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Purpose: In order to improve the quality of radiation therapy and response to the requirement of
dose accuracyand radiation safety, Atomic Energy Council (AEC) in Taiwan has established the
medical exposure quality assurance program: "radiation medical exposure quality assurance
standards" and promulgated for implementation on July 1, 2005. Radiation therapy equipments of
medical linear accelerator, cobalt therapy machines, remote afterloading brachytherapy system,
Tomotherapy, Cyberknife and Gamma knife are included in this program. However, the actual
implementation of these operating procedures needs further checking and verification. Based on this
QA program, document inspection and a part of QA items will be excuted on-site for every radiation
therapy equipment to enshure the implementation of the QA program in Taiwan. Additionally,
considering recent medical linear accelerator treatment machine and Tomotherapy are using
multi-leaf collimator (MLC) to perform the IMRT treatment. QA program for MLC will also be
established and each QA item will be excuted on-site in this study. In the radiation therapy process,
computer treatment planning system (TPS) is a very important tool, especially in the era of IMRT.
To ensure the accuracy of TPS calculation, a small-scale preliminary research for plan QA is also
included in this study. Analyze the QA data from this study, including treatment equipment
characteristics, dose measurement instruments characteristics, the variations from the dose
calibration methods, medical units and personnel statuses which will be an important reference for
the improving of quality assurance in radiation therapy.

Methods and materials: There are totally 203 radiotherapy equipments currently used in Taiwan.
In medical linear accelerator, for example, a total of about 50 QA items in accordance with the set of
check frequency sequentially executed. For details about domestic implementation and supervision
of radiation safety of radiotherapy equipment and medical exposure quality situation, document
inspection and on-site QA item excution will be performed in this study. Methods of QA procedure,
equipments of dose calibration will be ask to provide for on site inspection. Site visits will give a
more detailed understanding of the actual situation of all quality assurance operations, and for dose
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output, beam energy and beam flatness and symmetry, actual measurement will be performed on
site. In response to the generally use of MLC for IMRT, QA for MLC will also be included in the
content of the site visit. Gamma index evaluation method with conditions set for the Admax =3 mm
and A\Dmax = 3% was used for plan QA. Two planes on isocenter and spinal cord were evaluated in
this study.

Results: There were 135 linear accelerator, 8 gamma knife, 35 brachytherapy machine, 19
Tomotherapy and 6 cyberknife totaling 203 sets of treatment equipment surveyed on-site in this
study. Analysis according to treatment resources, counting for 23 million population in Taiwan, as
including brachytherapy system, the therapy equipment resource is about 8.8 units / million people,
if only consider ecternal treatment equipment, the treatment equipment resources is about 7.3 /
million people in Taiwan. All QA items excuted in this project with data collection and discussion
after the modification, the site checking results are in compliance with "the radiation exposure of
medical quality assurance standards' requirements. For the MLC QA in the item of leaf position
accuracy and reproducibility, there were still about 7% of treatment machines although with the
implementation of IMRT but were slightly higher than the preset value of 1 mm tolerance. For plan
QA the results of the preliminary execution for 7 departments, the gamma evaluation of passing
rate were between 86.4-98.4%, more than 87% of medical institutions with passing rate higher than
90%. This result may represent a high-quality clinical work, also reflects the effectiveness of the

implementation of QA program in Taiwan.

keywords : radotherapy, quality assurance, linear accelerator, multi-leaf collimator, remote

afterloading brachytherapy, Tomotherapy, Gamma knife
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@B 5 Sestiog PR EHT =R SFCE AR ETH S ¢ 4EA0EE TEP
LSAR L S BB RS EY 3 EE i m gk o
2 2RRAFASSRE S EREE TERAEOTE - FF o RBRAF LIRS 2
Bk o st 45 2 R 203 2R R R & B R R enE A o
() Z22EFRF A ARH# N2 %SGR AETHE
AR E AR D R MR TR R 2 TR AR BB S
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(1) 7»R 3k & 4 Bcdp o Linac 2 MLC B 31502 AL & > 5+ it £ 7 IGRT kst % o
(2) B & % o & %1% K % ; ion chamber, well chamber, electrometer, water phantom,
solid phantom, 2D QA check device. #| & t&% > 2 : TG-21 or TG-51 or TRS-398. %
ek Rk iv4 o
(3) TPS #3152 #iAf s 4
(4) FRE =2 4 fRRESETEFD Rl SRLEfEE 50
Fiop A e RREEREFR
(5) 2B Sp 897 RS & Pl PR lE 2 47 T

