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New Three-dimensional Compensating Filter
for TBI using Compu-Former Associated
with RT LAN

Masayuki Fujiwara'’, Norihiko Kamikonya",
Keita Tsuboi, Miwa Irie?’, Mahito Misawa®,
Hiroshi Hara”, Syunrou Kai* and Norio Nakao"

To shorten the TBI process, we developed a new device
for making the three-dimensional (3D)compensating filter
that improves dose distribution. The dose distributions in the
phantom and manufacturing time were compared between
the new device and the previous one. Clinical evaluations
included dose distribution in patients and the clinical rate
of interstitial pneumonitis (IP).

Our 3D compensating filter is made of polystyrene resin
and gypsum. The filter was made after performing two pro-
cedures as follows. Patient data were measured by CT, and
the 3D dose-distribution data and 3D compensating-filter data
were obtained from the CT data by the 3D radiation plan-
ning system.

We were able to produce the new 3D compensating filter
within about 4 hours, including all procedures. The average
dose distribution to each site when the 3D compensating filter
was used was 92.7% to the head, 102.1% to the thorax, 106.4
% to the pelvis, 90.2% to the knee, and 93.8% to the ankle
joint, when the scheduled dose was taken as 100%. Dose
distribution was improved.

IP occurred in 6 of 32 patients (18.8%). There was no sig-
nificant difference between the TBI and non-TBI groups in
the frequency of IP (p = 0.27).
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HAE, BIfE% E Lo &3 2 MTEMREICH T 28 Mm
R ALGEORILE & LT, HMymEHIRR A & R
EHWAER % BB & L 74 & BURH G 9 (Total Body
Irradiation: TBI) 255 { TN T A, TBIDHEHEIZ DWW
T, EF~O¥ELREH 21T DO EREHE, W
w3, SEEEICOVWTHRRICL > TS EF ST TRIE
ENTWBE), ThETEELOMRTI, TBIROES
WGREDOY—{LX BB L L, S8V 7 7 ) VE— D% H
WEERTCHIE 7 4 V5 — 2 BE T LI/ LTBI%R4T> T
&7, AHEELIR, SHLhHHEOH—LL, FERHIE
FEOTBHEFI OMINIIIET 5728, 714 V5 —{ERDI5T
DEREFHEREEME LT, 74NV —1EER
(Compu-Former; Huestis, USA) &R &HHEY 7H L%
RWTZZRTTHE 7 A V5 —ER VAT AR FEE LI, §
B OD=RICHIE 7 1 V& — I XERFMICIERTTBET, TBIKF
DMEDAOE LR L, MBEEICOWT D Zetd
MERETE-OTHET .
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1. W&

A %IL19984F 2 H 22 520024F 9 A F Tl EER KSR
PR C I B BT A i I A A RS A D R AL
&L LTCTBIR T2 727361C, B4, L3261 TH
B, SEERIE 5 E~S54, PREERTH LS. REONR
&, SMEEEammEee, 2 Lo amwEsl, 1@
HE R ImA 146, FHEBEBGEGERL6], B o1
fE 6 HlCas.

PRSI 1 7 A ~5340 A (hduiE20.1 A A) Tho
7z (Table 1).
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Table 1 Patient characteristics

Age; median (y/o) 30
range 5-54
Sex (male/Female) 41/32
Disease
ALL 22
AML 20
CML 14
MDS 11
ML 6
Follow-up; median (month) 20.1
range 1-53
n=73

ALL: acute lymphoblastic leukemia, AML: acute myelocytic
leukemia, CML: chronic myelocytic leukemia, MDS:

myelodysplastic syndrome, ML: malignant lymphoma

L, £8% A5 4 AE10mmTHE, BonmET—4%
ZRICIH AT ZE & (Focus; CMS, Japan) (2852 L, TBIIA
PR B X OERTCHE 7 4 vy —F— % B L7z,
@ ZRTTHIE 7 1 Vv & — DR i

SRR EEE TR S NIz 74 VI —T— % %
Compu-Former|Z#z3% L, Compu-Former|Z THIfEHE 70 v
7% 2mm¥E vy FCHEIL, $HEIEZER. el L -8
BEEAEY 7Y akiiizL, 74 NVF — BRI E
(Fig. 1A~E). £REAAEY 7H L, KLBRMLE X
v MRICL, SRSz Lk, N TV —F —TiRE) S
, JiaxhRELABEY bl

