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Table 1. Radioisotopes used for prostate brachytherapy.

Half value Initial

Energy Half-life layer (HVL) dsoe Pose. 0
. infinity
(keV) (days) in mm of rate Gy)
lead  (cGy/hr)
Permanent
Iodine 125 27 60 1/40 8 160
Palladium 103 21 17 1/100 20 120
Gold 198 412 27 4 64 60
Ytterbium 129 93 32 1/2 13 140
Temporary
Iridium 129 340 70 3 High, Variable

variable (30~40)

Radionuclides for brachytherapy against prostate cancer are
mainly divided into a permanent insertion type and a
temporary insertion type. As the permanent insertion type, |
and '""Pd are used most widely having a physical half-life of
60 days and 17 days respectively, to indicate that '“Pd has
shorter half-life than "I

oletzel : M19d M3S 2008

AT AdET YA AU E Table 1
3} o] 5 & 5 9r} o|F shE Wol Agsle PLet
19pdol] el Al RE, Pr= wbA X gellA o7
X 5ol A-g= o] gt} Yiterbium -1297} Gold-198¢]] v]s}od
Pre] AL w7 Aol e Bk = glon oy
A7} o} A7} fo| sk Pre Azl 8ol AT
o] 714 ele] P TeR B3] ¥ Ed], o] Adwtgog 355
keVe] FmlgatE H%ﬂﬂﬂl, vl 2 "ol A, gk
AAEE I WRWZ 346l 7]elsto] olvz7} 27~35
keV 99 54 ﬁ | A= Ppde] ¢ 2T Eol
:%3215201] ggrgon, 48 P9k vse Pl
Bl o g2 i 2 Opde ¥4 O wE S22
AzFo] A= 7] wiifoll BFAYY X ol ojA A&
A AA o] Qlrt > Ppgl= 20~30 keVH Y EA X419
2y AR Qe AzEZ ] oA FIE)
Table 20l 19} 'Ppde] 43| EA41& EAse”

3. ZHIZZ At

B ool AEs 8 AAEFH W
A9l FAd el £F dlelH & vig o g Ak
shodck B oAl AgE A7e] 22 ORNL (Oak
Ridge National Laboratory) X34 TM-83810l|4] A|A|&}=
T4 52 Z #H(Lung), ™ (Bone =+ Skeleton), 7|E} &%
A X 22 (Soft Tissue) o2 FAE o] ot 7pA )
¥ 247 0296 glem’, 140 glem®, 1.04 glem® o]c}.”

AL 53 oUA FolzF A&l EElZZ At

e r\o

Table 2. Decay characteristics of '?°| and 'Pd.

lIodine-125 Palladium-103
Freq. (%) E (keV)  Yield Freq. (%) E (keV)  Yield
39.71 27.2 0.3971 37.5 20.22 0.375
73.95 27.5 0.7395 19.8 20.07 0.198
7.19 30.9 0.0719 6.6 22.72 0.066
13.98 31 0.1398 1.74 23.17 0.0174
4.29 31.7 0.0429 348 22.7 0.0348
6.65 35.5 0.0665 2.23 27 0.0223

125 125

I is collapsed into excited ““Te only by electron capture and
dropped to the ground state by spontaneously emitting
gamma photon of 355 keV. Also, the electron capture and
internal conversion cause characteristic X-ray to be generated
to the energy range of 27 to 35 keV. Also, '“Pd is collapsed
due to emission of characteristic X-ray at the range of 20 to 30
keV and electron capture caused by Auger electron.
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o X8 A5 7w Slo] EAFe WSS Takwe
£ Aol 200410 A7 ERNA AAskE d=ET

A& 7z A5 s 24 Aikdel MIRDY <A
s43le] Fig 19} ol 2 2712 =AY} oluf
ARAe A% A @9 2ol Tt

=R

U.