B FROLETE AT G R AT AW AR E TR
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i) #/z3s Beamdata sk = 38 (p FERIE R * R R EFTAH)

i) 3417 TPS & £ %3 chlke 7 4
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AD = DC‘(FC) - D:(Fr)
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(1) 5 EX: RLARBFARHET LR
e EARS
D.#% RERFPPMEHFP LA FREAFELL T FARRI -
[% % Varian Millennium 120 % %, ¥ # * Varian p 2= 57 MLC QA # %
StatML120.MLC p =1 LF VS 10x10 2 LF VS 24x24 # %]
2). 4vid B A E 04w T 2w (0° £ 180°) 5 SSD % %4 100cm -
3). BExMLC % Tfh % > /il jaw R ¥F < 3t MLC e ¥ -
4), BECKRPRI AR AP A o P 3 b > e kB =g 4
ot s IR P N e KR TR -
5). A~ 47 MLC & fB ¥¥ &7 45 S PR IF 2_v= & B 5
6). 5 A FT 5 % o FEILE £ vk ) T kR
(2) & ™ 45 5@ 4% ¥ (Backup diaphragms)$ 5 £ ¥ 2 Rip$t 28 2 Faaid (B HRR
g LR RELed F)
P TR
1). 4eig BAEAFE S0 45Ew T % 5 (0° & 180°) > SSD 2% %% 100 cm -
2). BECK TRITH R > R BRF A AL -
3. Atia * D RBIE MLC RIFchjp i B IR B v &3 o
4), BT S o FEILE £ iy 2] R o
Q@) EYy/BER
FEEETR* R ELERAAISEAUBRAF REI AR F)
e EARS
). * RERFPEMIN L 787 MLC B4 B 7% o
[ % Varian Millennium 120 % %, ¥ i * Varian p 2= & MLC QA # %!
M1Mill120.DOS ]

2). beig BAGEAFE KT 2 5 (90° 2 270°) 0 #4173 whss B B A K

S

b

5 MLC B #i# & o
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[=# F M1IMIll120.DOS #4 %, £ * B R E > 40T
a. & MU & 5 100 MU, MU rate 5= 600 MU/min.
b. Beamon, [ 4x§ 2 Beam on 1 MU rate (X MU/min )% MLC # 100 MU
Beam on P& ¥ p fiiE 1B % it iEAR( 1)
c. £#@#: & (cm/sec)=I(cm)/ (100 (MU) /X (MU/min) x 60 (sec/min) )
3). Lk, TS o FELP Eona K e &R o
(@) EreERmA
P ITARE
1).08 % RERP M %L p 7 @07 MLC QA # % ()4 picket fence) -
[ % Varian Millennium 120 % %2, ¥ # * Varian p 2= 57 MLC QA # %
StatML120.MLC p 0 leaf position 5 cm, leaf position A -10 cm, leaf position B -10
cm, leaf position 15 cm #% %]
2). 4vig AR E 2 0° & 180° & 90° & 270° (£ ' H 774 k> w) > SSD % %
%= 100 cm -
3 BAKZMLC A% REKRP AR AH B S EE S E Y 28 Baw
B o
3). R dEA TS o FEILE Loaki 2R o
(G FreEinyg
TR
1).08 % RERF P Eh%x 2 p 7%/ F MLC QA #f % ()4 picket fence) -
[ % Varian Millennium 120 % %, ¥ i * Varian p 2= & MLC QA # %!
StatML120.MLC p 7 Repeatability 4% %]
2). 4vif B RF L B Y 0°,180°,90° % 270°- SSD % % 5 100cm o
3). FHBAMLCH #4552 MLC 2 B2 R EF B A M b A8 8 & o
EAFTMLC 8 €452 £ 84 -

4) “35‘&\*%%‘% ’ Fg_w\}]u L BT AE

\H.

