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Tt T1-T2a, Gleason score 68 0|3}, prostate specific antigen (PSA) 10 ng/mL 0]gte| =74
& ZEMNY 498 MYHTCR Ho5lH 2, T2b-T2c, Gleason score 78, PSA 10~20 ng/mL & &t 7}X]
Olgfe| =g EZATIE 498 FUYT2R HoASiH D, T3a 0|4, Gleason score 8~10%, PSA>20
ng/ml & BVIX| olAe] ZHE BEAII = F9E DY DLE HosIgct HAEE2 18W0(UL, B9l
T2 19%, D/ETE oAt XerMBke 145 Gyolich

2 Ik Mo SUEolM ZzE 104 PSAT} 2 ng/mL OlAF ZE7tst0] AlSkebs xjdta Rgh ghgto
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Table 1. Patient Characteristics
Group 1 Group 2 Group 3
(n=18) (n=19) (n=6)
Mean age (yr) 62.0 65.1 66
Range 39~84 50~75 59~72
Mean follow-up (mo) 33.6 334 33.8
Range 244~455 265~428 244~425
T stage

Tic 7 0 2

T2a 11 4 3

T2b 0 4 0

T2c 0 11 1

Gleason Score
=6 18 9 0
7 0 10 0
=8 0 0 6
PSA* (ng/ml)
<10 18 15 5
10~20 0 4 1
>20 0 0 0
Duration of HT' 36 58 88
{median days})

Range 23~1,162 29~1,374 1~163
=180 17 17 6
>180 1 2 0

Start before 16 17 4
brachytherapy

Start after 2 2 2
brachytherapy

*prostate-specific antigen, Thormone therapy.

Bhokow, ZM %‘v’f A %‘Oﬂl 5 A4 #9720 mL
o]l Hg TEEXNEE AlPutsll

American Joint Committee on Cancer (AICC) 7349} ¥ 7] 1
2 184, A 8%, IBY 17909l Tie: 99, T2ak
189, T2be 4%, T2ce 12%ol%ith B AFdAE
T1-T2a, Gleason score 6% ©]&}, PSA 10 ng/mL =]%ke] =

e BF 33 F$E A8 (gow N2E A3l
9.2, T2b-T2c, Gleason score 774, PSA 10~20 ng/mlL =
B 7 el 2UE FEANE ATE TUNUT
(group 2)&.& A28t a, T3a ©]4, Gleason score 8~ 10

d, PSA>20 ng/mL % & 7}A] o4 2AE E2FAI|=
A¥E 98T group 3)2E At AAETE 18
Holol:, FUAPTL 19%, IF T2 6ol A ck(Table
1.

American Association of Physicists in Medicine Task Group
430l wet A JFEHAA 145 GyE Agstolct
Mick Applicator (Mick Radio-Nuclear Instruments, Mount
Vernon, WA, USAYE Ab&3slo] 7z Al 22919} Carm &
5. 3}oll Best Medical (Springfield, VA, USA)®| iodine 125 .
(D seed® At FEANA AAR 289E o]
g3ted 5 mm Ao 2 AYA o[v|A £ F5glern, =
23 oju|Ael] AYAE A JFEAANHE Zlx
ololl AAg Mk TEE o17] 3l L3t seed 4Y
A% Mg Far] A% AAEE Adegich AALE
HHO B seed AUE APl Ag F AAZeR
Strata Suite Volume Plan (Rosses Medical Systems, Columbia,
MD, USA)& o] &sle] SA%TAI AFAs| 280
& FAHA seed AHY AXG Mg T4, Edsldet
(Fig. 1A). Seed 4F¢lo] £8% F WU 4AZAAE 5o 2%
v g Hell seed7t EAJSlE Al o & &olelgitt. Seed
AY F g 88 BR8-S 2ASYUR, 3/8EelA 5
MY ZHH o2 PSAE FH B &)