® 77 ¥ b A X BBESEM
TBIRRREAICRL D, RK=RHMtE71 V5 —&, Th
FCHEELHKFEHLTCELS 74N —, BXUTTZ)N
TANE—LDOBBOH—HIZOWT, \MET77 > o%
AVHBIRE Lz, AME7 7~ b LAOTHES, WE, B
\27 7 —<—8IF = 3= (PTW, Germany) ¥ #l&HiAZ,
Proo4 GBS & MBS L, 100 cGyIBETRF O E %
HiE L, BEDA O —M % 5 L7z,

@ magt 7
TBUECTH#EEHE & [A—A712 T, Linac(LMR-4C : 5¥)
AMV X & B, oA 2 PR CIT o 7. SRR R RERE
350cm, HBESI11E32 x 32 ecm THAMOKFEL — AT, I
Y A—% —R4SEEMELR L, BRETCNISERL L 72 =RouHits 7
ANV —%EE L7z SR E =RITHifE 7 « v — DfEE
1353.5ecmTH 5. SHICIRRRED - DT O v 7 & BH
P RRE LR % 4T - 72 (Fig. 2, 3).

W & (AR d b0 T 1 B 1 [I300 ¢Gy, MR 6~7
cGy/4Cal1200 cGy, 4 HRZEREL L7,
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S ABREE & ST AR % BOBOKREEIZ%E L7z s
125 (DPD-510 Scanditronix, Sweden) |2 THll5E L, # D
Wt R & UCERl L 7= (Fig. 4).

(@) it g S Al
TBIEDEIHED ) b, MRS OWTEH L 72, &
SBHITIBID ) B 6 H AL EREBEIEE L% 723261 (TBIH)
T, FORIEERIZOVTHE L7z, TBIRE3 26 DR
&, Bikefl, Letki6Bl, Flnid S #~52i% (P IE305)
Thb. Fiz, FRHICLBENECMLBCEER R & Bl &
N, BIALE L L CTBIZTh I s I B % 17 - 724E
BloH B, 67 AL EREEBIEE L7156 % % B (GETBI
)& LT, MEEIZOWTTBIOMS % Llaat L.
W, FMEMEMEOBENE, MWEHMEMAXHESE, WicT,
FEERAEIR, WEHEAAT, RN Feytomegalovirus (CMV)
YifkA 2 ) —= 7L E 7 70— FHiEE Az AmEk
HNOPEMAZ TITo 72, F72, MiEEOREERE LT
G, PER, MR, MREICoWThIRET L, #aH#
i3 R & v 7z,

w R

1. EERaOIRET

@ ZRICHE T 1 V& — OFER & i

ZRICHE 7 4 V7 — OVERICE LRI, Gt
DI=OOCTHGC E HO T, MARMTH -7z, T2, B
FNTORME 7 1 V7 —ikBEREIZ, BEAZED S GHF
1hE T, MENEHOEERE F—FE D EDTHI0S
Tdho7-.

@ 77 ¥ b A& DR

A=RICHE 7 4 N & — TORIERS T A4S0 2 100%
& LT, TEEROS%, ME98%, HHEE99% TH o7z, [EEE
W87 4 V& — TILUARR94 %, FEE104%, N9H99%, IHT
ZVIVT 4V Y —TILTEHR93%, FHER97%, MER99%, &
B8N TH Y, K=RKITHE7 1 VI —TdT 1L ¥
—BLUT VN7 4 NY — L FESEOHEA OE—HEH
507z (Table 2).

2. ERPREVARRY

@ TBLEZ O & 3Pl

TBLUEZ 73BN D FERIKE Fid, FEMA1200 cGy#100% &
LT, BE#92.7% (1112.1+132.3 cGy), M#B102.1%
(1225.1+130.3 cGy), E##8106.4% (1277.2£91.1 cGy),
JE#890.2% (1082.6+113.4 cGy), RBIHI#93.8%
(1126.0%202.7 ¢cGy) TH o7z, —J, TZIIT 45—
TIT T EE82.9% (995.3+58.6 cGy), Mii#96.7%
(1160.5+£97.2 cGy), HH&EE97.2% (1166.5+£85.2 ¢cGy), M
#B97.8% (1178.2+75.8 ¢cGy) T - 7> (Table 3).
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Fig. 1 Process of making the 30 compen-
sating filter.

A, B [ Treatment plan with the 3D treat-
ment-planning system.

C, D : The block made of resin is shaved
with Compu-former and the mold is pre-
pared.

E : The mold is filled with gypsum, and the
30 compensating filter is completed.

