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- Evaluation of Photoneutron Dose for Prostate Cancer Radiation Therapy by Using
Optically Stimulated Luminescence Dosimeter (OSLD) -
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modulated arc radiotherapy: ©]3}, VMAT) 5°] &
), Hesd 259 Y4 TAE FdiRt S5 Ak
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1. A4

2013 9¥HE 20149W 1€97H4] 570E7E A& 24 S
B AAE st AyAckoR st WA
£ B2 3 10%S diFo R Shelth ik dd
WAERE ek 220 cGyollal, AR Sl Bt 303

2. Az =8

B 100 e PEPA] ARRES 245
Slate] 2 ARt AEASS AEA Systac

A&g EZA A (planning target volume: ©|&}, PTV)
o 220 cGy2] A BATS 333 RASH= AR AF
3ttt RAMEE 3D-CRTE 5&FAF (0, 70, 140,
220, 290 °), VMATE 2 Arcs2 A5ttt IMRT= 5
£ (0, 70, 140, 220, 290 °), 7TH (0, 50, 100, 150,
210, 260, 310°), 9% (0. 40, 80, 120, 160, 200,
240, 280, 320 °)o=& Aslo] A7A S Aokt
IMRTS] AR 9 5Eold 1327 $EF 4
ot thrie] G BN 118D} 138 AFgSHA
onm B QTolN ASion, W] AgHH: 5,
7, 988 29 Wz skt (Figure 1.
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Agof ARMESE A¥714:7]+= TrueBeam STx (Varain
Medical systems, Palo Alto, CA, USA)o|%it}t o] AH]
= XN<&ojilHt (flattening filter)o] flo] Z|of| 2400 A
FEE WE AT - A, E AV 9 324 25
mme] %, 284 5 mme| mRUckEelolE (high
definition multi—leaf collimator, HD—-MLC)7} A2+&]
o we HBES /1 Aol Atk A=A vhFe
2 igwe 29 gol g AFAErle A=
(couch)?] rando phantom= XA OH, Aok =4
©2HE 20 om (M3 FyHe)o] OSLDE UAskch
ol oHIdF LR OSLDE ZAPoF 7FgAE]RE 5 cm,

=
Hge] Fpolol ool fleirlel Biel F71
2AOF ZHOIA 20 cm RIS HF HAFEY RIIT A
Aokt olF A o7 15 MV X 220
cGyo| AWHFS FASMGOm, ST Ml FA

Aol % BATSISILt,

15 cm, 25 cmol $IXAA AFS shou, Ad B
SIERD
.]

Figure 1, 3D CRT, Arc, and Portal to the 5, 7, and 9portal
for IMRT variables in the direction of the beam angle

o
/
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Fgure 2, Set-up of Rando phantom to measure photoneutron
dose on TrueBeam Stx

- 127 -



g7 1Es28E Vol. 37, No. 2, 2014

4. 2SN =S8y

OSLD+= AlOs:C7F WA 514 <9] 42} (Landauer Inc,
USA)E ARSI ol 9& YRS} 10,28 %29
S8 LANE 7,290 2 Ao} glof 27 o) AR 2
ol 9-gah?) ax}o] Z7]7F 9 X 9 X 1.5mm® R}
Ao FekiE gzlow FAEIA Qlo] wlwA HAR
Z4o] 7Fss7] ot (Figure 3). OSLD: of|&7]
(OSL ANNEALER SYSTEM, USA)E AM83}9] 347t 5
oto] of|d (annealing) AL AH HAMIS 2ASH )
2 ALTE=7| [microStar (Landauer Inc,, Glenwood,
IL, USA)]E ol§st Adde d=3k3ih

5.

=49 ARe oot B3 oF HES AA SPss
version 18 0(SPSS Inc, Chicago, IL)S ©|-&35lo] &4
AT, AR m IR 9 IMRTE] AR Al
g FAu EERAXES 0|83t 7|EEAR 8wkt
A @2A G| o3t A7) EAA WAL Aa, giaT)
83 Wl ofER HAYE Eol7] Sist wad
A (parametric test)S AldYsIct olE s HHA
A4 (kolmogorov—smirnov HA)S AlgYstH o, 1

