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%UNR 1.8

%HOD

%TYP SCH

%SCH  DPT

%FLD 10H

%DAT  11-84-26086

ZTIM  14:17:41

%FSZ 100 100
%BHT PHO 6.8

Fig. 1. RFA-300 beam
database format compa-
-91.4 15.8 # Start Scan values in ﬁble With the develOPEd
?EDS 91.% 15.8 # End Scan values in mm program and with the
most RTPS. This file
format consists of hea-
der part and data part.
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B 21Ex 6MY beam data.ixt - HI2%F
o DEE) AN 2V EFL(H)
] SHUH BEAMDATA HEADER FORMAT 2007
$ HEAS 1

% TYPE scp

% DATE 1-6-2007

% TIME 0:80:00

% MCHN UARIAN 21EX

% BTYP PHOTON

% ENGY 6

% SORC MEASURED IN SNUH

% SETP SAD

% SSD_(cm) 188

% PNTS [}

3 DEPT(cm) 18

% FLSZ(cm) VARIOUS

% WDCE OPEN

2 ACC_ -1

% CHMT “«large field: blue water phantom+.125ccm, S
# s0T

=] FS(cm) Scp

= 3 0.782

= 4 0.856

- 13 0.891

= 7 6.941

- 10 1

- 12 1.6829

= 15 1.862

- 28 1.161

= 25 1.129

Fig. 2. A customized text file format for the beam database.
This can be available for non-scanning beam data.
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Table 1. MU calculation parameters of 6 MV photon beam for verifying the accuracy of the developed program.

Field size

SSD (cm) (equivalent square, cm) Depth (cm) OAD (cm) Accessory/Inhomogeneity
Open, SAD N/A 5, 10, 20 5, 10, 15, 20 N/A N/A
Open, SSD 100, 110 5, 10, 20 1.5, 5, 10, 20 N/A N/A
Open, SSD, off-axis 100, 110 5, 10, 20 1.5, 5, 10, 20 2, 4 N/A
Aperture, SAD N/A 10, 15 5, 10, 20 N/A Tray, cerrobend block
HW 100 10, 15 1.5, 5, 10, 20 N/A HW 30, 60
HW, off-axis 100 10, 15 15,5,10,20 -5, —3,3,5 HW 30, 60
EDW 100 10, 15 1.5, 5, 10, 20 N/A EDW 15, 45
EDW, off-axis 100 10, 15 15,5,10,20 —5, —3,3,5 EDW 15, 45
Inhomogeneity, SAD N/A 15 5,7, 10 N/A Lung (2 cm, 3 cm)

Bone (1 cm, 2 cm)
Air (1 cm, 2 cm)

Abbreviation: HW : hard wedge, EDW :

enhanced dynamic wedge.

Table 2. MU calculation parameters of 9 MeV electron beam for verifying the accuracy of the developed program.

Cone size Circlular aperture Accessory/
SSD (cm) (equivalent . P Depth (cm) v,
diameter (cm) Inhomogeneity
square, cm)
Open 100, 105, 110 6, 10, 15,20 N/A 218, 275, 271, 279 N/A
Block 100 10, 20 3,456,789 11, 13,15, 17 22 Cerrobend block
Inhomoge-neity 100 10 N/A 22 Lung (0.3 cm, 0.5 cm),

Bone (0.5 cm, 1 cm)
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Source Files Loaded

Basic |Open | Wedge 15 | Wedge 30 | Wedge 45 | Wedge 60 | EDW Profile | Photon Custom | Electron Custom

Institution | Seout National University Hospital
Machine [ 2100C 6F
Beam Type | ELECTRGE

Beam Energy ]
Dmax depth (cm)|[ 7.34
L& 12

Add DB List | E

Clear DB List

Update Date

NewBeamToList |

Create Beam from |

10
I

o]

|- X192 M 4= 2008

v @-@@aXmmr 50

Fig. 3. Dialog-based beam database
constructor including review interface

Patient ID 125345678

Name J =2 Part I Lung

[

E W 018N) o .
‘Q - L “ /| and management interface of source
-2 | W EAD: [RE TR (n ¥ == .
files.
SNUH MU calculater by Medical Physics Team Ver 1.0 i =lo x|
New Patient | 288 | 2005-02-5 Calculated by Approved by ¢ |
AAA

d [

Comments | Report
Beam
( & Beam 1  Beam 2 € Beam 3 C Beam 4 | BeamAllClear | | Compact Windoe SaveToDB | GoloDR
Field Name  Beam Selection Mﬁi;ﬂﬂ;ﬂg IS | el Calculale Mb-> I MU
| 4~ |2 E o [z | o | [™ ey commnoo | | 9
Photon | Efzetic | -
- Setup -~ Attenuation
I [# Inhomogeneitry Corrction On '_5; Jung 'I’_Z
* Isocentric (SAD 100 setup) " Non=isocentric (S50 setup) Dapth m’:::" LU L] £
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Bofys | O Hone - . S R AT g 1 : L e . .
Fig. 4. The graphic user interface of
the MU calculator.
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Cinac 2100 C 6 MV scp comparison