350em

Fig. 3 TBl set-up geometry : SAD was 350 cm Eum the ganiry,

Fig. 2 Setting the 3D compensating filter : The 30D com- and the distance from the gantry to the 3D compensating filter

pensating filter was fixed in the ganiry. was 53.5 cm.

D2 LRI B%RTHEo T #176H) Th -7z, MEMEMEEBIFSh, MVt T
TBIf, MIETENM2E LBy 2 adEfld, 8 L1 Eehz2 o b, HAHEERNERE LB S0k

2060 6 M (18.8%) ThH 7. MHMEMHEDEREE LT, AT, TBIH720H (25807 S, MBMERT S0 SRaERE G-

6 D 5 4 FlizCMVIERR AT 5 M ETER 9z & Gy s T, BEOREER, MU, T Hizow
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Semiconductor Detector

Fig. 4 TBI direct dose distribution monitaring system: The body surface dose was
measured using 5 pairs of semiconductor detactors(in and out).

Table 2 Dose evaluation of the human phantom

Head Meck Thorax  Pelvis Head Tharax Palvig Knea Foot
aD filter 95% 8% gadq a0 filter 92.7%  1021%  1064%  90.2% 93.8%
Acrylic fitter 933 87% 99% 98% mean (cGy) 11121 1225.1 1277.2 1082.6 1126.0
Phb filter 94% 104% 6% 5D (cGy) 1323 130.3 91.1 113.4 202.7

Bl dalz(Table 4). T, HEAMMRRESES LN
7= 6 Pl MTEME LA 1£1243.2295.5 cGy TEBFH O
B AT & Ay I Ao 2 (p=0.83).

—75, FETBIBETIZ158P 1 Bl M BT 2 & B,
Z OFEFI IR MR g L B = ho, TRIFFCIIEYE
Mide@EERCHEL EAEL LD o2 (p=0.27).

Acrylic fiter 82.9% 96.7% 897.2% 97.8%
mean (cGy) 9953 1160.5 1166.5 11782
SD (eGy) 58.6 ar.2 852 75.8

% W

1. ZRTHR 7 b2 —OER & Bl

W, AR ogam e LTTBIME { frh
i, 26 [ZIEmEaE RN ( 2 B2 4 Vot
(ZfEvs, TBIMEfFEM ML Twvwa, £ TBIROK
EFHE—{t, HEIVIIMWMEDLHORMRT V5 —D
EMELT, sTEFLTHepHL MG L 20T
ZuLn EERLEIATTERISCTZVLE—AVEMAL
TELN, HF 2L 4 L& —{ERIZ 8T HEEMIL 8
BT, $orodEREomnE L, HIESEHRIZL-T
s, BIAFAE D MEREERN 4 BER) L RWRICEET
&, TR,

EREHAOH/WS THALRT NI =Y L(Al), T80}
(Col, #OL(Cr), #{(Cu), = FN(Ni), TFF:LT4L
(Mg), &1 E(E), EVF7F¥ M), ¥ ¥2A7 (W),
HKETRLW), VP EEETIREKOMET, kit
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BHdAZETEAFIRELN, I L7 Dl
HOWEIT OB, ZhE TGO REE /R 2
BRI HOMIERW-® E L TOMELH S5, TBI
MO=RITCHM 7 « Ly —E LTHH LS R,
fe, TATOLEOT— ¥ IELAN(Local Area Network) 3
AT L THBRIESATRET, 7407 —(ERIET 2
FHHORWIERTEL, 26127407 — ORI
M= F N P CEETSHATRSTHETH D, BRCE
THHENLEETE:.

FRERTCHM T + v F—(ER AT ALY, fERE
ImizatiE g e F#L 5.
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77y P ATOMERRETIE, SHERYESLEDEE
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Table 4 Radiation Pneumonitis: analysis in terms of the occur-
rence factor

No. of patient  Pneumonitis p-value
Body thickness
=455.1mm 16 4 0.36
>455.1mm 16 2
Lung dose
=1205.9cGy 16 3 1
>1205.9cGy 16 3
Age
=30 16 3 1
>30 16 3
Sex
male 16 4 0.46
female 16 2
TBI
+ 32 6 0.27
= 15 1