484 =2+ (y+6.808)%+ (2 —2.477)2 @)
o] AHAS ARV 2 & Fu A7]9] vl fHAUA
5 el RRAS 1% 24 471 FAE Table 3

Anterior of organs

Posterior of organs

Fig. 1. Anatomical position and constitution of the phantom. In
this study, an MIRD type anthropomorphic phantom was
corrected and complemented, and each organ was manufactured
on the basis of Korean standard man. Also, the prostate was
reproduced considering mass of the prostate of the existing
ICRP-89 standard man and body size of Korean standard man
without overlapping with other organs, and the radius of the
prostate were set to 22 cm and X, Y, Z center coordinates
thereof to 2.2cm, 0, —6.808, and 2.477 respectively. a: Lt. Lung,
a’: Rt. Lung. b: Liver, c: Stomach, d: Spine, e: Small Intestine, f:
Pelvis, g: Ascending Colon, h: Descending Colon, i: Sigmoid
Colon, j: Urinary Bladder, k: Legs Skin, 1: Lt. Kidney, 1 Rt
Kidney.

o EE AAE 7

o] A71¢}F vt A, sk &
71] gl 7] ICRP-89 359l 3 ORLN
Ao 2 vetygeh AgAde A, %

1-13 rSl

_4

A Aele Ao BausA gokon, dxrFEel wik =
A2 okgkrh B Ao A= 7]Z ICRP-89 HF9le A
2ld Ayl T FEFe AA| 27 S mHste] 72 A7)

7} AX A k= Wl ellA Fig. 13} Zo] AGPAE &
o} wdk AgAe] viAl 52 22 emé} X, Y, Z o FAFE
= 747 0, —6.808, 24772 F83}

FAGEGHA)R Aol AL TSR A Sl
8k A)7H3 22k (Time integral)S Zslm ol 7ol 4 (3)
o2 33 F 9rh
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Table 3. Comparison of selected tissue masses for the
phantoms (Unit: g).

oletzel : M19d M3S 2008

Table 4. Estimation of specific effective energy of the
surrounding organs with prostate as the source organ.

Reference  ICRP-89 ORNIL This

Organ Korean  reference 17 study
(Male)lg) man® phantom phantom

Adrenal grands (2) 10 14 16.33 114
Gall bladder 17.143.5 58 66.25 59.4
Heart 663.9+155.3 840 769.6 614.9
Kidneys 326.3£62.0 310 299.5 2553
Liver 1,631.3+200.8 1,800 1,903 1,478.9
Lung 1,148.7+201.4 1,200 1,000 703.6
Pancreas 40.5+18.1 140 94.33 69.3
Spleen 180.7+46.8 150 183 1327
Stomach 373.5+191 250 4181 3279
Testes 344485 35 39.1 19.1
Thyroid 18.844.3 20 20.7 13.6
Urinary bladder 209.7+115.5 50 296.1 205.4
Prostate - 17 - 14.4

Height (cm) 170.97+3.7 176 179 170

Weight (kg) 67.94+4.8 73 7314 68

By comparing each organ of Korean standard man with organs
of the existing ICRP-89 standard man and ORLN human body
model based on ICPR-23, the organ, body weight, and height
of Korean standard man were smaller than those of ICRP-89
standard man and ORLN human body model. In the case of
the prostate, there were few cases reporting that it was
manufactured with mathematical anthropomorphic phantom,
and no investigation about Korean standard man either. In this
study, it was set to 14.4 g considering mass of the prostate of
the existing ICRP-89 standard man and size of Korean
standard man.

Ug= /OOA(t)dt A3)

0
7194 U 73 (EH) WA s(1Ci h B2 MBq s)°]

W, At A7 A9 sl 49 el el
27] Al A Dl WA AT HE A0 WAL
094 2 PR FIL H3 45 el 8 ok 4
@st ol ARt

A=A e " @
9 A& A @l digdelE FARAS Ust ot 4 )
o} 7ol Zhekeisl E4E 4 gk
A
Ug= &)
5 )‘ﬁff

w3 FrdgE 9o A ol A (Speci-
fic Effective Energy, SEE)9] k& o]&3to] ofzl]l 4 (6)7}

SEE (Unit: MeV/g)