TZER] -
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(6) Erigsd wBERA
#ITARE

.t % RERD P 245225 79 MLCQA K% -

2).

3).

4).

).

4).

).

[ % Varian Millennium 120 % %, ¥ & * Varian p £ 59 MLC QA # %
StatML120.MLC p =7 Spoke shot #% % ]
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A TSR 0 FEILE &R S FE R -

(7) E*548F
P iTARE

1).

2). 2

3). %

4).

TR ¥

Bt Y ET%%J HERDT TEF2ZE (4523 > 0° & 180°
SAD=100cm) > % 2 %3 % (jaw) 2 BB® F &+ (- 42 5 40x40 cm?) > MLC
D RHIGHSGP P AEE S FEES N T EFEF R o
F‘H’*,Lﬁﬁﬁ\%] R er TEMLRE (- 45 10x10 cm?) o k& B SR
R FIFHZTMU E ()4 500 MU) itz 3 & o
TR (Jaw) 2B I 54 > EF 2 BB HLOTEFEF D
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6). & dka ATl % o R £ I ER] -
(B) R ¥k ik M P Ko 7 ¢
(1) BEREFTESF

e iEfRS

1), R RFLAEREPF2Z /i) > - 5123 (0%) SAD=85 =4 » &

&7‘

TR L 25x40cm? -

2). # P EE>5cmiE4t > A FET SAD =% (VLI ¥ tablesag) s % F
2z Overhead and Bore green lasers #t R Jern X 2 Y fhiz % - F > F 1.5cm B4
[£7#* EBT & RTQA® % » 7 £+ & % £ 1535 (5.0x40cm?) ]

3). A AERIE LI P HLET 5B o (£ * EDR2 film > mstps

¥ 5 10sec.; & * EBT & RTQAfilm » pestpF fF # 2% 5 15sec.)

4). EAFHIR2) BV - BB ORTET MBS R AR 2 F R
(%@ * EDR2film - RR&pFRF+ % 5 300 sec. ; & * EBT & RTQAfilm - &

SpF Y % 5 450 sec.)

» R

5). BBoFz 5 > A WMR B PRy 30 A 45 B8 X dhsg & 4 B (profile) -
[#i#* EBT & RTQA* % » BEt= S {8 gl 4 | it L2785k 4 17]
6). AHTE LT EFPF FHwHE A EY TR F el FIEY 2R Y
PAMPRHERE 30 % 0 A X AEA GBS R X il 2 R

BEEZBrTHBMPERLIR > B3 UEFIMEUES B EREHE 2
o T
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7). BEAITEE o FEILE £ i B R o

(2 3 ENFE R¥HEY w2 d R
PFIEALE
1). $478 3 B/ MLC =% §_7F & gantry *gdg & m v o o
2). BB P EEIE5cm B > A F I SAD =3 (LR D tablesag) s B R R
2z Overhead and Bore green lasers #t% e X 2 Y #hix % - F > F 5cm B4 -
[£17 * EBT & RTQAM & » w £ 2 % £i£3; (8.0x25cm?) ]

3). teir#l % T "wiE B~"MLC center/Gantry Isocenter"f& &f4% % - I & W 7 0°%

180° 8 o o

MIC at 0 deg 27,28  3R,33

Il

>

D1 |+
D2

MLC at 180 deg 32,83 27,28

4). RE R A BB FF R T 0L 47 38 "Film Analyzer" ® «"Tools>MLC
center/Gantry Isocenter" 1 & &~ 47 % E N BT g w2 b PIRERSE o

[ % EBT & RTQAM % » it & (5 2k 4 ] 1 b B2 744 4 19]
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(C) WEFRRTEFAR (FEI2T0OA) REFERE RETREERES ~ 54
A LRI AR 2 AR SIS R R FERIAR