ENBERBTTIRELBELLDITREIZZ LN,
B ICCTRLE PO EE L TBIFFIZ BT 5 BEMRMOFHMED
MENEZ bNE. FEESOREE CIITBIEHHAERIZZ Y
— Ry FEFHLTWSD, CTHRES & IIMEIRL S
LA, BEMBMERMICRENAE LSRR L %5 LHER
Sha. B=1Z, HRNRETHEEE LIFA-00E— 24
EHHZ AN —ZFH L e ozZ 2L BREDLGE
HTOEmENEZ NS, Y—LAFHILT 4 Ly — FikiE
Lado 2B, SEOCARZRTMHIE 7 + V7 — %%
BTAHDT, E—AFHLT A VT —2BRETELWVD
THhotehS, 77 PAERIIBWTE—-LFH{E7 1 0
- L T—EDE— A FHELHFTETVEI L&
FELTW5,

L1k, MRBREPELTHIETRBEEZPELL,
WESMOBLLUEVHFETELEERSD, ThilD
WTIER 7AWV —H A XERELTHIEERY, 740
Y —VEBUABEE, fERTROMHEPLELEZEX S, E5IICT
Wy L TBIRF O BB OFHMELEEL 2 LX) ED
LENH L, B, YIETIITBHYEH T REZL2EE 1L 4 MV
X#DOATHY, il L Tide MLk
WEMEEZA, T, BET—7HFNOCTE#MDCT% &
2&h, ESHICHEHEMLT - HRMETIZLLARTHS
LEZS.

3. MfEELTLM

A EOME TIIMESAII—EOH—HE RSN/ D
OO, BEBMOMBBIEREIITS D EARE L, MfiBE
E, FICHREMEOBESIMARE SN LAL,
A [P S S EDSRR b 7z 6 B OB ERIR U R 1 42
BEFONERIGE & AEEIIRD L -72(p=0.83).
F7z, MEMUMRABELRTHIFTBIFEL OB THEELELR

FRL 159 A25H

DHipdhoi,

VR MR s R M EO EE 2RO 1 2 TH
D, FIEHIEEVY-20-29 TBINdose limiting factor | fii#
HTHY, BERIC &Y IGRREZ FIH 3 % i) -10-2).30 43
HENRTWA, LAaL, TBIEOBEMN DR KL,
CMVEZIZ X 5 b OATRER 191128 Bk ge 2
GVHDOME b SN T 517230,

7% I A B 2 At B D B 44 18 3299 (graft versus host
disease: GVHD) R REHHIF OBz OV TIE, ZOER
DHIEZ 7257280, S EOFHED 6 L7z, 4Eofk
TR, BYISERT 3 b oSO R E R ERIZ6.3
% (2/32) T, FETBIFED6.7% (1/15) E HEEE DD LRh >
72(p=0.95). FHHIZ, Jensend D ML D 5345 HIH
STV OBBRDMIEEF -T2 ETH L
EVHEOE THETOTZINTANMT —%FHL
BAELRI LA ¥ 2 — NV CHRE 21T VIiBEE O FAESR 125
EHIBOONL Do 7-RBR TS E, FHESORERTIIN
HREINE H B ORHER Z 1T o Tz,

TBIADOBEEDFAE IR LTI, B, Mg, 248
[EAEES- L, BhidEi310 Gy F TTH UL E MM SIS
EDEBED R WE SNTWAE | BELOFEEETIZIHT
Z)NT7 4 VY —ERHBEOTBIE, Mi#EA%10.1 Gy~12.9
GyTdh 7295, MiFEEREICHEL RIZS o722, A
SR 74y —FEHREOTBIL, i i & H°
1225.1+130.3 cGy TH BH%, MEMEMi 758+ K
2ol s, RERTHME 7 vy —2@HL
7o AAHAE1200 cGYyDTBUI T HATELbDELEZ D,

EH1Z, MEFRIZLBMEEIIONT, ELIIHERRI0
cGy/5rLh L CHIEYER JARBEAS A3 5 L& L, Brix
51, MEE6 Gy LIEHWERETTHE LH#EL
T3, F7-Volpe 5 13#tis 4 cGyLLET 8~10 Gy#&
5, FliE 7~9 Gy T30~40% D EFCHINliFE E56 4 55
AEh, FAERERTIE2S5cGy/HT8%, 3cGy/5HT20
% & BALRMPEEDFEFIIMET T4 LG L Tnwa¥,
A EOWES TIATBIC X % M E PN R DFEFER DA E % L7
FRO SN, HEE6~7 cGy/5 TOMEH I [ E MM 7558
KBV EEIOLND,

w &
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A NVE—TER AT LAEREEL, TBIZIT272.
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TBIf O BE M 7133200 6 FIICERDH /A%, 55 4 6
IECMVIEGITERT 2D TH Y, FETBIEEL i L TR
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