A25 seedd] MG HTF 1057079~ 1470 Y2, seed
o ZEE 0338 mCi 0279~0367)0I9lem A48
needle®] 7N3= 7 30.3370(19~49)01%t}. Seed AHY ¥
1N 7heF A3 & 34k c1E AlYell L, Strata Suite CT
Plan (Rosses Medical Systems Columbia, MD, USA) Z&1
e o] &3tod CT Aol AFAH HAAe 29 F(Fig.
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FARE AT A 1.,_77}x] ﬂ'ﬁ = A AR 53
¢k Crook 5701 =4 919 A7)9 F43} dkAol B3
American Brachytherapy Society Consensus Statement ol 4]
23 WE-E e R seed7t U F-9loll deto] o
S A A AAE o] ] § IlRof dlstod
AR sl Eagtg 77 BAsledch

T A9l e &

o) eelgieh. BEEAE el Y M) BAE 40
o, 670 o4kl b= 3ol gic(Table 1), TAHXE A

B IEINRE G A AE
HA 717ke] 77R4 )3t
WAAX g T AserA Aube] 7]S 0 8 Radiation Thera-
py Oncology Group (RTOG)-American Society for Therapeutic
Radiology and Oncology (ASTRO) Phoenix Consensus Con-
ference”oll 413z €15 WAMAE + 24 PSA FhollAl 29|
A F7h Aoz Aeg o Kuban F'7 26939 &

S 14l

AARE AW TS AL Yo AT W 9%
WA AR B0k 7ol 217 PSA FollAl 2 ngiml o} 4 E71%

& A ALY VEer A Aol F

B 4 abedsiodckn Haslgich. o] & wigk
o7 B AFAE A PSA ZhollA 2 ngimL o F7}
g A& A Aptel vlEen Auklch wdk PSA ub
G(bounce)> X E ¥ PSA7} HAgho g 7hagt Fol 01

24 2% 3

ngfmL ol4 F7 WW} 2AH AR o] #3 A
@ A 4 A5 AU,

Au_g,}ﬂz% x].]ul—agg} z} 2) OE);“ BZ?—_Q_oﬂ oz%k% u]
X} 2.4l sl SPSS ver. 19.0 (SPSS Inc., Chicago, IL,
USME Afetel SUER T 4F U RARA, 24 2

A& Aol

24k CTE Alesto]
Ll RH A2 90%
& A#He 253.6 Gy (142 5~3575), ¥
F Do 1322 Gy (72.5~247.5), BT Vo I Aekg
90% oldol zAEE AAdd FIe] vlE)d 9.7%
(96.6~100), HT Vi 992% (94.4~100), BF Vo>
92.4% (69.8~100), B Vauod 78.1% (26.5~99.4)0]%c}

(Table 2).

Fig. 1. Isodose curve of permanent brachytherapy. (A) Intraoperative transrectal ultrasound (TRUS) based plan. Isod(?se curve
acquired from intraoperative TRUS based plan. (B) Postoperative computed tomography based plan. Isodose curve acquired from
postoperative CT based postplan. Dots represent the location of seed. R2 represents rectal wall confined in the irradiated level.
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1425
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1,170.9

CT based dosimetry

Table 2. Postimplant CT based Dosimetry of Prostate

Minimum dose (Gy)
Maximum dose (Gy}

D90 (Gy)*

RTOG grade 19| %
D100 (G

N

7Fst 9l o

=
5]

717}

RTOG grade 298] #

357.5
100.0
100.0
100.0

9.4

725
96.6
944
69.8
26.5

253.6
132.2
99.7
9.2
92.4
78.1

)()

V100 (%)
V150 (%

)
)

*minimal dose in the 90% of prostate volume, T};)e]rcentage of

volume receiving at least 90% of the prescribed dose.

V90 (%)
V200 (%

Table 4. Acute and Chronic Side Effects of Permanent Bra-

chytherapy

Chronic

Acute

Rate (%)
20/43 (46.5)

Table 3. Biochemical Outcome of Permanent Brachytherapy

RTOG* grade

Rectum Urinary Rectum
tract

Urinary
tract

PSA* bounce

2/43 (47)

PSA recurrence (increase >2 ng/ml from

n o O o
—

— <H —~ O

M D OO

40
3
0
0

Lanli o BEap TR 4

1/18 (5.6)

Group 1
Group 2

nadir)

1/19 (53)
0/6 (0)

Group 3

*Radiation Therapy Oncology Group.

