i

Bt o7

OHFU oMol ChE RES HAME ol

AR A2
A=+ - FUS - old7 - HNF - XIFE

= Abstract =

A study of Brachytherapy for Intraocular Tumor

1. Project Title

A Study of Brachytherapy for intraocular tumor
I . Objective and Importance of the project

The eye enucleation or extemal-beam radiation therapy that has been commonly used
for the treatment of intraocular tumor have demerits of visual loss and in deficiency of

effective tumor dose. Recently, brachytherapy using the plagues containing radioisotope—

now treatment method that decrease the demerits of the above mentioned treatment
methods and increase the treatment effect—-is introduced and performed in the countries.
Our purpose of this research is to design suitable shape of plaque for the ophthalmic
brachytherapy, and to measure absorbed doses of Ir—192 ophthalmic plaque and thereby
calculate the exact radiation dose of tumor and it’s adjacent normal tissue,
. Scope and Contents of the project

In order to brachytherapy for intraocular tumor,
. to determine the eye model and selected suitable radioisotope
. 1o design the suitable shape of plaque
. to measure transmission factor and dose distribution for custom made plaques

H W N =

. to compare with the these data and resuits of computer dose calculation models
IV. Resuits and Proposal for Applications

The result were as followed. _

1. Eye mode! was determined as a 25mm diameter sphere, Ir-192 was considered the
most appropriate as radioisotope for brachytherapy, because of the size, half, energy and
availability.

2. Considering the biological response with human tissue and protection of exposed dose,
we made the plaques with gold, of which size were 15mm, 17mm and 20mm in diameter,
and 1.5mm in thickness,

3. Transmission factor of plaques are all 0.71 with TLD and film dosimetry at the surface
of plagues and 0.45, 0.49 at 1.5mm distance of surface, respectively.

4. As compared the measured data for the plague with Ir-192 seeds to results of com-~
puter dose calculation model by Gary Luxton et al, and CAP-PLAN (Radiation Treatment
Planning System), absorbed doses are within +10% and distance deviations are within
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0.4mm Maximum error is'—11.3% and 0.8mm, respectively.
As a result of it, we can treat the intraocular tumor more effectively by using custom

made gold plaque and Ir-192 seeds.
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Fig. 1. Schematic diagram of human eye
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Fig. 2. Schematic drawings of a Gold-plaques -

4) Film dosimetry .

Ir-192 seed7} AH9E 7179 AN F3A$ B
FAMAF EXE FAH 7] s YA e ol g
fime Z3=g AT, o] AYolM YL
o2 ARg-E YA Co-60 y-Aoldon, watd
ZFL2 10cGy~100cGydll = 10cGy® ZAMSA T,
100cGy~200cGyoll = 20cGy®  ZA}3lg oM,
200cGy~400cGyol M &= 50cGy® ZAMSATH. Film
2 X-Omat V(KodakA} A F)E AH&stga, filmy
£33 5= RFA-3 field analyzer system(TheradosA}
AF)ol 2= densitometer 2 net optical densityS
38R, ©] 33 AAE o143t FFH MNP
Zo] AHEE H-D curve ¥ 3H 3z AL 2
4slF e (Fig. 3.).
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Fig. 3. H-D curve of Kodax X-Omat V film for
Co-60

6) Ir~192 seed7} AYW 7179 AFEE =3
2 AFE AFALRERS v

Ir-192 seed7} A1@ 7179 WBELE S Ir-
192 seed & 7HE 717 FYol AYF R, 1192
seed 1574F 12708 717 7H3Ae)el 4802 ¥
AL INE 717 F% Aoz EEAR A

(Fig. 4.)9 W3t 7]7E PMMA phantom $jof
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o] 43t A stATHFig. 5.).

Fig. 4. Diagram of the plague and seed distribution
The plaque contains 15 seeds of Ir-192

Ir-192 seed
Gold plaque
-7 TS~F distance

PMMA Phantom

Film

L

PMMA Phantom

Fig. 5. Diagram of the phantom used for film
measurements
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AE AL & 717dA = 3.3mm~10mm71R] 6574 =]
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ol AZY Aelxe & g PMMAS (.38MeV
HAA oA F4< linear continuous-slowing-down
range® ©}]83te] EolA 9 AHelz FAsAl.

