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Interstitial Irradiation by After-Loading Technique with 'o2r
Seed-Assemblies for Deep-Seated Malignant Tumors
I. Optimal Placement of %2Ir Seed-Assemblies and its Dose Distribution

Y. Uchiyama, K. Morita, T. Ueda, K. Niwa* and I. Takagi**
*Department of Radiation Therapy, Aichi Cancer Center
**Department of Thoracic Surgery, Aichi Cancer Center

Resarch Code No.: 600.3
Key Words: 1921y seed-assemblies, Brachytherapy

Since July in 1981 the after-loading interstitial implantation of 92Ir seed-assemblies has been per-
formed for the residual tumor of five patients with a pulmonary cancer after a large amount of tumor
resection. In such case, several kinds of placement (arrangement) of 192[r seeds were investigated in
order to obtain the optimal dose distribution using the computer technique and the simple calculation
system.

In the Quimby system modified by the Memorial Hospital system, the 192Ir sources are arranged at
regular intervals. The placement of seed-assemblies is very simple, but the dose-homogeneity within the
target area is poor. On the other hand, the estimation of exposure dose in a target area is easily deter-
mined for the Paterson-Parker method (Manchester system), and the dose-homogenity within the target
area is better than that of the Memorial system. In the Manchester system, the prescribed exposure
could no longer be guaranteed, if the arrangement of the sources is departed significantly from the
source distribution rule.

A simple source arrangement system of 192Ir seed-assemblies was presented in this work. With this
arrangement, the Paterson-Parker table can be clinically used without significant errors, and the degree
of the dose-homogeneity within the target area was almost the same as that of the Manchester system.
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Fig. 1 'I]r seed and tube for after-loading (A :
outer tube, B : middle tube and C: inner tube).
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Fig. 2 The ratio of exposure calculated by the
Assumption (A) to Assumption (B).

The exposure along the PP’ line was calculated
on the assumption that (A) total amount of
source is concentrated at the center of '**Ir seed,
and (B) total amount of source is equally divided
at the three points of **Ir seed(the center and the
bilateral ends).
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AEE2.4mm D F = —7HEANRT, L2 EWRE
L, ThEBEEACHEATIIO LTS
(Fig. 1). BERENCIL, — 0FEEH» 28 —FH
wEFEhAZ LRI/ THY, Z0H REHE
LB TR ERC L 5 3 KT ENBETD
50, LIZTRET, £REN—FE LcEEY
CEAIShicE LT, EARBRERII ETTH
DERFLIY E L, hE¥ToRERTI,
COFERAVHRhBOI, FREIMZETBRIA
Teds, BELACELTY, £ TH4~6 cmX 4
~6 cm O ICI R - T, EEHZA S5mmBE
2, REPEBRTEED ¥ ¥ RAELCBAY, b
THdEELDAL, T T, AfECTIE, 3 X
3 cm?nb 6 X 6 cm*BE ¥ CoMET, HEY
DFEMEM B Smm O X $RIFEHE»: 57.5mm OB

1921R SEghS PLANE

Fig. 3 The position of the treatment plane and '**
Ir source plane. Point O: the maximum dose
point (the central point) Point A : the peripheral
dose point along Y-Y’ axis; Point B: the peri-
pheral dose point along X-X' axis; Point C: the
minimum peripheral dose point.

HARFHHRFELME 5438 E1ns

) CHHFEE, BRELELT, ZOFHE
ORBOHFERLBHTHI LR L 5T, Hi
WROEBXHEL L 5 & Lz (Fig. 3). 4Ry
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DIRABRADREL100% & LT, £DI0%iRiE
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V80%MFRIBOILEAD &, HIBEEFIOBI R & ok
AL, M, REREOKEEL LT, HBEEK
B3 E{EHE (minimum tumor dose) # % -
CRRTRETHH LOEZ TG, Z h ref-
erence tumor dose &% &, RIEWEIIC BT 55
K#RE (maximum tumor dose) %, reference
tumor dose @, ThZhl1l11% K N125% &7t 5,
WrRFER

