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LHzAY WA Bl el -z Kexternal beam therapy)=
HA dAzAeE E57] wfjFol el diulsie] A
2ATHe H4e F2 ASHL glert 23247} Roentgen
therapy@} 15 BvhH ZHZANAE FEA] o5& A
£3}0] Curde therapygti 3kt ARSE 903, endocurie-
terpyet WHE W ATE Yovl wElolz sdw
brachytherapy (=short) ¥.th= plesiotherapy (=close)7} T &t}
Slek.

Akl wel 753 wf(ICRU #38, 1985) 12 Gyfhour o]
Aolm A #E, 2~12 Gyfhoure|™H FA%E, 2 Gy/hour o]

1. X
= FAE

Fig. 1. Radium face applicator used in early 1900's.
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NEA I Al 1 ARAGE RE THEA
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oz ALHT Y= AN 7, 54 U $EE Table
17} Ze}”

A SI v W) NS FHolng Qkds, Zul
QlAHgamma factor)7} o} ShIA e B Aol Mol A4
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SAFEN} AAEE BAlglo] T4k EH2A X Hol
A9 GgAel e Frh FTLEL Ao HAo| A
Ago] Eouz 3 nAFEl o] Agsiglont &

Table 1. Isotopes for Removable Head and Neck Cancer
Implant

Isotope HL Energy (KeV) Uses’

2y 74 d 370 av. LDR-m, HDR-r
51520 mCi) 60 d 28 av. HDR-

WCs 30y 662 LDR-m, MDR-r
“Co 53y 1170, 1330 HDR-r

*Ra 1600 y 830 av. LDR-m

“yp 324d 93 av. HDR-r

Yoy 27 y 200 av. (beta) beta applicator
%Ry 369 d 3500 (beta) beta applicator
2t 265y 2350 (neutron)  LDR-r neutron

Aolle Al AFE 2 YA &

1125 2AFE ADL olUAE ss dot 29 A4
2ol ofg xFHolng nAFE Al Wi A8t
E ASE AYAT A9 7ol AX AA Aol =3
o] wol ghdukn 9lA Ferh Yb-169% 11259 A8 &
A3} Yel7b gk CE252% SRS §AQU Fgl o
i RBE, AJ4t&Al¥Eol] tigh 2] OER®] 54 8l Ad#gel +
B3 A T THRANEAE HEY ZoE nF9

[}
Sr-900]t} Ru-106 S 79 o443 X gell A-g3ht

AT THEA 5L ALY T 9 5742 Table 2
o} ek el sh who] ALEHRY WAL &
ZAzANA kAl o] 8E7E QAW uE 7
o} oAz} Fof AgAte] HEo] goung Hadlle 7
o] AgsiA gk ey F125 £ oluA|7} ailg- dot 4t
st A et Aol gal AgAke] F]Fo] AL
BA} =HA g7 wiEol] ojwjdt BE wEska ekl
Agsc” wal gAggol 9gsln A A58 2
Moz HTole ABEEI} oS 4H A¥94AEE &
Foln glomz nFdAe AYA 59 g del A&
53 9t} Palladium 125 B} wizby|o} grom @ FA%
o] ZYslthd & =AA|To] Fol 4Rlx7]9] A#Ee| ¢
Eold] F&3] sl GHIEY A5 o ARAY ez
Azkhe} wehd] EASE Folg 7 vk Yb-169+ 1125
o} w2 o) AHEI7L v Fon, uikAdgel 3wzt
717} got N & 27)9] Aol ¥ wr}”

Am-2417} Sm-145% WHEslE oA Y AR ¢
st} o] AYE ALY v FAld VRS FojsPd IUR
iodinee] AZ el DNAo &= £3 Axe F43 Al
F A% v Asle) olu WAL ofifAl7} k-absorption
4ol FZ Yoluh= 337 KeV 29l 7% DNA ol &

o

Table 2. Isotopes for Permanent Head and Neck Cancer
Implant

Isotope HL Energy (KeV) Advantage’
I (0.3~0. 6mCi)  60d 28
Au (gold) 274 412 short HL

®pq (palladium)  17d 21 1 initial dose

Pyb (ytterbium) 32d 93 av. 1 dose distribution
2IAm (americium) 432y 60 TUdR sensitization
“*Sm (samarium)  340d  38~61 IUdR sensitization
PSe (selenium) 119d 218 av.