*prostate-specific antigen.
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Table 5. Postimplant CT Based Dosimetry of Rectum

Entire rectal dosimetry

Involved rectal dosimetry

Mean

Minimum Maximum Mean Minimum Maximum

Dz (Gy)* 172.64 57.50 250.50 153.57 62.50 237.50
Do (GY) 286.66 115.50 397.50 28271 112,50 357.50
Vi (cc) ' 345 0 8.55 213 0 456
Vi (%) T 6.96 0 18.74 13.92 0 31.76
Viso (cc) 1.08 0 3.05 0.84 0 2.29
Viso (%) 234 0 854 537 0 15.47
Dmax (Gy) 388.34 121.21 818.71

*Mlmmal dose in the most irradiated 2 cc volume of the rectum,

dose,

7h, FRXNE T 19M8A A& sAAAA DA
9 gol WA=t FAXNE A 2048 A A
S Al on FHXE 2309 & AR A
A A FolzAe] EFom BEH AEE
A 011;}.

AN E Y ¥ 1?%*
g At AA Aol
2 53] 2 ccoll %OVHL: & A%, Gye 1726 Gy
(57.5~250.5), H 7 Dore 286.7 Gy (1155~397.5), BT
Vieo (AW A%9] 100% oldo] =As]= A Ae Fo] 4yl
H &) 3.5 cc (0~8.6), 7.0% (0~18.7), BT Vise 1.1 cc
0~3.1), 23% (0~8.5)°}3 e H Dmax (Gy)¥ 388.3
Gy (121.2~818.7)0] ek, X & F9joll T3hel HAw ol A
FEEE BASSS W BT D 1536 Gy (625~
237.5), 3 Dot 2827 Gy (1125~357.5), BT Vi
2.1 cc (0~4.6), 13.9% (0~31.8), HF Visg> 0.8 cc (0~
2.3), 5.4% (0~15.5)°1%tH(Table 3).

ZA A& Doy (p=0.041) F Viso (co) (p=0.038), A&
ol £xkd 7ol Vi (o) p=0.047) ¥ Viw (%)
=0.019)¢] F4 A7 F24Loll g RTOG gradeoll 54|
Hog o3t ofdke ulX= a]lo|vk(Table 6). A4
A AL Dojeci= grade 00114 B 278.96 Gy, grade 10114 3
T 3575 Gy 01921, Visp (co)s= grade 0014 33 1.03 cc
olg o™ grade 1014 F T 1.70 cco| vk X & F-Hloll £
T A Vigo (co) B Vi (%) grade 0014 3T 2.03
cc, B3 13.01%, grade 114 3 3.02 cc, 3 21.32%9]
9 th(Table 7).

R A B89l Z5oll= RTOG grade 0~ 12 344
T 1, RTOG grade 2~3% AL 2, RTOG grade 45 7t
T 38 Aulo] T4 TAE AP E W A A4

©°
A5 b =1
Vio (%) (p=0011), AR Ul ZFH A4 Do

Loy
N
o

b

1.4

o oY, it

A oN
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5
o

Tabsolute rectal volume receiving at least 100% of the prescribed
percentage of rectal volume receiving at least 100% of the prescribed dose.

Table 6. Univariate Analysis of the Parameters for Acute
and Chronic Gl Complication

Acute complication Chronic complication

Vablialbes
p-value
Prostate volume (cc) 0.141 0.492
Seed no. 0.404 0.240
Whole rectum
Dac* (Gy) 0.082 0.358
Doec (G&) 0.041 0.110
Vi (c ) 0.315 0.104
Vi (%) 0.344 0.011
Viso (cc) 0.038 0.196
Viso (%) 0.372 0.117
Dmax {Gy) 0.150 0.229
Involved rectum
Dace (Gy) 0.158 0.076
Vigo {(cc) 0.047 0.023
Voo (%) 0.019 0.075
VlSO (CC) 0.224 0.491
Viso (%) 0.089 0.190

*Minimal dose in the most irradiated 2 cc volume of the
prostate, absolute rectal volume receiving at least 100% of the
prescribed dose, percentage of rectal volume receiving at least
100% of the prescribed dose.