8 -

6
5

Output factor

OOO00O0000000000000000:
000000000V VDO DO OO OO

O=2NWAUIONROO-2NWA
1

] —e— Scp (10 cm, measured)
b —a— Scp (1.5 cm, calculated)
—a4— Scp (1.5 cm, measured)

0 2 46 8 10121416 182022 24 26 28 30 32 34
Field size (cm)

Fig. 8. Comparison of the S;, measured at 1.5 cm and the S
calculated at 1.5 cm which is corrected the S, measured at 10 cm.
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Seoul National University Hospital
Department of Radiation Oncology

Beam Data Book
- Varian 216x -

[yg

2007. 7. 27

Fig. 7. Beam data book template.
It can be updated automatically
with the measured beam data
and can be printed as a beam
data book.

Table 3. Comparison of the WF measured at 1.5 cm and the
WF calculated at 1.5 cm which is corrected the WF
measured at 10 cm.

10 cm 1.5 cm 1.5 cm
measured calculated measured
HW 15° 0.790 0.783 0.780
HW 30° 0.645 0.635 0.630
HW 45° 0.505 0.492 0.487
HW 60° 0.427 0.413 0.410
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Table 4. Errors of the calculated MU for photon between the RTPS and the developed program in the phantom simulation.

Number of data  Error (M+SD, %)

Absolute error (M+SD, %)

Absolute maximum  error (%)

Open, SAD 24 0.0+1.1
Open, SSD 20 0.1+1.1
Open, SSD, off-axis 40 1.0+1.1
Aperture, SAD 18 —0.1+0.6
HW 16 —1.2+0.9
HW, off-axis 35 —1.5%1.2
EDW 16 —0.8+0.9
EDW, off-axis 32 —0.2%1.3
Inhomogeneity, SAD 12 2.0+3.1

0.9+0.8 2.6
0.7+0.8 29
1.2+0.8 3.5
0.5+0.4 1.2
1.2+0.9 3.5
1.6+1.0 3.7
0.9+0.8 2.8
1.0+0.9 3.1
3.1+1.9 6.7

Abbreviation: M+SD: mean+standard deviation.

Table 5. Errors of the calculated MU for electron between the RTPS and the developed program in the phantom simulation.

Number of data

Error (M£SD, %)

Absolute error (M+SD, %)  Absolute maximum error (%)

Cone only 24 0.4£1.2
Con+block 13 0.2+1.3
Inhomogeneity 4 —0.9+0.4

0.7£1.0 3.7
0.8+1.0 29
0.9+0.4 15

Table 6. Errors of the calculated MU for photon between the RTPS and the developed program in the patient plan.

Number of data

Error (M+SD, %)

Absolute error .
Absolute maximum error (%)

(M=£SD, %)
6 MV, inhomogeneity <3 cm 84 1.841.1 1.9£1.0 44
15 MV, inhomogeneity <3 cm 11 —0.2£0.8 0.8+0.2 11
Inhomogeneity >3 cm, (15 MV) 13 2.043.2 2.7£2.6 8.9
A ATLATL AA oz 2 ehda, ol A EAALNe] NEAH SeheeE A MU calo-

A dael5e Hold 7]eld Aoz sekE),

9 MeV AR 2] 7%, coneRt A& wffe] =713} H]
TA AR 27604 3% oW Blzd FL exE e}
WAtk Block aperture”} Q)& AlAbll A= aperture®] =7
of wte} e2e] 27]7h vheksiAl vhebskaL, ) At e

= 2.9%=Z et} Block apertureol] 2]t ol 53 2
o 2AcklA WARA AN LD AL Lol

Bl Slal Lot

LA HAY 5 leh weA
ARG e

ZAoke] 75 °ﬂ'£ YA 2] 5 A% ]-/-5

Blo] Aol o]Esly] Hrhbe %

(cut-out factor) & AM-&3}o] A
g3 MUE 74]45" = /Jw%
3) Ext XNBIIF

thas A g

‘3%% 179 2] ak
dloleloll dlgl MUkl 24} 1]

Yelelet. WA

e

o
O

latorol] Y Hske] MU AlSHE Alefslar AKX S A5 A 2=
Blo] MU k3 v s}l ch(Table 6). 6MV 321419 7 S0l