“-m : manual, -r: remote controlled

‘compared to 1-125
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G2716l4] FZ(synchronization)7h ol} AEZo] s P4
A Wz AU S, W R ) AREAEL §
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ZAXEE 52AS WY A R=AE 45~50 Gy
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AAFE AGzAY 14d%E TE2A FolA WA
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A2 WS Tkl FA6) et S ARt BS ATIT YemR B ol gk
AAFE AGNEE ALY wells ARz} 24%E zEy) Hojop ¥ Aokt nMRE EYX g M
FEAE Adke o AR el ikt B 23 e A4 uf B4 XEAYY FIEHE I
A ATNE HA, TRNE FEA & W AXFIE 93 s AZdle #4hbSARHERD : extrapolated re-
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Fig. 2. Fabricated home-made iridium ribbon.

a. diameter of source; 0.5 mm

b. length of source; 3 mm

¢. distance between sources ; variable
d. diameter of ribbon ; 0.8 mm

* Activity; 1~2 mGi for each seed at the time of delivery
Strength; 1 mCi/em ribbon as a standard
- 87% intensity of full strength radium needle (0.66 mg/cm)
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sponse dose)-& A-&3tcl ERD= EA4H#¢] NSD ¥+ TDF 5
o well wlal AELEL 3EH(e/8) F E43E A7
(repair time; 1) ol ot 2esk slol Qo] wEel vl
AEAo] Y 4 Wgoleh ™

ol21gt A9 R Fol7] Adll 2o Al ¥
o7 7¥dAekE X E(pulsed dose rate brachytherapy)7}
P> ol THLE AEAE olgle] AHZE A
29 FY3 BESH AAAIEAHIHE A= delo]
o ? Z 3 Gyhe] TAFEE 1087 243 AL 14
Zhll 13]2 3le] =EFolabd 05 Gyhd] AXFETS 2 =
Aot Aok et 1087 24 F 508l H40] ga
B ZARIEE FAAT Bl AEEH W TAY
T & Holrh(Fg. 3)

4. XzAE

1) MEHHIM

AARE TH2A A8 AAK e ddy
QA9 AFARE PHell 712E Fu Yok o] W
Paterson-Parker system (Manchester system)ol] &4l glc}$
o % mghis EAG 4% Foll Jald FAze] 259
o). gulg AL ukAdEe] Akl wlel active length7} 0.33
mgRajem o[ half strength, 0.66 mgRajem ©]% full strength
ghslar ek E2- full strengtho] L VA& half strengtho]wd

e
>

indian club, 9% To| full strengtho]™ dumbbellZ F-Et.
old3t of7] 7iA FF7} e elde FHUF AL Y
o Z7HQ FAR W] Ao HA FolAng Ak
o B Hslol Mke 2 7 AMeleh TY WAS
o e ABY dol Heliel A FHoT IS
she 59 HIFSAWFSHFEE 94 (uon-uniform source
juniform dosage) & ook ek AR1E W5 %
2EZ m azve weld gl olw 3 e il
FolAE A#kS, AY9 active lengthol] whe} mghr F 24}
Hradmg e Bl AE 2AMFE APU) web
7t A58 AU FyPolx YA AYNGFE | emF A
st=8 AQlElojof g}l A X+ single planar implant,
double planar implant, % cylindrical volume implant® -5t
t}h.(Table 3)

71 9fol] Quimby B Paris system 5 FUI B
ARe #5 BE2 Al Wy Flel gle 59

o7hel Aolsk glort THAQ Pl Bt AT

A9 Fovk AFE AR algorithme] L2l A Wz
A%} 7k WA ot ASHtHTE SAIA Ab
A% whell ehele A AR ek e A Alela A
FE e Adon =% 4 e TARE AYA R
AARS SAs] HEelel o2,

2) Azl optimization)

A o2 Agsks Aol VAN Sy BES
A Q57 lRel] HH3 el At WA F4

Tt

].

A FE
oA Arlele FHelElrl 483 HAE 4% HAE A8t
EE AL o} sojof gk AAdFEAANE SEE ALY
o] AR AE HA-s| - active length7} =4

0 prs pr o A4 ol AekAeIlA Aot poinge] AR
Time (minutes) 2o 200 ofgeld AY AA AE =AY AFE
i ‘ o AE AR FHA3} (geometric optimization), | #]= 3}
Fig. 3. Pulsed dose rate. e o o L o
LDR: continuous 0.5 Gy/h (volume optimization) 52| W& A&, 492 7
PDR: pulse of 0.5 Gy in 10 min. every one hour Ao|Ale] AR A7g zAG
Table 3. Rules of Interstitial Implant System
Paterson-Parker Quimby Paris Computer
(Manchester system)
Source intensity variable constant constant constant
(0.33 or 0.66 mgRa/cm) (0.5 or 1 mgRa/cm) (0.6 to 1.8 mgRa/cm) (0.2 to 0.4 mgRa/cm
Source distribution non-uniform uniform uniform uniform
Source spacing constant (1 cm apart) same as P-P constant but ranged constant but ranged