ZAAZEE H-D curveol A ¥l w3 HE5 AFe
T37lo] AT film TI=F 7] 98] 30244
3N 7] =2A S

7% FARY FHEFAMNY F4Y 23 Ao
&t A2 RFA-3 field analyzer system2} densit-
ometer & H-D curveE o] &3l T35 on, Zzto)
WALz Aokl o g profilele A 2Hsla ),

Ir-192 seed 3 78 AP 7|7 U AFS
A ZAHE Gary Luxton 59 AFE AFAIRY
2 QAP DM BA-8h2 = Radiation treatm-
ent planning system{®2d : CAP-PLAN, CapintecA}
HAE) S MAPAARDe] Hafo} vwElg o, Ir-
192 seed 15748 Y 7] 7ol & HFEH A3

Firm

£ CAP-PLANS] AzHA|Atnd o] A3tel vl watgicl,

7}, Gary Luxton 59 A gAAng

D(r,0 =S - A() - F(4) - - L

x {arctan({x+L/2)/r) —arctan{(x—L/2) /r)}



o D{(r,x) : dose rate(Gy/hr)

S : seed strength, expressed as dose
rate 1 cm transverse to the seed
in water (Gy cm2/hr)

% ! transverse distance from the seed
center (cm)

L : active length of the seed(cm)

: longitudinal distance from the
center of the seed(cm)

Alr) ! the attenuation scatter factor for
transverse distance

F(8) : anisotropy factor as a function

of angle # =arctan(| x| /r)
1}, CAP-PLANS] M2 Alng

D(r)={A-Ds- g(n}/r*

= D(r) : dose rate(cGy/hr)

A : activity (mCi)

Ds : specific dose rate(cGy/mCi-hr at
1 cm)

a(r) : radial dose function a third-order
polynomial

r t distance from the point source
(cm)

2, o 8 nE

T AFF S0l A T A EHY o
7ol ARE 7179 AR 98 obte) 2he £
d R Y #AEY GTFE A 25mmel T3
o2 AR Adol ALY PAEEIYRE
e, wd7], duA 5& 1@ sl) AAsdok g
o. ol zdg /M BEAIE PAYEALLE
< 1-1257} o, ZlelMe AAEZA gol 19
ol &l Attt W ol AL TEEYA
T oA Qs o] F9lo] £o]d Ir-192 seedE
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Ir-192 seed7} 23te &< 419871 4 & applic-
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HHA 2= E71essth. bty A3 resing o)
£3td applicatorE Fa3tsch, o] WHL Algo]
B3, resinol AstE ¥ 7hFo] sHstx, Ir-
192 seed9} seed7} X 3= ui2 o} o) oMt T
2279 A& o= AE FAAHA o] HEdA 9
FHE AF 3718 BAE £ UEs AHo] Yt

Aol AE F 157 Ir-192 seedd] WAMFE
well type ion chamber2 234 A3 2 Yrlse
21.626mCiolom, seed & MF JT W5 e
1.44230.043mCie) 4o (Table 1.).
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Table 1. Activity of Ir-192 seed sources

Source No. Activity* (mCi)
1 S 1.444
2 1.454

3 1.429 .
4 1.464
5 1.498
6 1.401
7 1.401
. 8 : 1.488
9 , 1.436
10 1.463
1 1.383
12 1.438
13 1.378
14 1.416.
15 .1.533

Average 1.442+0.043
Total 21.626

* Measured with well type ion chamber (Model :
Atomlab 44, CNMC)

Table 2. Transmission factor of Gold plaque(Thick-
. ness:1.5mm) for Ir-192

. Transmission facto
. Distance -
TLD Film
Surface(1.5mm from the 0.71 0.71
Ir-192 seed) ' '
1.5mm(3mm from the
0.45 0.49
Ir-192 seed)

= ez Ho Ut

SA7F 1.5mme) 7179 Ir-192 seedo] o 3 E 3}
Al seed 1700 Wéted TLD 2 Filmg o] 319
239 A3 7)7 W= EAAA TLD 2 film =
Fo| A 0:7101908, FHoA 1.5mm Ao M
247} 0.459 0.492 Jehgt), ol g9 vtz
2.5mm FA o}/del A@del, 71T ¥lZ B
A EFAS7H0.712 B4 Yehd AL 7)1 Fe)x 9
AR 93 ez AgE