ATV EFERSG2BMcHAET S FRETE Fli xR RFSFEEA
RePRETO 5N B EPN G 76 7F Fbesrik b stio R Ras > 9 15 Ak 23 4
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Bl= 2104 & B SSHia R K R+ 2T AR AR E P R%D Lk

e e E R ERE RS E AR (BEFEE(ER 2%)
70.0%
60.0% —36.0% ) BT (%, otal 225)
52.7% BT (%, total 150)
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Bl= ~ 104 & R cbfin Bk f 23 2T+ AL L RS D L%

B aERES R B E AR HET (FFrEEER 2%)

80.0%
70.0% 66.2% B EFER (%, total 198)
_ B SET5T5 (%, total 145
60.0% 0 K )
= 50.0%
& 30.4%
L 40.0% 33.8%
= 29.0%
M 30.0%
20.0% 15.7%
( 11.1%
10.0% S
0.7%
0.0% . I |
+0.0%~+0.4% +(),5%~10), of/ +1.0%~%1.4% +1.5%~+1.9%
REOAEN

2w ~Linac k3 &4 BT 20cm? 0 JER 10cm Buo B EH L 4R TR B A A4 o
[A>Bsystem 4 & % 2 B} L& @ % b fAE RAvid B 59

-~

6X 10X 4X 15X

beam flatness | In-plane |[Cross-plane| In-plane [Cross-plane] In-plane [Cross-plane] In-plane [Cross-plane

<2.0% 40.0% (14) | 30.3% (10) | 39.4% (13) | 35.5% (11) 100.0% (1) | 100.0% (1)

>2.0%&<25%| 25.7% (9) | 36.4% (12) | 36.4% (12) | 35.5% (11)

>2.5% & <3.0%| 22.9% (8) 15.2% (5) 12.1% (4) 19.4% (6) 33.3% (1) 66.7% (2) - ---

ASYSTEM|>3.0%&<35%| 57%(2) | 121%4) | 61%(@2) | 0.0%(0)

>3.5% 57%(2) | 61%(Q2) | 61%(2 | 97%@3) | 66.7%(2) | 33.3% (1)
<2.5% 65.7% 66.7% 75.8% 71.0%
<3.0% 88.6% 81.8% 87.9% 90.3%
<2.0% 38.7% (12) | 41.9% (13) | 77.8% (21) | 70.4% (19)

>2.0% & <2.5%| 35.5% (11) | 41.9% (13) | 14.8% (4) | 22.2% (6)

>250%&<3.0%| 161%(5) | 9.7%@3) | 37% @) | 7.4%(2)

BSYSTEM [ >3.0% &<35%| 32%(1) | 32%(1) | 37%() | 0.0%0)

>3.5% 65%(2) | 32%(1) | 00%@© | 0.0%/(0)
<2.5% 74.2% 83.9% 92.6% 92.6% - - - -
<3.0% 90.3% 93.5% 96.3% 100.0%
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16k i [E2] &

Axesse 1 2 3 0
PRECISE SLI 5 1 11 1
SYNERGY 22 9 11 1
Infinity 1 0 1 0
ONCOR 0 1 0 0
PRIMUS 1 0 0 0
MEVATRON M2 0 1 0 0
2100CD 1 0 2 0
CLINAC 21EX 1 5 3 1
CLINAC 6EX 2 1 0 0
CLINAC 600C 0 0 1 0
CLINAC IX 14 4 11 0
Trilogy 1 2 1 1
TrueBeam 4 0 0 0
TrueBeam STx 1 1 0 0
Unique 1 1 2 0
NOVALIS 1 0 1 0
56 28 47 4
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Eclipse 26 13 16 3
Pinnacle 23 14 30 1
iPlan 1 0 0 0
BRI ERS Xio 2 0 0 0
Monaco 2 0 0 0
Plato 1 0 1 0
Panther 0 1 0 0
Beam data )?Fhfu%{ﬁ 10 ! 10 2
HiTEMH 45 21 37 2
0 0 1 2 1
1 9 10 8 1
SN A8 2 6 3 6 0
| EEPEEAL 3~5 7 2 7 1
6~8 2 2 1 0
>8 3 0 0 0
0 8 10 9 2
1 8 5 7 0
PR AR BN A 2 3 1 4 0
B | B ERAL 3~5 7 2 2 1
6~8 0 0 1 0
>8 1 0 0 0
<1 4 4 3 1
L e R i
IMVIEESEs 2
>2&<3 6 2 3 0
3 2 0 0 0
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%~ s Linac & #8415t & it £ (lo/ lo) L@ LE S