Organ

1125 Pd-103
Penis & scrotum 4.27E-07 8.43E-08
Penis & scrotum skin 1.18E-07 1.68E-08
Pelvis 8.20E-09 1.01E-10
Spine 7.37E-12 5.99E-15
Gall bladder 1.01E-11
Stomach 4.87E-12 1.77E-26
Small intestine 3.62E-10 8.36E-13
Ascending colon 3.82E-10 8.81E-13
Transverse colon 6.02E-11 6.31E-14
Descending colon 3.73E-09 4.94E-11
Sigmoid colon 3.17E-07 2.72E-08
Kidneys 2.57E-12
Liver 1.39E-12 -
Lungs 4.62E-14 1.18E-15
Pancreas 8.79E-13
Spleen 7.78E-13 -
Testicles 3.12E-07 5.05E-08
Urinary bladder 1.19E-07 9.34E-09
Prostate 2.28E-06 5.77E-07

By setting the prostate as a source organ and adjacent organs
thereof as a target organ, specific effective energy of "I and
"Pd from each organ was detected. As a result, organs
having high specific effective energy regardless of radionu-
clides were organs relatively close to the prostate, that is,
penis, scrotum, sigmoid colon, testis, and bladder in order.

F<A 2 (AbsorbedDose)=k>. U, SEE(TS5), 6)
- Gy ..
A= 1= — 10_ Y9 o

ol 4 k= k=1.602>x10" "~ g 2 39,

) Z 22| 9] |-l A (Specific Effective Energy, SEE)™
o A (D3 Zol B

E .Y AF(T<S) W,

SEE= Y ./51 S) W, ™

¢

o714 Y S A 19 WEE
E: 97 i9] oA
AF(T < S)i: &2l (Absorbed Fraction), 41
A siold B3R R 09 ouA F %52
Tio ©A=HE Free vl&
Wi AR i8] AADAANE
M EAR719) A%
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s
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Table 5. Estimation of the absorbed dose of the sur-
rounding organs with prostate as the source organ.

Absorbed dose (Unit: Gy/Ci)

Organ

1-125 Pd-103
Penis & scrotum 1.89E+01 1.06E+00
Penis & scrotum skin 5.24E+00 2.12E-01
Pelvis 3.63E-01 1.27E-03
Spine 3.27E-04 7.53E-08
Gall bladder 4.47E-04
Stomach 2.16E-04 2.22E-19
Small intestine 1.61E-02 1.05E-05
Ascending colon 1.70E-02 1.11E-05
Transverse colon 2.67E-03 7.93E-07
Descending colon 1.65E-01 6.21E-04
Sigmoid colon 1.40E+01 3.41E-01
Kidneys 1.14E-04
Liver 6.17E-05 -
Lungs 2.05E-06 1.48E-08
Pancreas 3.90E-05
Spleen 3.45E-05 -
Testicles 1.38E+01 6.35E-01
Urinary bladder 5.26E+00 1.17E-01
Prostate 1.01E+02 7.24E+00

By setting 1 Ci of "I and 'Pd generally used in the brachy-
therapy against prostate cancer as initial radiation and
measuring radiation absorbed dose of the prostate, the values
of I and '"Pd were 101 Gy/Ci and 7.24 Gy/Ci respectively.
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Radiation Dose Calculation in the Surrounding Organs during
Brachytherapy of Prostate Cancer

Junghoon Kim*, Changseon Lim", Jooho Whang*

*Department of Nuclear Engineering, College of Advanced Technology, Kyung Hee University,
Yongin, TDepartment of Radiological Science, Konyang University, Daejeon, Korea

As a part of estimating quantitative radiation treatment doses, we produced a mathematical phantom based
on the standard Korean male. Then, with the prostate as the source organ, we calculated the absorbed dose
in the prostate and surrounding organs forecasted to occur during brachytherapy for prostate cancer. To simulate
the procedure, we selected %I and '®Pd useful in brachytherapy of the prostate as the radionucleids and made
an assumption that 1 Ci of initial radioactivity is administered. As a result, we found that the prostate, as the
source organ, indicated 101 Gy/Ci and 7.24 Gy/Ci, respectively, in case of 125 and "®Pd. With the exception
of the prostate, organs with high absorbed doses were found to be in the order of the penis and scrotum, sigmoid
colon, testicles and the urinary bladder, which are relatively close to the prostate.

Key Words: Radiotherapy, Brachytherapy, Prostate cancer, SEE, Absorbed dose
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