(p=0.049) & Vi (cc) (p=0.023)°) FAIA o Fof3iA 1}
Ebstrh(Table 6). A HAS Vig (%S 2474 HT 595,
931, 10.62%01 .o, X & H ol 35 249 Doy Y
Vi (coy= ZH2F S 273.1, 3006, 3425 Gy, B3 1.93,
2.55, 2.90 ccol i th(Table 7).

RTOG grade 19 #A4 ﬁ.ﬁjﬂ BAr-go] vheldt
409 (AT 189, ST 164, 2T 6%)
ov] ypak whilsiA] Vet SR ik, g,

Z0]|9l3L RTOG grade 19] THA @A) 4
o] Vel A9+ AP ToNA 17U}t RTOG grade 2

r

= Re)
Age

2
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Table 7. Rectal Dosimetry According to Radiation Therapy
Oncology Group (RTOG) Grade for Rectal Complication

Table 8. Univariate Analysis of the Parameters for Urologic
Complication

Acute ) o
A Chronic complication
RTOG grade complication
0 1 0~1 2~3 4
Whole rectum
(mean)

Dac* (Gy) 16842 21290 16660 18580 209.17
Doiee (Gy) 27896 35750 27657 30790 35017

Vi (mL)" 335 459 333 404 500
Vi (%) 671 941 595 931 1062
Viso (cc) 103 170 097 133 17
Viso (%) 224 346 200 316 367

Dmax (Gy) 37594 50727 37973 39126 503.01
Involved rectum

{mean)

Dac (Gy) 150.63 17950 14527 17309 177.50
Doiec (Gy) 27704 32470 27310 30060 34250
Vi (cc) 2.03 3.02 1.93 255 290
Vi (%) 1301 2132 1241 1809 1633
Viso (cc) 0.78 1.35 0.72 111 133
Viso (%) 4.89 9.28 4.66 7.16 7.37

*Mmlmal dose in the most irradiated 2 mL volume of the
rectum, absalute rectal volume receiving at least 100% of the
prescribed dose, percentage of rectal volume receiving at least
100% of the prescribed dose.

et

o /A 5 A g2 A BALe A7 3 (EF D), 4
HAART 19, FHAET 19, 29HF 29)ellA U
th. RTOG grade 39] "WHA Q@244 B89 71943 |
ollAl 819l o™ RTOG grade 42] L&A B2k g2 ¢igir}
(Table 4).

BT 2308 ol 224 4 9 FAede] TAHY
ovj(6~39719) 36%ellA 24 TAS EYw 927

3 40 9T A% LAY $2AA) 59 oz
REH A BT shglont ool g% A FL Gl

HEE A %t

Al A T4 AY4 F4 A4 E(international prostate
symptom score, IPSS)E Al 83t ghal= 12o]gla, o] 3}
Arell A IPSS 49t 224 BALY AT oddgi o)
ubA SR okok

4 2824 Ha}&,} RTOG grade ol 98-S w2 @
AL EAEAS o] seed MF(p=0.028)7F 523 ko]
aglon, A4 R3], Ae A AHA vl $7, 4
€A T2 XE R o] BF 98 Xol & ek
A %9kel. RTOG grade 19 3MAF9] HF seed 7MGEE
10471, RTOG grade 29] $1A472] HF seed M= 12370
Ak w4 e 2] Bag 9] RTOG gradedl] kg n)xj=
FARLE Fo% 9902 g% ck(Table 8).

Acute Chronic
Variables
p-value
Dmax* of bladder (Gy) 0.568 0.124
Prostate volume (cc) 0.075 0.162
Seed no. 0.028 0.212
Needle no. 0.201 0.941
NaH' 1.00 0316
BPH 0.370 0.845

*Maximum dose, Tneoadjuvant hormone therapy, ?benjgn pro-
state hypertrophy.