1. Memorial system o F

BE, —BAbLhATWA?rvy— F7Ey
70—,y v — K& lem BRI~ b o
»% (Fig. 4(A)). ZoRRRFERTIZA3 L
XAV bRASEERE, Laughlin® 5 2R45 L
72 Quimby system DZEHETH %5 Memorial sys-
tem TH 5. Laugilin 5D Z D FEc L ud, &
Chhl HOBREFM TR, RE@LEFETT
Smm AN o e R (R4 OBE, BEFHEILE
EE267.5mm NI, MEmEACAS
ITREShTWS, —HBEE—) TR\ T,
minimum peripheral dose point &, reference
maximum dose point @ 2 S THEEIEML L 5 &
THLDOTHB, F41x, Fig. 3 0N<, minimum
peripheral dose point % point C, reference
maximum dose point % point O &L, Fix
peripheral dose point A, B (IE/#Tit. A=B)
ZoWT, BEMEY = = A 47, &EE, ImCi/
seed, lem MR & T5. T OREK R Table
1 o< ¢, 2 X2 ecm?ll ETiE, ratio 0/C i3
L3 k& inh, BRI R D MED 5 v 38
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Fig. 4 Placement of ***Ir seed.
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(A) Memorial system modified from Quimby system: (B) Manchester sys-
tem : and (C) Modified system from Manchester system by Aichi Cancer Center.

Table 1 Calculated dose rate at points A, B, C and O of the Memorial system. The calculated plane is
7.5 mm separated from 192Ir seed implant plane (1 mCi/seed)

Width " Reference Peripheral dose
Number i ) :
x of ;naxn:[nu; - (rad.ﬂntr) - Ratio

lengith ose (ra poin poini poin

tem) seeds r) point O C A B o/C 0/A 0/B
1x1 4 17.2 15.8 16.4 1.09 1.05
2x2 9 27.0 20.0 23.1 1.35 1.17
2x4 15 324 22.1 27.9 25.3 1.47 1.16 1.28
3x3 16 32.9 22.8 27.0 1.44 1.22
2x6 21 35.1 22.9 30.4 26.3 1.53 1.15 1.34
4x4 25 39.9 24.8 31.2 1.61 1.28
3Ix6 28 3.5 24.8 33.0 29.2 1.59 1.12 1.35
5x5 36 43.5 264 334 1.65 1.30
3x9 40 432.2 25.7 34.8 a0.1 1.65 1.21 1.40
4x8 45 46.4 26.9 36.8 33.5 1.73 1.26 1.39
6x6 49 43.9 27.7 36.5 1.77 1.34
=7 64 52.3 28.8 37.8 1.81 1.38
5= 10 66 50.8 284 39.8 35.6 1.79 1.28 1.43
8xB 81 55.9 29.8 40.4 1.88 1.38

KefhTES, Titbhb, OMEARNEBA
OFBELHEELTS 4 X4 ecm?Bl BT, 1.25%
Z x5, Fig. 5(AE, BEmOFLONREY
100% & LSRR EFARTH 5, MPoiLsil,
0=90%, 1=80%, 2=60%, 3=40%, 4=
20%THH, FHREIPRCE B v
v RRETRY, BRERNOREHFEZD
By, Tihebb, ZoHERREISERREE T
AvwB<, REOHELIHMETHDH, ToRE
FHEERLTHHRTRE DT, - Tref-
erence dose point % ¥ Z Ik { vk, B LD
BT, ZCOMBTHRERELZNRF D L HK,
BABELIOEEPRLTE ZENNETHA

o)

2. Manchester system'* M F|H

26Ra g, YCsétoBARIIFATHV-LHI S
Manchester system 3, [EfE O F 2L % D <
IR xR 7 AREFIT B LItk » T, EEH
MBS RESMLEL AT, T<RT
Wa, HEHESIC T 5B, SRIFEZ
RETHEZ lem OEFRERCC, REE»S
Smm BENICHIE Y, WEmMEEL TS (EAD
BEir, E&15mm (7.5mmX 2) #{EHEHE &
EXBLEND D), X OROILERT] - FIRE S
I, SFERAOEE, HEREE25cm? T o & &
RO & REED2/3%E S, HRmE L 25cm?
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Fig. 5 Dose distributions for (A) Memorial system, (B) Manchsster system and
(C) Modified system by ACC. 0=90%, 1=80%, 2=60%, 3 =40% and 4=20%.