Ir-192 seed8 AY 3 717 3 HF=A Az

& AFH AdZALRdEH vmdr] 93l 7T

A5 FA% seed EEHI PMMA phantom
U SHA7A ] Aelg EdAMg Az S
th, 1 2 seed & NE AL S AT seed 15742
AHE3E A9 PMMA phantomy] 24 Ag 3.3mm~
10mm ¥ 3.3mm~20mm+ ol 22+ 3.6~13.36
mm 2 3.6mm~27.44mm= A AHE LT},

seed & ME A 7170 di g 537 FAZd)
X ZBE A7 Ag FAsHE 1.3%~7.6%
o 2318 H}on Art o)ASE 237} AR
o} o] Zie= Ir-192014 WEEHE AFL Ay g
Aks R E o] A9 dAFrhe Khan®o] A4t w9} oF
9] Aolg BTt o] Aol AN EZH fim
g9 A FAE YR Fol A Ao HG
2= '

X3 o] FAHY AL Gary Luxton 59 AF
B AFALMED 3 AdAHEANA BEE Qe
CAP-PLANS] A 3A2d o] Ao} vlwste]
0.6%~-11.3% R -1.4%~-8.6% Alojol|A z &
AR o Agrt dold5E A7t 48 F)
39tk (Fig. 6.).

A7t BAFE 237t F7l8hs °lRE ol
A AFG Y2 FFA £Z9 fimEY A FAHAE
T2 EA ool A7 Ao woEoh, Mg va A
I Ad 23kl -11.3%E Azlg #4bshd o 0.8
mmz A4 A}

80 ]
70 E
i + :Measurement
~ 60
@ 6 \ — :CAP-PLAN
o 504 1; — : Gary Luxton
1]
o]
Q 40
hel
8
5 301
8
< 20- \
104 \\’\
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Central Axis Depth (mm)
Fig. 6. Measured central axis dose for a plaque
with 1 seed of Ir-192 compared with com-
puter calculated values



Ir=192-seed 15712 A1 8t 7] 79 43 Z2 20
A Z2AHE AZS CAP-PLAN A TAxnd Ao}
Hlasled 9.3%~-9.1% AbololA & dx At
(Fig. 7.).
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Fig. 7. Measured central axis dose for a plague
with 15 seeds of Ir-192 compared with
computer calculated values

28 Y HoNE

FTol LAY HIFUY PAYEALLE ol%
& 24 A AEEE Ay da) T 2
F9 =Z7] B Felol wE AP 7TES AAs
T, QA =AY AETH WE 8@ FF FA 2
Ao bl AAE zaielel 717 A AAL
RAestn, Xge] Ve PAEAULY AFL
SEEr LY

E3 779 A FIAT B 71T A E
JdYsro Bxo w2 g 2 AYEXE 250,
1 33 2354 AFE AFALZLY Z e} H)
s thedt 22 ZAe A
1. 47 22E AF 26mme T3
on, 23 Azl AHgd PAY %4% % a7]

[2

El

ox
ol
-~

fo:]
W77), WA A oA B TRle) g4 B
& meisd 11927} 743 Z*i}fa Aoz Husy
o},

2. 717 QA =& BEIH g 2 A=
AF 2AHE ugsly 5oz AFsgen, 7+
9 Z7|E AEo] 15mm, 17mm % 20mm<e 3ZHF

25

7} S92, FAE 1.5mm=z g, £33 Zzh
Az|njtk AAA FHE ANEE 3l R 71T
£ A e,

3. 7179 A FHASE TLD B Filmo=
2339 7)Y Ir-192 seed7t ¥Z W E B9
o B 0.71, H 9 1.6mm A golA 2tz 0.45,
0. 49°1°*E}

. Ir-1927F A 7178 AEEX =L Film
% o] §-3t4i o}, é%’ 7.9_-4—2— Gary Luxton 59
B AgA4Rd 3 gAEQdA e gle
AR A 2 YA CAP-PLANS A3l ed
o A4k Ao} wmsle], FFAFE £10% o)
oA AgZe 0.4mm ool A B LA,
Ho &= 47 -11.3% 2 0.8mm=Z ERgT
ol4el ATFEZRE kTl AAF g g A
Fol Yol 71EY AFH HAEE B 94F WA
AAEYY HHES UM AE §94E =Y
Qe TH WA AEHE ME A go=
7179} Ir-192 seed® o83t AT £ 9l
o2 7lHErt.

