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ABSTRACT

In this study, the probability of secondary carcinogenesis was analyzed by measuring the exposure dose of
surrounding normal organs during radiosurgery using a gamma knife. A pediatric phantom (Model 706-G, CIRS,
USA) composed of human tissue-equivalent material was set to four tumor volumes of 0.25 cm’, 0.51 cm’®, 1.01
cm’, and 2.03 cm’, and the average dose was 18.4 + 3.4 Gy. After installing the Rando phantom on the table
of the gamma knife surgical equipment, the OSLD nanoDot dosimeters were placed in the right eye, left eye,
thyroid, thymus gland, right lung, and left lung to measure each exposure dose. The probability of cancer
occurrence due to radiation exposure of surrounding normal organs during gamma knife radiosurgery for acoustic
schwannoma disease was 4.08 cancers per 100,000 at a tumor volume of 2.03 cm’. This study is expected to be
used as useful data in relation to stochastic effects in the future by studying the risk of secondary radiation
exposure that can occur during stereotactic radiosurgery.

Keywords: Gamma Knife, OSLD nanoDot, Radiosurgery, Organs at risk, Target volume

I Aol ez Qlste] WAshE WA o
I. INTRODUCTION Z e g4 AR BH6 o3 Aow I}
A AR Szel Ade 1o50d agae 71 Wl AP sk @l s,
Lars Leksell o2} A A1 oalo] o5te] Aat WARd el o3k 9|5 Fo]7] flste] = A AR
Gl 2o W] 7|54 A AHEL ) o] 9]3] (International Commission on Radiological
Aoz sl o) ok W olx Eok =Aul 7|3 Protection; ICRP)o| A= 715 gk @_ ‘7/%74‘] SAS Low As
o Az 1 AL Asto] shE QT Reasonable Achievable; ALARA) A4 3}8l s AL
Sl Bl oro] BHIA M7 7 ul—;dz‘s]- o0
59 Gulelng ol g WA el s o HO BAARTE WA e ot
4 AR F 5d ol A7) LS AT v
gol st FE Ale= 13]d a1 ARk Ut _ _
SAC ot 67 %ell Eakar ATHHL o] Aofek
AE At FaEwyeltll Wbl Fae F -
A5 F A7) AR 22kt B E o] gl
el A A7Iv 2250l AR ¥ 5o ¢ o -
. - e . Ao g o ol tiEell Wk 10~20
] x] S }_EH T H]—/\}./\ﬂ _"’:%Q },]7994 2og= =
o= e B i ko delA] ol 53] dfrol, Aoks o
ok 24 5L o1 AN FHO BLS Zo] )
A e o shs WAk FEL % AXE Fo5 6
= ool ATHVL A, H 2 AP s e 3
' s of sh=El ol A<lel Mgkl AR WA

(radiation sensitivity)©] “FtH o2 Grolx HRARA

* Corresponding Author: Joo-Ah Lee E-mail: rtorange@naver.com Tel:+82-32-280-6786 843

Address: 56 Dongsu-ro, Bupyeong-dong, Bupyeong-gu, Incheon



A Study on the Probability of Secondary Carcinogenesis during Gamma Knife Radiosurgery

=l % Landauer Co., USA)E A}&3}3ith. #H57]= OSL
T JH ofof] B Ao M= 7t Microstar Reading System (MicrostarTM, Landauer Co.,
7]

o] 5 o] &3 WM e Al FH B USA), 4717]+= OSL ANNEALING (Serial NO:
=9 YFAHE A5t 24 Bt FES FA 6 HA-ONHO001, Hanil Nuclear Co., Korea)S AH&-3}31T}.
A} g}
2. A3y
II. MATERIAL AND METHODS AA =4 F7F 242 FAE Aol WE (Model
706-G, CIRS, USA)°l T4 EF2> 247 025 cm’,
1. 4877 2 gA 0.51 cm®, 1.01 cm’, 2.03 ecm® & 4719 EH o= A

WAL Zmgre] X 2 Ee eAl T ICON™ (Elekta AR o H AL 184 + 34 Gy= skt

. Hol HAA=x=E Asle] = 7}0] =2 = Fof
Instruments AB, Stockholm, Sweden), GE Light-Speed = ANARE AR F st vE T 9
- ‘ B2 oW Harns AMEZ S]=06 o
WAL X5 Al 88 CT (GE Healthcare, Chicago, IL, =8 2 Ao AdeF Vo gk gl
- A A g1 o t}i3.14] ] A B )
USA) simulatorE AF8-3}9], CT slice thickness 1 mm<] 2 skt o Ean, B AR el gt
ol HALE 4% B =SS Bl &

d4& BISAT 3

79 7} Tumor Targetell SHA| AN F=718&
AA SR Zhuho] 2 424 u] o] E ol &
#1¢ll Rando phantoms A %] gk $o] OSLD nanoDot
A= AE Right eye, Left eye, Thyroid, Thymus
gland, Right lung, Left lung ©| ¥AXAA 22+l 3
ZA%S S 7 53 AR S ZAFSH
AEAE #53)aL Background 7S M HO]E| = 5
2 ol Faraks duTh