B : pre-heater

27 wmE ARZF YFEREAFE RS (68 7
0.593, Sig. 0.874, 7&: 7 0.755, Sig. 0.619, 9% Z
0.684, Sig, 0,738, 3D—CRT: Z 0,661, Sig. 0,775, 9
T 7 0,554, Sig. 0.919), IMRTO|A] ZAREY P54
ARES] BtA Apols AYHiA] EAREA (one way
ANOVA) .2 01485 A5t B AR 35
AR ARIAIE dobal, AT e JAE
O FF AES dokEy] ffste] deAddAEAS
AAstRen, olF Higor IS st AR
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1. SAMEXIR) MY BRdE

WAMAR &7 B 47 o] ek vlashy] 9
sto] tjEZel x=E7]¥el 3D-CRT, VMAT, I1&|1L
IMRT=Z &8F9lom, IMRT= oA djizos g
o] ARgSIAL = TERARE A A=7|vE B
WAFE 3D-CRT7} 7H @A S =L, IMRT 7%
AL 7R =4 SAEeH, Amrd BatAde] b
o= FAACE w9 ottt (p<.01) (Table 1),

A St
C: dosimetry reader

Figure 3, OSLD & Microstar dosimetry reader

Table 1, Comparison of measured average photoneutron doses in terms of radiation treatment techniques including
3D-CRT, VMAT, and IMRT with 7 portals / fields and statistical significance test

Unit: mSv
Measurement 95% confidence Interval for the mean
Classification Min, Max — — P-value
(mean+St D) Lower limit Upper limit
3D-CRT 0.68%0.15 0.48 1.00 0.5704 0.7816
VMAT 1.60£0.38 1,17 2,55 1.3316 1.8704 .000**
Abdomen
IMRT(7P) 4.6510.78 3.67 5.74 4.0906 5.2114
Mean 2.31£1.80 0.48 5.74 1.6388 2.9799
* p<.01
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2. SAHXIZ)IEHE AMZ=EH

o).

7 AR B Y B PAERS] AL ELA (Post—
Hoc ana1y31s) S 2 Duncan testE A|Yot A1} HtAl
ol WE o152 0,050 Tt HAEY BS 39
Ak 7+ 2pol7} txﬁa}Mu}, ageR 3709 WpARR
71 Zboll st Aol Apolzt o 4 A
(Table 2).

0] O
AT =

Table 2, Post-Hoc analysis using Duncan test for average
photoneutron doses according to the radiation treatment
techniques

4. ZNEFE LSEHNEE A=E2H

ZAREE Bt FAAAE AEA] (duncan)<
AAIZE A, o 050 tigt R A 2719
At Zpol7k EAsHTh. ol Al AREA oA
370 At Apel7h Q= A" EAENY, A=
= F e Ak gholet Zol7h §lES ofmgttt. &, 7
AR} 92 Bt FFEA RS FAHCE &
oJgt o7t glo] FYTE A1FOeR & 4> Qlrk (Table 4)

Table 4. Post-Hoc analysis using Duncan test for average
photoneutron doses according to the number of portals /
fields in IMRT

Unit: mSv Unit: mSv
o Significance level = 05 for the sub groups Significance level = 05 for the sub groups
Classification Classification
2 3 1 2 3
3D-CRT 0.6760 5P 3.489
VMAT 1.6010 7P 4,651
IMRT 4,6510 opP 4.980
Sig. 1.000 1.000 1.000 Sig. 1 0.422
3. IMRTS| ZAI24S BEHA2 5. ZAI24Q 29l8 Mo Ay U Hst A
ARG YAAe] Bk Slstel Aol 7 ZAMESS) BHAAAG WAy AR A g
% WIMS] AL Sl IMRTS Z8ale] 34445 ASF 0570 (Sig. =0, 001> o yeht BAHCR e
S =A%} A3} HF 437 + 1.08 mSvE UERIIL, 5 °—16P ol ARAE Bk (p<.01) (Table 5), 3F
BRAPI 9RZAIR ZANGTL S7RRE Mgl B dakel ZAESer BRG] AgsARs Az,
Ve A Boon, FAHOR uje folgh olS  Table 63} o] SHE RAIF BAFo| 057002 &7
R} (p¢.01) (Table 3) mgo] 57%e] AP 7T AAeH, A Az}

FA7% Al 36.653 (Sig.=0.000)C.2 FAX = uj

Table 3, Comparison of measured average photoneutron doses (mSv) in terms of number of portals / fields in IMRT

and statistical significance test

Unit: mSv
— Measurement ) 95% Confidence interval for the mean
Classification Min, P-value
(mean+St.D) — —
Lower limit Upper limit
5P 3.49£0.99 2.41 5.26 2.7802 4.1978
7P 4.65%0.78 3.67 5.74 4.0906 5.2114 003
9P 4,98%0.92 3.89 7.17 43215 5.6385
Mean 4.37+1.08 2.41 7.17 3.9675 47792
** p(.01
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T Festez (p<.01) FHHE] ¥ = St o
o] frofsh 2AHESTE Bl g & S gt

T3t 3|78 o] XxjEA AT} Durbin—Watsono] H]iL
2 20| 717k 1,670 YER} @212] =g Ao k=g Q)
o, Atde] AdHE el ARG 727 ol whEs
et (Figure 4).