oty AE
2 dae H4 2 vy 2HRE 717 G A
THA RS AH el Gobr A et
National Comprehensive Cancer Network (NCCN) H3
dlAE AAET A AR S %%(3}—‘%
AN g 5 wE 2PXE 45 =2 F
Axsti glom, FHAET SRl ‘% =,
o8 HRW*IEE— AR XeA-2 EE%?L&} -4 15%

of
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A%

go
te o o= R
o e 2 e

- —_— v N =
Asala ek w3 % PALAE & AL A%
AR AEE, AL 58, THHE ST AT A A
sk 9o},

e Potters SV T2c 0|30l BE Q¥ 9] AE
ez ZHXE F Astetd Ay Fwg AAE =
A& ATl A Do dEE = 4F9)e] HAA o Th &
23 olzlela Haslgleon FERX] g} o whAA ]
go| 7} AdEel 9gkg wxA kvl Hastg)
t}. Blasko 578 ZHAE 9577 95 A4 E ¥
Sroll A A3 2R EL w2 dddlA AP
71%% TI-T2, Gleason score 2~674, PSA 10 ng/mL ©|3}<]
758 B 2FA9E A2 AYslgd on, T3, Gleason
score 7~10%, PSA>10 ngmL F 3 7}A QAE £ 4
71e A& %ﬂ%’%%‘? F A o)l FEA e A-E
AT E Aosloleh F43k 58MYY 4 w3
7k *§9_}§Pﬁl ZHEL THAE 5T B WAA
A& WETANA ANY TS 27 049, 87%0]9 o0 7}
AP TN 84%, 85%, AP TANAE 54%, 62% % &
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gk Ko7} iiekar Hoarslglch

Lee 5V0 THX 8 B5og A3 $45L WAL
2 A8 ol A+ PSA 10~20 ag/mL, Gleason score 7,
T2b F 3 7HA 27& F5AE dE 4997, 7 L
A ol =g FEAA AT PSA>20 ngmL,
Gleason score 8~ 107, T2¢-T3-8 ¢ 7}A] o]AF 2ZA12 o
& 28R Aoslgny TRE NHE A e 3
ZFoll Al Dyoo] 140 Gy o1 8Y A5 43t A =4
O Z7RQ ol A 94%, P TN T7% R Hitalgle
W, 2 85 AY WA g ST 9 2949
T

koP oM
m:'p

Fe F7
Pabell 4] 5:d7F A3ehs] 2458 Dwol 140 Gy o] 4
d BS 81%, 140 Gy ol3lel A% 38%= Ruslgich
Dosoretz &9 734 o]0 sAFANAE ZHXE IE
THY T2PXE W Adgel o 9da B
sk 9lok 4 D’ Amico 0 n@E 845 dAt
oz wfm S AU E A9 AR 3
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¥ UAIAR 0 1A S A
e 2
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Qo Hoffman &'
B deriEy X E, o3 AN E iéiﬂivf«
B st gharel Adgo]l folehA Ythn B
a3t

Ta Ak A NE el disiAde gk
et Aol v} chekdl AatEe] Basx glo, &
AT 9T IAA X E dEX B g
< obf HesA wAA g EelAE A3
T AT ot ST 19T g4 SR
S MALAA 85 ARG 2997 2 F )
g FEATE AS SHX B} SEEXEE Wl
How w7 MG Al 47%9) & Apety A
& Bk e dA) H4a FARE vte] 2dol &
Hstue F5 A7) 3 Pgo] Pasirha Azheel

ulg ZHXE ¥3l(American Brachytherapy Society,
ABS)?| ZAHAE Aol ot At THAE T
Al3gt dekZAollA] Dol Wk A% olgo] s+ AS
AT AE disle HER AAste gen ) 4
A& F Ak CTE ZH e Dyp<140 GyY wj PSA o]
& 68%°1 Dw=140 Gyd 7§ 9n%olelx Bisks)
E}  Chauveinc & 450 ] $1215 tiabo g zAsls]

=l AlE F 2gulz ”‘Xo 8k Dyl 175 Gy ©]4, Vg0l
99.95% o4 A A€ ¥ T2 A% Z4L 39S v

il

2

HEiz) o) 60k BA MBMAY APA 2K 2I] 2

Ao HAAde]l BAEgvk H3rslgirt. Salembier
=202 ESTRO/EAU/EORTC A51gkel HghollAl AA
oflA 7t Wheko 2 3 mm ¥gsle] Al¥E HAAE A

'—6': o] 'Y_‘U’IOH EHC’H A—TE}:,@;{% V150§50%, V100295%, D90>
100%9) 71%% $2E% PYushn ok wmek A4 Az

€ D3<145 Gy, Dgiee (—Dmax)<200 Gy&E HdIrstil )

=

Al Mo A Ru] g8 512 @a A
BT D 253.6 Gy B VIOOT: 992%,

AGA SHXER A3 AAgdd diz BaEs 4
B RTOG grade 29 ¥7] AR d¥HFLS 37~18%,
RTOG grade 3, 49] AA £ <1~8% = KX 9]
b aelm AR Fge] wAES ¢ Wy Rag
oA <1%0lA %ol o FF HAEL 26%E KL
sl9lou} HolE 0~1%9] wAEo] Huww ¢lep?