The dose of point o is 100%.

~100cm?*® & E AL LBEEOL/ 2% BT
2L5bDTHB, TLT, ZORDEFHI,
BT CORBEITRA L 10% LI D% HE R
RETE B L L T\5, * T Manchester sys-
temICTEDLMRY it ro—F 7 v 7
V- DI, 5 X5cmBEOCKETTE 2
TH5 &, Fig. 4(B)Din< *2r> — F 1 mCi/

seed & LT, RAMicd0mCi, FuiiclémCi ¥ ELE
THEWSFHELRD S, FLEES 4mCi AR T
5%, 131¥ Manchester system @ i ZIfid 412 3

ZZTC, ZOBRBEINCHE > THELLER
1% Fig. 5(B)ofn< ¢, BEHICRT 3 RED
EMHILRIFTH B, peripheral dose point A &
5B ODOEX100% & T % &, Fig. 6 © Ai§



FEFIS84E11 A25R

TRTIEL, RABRERTHL080BER
12%TH o7z, CREERELE LTH120%TH 5,
A UKE ZDBEFEMO & &, Memorial system 12
X BEFITIE, FofEix Table 1556, Fh%h
130%, EU'165% TH 5 b, REHEMEDO ST,
COFEDOFNRThTWBZ Ehbhd, T
15, Manchester system X, $IEORCFILE2E
T, BEELBAER«XMERAL T3 lom HET
<, bmm EIRICARZLENRD D, hofEFD
ERFEORIIEZEFE L35 LNET,
e dis b OB S HER S h, REFTERE
OfffEOHEBRLEHTER. LiL, BEET
B 5 EHEMT, Memorial system i <R
iFTH %5 (Fig. 5(B)), Manchester system OF
Fiz gk, —EOEINCH - R, BEmEE
B 5B T 5 %9 Paterson-Parker % & L
TERERTWBZETHAH. 272 L, Pater-
son-Parker @ EEH) A D3, K5I E— 4 5 m i
235 mm ORDO L TH DI, T —n FEEOR
@ Paterson-Parker ®ZF 5 5, BB CEIET
— SR EIBEEET . 5mm OfE % 3Rz (Table 2).,
- FEROKE, FERA TRREES &
R0 D H, RETMBEcm? LT, #FEE —BEREF
PEEE7.5mm T, ZOWIry—F72v 7Y —
THE T ARHIERABEOI &L 7%, $t - T, Table
2, Irry—F7xv7V-Hic, HBEEREI
1,000rad %5 % A O LB fEER (mCi-hr)
ZEELcboTH S, Fig 4(B)D< HFE
FlLick &, 7.5mm OBEHEHCKEITAREY
Table 2 % f\TH» 5 &, £ DOEIX53.2rad/hr
LB, Doffk, BFHEBCI-THEZA
720 & (56.5rad/hr), A 73 B ED1E56.3rad/
hr Li3E—HT 5. Tihbb, ZOHEIRED
BLFNIEMETH B0, T OREETEIL, Table 2 %
AvwseE, BRIZOKRRERELBHHCKRDS
TENTED,

3. Iy = FFET) —DOEANLIEE

T TR Lzl <, Memorial system @ % -2
FEEE Ofiiff & &, Manchester system ® %24
BRECRT 5T S hcREOHEM &l ORRT
#* %2 Fig. 4(C) 0 in & LT e Ie fRIRELF iz >
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Table 2 Plannar implant dosage table of #2Ir seed
for the Manchester system (modified from Pater-
son-Paker’s table)

Area Trfzatment.
cmt distance
7.5mm
1 219
2 284
3 336
4 384
5 427
6 466
7 504
8 540
g 575
10 611
12 678
14 742
16 806
18 867
20 923
22 975
24 1028
26 1078
28 1128
30 1175
32 1222
34 1272
36 1315
38 1362
40 1406
42 1450
44 1494
46 1536
48 1581
50 1625
52 1667
54 1709
56 1751
58 1790
60 1834