Crossing needle required

not required

not required not required
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A-&38lc}. Stainless steel guidet™ one end technique® AMQls}
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»
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9‘11:}_.16, 39~45)
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Mok WA A
2 A% BA s’ 1997d FARSE 3Rz 19440
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X g7t oM WRAelA F Tell AlPG ol whebd X
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nere g Ad BAE siglch

1987 39EE] 19984 29744 1247 X E3F gA £
BAol b5t % 18sele] FARSH T4 $AE ol
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A7} 12#6.5%), AHH L ¥zAeke] B o7} 1332719
%), 2|F2A o] TH A F7EX] S(boost) 402(11.6%) &
olglel. A=A WY 4%01 23014 354 cGyfhr (F
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o 9E Fe 24 Aolw olu) HF wlF seld A% ol
7t gk EAA 4] BE e A7 157, 122, 042,
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o}&#] AR AFEE A o Azl A3t 7)ol
oS wd 2 o) AFEE o) &3 2AHF H3} V)
%01 U$ abd = Ziolr:}

T shy A B 5 e AL

Az8e] 290l 7ol 4
g £ 2|, ARPAAR], GRS a]zxi CT simulator,
AAVE AFE XNEAY, FoiA= AR 28] VEHA
o ot AXZE HA), Je} S5 A AEgu] Alzdle] &
Aol AFH oz ZFolAA, AgelA AFA3 = A
289 MR Bgstn FAll b HAG AFEEE
AA slof, ZEAFY FEE 7T F gk olFA Feom
A ARZIE A g 1E oJZEAlele Y AR AR
THZARE o] A 7 FepEE o Fjd Aol

4l

1% S0l FHY2A
24 A%E 9 F4

A&
L%
il
e

it

=i

HO

]

1. Mazeron JJ, Gerbaulet A. The centenary of discovery of
radium. Radiother Oncol 1998; 49:205-216

2. Dutreix J, Tubiana M, Pierquin B. The hazy dawn of
brachytherapy. Radiother Oncol 1998; 49:223-232

3. Mould RF. Radium brachytherapy: historical review. In:
Mould RF, Battermann JJ, Martinez AA, Speiser BL Brachy-
therapy from radium to optimization. Veenendaal, Netherlands:
Nucletron International, 1994; 1-8

4. Battista JJ, Mason DLD. New radionuclides for brachy-
therapy. In: Mould RF, Battermann JJ, Martinez AA, Speiser
BL Brachytherapy from radium to optimization. Veenendaal,
Netherlands: Nucletron International, 1994; 373-384

5. Maruyama YM, Feola JM, Beach JL A. Tumot/normal
tissue advantage for low dose rate neutron brachytherapy. int
J Rad Oncol Biol Phys 1983; 9:1715-1721

6. Abayomi OIl, Karmody CS, Chun M, Wu A. Radioactive
gold grain implants for tumors involving the pharyngeal wall
and supraglotic larynx. 1990; 6:25-29

_184_



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Marks JE, Imanzahral A, Kurup R, Collins S. lodine-125

seed implants after neck dissection and carotid peel for head
and neck cancer in cervical lymph nodes. Endocurietherapy/
hyperthermia Oncol 1992; 8:195-201

. RMY. SZRN YA olalclg MelxlRel FR) Of
EE R T AEEX| 413-19 1988
FNY. FHRoe 2H wAM X HESAE Suss

Armstrong JG, Harrison LB, Spiro RH, Fass DE, Strong
EW, Nori D. Brachytherapy for malignant tumors of salivary
gland origin. endocurietherapy/hyperthermia Oncol 1990; 6:19-
23

Hall EJ. The biologic basis of endocurietherapy. Endocurie-
therapy/hyperthermia Oncol 1985; 1:141-152

Pierquin BL. Past, present and future of interstitial radiation
therapy. Int J Rad Oncol Biol Phys 1983; 9:1237-1242
Mazeron JJ, Simon JM and lLe Bourgeois JP. Low dose
rate interstitial brachytherapy: effect of dose rate on local
outcome. In: Zamboglou N New developments in interstitial
remote controlled brachytherapy. Munchen:  Zuckschwerdt
Verlag GmbH 1997, 77-90

Orton CG, Seyedsadr M, Somnay A. Comparison of high
and low dose rate remote afterloading for cervix cancer and
the importance of fractionation. Int J Rad Oncol Biol Phys
1991; 21:1425-1434