Fig. 1. Sixth-generation ICON™ model.
(Elekta Instruments AB, Stockholm, Sweden)
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Fig. 3. Tumor volume contouring on the human phantom
for Gamma knife radiosurgery planning.
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Table 1. Exposure doses of four critical organs at
risk(OAR) during Gamma Knife plan (unit: Gy)

OAR Target Volume (cm3)

OAR Volume

(cm3) 0.25 cm3 0.51 cm3 3

1.01 cm™ 2.03 cm3

—
dor 128 em’ 03 Gy 1Gy 13Gy 2 Gy
Cochlea 058 cm” 12 Gy 34 Gy 65Gy 107 Gy

Spinal

Pl 28lem’ 0 Gy 0 Gy 0Gy 0.1 Gy

Optic 3

e 065em’ 02Gy 02Gy 02Gy 04 Gy

WAL e d FH CTE 293 949 #HA
QAF&L Table 29} #+°] Rotation error 0.5° || 7Fo]
1 2™, Translation error 0.6 mm V] W = A x| €
AV e Al SRR A Eeglt)

Table 2. Analysis of position accuracy and three-dimensional
error through Cone Beam CT images before radiosurgery

Three-dimensional error

Error Tumor
Volume X direction Y direction Z direction
025 cm’ 0.00° 0.02° 0.01°
3 ° o o
Rotation  0-51 cm 0.11 -0.08 0.06
eror () 4 01 ¢m’ -0.03° 0.01° 0.03°
2.03 cm’ 0.01° 0.34° -0.34°
025 em® 000 mm 002 mm  0.02 mm
3
Translation 0.51 cm -0.10 mm  -0.01 mm 0.04 mm
error (mm) 4 oy 003 001 mm 0.0l mm 0.0l mm
203 cm® 058 mm 020 mm  -0.03 mm
III. RESULT
Aupvpo] X WAL A e F whe T A4 A

59 U ZXTEL Table 33 1 &&=, 4734,
FA, 4F HolM 2 S-S ST

Table 3. Measured dose to normal organs (unit: mGy)

Normal Target Volume (cm3)

Organs

025cm’®  05lem®  1.0lem®  2.03cm’
Right Eye 22.8 + 0.15 243 = 0.18 31.9 + 0.19 35.1 = 0.21
Left Eye 3.7 = 0.04 65 + 0.71 10.6 + 0.95 25.9 % 0.15
Thyroid 1.5 = 0.01 2.1 + 0.02 3.1 = 0.03 4.4 + 0.04

Thymus gland 0.7 = 0.01 1.0 + 0.01 1.3 = 0.01 1.9 + 0.02
Right Lung 0.5 = 0.01 0.6 + 0.01 0.9 + 0.01 1.3 + 0.01
Left Lung 0.5 = 0.01 0.6 + 0.0 0.9 = 0.01 1.3 % 0.01

=% A"S ol &sto] WES Atstr] 9
alo] =99 7 S=(Nominal risk factor)E AM8-3}%]
th WAbAel] tigk §E 9]3 Al ICRP 1039
= A Aol tEl Sv & 5.7 % otk 7t
el 2A7FEAE 0.04, FAL 012, HE 0.12
sl ghatito 1‘“3 o] &gk WA}

Sp = Ds x Wr x C ()

Sp : Secondary carcinogenesis probability
Ds : Secondary exposure dose
Wy @ Tissue weighting factor

C Nominal risk coefficient (0.057 /Sv)

2 4ge) A%z AN, FH, 35 A9 §5
At BEIRAT] A 23 web HEL

= {(Thyroid Ds x Thyroid Wr) + (Thymus Ds x
Thymus Wr) + (Both lung Ds x Lung Wp)} x C  (2)

Sp : Secondary carcinogenesis probability
Thyroid Ds :
Thyroid Wr :

Thyroid gland absorbed dose

Thyroid gland weighting factor
Thymus Ds : Thymus gland absorbed dose
Thymus Wr :
Both lung Ds
Lung Wr :
C : Nominal risk coefficient (0.057 /Sv)

Thymus gland weighting factor
: Right & Left absorbed dose
Lung weighting factor
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2 olgk oF v 5L Table 49 7o) 100,000

9 40899 ol WHFE & 5 Yok

Table 4. Secondary carcinogenesis probability (unit: Gy)
3
(Tumor volume 2.03 cm’)

Calculation Value
Thyroid Ds x Thyroid WT -4
Y0044 ~ 0.04 176 > 10 A
Thymus Ds x Thymus WT -4
00019 * 012 228 x 10 B
Both lung Ds x Lung WT -4
(0.0013 + 0.0013) x 0.12 3.12 > 10 ¢
Nominal risk coefficient
0.057 / Sv 0.057
(A+B+C) x 0.057 "o 4.08 per 100,000
4.08 x 10 people

IV. DISCUSSION
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