]‘

Table 5, Correlation analysis of number of portals and
photoneutron dose by abdomen

Classification No. of portal Neutron dose
No. of portal 1
Neutron dose 570%* 1

= p{.01

Table 6, Model summary and significance test in ANOVA

Adjusted R square F Sig. Durbin-Watson

.570 36.653 .000 1.670

oA A3, Table 73 Zo| 37) AHo| 1.7640]7
718717k 0.873%0& & S A o5 ol8ste] A
3 2ol BNAE GAsigen, o 2AHESTL 19
Z718 wjujo) g@gAoe s IAgapgfo] 037382 =
G Slulete, FARSE Ue RATE T 4 )

o} (p<.01).

y=1"764+ 373x +¢ A1(1)
y. neutron dose
x . number of portal

£ . error

Table 7, Coefficients of factors affecting photoneutron dose

Unstandardized coefficients

P-value
B Std, error
Constant 1.764 0.731 2415 0,023
The number of
0.373 0.102 3.667 0,001

portals / fields

uErHIE

Figure 4, Basic assumption test in regression analysis (P-P
chart)

6. ZA2e 2SEIHES HEXN 24

A HES W&l A oyA|E v
71457 ]E o83} HP/\}/ﬂi]goﬂ/qL JJ-Z/\AX]. augg
Qlet =1 z29] 23S 7HlE|AE rE .

Levinger =231 Hall 242 10 MV oJAke] 1 oy
A X-4E S| E MLl e B
o] FFAAE WEShe EARC] dckal Harskiic)
2 At Arose AEA A=7IHQl 3D-CRT2t
VMAT, Z|o] RIHs| AMg-sh= IMRTE] 37 X|&7]H]
X BFAA o] WAlslo] o5l A7 29 4 9
9T}, Rebecca 50 XmA|Q °MF4%°1] o2 MU
Z719} chio] 54 Zeee o 2
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AT Bk o= %A Zejulelo] ko] 2 IMRT
oA HWEAAAEre] AHoR P = Uehd 2 o
T Aet AT & 4 Qleh E3F 37)e] A=
2 oF 2,509 A Z7Pt Qs ol ujEASTIE
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EP0] orel gAKSt ATE Hol HgAHoR A
stgih o= 2477} tEn, X2AE 2 9)x4F9
Zpolofl A 7191E Aoz FEc
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A EEef & FRAY, BT ol AFE AL

1= g
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Sl el deluy dyeln @ 4 oo BE
OSLD®] 573/ 40KeV ~ 5 MeVE| FF A AENS &
A= AlRHol o, B R4 A S
T BAeA 2 JFE mAE ovA Hele
fast neutron®| old 5MeV ©o]5lo|7| wjof Ao F
g7k glokar & 4= Qlt}, OSLDY| #35d# 542 61Li

7t B E Fedte] Aead (3H)9F Yuk(4He)
ARE s, 25 28-S AA ALOsiCo] IS F
of o]Fojal Ao deiA Ut IEuR PFAA
goll qlo] the aatol] sl b, 7|AH ez 1
2l EA40] ql7lell & ATellA] E8akA =t
Al Aw71Y F IMRTZ} B39 2Ad=s 7P
Wo| WAl E8ka, 2 AT Fa HeR A
ek olf= AROR YollA] o] AHe] 22w 27HER
el 2 AI7IE AR ol 2Fske] Bl ERAAE
Ao RN 5A Fgs Aot st AwF 4
9l7] wEolct o] 2011 7TYRE AYAQL =
IMRT7} 1772 EE o2 A8=HA dick9] o=
7| A A= ARgSkaL Q7] wEolo),

3xl W=l IMRTO] RARESE Fa Ak
4.37 + 1.08 mSvE UEhdt}l o]= Yang S%¢] 7
(4.85 mSv)Htt AjEog v yepgdty gy 2
Aol <] IMRT TERANE 1Hste] AsHelaL,
OSLD $1#] AR 2BALE Aolstmg T v|ws)
7ol FeEj7h Qlokal AlgHEch it Aol 4,37 +
1.08 mSvE <IAel tigh flai7} mloFsietar 3 4= 3l

