEHDH B2, MECL DETIZE 2 H W
FABE 7 4 W& —F T2 U L dss 85413 8%
AR IEZAT D 720 I ATHEE 2 BT L, SJ0TEE
TANS—OMEE LTET 7 ) MR EHW. 72
IWBHIRE — 212527 4 V¥ —OVERIEMNELSTT 2 5 2
EWRTE, E—2ARELoTWAHOEHAHETEETH
B, Fl27 4N —1EROB, kBN ELEL L
W, SElObbh o ZRIGHITE 7 1 v F — 12 FOVERIC
WFERM 2 ZE L2205, AMET7 7 > F 2128V T L EBOTBI
FEBNZ BT D B RIF 2 m 0¥ — 4 i c& - &
ZZ B, L LEDVSEIDSIE, WMo S EEs: &M
W DAL L WERAL TR R DIE S 2 E A5
BTz, AHESIIANY I VCT, MRIZEDF— 7 123D
P CHER S N7z & D IBEEO BN T 4 IV — T oG
RS ND. BE, BEHRIEREIC X B = RcHifli 7 < v
F— DR Z SEETOROEHEL LT3,
2. WAbPo#HEREIZ2WT

bbb OfEs: TILBFHEISHEE S hThivhd
VITARIOOREE Y —E LT, BEOEBICEHREL
FARBARN T = >N — & BEARKE O 10 08kt o 4 —

Table 2 Actual dose of several parts (head to knee)

Head Neck Chest Pelvis Knee
3D filter TLD® mean (cGy) 278.3 285.2 322.5 328.5 325.1
TLD SD (cGy) 17.8 18.4 30.6 31.0 18.9
D.D** mean (cGy) 248.8 259.0 290.1 291.6 293.5
D.D SD (cGy) 14.7 17.7 24.3 21.3 18.7
Pb filter TLD mean (cGy) 258.2 347.9
TLD SD (cGy) 33.2 41.5

“TLD: thermoluminescent dosimeter, **D.D: diode detector.
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51



786 4= S HEETH

Table 3 Interstitial pneumonitis after BMT

TBI (n=66) Non-TBI (n=234)

Absence of lung dis. (%) 51 (77.3) 26 (75.5)
Idiopathic IP 4 (6.1) 3 (3.8)
CMV-IP 9 (13.6) 5(14.7)
Aspergillus IP 1 (1.5)
Radiation IP 1 (1.5)

IP: interstitial pneumonitis

Table 4 Radiation-induced interstitial pneumonitis

Variable No. of patients p-velue
Body thickness 0.590
<30 35
=31 31
Lung dose 0.976
<290 24
=291 42
Age 0.458
<40 56
=41 10
Sex 0.668
Male 42
Female 24
TBI 0.104
Yes 66
No 34

&Y, VTNE A LACTHEEHET DI LX) E kR
MR EZRHPTETHE0EMBI LA TEEEZD, &
O\ ZHREH R (G AR 35 X OV R i % B fR sk | i
L7210 7 FFOTLDIZ THERR L TV A, TBIFEATHR (W&
PRET B HELE L CIIEENLERN R 2 F AT
LHEOHENRH LY, L LEPeblboliizTto
TBIMEATEE X, BAERTO I A LFREE A TBIRNC AT H N T
BY, ZOLOHELBERDD B EENEZL EHEDTY
5. ZTOIRETOREFTOFAILEZOABEITKE W EE
ATW5h,

1. BRFEAYETMM

1. MEMEMZZIZoWT

SCHREY I IS TBI-BMT# D [ B A I EBMTHE OFER 0 —
DIEZ SN TE ) FFERIMEAE Y, B ogE1,
CMYV, pneumocystis carini?®|E & A & Tcandida, aspergillus
DBEIUFRNT VB8 R OME T, L7 7% -
Hry2aEn(F /o 2)DFHIICEY, Loy ss
I B R B O L O#gsdh 519-3), #HEL
IH4E E BiEt o 9 2, TBI-BMTHDMifidikE DR
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ELTRmE_D Lo TETWLIE, $/HF0%R
iE S AL A% ( TBINSFDOHEKTH BRI SETE
LA %;6060 Wz X A REED D R o TETW A
EHIWr 7=, DLEoEr s sbhivbiuid, TBIAEOHT
%6ﬁﬂf%%ﬁ%b;wIi%ﬂf@ﬁﬁ%ijn-»

WCHETRELEZ ZRICHE 7 1 V8 — O 24T 5 72
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Fig. 6 A 30-year-old man. Pneumothorax developed in
the right lung after interstitial pneumonitis.
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