WTHRE L7z, 9 7cd s, Memorial system @4
MR ZERE LT, BUEHR, RERKCH
WHRTWAERME T, FOMPERLOem & L
T, ZOFRICEATHMELBIHIEC s X
5BFT %, Fig. 4(COwem3ine, EEUR
DFFRL S mm FRICIEA TS, £ LThFoi
B3, EEME lom g5 3K, Fa2—-70
FH L T d 5 1 on@ERINLS, DD,
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Fig. 6 Dose rate normalized at point A or point O.
A dotted line is of the Manchester system and
solid line is of the Modified system by ACC.

A & BRI 5 mm BB E T 5. HiE
3, FEIE30mC, F0E24mCi &5, WBER
—REMOEEA7.5mm & Lica, = ois|
DOESTAAER LD M Fig. 5(C)THh b, peri-
pheral dose point A ¥ I 0¥ minimum peripheral
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dose point CiZki AL DHEEYRLI0n
Fig. 6 DR TH %, Fig. 6wk T, O-Ag L
T Manchester system & @ U828 %77 L,
BRETH-LRETHS. CHEOLEDOEED
Hex1.35T, Manchester system 12 i~ T o &\,
B3, Memorial system D 1.651C 5 & /& s,

Z OFHED R E, Manchester system 13 & 05
HIIENLELTD, BbDr—F7ev Y-
DFELBLER-ETHS, v~ F7 v 7
) —DEFION, FMRO>Y — F 72y 7 ) —i3,
FEHrbZDEEOHCHATESLELTY, &
el & BARRIC, FhER1ASDRr o — F 7
T —ERFPCAND, €T, FOBED
ve=FT7ev 7Y -, REOKEIRIELT,

TRERDBRTY — V& F 2 — 7100 BN
BHB, LrL, FhRABERsy — FERA L !
BEREIBPNRT T, Fh, Cro—F7 v
) —Ti3, BHEEORDI® Paterson-Parker ®
FHAARZRESHBRETERVBELH B, F0
fead, B4 DEBIE L h# (ACC system) THZ
#1{T7t -7 B, Paterson-Parker & X b sk 7=
Table 2 2, EOBEFTE Dbk ZLEE I
DWTHEANG (Table 3), 70& 24, 5 X5 cm?

Table 3 Comparison of the dose calculated by the Paterson-Parker’s table and the dose calculated by a
computer. The values calculated by Paterson-Parker’s table correspond to the average value of the

doses at points A and B

Number of Tumor dose calculated Tumor dose calculated
Treated area seed by Paterson-Parker's by Computer (rad/hr)
Table (rad/hr) Point-O  Point-A  Point-B  Point-C
(I) Memorizal system:
3x3cm 16 27.8 32.9 27.0 27.0 22.8
4x4 25 31.0 39.9 31.2 3.2 24.8
4x5 30 325 414 32.0 32.4 25.5
4x6 35 34.0 45.6 32.9 35.0 26.2
5x%5 36 34.2 43.6 33.4 334 26.4
5x6 42 374 45.9 34.0 38.5 27.0
6x6 49 38.0 48.9 36.5 36.5 277
(II) Modified manchester system:
3x3cm 26 45.2 51.5 42.3 47.6 36.4
4x4 39 48.3 54.4 47.6 51.4 38.8
4x5 46 49.8 54.1 48.4 53.0 39.5
4x6 53 51.5 55.7 49.0 54.4 40.2
5x5 54 51.5 55.5 49.7 54.1 40.6
ox6 62 52.9 56.6 50.3 55.5 41.2
6x6 71 55.2 58.9 53.1 56.4 42.0
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DAL O HIE55.5/51.5=1.08, A %1349.7/
51.5=0.97, RHIZBAIX1.05, CAIX0.79& 7z
%, Fig. 5(CHierEhain<, CHA0MEH mm
EFE, Table 2 THR®DIMED £10%IZA - T
WA Z EhddB, Table 3 G/ Lic&ISEMmMIC
DT h RIERER S L2 B,
# =