' AW 247} 1.9:1.0% 2 Uebykt. o H91 6 MV Hlof
AE 4% oA ox7l sl A9yt =, §]—Z]—
o Beet FFoF Qg A exteln AzE ) |

MV 32419 7 $oll= 0.8+02% 2 Ve 15 MV % }

A % 7ol 3 em o4 HIFAA Jele] Yt NEYL
Wz BRstel vlweleln A oAk vwg 2A e
Prh2.7£2.6%, MAX: 8.9%).

e

i
ATNA A WAAKBAYA LW AF L2
A8 AT F A E 7])8H(Excel, Microsoft)?] Z 21
A 2= 9}, Exceloll E3HE] VBAS =H3] 3hgsto

- 238 -



24 A&7 A8 GUI Y ekt BHezel A
= 78 F Ak 2 B A4 VBAR Fold
zzadeddt Ue A o B4 ASY + 9
3L, 7% Al Excel ZZ#o] J Q3 A7} glek. &A1
A AL AMite] EF C++E AFR ZEaHL 7
A58 ZZ 1% (executable program)SZ 7]l Excelo]
Fogdd WAZEE YollE o o W s At
ol A& 7 A B =Hodvk 2 VBAR 3
GUIE &3to] ookt Wl dlo]e|E 44| commissioning &
+ qelw, % 8 Zzasld 299 4 ololeelzi
Excel YA E 3h<(excel worksheet functions)Z A %+
& % Qolek olelR W 2T olEstol Y vl
5 HE8 2 A dlole] vla glEsle] AFE i) o3t

AgAQ HEAES AFeln e Akl 27 1 o
olEfule] s B Aeloll B 4L F Aoz Jigek

g Ly
[e]
-1 T
szg2 e sha 2

Aee = A AR 2 A A 2
soll QIEEE W wlolE] A AF olg% 4 Yokt

Zlo|t}. 7]1&L] AA A& MU calculator= ¥ dlo]E] W7
Al dloleidlo] 28] gdlo] E7} 7hvhgal @ At =H
o) Wadh wgel qloith Telt ¥ Tzt 34
Al SollA whEolA W dlelE|ghde] aAute s
dule]EX Hlell 3t MU AliHE 4141 Al = AUtk
olg{gt AAS o] &3slH, WAAXEAZA2E commis-

sioning A] WAAX] BAE A 2Hlol]l ZAdH o|E] 7} AR
A= A=A AFE F AUk
g, 4 dlole] AAle &5 EAsle] WA R
AZ A A3} MU calculatorol] FA]ol] 2% &= 7154
<= asliof 3 Aol 23t ¢ o5 7 7HA WS
B3 255 Zold = gk 1) FH T R AR
AZA 2812 dloletz 7|uke] dagles AHger] B

o= H‘J 2d2lg o] 83l convolution 2 convolution/ su-
= A&t whgba] A5 dlolE] o
3l o= BE HAET] wifell. dlo]
&2 Hld == MU calculator®} A3k
25 UERE ZlolBnE ol & Fl FA dlolH Y 2wE
Zrobll = girt. 2) 2 dFollA] A \l dloly] vl §l
Z3lS o] &3, ALE W doleulo]AE HASRE d
o|EjH|o] 29} EA|H o Z AT F govg A 9
FE5 A ¢ o)

B AT sLE 1 vlo|El & commissioning E
A 5AE /‘]ia‘ﬂr MU calculator®] MU AAHS v 23

[e>

© 23] MU calculator®] A=A 9 284S 7A=39

M

oletzel : M19d M43 2008

e Ao A FAAL Y] 7 Foll dolA 2%
ojje] AL o5 H v|FA o A4t glolA H]
23 Z 2271 Jebyeh 28y MU calculatore] o] & &
g 1wl v 7 oS H &3 Aldte] ot A5
7} EE7] ujiol] HEA oA o]g)dt Ho| izl o]
of & Zolr}. v]#A ddol|A4 2] 2X}+= MU calculator2]
v #A KB daa]F(effective depth TAR)S] SHAIZ A
5 Aok FaEZolE o] &3t v T HA A= FH 4

Al 58 Xg bl A S glomz 2 oAt A
& 4 ek @, AAA Al AE 22 apertureol] ThE

Alibel| A A X B AR A 28] 7F 2pol & Hgich whEbA]
olg]gt 27X = AEg A4 F3 A Hmanual MU
calculation)o] WA X| S AR A 28Tk o] Esl= Al K} T

< ATE veRdch

B QTS B3] X A=y A A8 gl
gk 3kA} E-o] & Ql(patient specific) MU Z2] 7}54 & &
olslich =gt ujFA 4 ALS Alejshd FF A
exbe £2%0l3h, A 5% o|HE WAL EAL
28 A dAEte S G & ek ok 17
o] 32} vlolH F 1489 FA7F A2 zAoket E =
= 2= S 3 dlelHel As 1HE w] =Aort
gl wao] 24 k2 thE A& FSEl: pelvis)
ol A1) e

N r\OY

REl N

W 4 of Z

A 7t 2oz 7.