Dixit S, Baboo HA, Vyas R, Bhavsar D. Interstitial high
dose rate brachytherapy in head and neck cancers: preli-
minary results. J Brachyther Int 1997; 13:363-370

Yu L, Vikram B, Chadha M, Aliieri A, Mishra S. High
dose rate interstitial brachytherapy in patients with cancers of
the head and neck Endocurietherapy/hyperthermia Oncol
1996, 12:1-6

Dale RG. The application of the linear-quadratic dose effect
equation for fractionated and protracted radictherapy. Brit J
Rad 1985; 58:515-528

Dutreix J. Expression of the dose rate effect in clinical
curietherapy. Radiother Oncol 1989; 15:25-37

Brenner DJ, Hall EJ. Conditions for the equivalence of
continuous to pulsed low dose rate brachytherapy. Int J Rad
Oncol Biol Phys 1991; 20:181-190

Mazeron JJ, Boisserie G, Gokarn N, Baillet F Pulsed
LDR. Brachytherapy: current clinical status. In: Mould RF,
Battermann JJ, Martinez AA, Speiser BL Brachytherapy from
radium to optimization. Veenendaal, Netherlands: Nucletron
International, 1994; 246-259

Fowler J, Mount M Pulsed brachytherapy: the conditions for
no significant loss of therapeutic ratio compared with tradi-
tional low dose rate brachytherapy. Int J Rad Oncol Biol
Phys 1992; 23:661-669

. Keilholz L, Seegenschmiedt MH, Lotter M, Martus P,

Schulz-Wendtland R, Sauer R. Effect of dose per pulse,
pulse duration and total exposure time of pulsed dose rate
brachytherapy: results of an in vitro model. J Brachyther Int

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

35.

_185,

ol

CHSHAHS B USSR 1999;17(3):179~186

B

1998; 14:59-69

Quimby EH, Goodwin PN. Dosage calculation with radio-
active materials. In; Goodwin PN, Quimby EH, Morgan RH
Physical foundations of radiology. 4th ed. Hamper & Row
Publishers, New York: 1970; 241-284

Paul JM, Koch RF, Philip PC, Khan FR. Uniformity of
dose distribution in interstitial implant. Endocurietherapy/
hyperthermia Oncol 1986; 2:107-118

Gannett DE, Stea B, Shimm DS, Sneed PK, Fu KK,
Steeves R, Vora NL. Interstitial thermoradiotherapy for
locally advanced and recurrent neoplasm of the head and
neck. Endocurietherapy/nyperthermia Oncol 1995; 11:143-153
Puthawala AA, Syed AMN, Rafie S, McNamara C. Inter-
stitial hyperthermia and interstitial irradiation (thermoendocurie-
therapy) in the treatment of recurrent and/or persistent head
and neck cancers. Endocurietherapy/hyperthermia Oncol 1990;
6:203-210

Chaudhary AJ, Sharma V, Bhalavat RL, Sequeira BVE,
Dinshaw KA. Interstitial brachytherapy in carcinoma of the
buccal mucosa. endocurietherapy/hyperthermia Oncol 1991; 7:
43-48

Demanes DJ, Rodriquez RR, Syed AMN, Puthawala
AA. Wire in leader technique: A method for loading implant
catheter in inaccessible sites. J Brachyther Int 1997; 13:371-
378

Gupta VK Pandey RK, Mathur J. Iridium-192 wire implants
in basal cell carcinoma of the face. Endocurietherapy/hyper-
thermia Oncol 1992; 8:1-4

Auchter BRM, Harari PM, Pasic TR, Peters NE. Locally
recurrent nasopharynx cancer: optimizing brachytherapy dose
distribution. Endocurietherapy/hyperthermia Oncol 1996; 12:87-
93

Bolek TW, Meigooni AS, Kalbaugh K, Proffitt E, Mitchell
TP, Mohiuddin M. Design and characterization of a rigid
interstitial  implantation device using iridium-192 seeds. J
Brachyther Int 1998; 14:261-268

Sancho G, Guedea F, Quer M, Vega M, Fabra JM,
Seral A, Leon X, Montserrat JR, Craven—Bartle J. Treat-
ment of carcinoma of the nasal vestibule with radiation
therapy. Endocurietherapy/hyperthermia Oncol  1995; 11:129~
134

. Bauer M, Schulz-Wendtland R, Fritz P, zum Winkel K.