-

—

o

REFERENCE

1. Markoe AM, Brady LW, Karisson UL, et al.
Eye. In :-Perez CA, Brady LW, eds. Principles
and Practice of Radiation Oncology. 2nd ed.
Philadelphia, PA : Lippincott 1992 : 535-609.

2. Chiu-Tsau ST. Brachytherapy of Melanoma. In :
Hilaris BS, Nori D, Anderson LL. eds. New
York, NY : Macmillan 1988 : 304-310.

3. Albert DM, Earle JD, Sahel JA.
Melanomas. In: DeVita VT, Hellman S, Ros-
enberg SA eds. Cancer Principles and Practice
of Oncology. 3rd ed. Philadelphia, PA : Lippi-
ncott 1989 : 1543~1556.

4. Shields JA, Shields CL. Intraocular Tumors : A
Text and Atlas. Philadelphia, PA : Saunders
1992 : 25-43.

5. Tapley ND. Retinoblastoma. In: Fletcher GH.
ed. Textbook of Radiotherapy. 3rd ed. Philad-
elphia, PA : Lea & Febiger 1980 : 499-509.

Intraocular



26

6.

10.

1.

12.

13.

L.ederman

3rd ed. Philadelphia, PA : Lea & Febiger 1980 :
509-526.

. Weiss DR, Cassady JR, Petersen R, Retinobl-

astoma : A Modification in Radiation Therapy
Technique, Radiology 1975 : 114 : 705-708.
Armstrong DI. The Use of 4-6 MeV Electrons
for the Conservative Treatment of Retinoblast-
oma. Br J Radiol. 1974 : 47 : 326-331.
Dobbs J. Barrett A. Practical Radiotherapy
Planning. London : Edward Amold 1985 : 74-
81.

Bentel GC, Nelson CE, Noell KT. Treatmen
Planning & Dose Calculation in Radiation Onco-
logy. 3rd ed. New York, NY : Pergamon 1982 :
218-221.

Saunders WM, Char DH, Quivey JM, et al.
Precision, High Dose Radiotherapy : Helium lon
Treatment of Uveal Melanoma. Int J Radiat
Oncol Biol Phys, 1985 : 11 : 227-233.
Linstadt D, Char DH, Castro JR, et al. Vision
Following lon Radiotherapy of Uveal Melanoma :
A Northem Califomia Oncology Group Study. Int
J Radiat Biol Phys. 1988 : 15 : 347-352,
Munzenrider Je, Gragoudas ES, Seddon JM,

- etal, Conservative TreatmentofUveal Melanoma :

14,

15.

16.

Probability of Eye Retention after Proton Tre-
atment Int J Radiat Oncol Biol Phys, 1988 :

15 : 553-558.

Kindy-Degnan NA, Char DH, Castro JR, et al. »

Effect of Various Doses of Radiation for Uveal
Melanoma on Regression, Visual Acuity, Com-
plications, and Survival. Am J Ophthalmol.
1989 : 107 : 114-120.

Stallard HB. Radiotherapy for Malignant Mela-
noma of The Choroid. Br J Ophthalmol. 1966 :
50 : 147-155.

Brady LW, Shields JA, Augsburger JJ, et al.
Malighant Intraocular Tumors. Cancer 1982 :

49 : 578-585.