B ool A Al A2k Al gl dldlele] el 22
W WAAX AR A 2o Qs Y FA o]
HE 7o g d=ug YAAXBARA L] 8
Aol S5l HFol ZolstAl A&d 4 Urk A"
Zgad AL A SAAT 3 dlolH & o] &3t
WAAX EAZA 28 ARATLS] v 2E F3 AFE
Reom, WA AL o7 5 WA F de A FolF
MU 227350l o] &3 4= Qlvk. w3t o] ZEads 53l
Aol A 9] zhekst —’Fﬁﬂ‘bﬂ oJgt MU AlAe] A A7 A
45 =9 F vk =3k Wdloleuo]l~ A TeE

3ted wdlely e, B4, A4, F714 2YHE S

1 e2 s

1. Bedford JL, Childs PJ, Hansen VN, Mosleh-Shirazi MA,

- 239 -



I8 2 901 : HAIMXIZHRIAAES =BE 23S

10
ol

fIst d
Verhaegen F, Warrington AP: Commissioning and quality as—
surance of the Pinnacle radiotherapy treatment planning system
for external beam photons. Br J Radiol 76:163-176 (2003)

. Chan J, Russell D, Peters VG, et al: Comparison of monitor
unit calculations performed with a 3D computerized planning
system and independent "hand” calculations: Results of three
years clinical experience. J Appl Clin Med Phys 3:293-301 (2002)
. Starkschall G, Streadham RE, Wells NH, O'Neill L, Miller
LA, Rosen lI: Monitor unit calculations as part of beam commis-
sioning for a radiation treatment planning system. Proceedings

M2k HAF @

N

2H0Ie 2l Z21E

Chicago

. Mijnheer BJ: Quality assurance of monitor unit calculations.

Radiother Oncol 37:S23 (1995)

. Redpath AT: A generic computer program for checking photon

beam dose calculations. Br J Radiol 76:904-908 (2003)

. Khan FM: The Physics of radiation therapy. 3rd ed, Lippincott

Williams & Wilkins, Philadelphia, PA (2003)

. Simon JT: A modified power-low formula for inhomogeneity

corrections in beams of high-energy x rays. Med Phys
18:719-723 (1991)

of the 22nd Annual EMBS International Conference. 2000,

A Comprehensive Computer Program for Monitor Unit Calculation and
Beam Data Management: Independent Verification of Radiation
Treatment Planning Systems

Hee Jung Kim*, Yang Kyun Park*, Jong Min Park*, Chang Heon Choi*, Jung-In Kim®, Sang Won Lee”,
Heon Jin Oh™, Chunil Lim™, II Han Kim®, Sung-Joon Ye®

*Department of Radiation Applying Life Science, Seoul National University Graduate School, TDepartment
of Computer Science, Soongsil University, TRadiation standards division, Korea Food and Drug
Administration, SInstitute of Radiation Medicine, Medical Research Center, Seoul National University College
of Medicine, §De;:)artment of Radiation Oncology, Seoul National University Hospital

We developed a user—friendly program to independently verify monitor units (MUs) calculated by radiation
treatment planning systems (RTPS), as well as to manage beam database in clinic. The off-axis factor, beam
hardening effect, inhomogeneity correction, and the different depth correction were incorporated into the program
algorithm to improve the accuracy in calculated MUs. A beam database in the program was supposed to use
measured data from routine quality assurance (QA) processes for timely update. To enhance user's convenience,
a graphic user interface (GUI) was developed by using Visual Basic for Application. In order to evaluate the
accuracy of the program for various treatment conditions, the MU comparisons were made for 213 cases of
phantom and for 108 cases of 17 patients treated by 3D conformal radiation therapy. The MUs calculated by
the program and calculated by the RTPS showed a fair agreement within £3% for the phantom and £5% for
the patient, except for the cases of extreme inhomogeneity. By using Visual Basic for Application and Microsoft
Excel worksheet interface, the program can automatically generate beam data book for clinical reference and
the comparison template for the beam data management. The program developed in this study can be used
to verify the accuracy of RTPS for various treatment conditions and thus can be used as a tool of routine RTPS
QA, as well as independent MU checks. In addition, its beam database management interface can update beam
data periodically and thus can be used to monitor multiple beam databases efficiently.

Key Words: Radiation Treatment Planning System (RTPS), Monitor Unit (MU), Beam data
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