1. By —F7R> 7 —0FN L HERE
WEOBFIDOTEE LT, R HELOTER
Rl o — FRURBHFETHS, LrLIOD
FETE, TR LI BEREN OFEAER
NEEWEWIREND B, Fig. 309r v —F
BEECRELHECRE LI L &, EELTS
BB OA XX OB oW, IEWHR L 5T,
ThZERETHEEEE LD L, ZOFBEAR
LOROHE L AROBRIL, ZIFL.3LT L
% (Table 1), UL, Z0OHEHEEEIL, EF
Tha<H&kh, hpoRURW BEEINT
{7e% (Fig. 5(A)). $t-T, ZOHETHIER
P35 &%, BEEHOAEE, BibbhrLd
HoT, ThERRCEHTRL, F=2-70OR
Pl TRTHULERD D, BRI, BFLE
[EER—ICAET, hrohLiEWT EEE L
% &, reference tumor dose & LTASDHEL
L, maximum dose point 23 X b ERALE
PEFERTHE, COFETLF2— 7OmFIR
BEThE ThElERuhdamhiny,
Manchester system O RFEELEIL, v — F 7€V
7Y —HO¥r v~ FORENEMHICIL L, T
DR E LTRENOREHEHARTFT, -
TIZOBEIE, CROKRETHT hIHEELE
BRERKEEZTLRV, ZoBEORADOR AR,
HEL OFHENER I, IEBENILY—F7
v 7 ) -ERABETAOLERDVEMLRATD
%, ¥ 7z, Paterson-Parker O3 RELFI M T
ERNZETHA, T, v—F7EVTY—
DEFEY, TEHWRY < e { BT 5 &3k,
Manchester system IC¥HLT5 Z L1k 5T,
Paterson-Parker ®\EHTE 5 X 51T, HIRE
e o ZABRIDRE A DFET, FCILRLE
m<, GFEBNEZELBRLEELTVS,
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Fig. 7 The pladement of "*Ir seeds of the modified
system by ACC for various treatment area.

2, ¥ r = FFP T —{ERRFOIR B
f=2WT

By —F7ev 7 ) —RERCAV-LRA
Rz, £72v 7Y - —FHECEBIhS
TERRmTHAY, ERELKRETECIETIERE
DFIFRFRAR D, Lvl, ThridErnLw
L&D, BEELLTNET vy 7Y =2
HECEFILTWAELT, DL UDHELT
HHFEYRT, BREREYBECELI LR
BE L, BEFEO CMS #8 Modulex 7 A=)
RATHET? L, BRYESHBCEE LA
Memorial system T, 2r & — F 1{E% 1mCi
ELRBE, BWEETO A B CRIVOEADH
X Table 10k 5 icics, BEREAICEKIT A5
BEHEREL VI EMGE LD L, ZORIFEMER
ECE T3, ASORECH % h5HEEY BRER
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Table 4 Summary of the clinical cases

43E H11%

Methods of Irradiation

Hi ite ‘
Ll et Age istology aus e Interstitial Irrad. (Ir-192) Ext. Irrad.
G.H. M 67 $q. c.c. T3NOMO Lt. 0.53mCix5 x4 =10.6mCi 6MV-X 2-Opp.
Apex 4x4.cm, 240 hrs. 3160 rad 2500 rad
T.T. M 52 Adenoca. T3NOMO Lt. 0.91mCix6 %2 6MV-X 2-Opp.
Apex 0.91mCix7 x3 =30.0mCi
5x5cm, 150 hrs. 4275 rad 3000 rad
T.I. F 58 Small c.c. T3NOMO Rt. 0.55mCix6 x4 =13.2mCi =)
Apex 4x5¢cm, 242 hrs. 3460 rad
T.S. F 46 Large c.c. T3N1MO Rt. 0.80mCix7 x6 =33.6mCi 6MV-X 2-Opp.
Apex 5x6Gcm, 145 hrs. 4146 rad 2400 rad