Contact therapy of tumor recurrences in the regions of the
pharynx and oral cavity by means of remote-controlled
after-loading technigue. Endocurietherapy/hyperthermia Oncol
1986; 2:37-42

. Giri PGS, Wolf D, Cytacki EP. Brachytherapy as boost for

advanced tumors involving the oropharynx. Endocurietherapy/
hyperthermia Oncol 1991; 7:53-56

Rosenblatt E, Rachmiel A, Blumenfeld |, Laufer D,
Kuten A. Intracavitary mould brachytherapy in malignant
tumor of the maxilla. Endocurietherapy/hyperthermia Oncol
1996; 12:25-34



FEE | SEYAEIAN Q& SZRLL Xz

36.

. Nori D.

Trotti A, Wepeelmann B. Kim RY, Lee J, Salter MM.
Custom surface applicators in cancer of the oral cavity and
oropharynx. Endocurietherapy/nyperthermia Oncol 1990; 6:143-
151

. Chougule PB, Aygun CA, Salazar OM, Sewchand W.

Interstitial irradiation for carcinoma of the nasal vestibule and
maxillary sinus. Endocurietherapy/hyperthermia Oncol  1989;
5:33-38

Intraoperative brachytherapy: rationale and future
directions. In: Mould RF, Battermann JJ, Martinez AA, Speis-
er BL Brachytherapy from radium to optimization. Vee-
nendaal, Netherlands: Nucletron International, 1994; 392-407

. Gerbaulet A, Haie-Meder C, Marsiglia H, Kumar U,

Lusinchi A, Habrand J-L, Mamelle G, Flamant F,
Chassagne D. Role of brachytherapy in treatment of head
and neck cancers: Institut Gustave-Roussy experience with
1140 patients. In: Mould RF, Baftermann JJ, Marlinez AA,
Speiser BL Brachytherapy from radium to optimization.
Veenendaal, Netherlands: Nucletron International, 1994; 101-
120

. Fujita M, Hirokawa Y, Kashiwado K, Akagi Y, Kashimoto

K, Kiriu H, Matsuura K, lto K. Interstitial brachytherapy for
stage | and Il squamous cell carcinoma of the oral tongue:

41.

42.

factors influencing local control and soft tissue complications.
Int J Radiat Oncol Biol Phys 1999; 44.767-775

Gerbaulet A, Haie-Meder, Marsiglia H, Lartigan E,
Lusinchi A. Low dose rate interstitial brachytherapy in head
and neck cancer. In: Zamboglou N New developmenis in
interstitial remote controlled brachytherapy. Munchen: Zuck-
schwerdt Verlag GmbH  1997; 91-105

Goffinet DR. Brachytherapy for head and neck cancer. Sem
Rad Oncol 1993; 3:250-259

. Grimard L Mazeron JJ, Pierquin B. Curietherapy vs

external irradiation combined with curietherapy in stage |l
squamous cell carcinomas of the floor of the mouth. Endo-
curietherapy/hyperthermia Oncol  1991; 7:97-103

. Nair MK, Sankaranarayanan R, Padmanabhan TK. Local

control of carcinoma of the oral tongue by radium needle

implantation. Endocurietherapy/hyperthermia  Oncol 1987, 3
127-129

. Nair MK, Sankaranarayanan R, Padmanabhan TK Pre-
loaded brachytherapy of early cancer of the buccal mucosa.
Endocurietherapy/nyperthermia Oncol 1988; 4:7-9

. RAE, o, XgE g BS st M3 SH(19974)
- CHSterALMd Zokats| CH SHUFARM B 2FSEX| 1998; 16:531-
535

—— Abstract

Brachytherapy in the Treatment of Head and Neck Cancer

Seong Yul Yoo, M.D.

Department of Radiation Oncology, Korea Cancer Center Hospital, Seoul, Korea

Brachytherapy has been proved to be an effective method for the purpose of increasing radiation
dose to the tumor and reducing the dose to the surrounding normal tissue. In head and neck cancer,
the rationale of brachytherapy is as follows; Firstly, early small lesion is radiocurative and the major
cause of failure is local recurrence. Seondly, it can diminish evidently the dose to the normal tissue
especially masseteric muscle and salivary gland. Thirdly, the anatomy of head and neck is suitable to
various technique of brachytherapy. On background of accumulated experience of LDR iridium
brachytherapy of head and neck cancer for the last 15 years, the author reviewed the history of
radicisotope therapy, the characteristics of radionuclides, and some important things in the method,
clinical technique and treatment planning. The author analyzed the clinical result of 185 cases of head
and neck cancer treated in the Korea Cancer Center Hospital. Finally the future prospect of

brachytherapy of head and neck cancer is discussed.
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