]
[e]

al

=
=
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£l

_\3_1‘

g2

H4gg gAstel Al 7] Aol Aol e A
ouix] ZAA WARALe] WEo] BAIS A7lska gl A
Aolef”,

24 BEARAE] F7h 95 A, sRelA 9
vog F/M4E A bt IMRTY Aol 4}
B2 FAE 2 gARAE e SolwA
ool WEHoR AnE AR 4 ok SR
FHA Aol A A3 Au7) glold gelslels
AL Qo malth edle B AT Aw, 2AESE
Lo 2w Ao BEAAEel 7k R |
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boube B2 AR 78}
waALe] WA Aolrh BAH Folae 1l
A, 7| EEAoRE TR HH] oRmA]A
Ueht A8 RAR SRR gitkn s 1 9ol
MU Z7lell w2 gl ZHEAIZE] F7bek AARE B
o A X)) THE o] BEE 1 5 olele
o] GlomE HAE4e] AL AFsok s, A|2A
SRR e Fash chelel shAth % AT
Avte] BAA folAut wefaichy, T8 9B} 7k)
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T A AR 4 Qe 9BRAE Aeg] b
olAAR, A7le] 29153 ALARA 9% 2 Am
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BN

ol QAR HAHEo] nhE WEAAMTEY Hlolx,
A Zolek Mz ARG dlo st X
2 Hof3 4 itk AEHoR AP Axje] WA
Azl glo] MUT RAMESY Meluh 2ARSE B3
RS Ftoletelo] nheisle] A|RAT waE 4
U1 s, 2 A7k 2Ho] wejet At
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e Abstract

Evaluation of Photoneutron Dose for Prostate Cancer Radiation Therapy by
Using Optically Stimulated Luminescence Dosimeter (OSLD)

Joo-Ah Lee - Geum-Mun Back” - Yeon-Soo Kim" - Soon-Yong Son” - Kwan-Woo Choi? -
Beong-Gyu Yoo” - Hoi-Woun Jeong” - Jae-Hong Jung® - Ki-Won Kim® - Jung-Whan Min”

Department of Oncology, Catholic University of Korea Incheon St.Mary,s Hospital
Y Department of Oncology, Asan Medical Center
Z)Department of Radiology, Asan Medical Center
S)Department of Radiological Science, Wonkwang Health Science University
Y Department of Radiological Science, Beakseok Culture University
B)Department of Oncology, Soonchunhyang University Bucheon Hospital
6)Deparz‘mem‘ of Radiology, Samsung Medical Center

7)Depaftment of Radiological Science, Shin—Gu University

This study is to provide basic information regarding photoneutron doses in terms of radiation treatment
techniques and the number of portals in intensity-modulated radiation therapy (IMRT) by measuring the
photoneutron doses. Subjects of experiment were 10 patients who were diagnosed with prostate cancer
and have received radiation treatment for 5 months from September 2013 to January 2014 in the depart-
ment of radiation oncology in S hospital located in Seoul, Thus, radiation treatment plans were created for
3-Dimensional Conformal Radiotherapy (3D-CRT), Volumetric-Modulated Arc Radiotherapy (VMAT), IMRT 5,
7, and 9 portals. The average difference of photoneutron dose was compared through descriptive statistics
and variance analysis, and analyzed influence factors through correlation analysis and regression analysis.
In summarized results, 3D-CRT showed the lowest average photoneutron dose, while IMRT caused the
highest dose with statistically significance (p {.01). The photoneutron dose by number of portals of IMRT
was 4.37 £ 1.08 mSv in average and statistically showed very significant difference among the number of
portals (p (.01). Number of portals and photoneutron dose are shown that the correlation coefficient is
0.570, highly statistically significant positive correlation (p {.01). As a result of the linear regression analy-
sis of number of portals and photoneutron dose, it showed that photoneutron dose significantly increased
by 0.373 times in average as the number of portals increased by 1 stage. In conclusion, this study can be
expected to be used as a quantitative basic data to select an appropriate IMRT plans regarding photo-
neutron dose in radiation treatment for prostate cancer,

Key Words : Optically Stimulated Luminescence Dosimeters (OSLD), Number of portal, photo nuclear reaction,
Radiation treatment techniques
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