&L, A, minimum tumor dose & L {3
NETHHH, L, Zhik Memorial system
DEZ L BB nb Lk, ¥, Memorial
system OEMFRACE L 722 5, @5 8z Table
AW LEDROOLBOh AL, BFHE
BCHELAEY Table 3L TRLTH
5, CORFOARRUBEBER, Table 2 X b3k
DIEELBEH L —KLT\W5, BEERTS
4~6cmX4~6 cmBECHEE THIIL
Table 2 ZHWTHLBREYARDLLVXIBAT
HAEhicEEOKFEL LTHAVTY, KERIE
Wiy,

Manchester system IZ#E#L U 7= 3« © fie 7l ¥
(Fig. 7) T Paterson-Parker ® & — v F {454
FEER» LR TRDICEHEME L, Fig 7 0%
REEFI (1> —F/1 mC) CEFHERD h kD
ToETEfE & OB % Table 3IWRLTH S, 2/
RBoORIRECT] & Rk, ASLBEOREDTY
ECBERH L < —8T5. FTrRLETEL,
ACC system OF 1%, EFEAOREHSEM C
Hote, BFHEECIS048 (BABRES) ©
&N, Table 2% H\WTEHHELcHicERT
R BEB T ER, CHAOEIX20%EMEY
ARLTW3EH, bR Td 5.

DlEDZ &b b, HERER O Memorial
system CIXHHEM Y v ZRTH B85, ACC sys-
tem T, 2 AR -ARRKRTHS, ok
WEEBTHE, ZOMAoiFIc Table 2 %8

ALTHSHENBTTES, FLTZOBD
reference dose & L%, A& & BEADKEOF
BHECREFEERIZ EeThiddw,
3. RBROBFEGRICZY > ToREsHE
ZHhETOBRKAIHTZ2REFERI %,

Table 4 WfS#E L TR L7z, EEROGEH Mo
Wi, &= F7 v 7 ) —B—FEH AR
hifc& L, Table 1, Table 2, Table 3 # -
THETHZ LM TE B, Jo b 21X, Table 4 @ 4
FEEHOBEIZOWTEHEST S, “oEGATCIE, §
E SRR X 0T, BEE0cm?D &
&, 1,000rad B 7= b O IE & X Table 2 X b
1,175mCishr TH %, AR 1> —- FH7 h0.8
mCiTharnb, Tv—-VFADDOFEF 6 AT
33.6mCi, 1454 AT 5 £33.6X145=4,872
mCishr & 7t 5, #-T, # &5 & & 131,000X
4,872/1,175=4,146rad TH %. F 1= Table 3 7
LERDOBERRDD &, O 5i34,146%45.9/
37.4=5,088rad, MRz C £i112,993rad & 705,
TeiEl, ry— FOBERER, 6 BRETH
3% T HMLENRD S, ACC iLFH:T b FAEE I fifE
ETHEThERVWC Lichk s, FHx, g
BELZ AT, o XBREAROUHEIE LT,
CTEENRBEF IR, chitl - TETFHES
L5 3RTHMBEITELTEE L 75, Fig. 8
1, RE LRSI ECEA LIERCtH 5, CT
ERZb L LTUEBEMRYRELT, BFHE
BCHELORERLFEBORESARCTH 5,
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Fig. 8 CT image and a dose distribution of the case I of table 4 calculated by

computer.

i @

1, WIroy—=F742v 7 ) 2w, SEE
OB ET T B NRFER RO BT E
&, BEeRBRFICoWTHER LT,

2, MU B7.5mm Eh oW RER & T
5E, ZOFEHLEOBEOEM IBREL LR
W% Memorial system X b &, iRy
% { BL{& 3 % Manchester system @ 525 BIiF T

H%B. £ T, EEICHEEREERERTEE s IRE
Pl Ui,

MEF R, EFIHE#ELHV- 30038
BCH 50, MBLEREITECEN L >R
T % Paterson-Parker 38 @i H 1o T
¥F L7z, reference dose & LTAM & BEOFE
WEEAGWBIebE, Ebbro ik ciEing
LT, toBEXACCHEHELTY, K&k
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