M. Radiotherapy in Eye Disease,
In : Fletcher GH. ed. Textbook of Radiotherapy.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

Packer S, Rotman M. Radiotherapy of Choraidal
Melanomawithlodine~125, Ophthalmology 1980 :
87 : 582-590.
Luxton G, Astrahan MA, Liggett PE, et al.
Dosimetric Calculations and Measurements of
Gold Plague Ophthalmic Irradiators Using Iridium-
192 and lodine~125 seeds. Int J Radiat Oncol
Biol Phys. 1988 :15: 167-176.
Markoe AM, Brady LW, Shields JA, et al.
Malignant Melanoma of the Eye : Treatment of
Posterior Uveal Lesions by Co-60 Plaque Radi-
otherapy versus Enucleation. Radiology 1985 :
156 : 801-803.
Bosworth JL, Packer S, Rotman MR, et al.
Choroidal Melanoma : 1-125 Plaque Therapy.
Radiology 1988 : 169 : 249-251.
Muller RP, Busse H, Potter R, et al. Results
of High Dose 106-Ruthenium Irradiation of
Choroidal Melanomas. Int J Radiat Oncol Biol
Phys. 1986 : 12 : 1749-1755.
Shields JA, Shields CL. Intraocular Tumors : A
Text and Atlas. Philadelphia, PA : Saunders
1992 : 1-10.
Khan FM. The physics of radiation therapy. 2
nd ed. Baltimore : Williams & Wilkins 1994 :
418-473.
Johns HE, Cunningham JR. The physics of
radiology. 4th ed. Springfield, I : Charles C
Thomas 1983 : 453-497.
Godden TJ. Physical Aspects of Brachytherapy.
Medical Physics Handbooks 19, Bristol : 1988 :
27-40.
Hilaris BS, Nori D, Anderson LL. Brachytherapy
of Melanoma. in : Hilaris BS, Nori D, Anderson
LL. eds. New York, NY : Macmillan 1988 : 1-
27.

FTOEE| D YA T FEEHY.
1990 : 13-20.
Johns HE, Cunningham JR. The physics of
radiology. 4th ed. Springfield, M : Charles C
Thomas 1983 : 290-335.



12
Ho
It

obTU otME ool st XE9l YAM Mol B o7
AALYY AP
A& - ROHS - o|MT - ZXHE - AHE

Ho] BN 4l E24
Aol A sE AT Y Agol YRR AEHE AEeolu AR AR
A B FETS TRNFE 9L £ e ol Ak A2 Eo] 7|EXEYY wHEL 2

olHA An EHAE EFol7] Y% Z]E‘*u’&i*i PAMF AL AT AYE 71 7S o) 843 A

Apd ool AFelA AdEe] NyHT gt} E AT E Y dER N2 e XY

A A ALY NI At HEg del ATFE Awstn, TN FEHe

APde g R AFEEEZEE Tl FY B Fexdd ExdE A%g 1o 32 A

As) B3zt sk,
7Y WE & gel

T T F ARE 9T 2H PAHLEY AT Yk,
L 7Y RS 25y, AP PANFTINLE Adegon,
AT Yel9 J)1TE AA 2 Aast,
A EE 71T A B 2 STl BEHE YA HBEEE 2o,
C 4.0l 53 28 7189 AFH APANRAEY A4 Ao} v,
T Za & &80 cist 719

£ d7E B god 22 e 9y

1. 79 BUe A2 26mmel TRz ARSAoR, TH A5 A4 PAHEIAL
= 37], 2371, 2R A Y oA 2 7YY fol4 5L st Ir-1927F M A
RoZ AUE YT},

2. 717 QA 23] AEA w-g 2 WE AF AWE 1 £Foz Ao
B, 7179 @=7lE AS°] 15mm, 17mm 2 20mmel 3Z2F2 391, SA= 25 1.5mm=
st :

3. 7179 WA ERASFE TLD 2 Filme=z 243 23 WM BF 0.71, TH9
1.5mm7 2ol A z4z} 0.45, 0.490)3ith.

4. 1r-1927} A€ 7179 HFEE 24 ZAE Gary Luxton 59 AFE HgAird 2
AAEY LM B3 Qe A XN EAYFAQ CAP-PLANS A A ARd ) AlAr A}
S Hlgat, FFAFL £10% olldlA AP2E 0.4mm oulol Ay tlBEE Adxstdt, Hu
3= 47 11.3% 2 0.8mm=E vVyeRg),

oo ZAEERY N2 AL Foz B J)T r-192 seedE o)L 8 TR WA AE
HoR Q79 YF Yol P XN8E B EHF oz ANPY 5 S Ao syHn),

Al

L
.

Eo
2

AW N -

27