Wallner 522 A4 AR89 =27 7%3} Ej?_oﬂx{ 2

o 0\&.

20 &
THAE FYel ¥4 ¥ ‘%iﬂ A °1W’C 1%
y okgdeh™ Kleinberg 5772 F549)
A7 249wy Aol 47%014 LAt e 4+ )
2788 el il g53telut ok WSk} 25%ll A HEE R

A Bargol viehby A o Fojol #g A-FEd
A Snyder 50 AW Mg whe A Hujrt 13
em® o]3HY A9 513 Woll grade 29] FAkodo] A &&
£ 5% uluto]nd, 1.3 cm’ o)A 7% 18%0|ei B
9 2., Waterman@} Dicker’ ¥ 100 Gy o]4-& b=
9 WA ulgo] ZHAE ¥ Grade 2 7] FAH4
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Fig. 2. Preplan showing change of rectal dose by modification of seed location (A) Intraoperative transrectal ultrasound (TRUS) based
preplan. Preplan considered coverage of planning target volume only. (B) Dose volume histogram (DVH). DVH shows high rectal
dose. (C) Modified intraoperative TRUS based preplan. Preplan considered rectal dose and coverage of planning target volume. (D)
DVH of modified plan. DVH shows reduced rectal dose and similar coverage of target volume. Dots represent the location of seeds.
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— Abstract

Permanent Brachytherapy of Localized Prostate Cancer:
Preliminary Results

Hyeli Park, M.D., Sei Kyung Chang, M.D., Jayoung Kim, M.D., Bo Mi Lee, M.D,,
Seong Young Ko, B.S., Sung Joon Kim, M.S., and Hyun Soo Shin, M.D.

Department of Radiation Oncology, CHA Bundang Medical Center, CHA University, Seongnam, Korea

Purpose: To evaluate the biochemical control rate and the rate of side effects after performing permanent
brachytherapy of localized prostate cancer.

Materials and Methods: 67 patients with localized prostate cancer were treated with brachytherapy between Aprit
2007 and December 2008. Of these, 43 patients who were followed up and did not receive external radiotherapy
were evaluated for the change in prostate specific antigen (PSA) level and the occurrence of side effects. In
total, 18 patients were classified as low risk, 19 patients as intermediate risk, and 6 patients as high risk. The
prescription dose was 145 Gy.

Results: A PSA increase greater than 2 ng/mL occurred in 2 patients (4.7%). Radiation Therapy Oncology Group
(RTOG) grade 1 and 2 acute urologic complications (UC) occurred in 40 and 3 patients, respectively. Further, 5
patients had RTOG grade 1 acute rectal complication (RC). The numbers of RTOG grade 1, 2, and 3 chronic UC
were 1, 4, and 1, respectively. The numbers of RTOG grade 1, 2, and 4 chronic RC were 5, 10, and 3,
respectively. The statistically significant risk factors (RF) of acute RC were the minimal dose in the most
iradiated 0.1 cc volume {Do1cc, p=0.041) and absolute volume receiving 150% of the prescribed dose (Visocs,
p=0.038) in the entire recium (ER). The percentage (Vigos, p=0.013) and absolute volume (Visee, p=0.047) in
the involved rectum (IR) were also statistically significant. The RF of chronic RC were Vieox, (p=0.011) in the ER
and the Doicc (p=0.049), Viooee (p=0.023) in the IR. The number of used seeds were related with acute UC
(p=0.028).

Conclusion: Permanent brachytherpy of localized prostate cancer showed a favorable short term biochemical
control rate. As such, selective intermediate and high risk patients can be managed with permanent
brachytherapy. The effort to reduce rectal complication is also necessary.

Key Words: Prostate neoplasms, Brachytherapy
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