&-%éJ-AJ\*ﬁ,%

g “3
6X 10X 15X 6XFFF 10XFFF 4X
Avg STD Avg STD Avg STD Avg STD Avg STD Avg STD
CLINAC 2100C/D | 0.667 | 0.0078 | 0.740 N/A 0.756 N/A N/A N/A N/A N/A N/A N/A
(n=2) (n=1) (n=1)
CLINAC 21EX 0.670 | 0.0022 | 0.737 | 0.0038 | 0.758 N/A N/A N/A N/A N/A N/A N/A
(n=9) (n=8) (n=1)
CLINAC 6EX 0.666 | 0.0028 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(n=2)
CLINAC IX 0.666 | 0.0031 [ 0.736 | 0.0028 N/A N/A N/A N/A N/A N/A N/A N/A
(n=19) (n=19)
NOVALIS 0.661 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(n=1)
TRILOGY 0.667 | 0.0007 | 0.736 | 0.0023 N/A N/A N/A N/A N/A N/A N/A N/A
(n=3) (n=3)
TrueBeam 0.665 | 0.0057 | 0.738 | 0.0035 N/A 0.630 | 0.0057 | 0.706 | 0.0035 N/A N/A
(n=2) (n=2) (n=2) (n=2)
UNIQUE 0.664 | 0.0005 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(n=2)
MEVATRON M2 | 0.669 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(n=1)
AXESSE 0.684 | 0.0038 | 0.735 | 0.0024 N/A N/A N/A N/A N/A N/A N/A N/A
(n=5) (n=5)
PRECISE-SLI 0.678 | 0.0078 | 0.733 | 0.0046 | 0.760 N/A N/A N/A N/A N/A 0.629 | 0.0137
(n=16) (n=15) (n=1) (n=4)
PRIMUS 0.681 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(n=1)
Infinity 0.677 N/A N/A N/A N/A N/A 0.672 N/A N/A N/A N/A N/A
(n=1) (n=1)
SYNERGY 0.682 | 0.0043 | 0.733 | 0.0037 N/A N/A N/A N/A N/A N/A 0.624 N/A
(n=27) (n=24) (n=1)
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# 1 ~Linac & #4)5+ d at £ (%dd(10)x ) szt~ 47 %

6X 10X 6XFFF 10XFFF

Avg | STD | Avg | STD | Avg | STD | Avg | STD

CLINAC IX | 66.00% | 0.30% | 73.03% | 0.06% N/A N/A N/A N/A
(n=3) (n=3)

TrueBeam STx | 66.20% | 0.28% | 73.25% | 0.21% | 63.25% | 0.21% | 70.15% | 0.64%
(n=2) (n=2) (n=2) (n=2)

ONCOR 67.00% N/A 73.70% N/A N/A N/A N/A N/A
(n=1) (n=1)

AXESSE 67.25% N/A 73.08% N/A N/A N/A N/A N/A
(n=1) (n=1)

PRECISE-SLI | 67.44% | 0.05% |72.80% | NIA N/A N/A N/A N/A
(n=2) (n=1)

SYNERGY | 67.64% | 0.31% | 73.04% | 0.17% N/A N/A N/A N/A
(n=10) (n=9)
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2. BATAE Mg BEFFF &L en2 e B E A T 5 FR% > HEREHNFHELKE -
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free » FFF) ehdt f » bt en|a MEL H L > ¢ 3 B3 T o Ra > S F TR
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Slope = [ (D(80%FE # = 1) ~ D(30%F% % 4 1))/ (d(80%% % = ) - d (30%F% % 4 F1)) ) x 100%
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6 MVFFF Photon, Open Field Crossplane Profiles
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