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Table 1. The Intensity Modulated Radiation Therapy Patients Quality Assurance Program in Asan Medical Center

No. Items Criteria
RTP' QA 1 Constraint and plan review
2 Beam pattern, Isodose, DVH?, Documents generation Done/Undone
3 Phantom plan Done/Undone
4 Chart
5 Point dose measurement >3%, >5%
6 Comparison of isodoses of the plan and the film Pass/Fail
Treatment information delivery QA 7 MLC' control file Done/Undone
8 Simulate image, sequence image Done/Undone
9 Comparison of simulate image and beam pattern SP, CR"
10 Comparison of sequence image and RTP SP, CR
11 Dry run and comparison of simulate image SP, CR, <2 mm
12 Simulation (or DRRY) image and isocenter information Done/Undone
Treatment QA 13 Localization image verification <2 mm
14 Comparison of verification image and simulate image SP, CR
15 Varis (Record & Verify system) data input Done/Undone
16 Verification of leaf sequence Observation

*Radiation Treatment Planning,” 'Dose-volume Histogram, "Multi-leaf Collimator, ®Digitally Reconstructed Radiograph, 'Same

Pattern, Correct Registration
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E AR AANAE Fg 29 Zo] A2 ¥ Ho| 2 A
9] Z5E ZA%L 5, intensity map 3 WkollA o HE
A z2A AR B2 Ve AR X EAMTS
AollA] g Fport)e] WALAE ALsAchd HA] segment
9 SR TS Sk ek Intensity mapS AA| X 2ol
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Fig. 2. Intensity map (beam pattern) generated from the
Helax RTP system. Higher number indicates the higher dose
or longer duration time.
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Fig. 3. Simulate image of the intensity map from the Varian
Shaper. This image implies the MLC leaf sequence
information.
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BollA MLC file sequences} AA AZ=E MLC 28U
Feke 2 X gARR}L RIS sl3len, 1 o] FREE
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Table 2. Patients Characteristics

Patient Case Se A Pri it No. of Total dose/ No. of
number number X ge rimary stte ports Fraction size (cGy) segment
I 1 F 49 Nasopharynx 5 3000/200 68
1 II M 59 Prostate 5 7000,/200 52
I 111 M 74 Submandibular gland 5 5000/200 69
v v M 60 Upper esophagus 6 2600/13 73
\ \ F 51 Uterine cervix 8 1500/300 69
VI F 51 Uterine cervix 7 1500/300 9
VI VI M 73 Nasopharynx 7 50007200 56
VII M 73 Nasopharynx 9 1000/200 75
IX M 73 Nasopharynx 5 1000/200 38
VII X M 66 Prostate 7 5200/200 75
VII XI F 67 Tongue 7 5000/200 107
IX X1 M 59 Nasal cavity 4 1600/200 18

Fig. 4. Isodose compﬁrison of the phantom plan and the film dosimetry. (A) Phantom isodose distribution generated by RTP,
(B) Result of the film dosimetry, (C) Film image for phantom plan.

20y QA program z| ¥l wg} AHESSE X 8ART o E B
15+ E A9 3AdAY BAl= 2S5 5 I 28ug 5 A
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-top 7° B2 234 el A 4 gk JFsel & AeE @
-15} thsie] B glo] X5 E ZePsisict
20 2. Xz Hmeo| Mg QA
. Cases |
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Fig. 5. Point dose differences between RTP plan and miea- Fig. 62 dry nm film §4g Vel gloh RTPellA A

surement. Percentage differences are defined as the percent At MLC leaf ¥x]9} Dry runol]4] vield AA] MLC leaf
of the diff betwi the pl d th ent ol
Givided by the meammement, T 4 the measurement g2 waelgle o, 2 mm ol4s] AolE Mol el ¢l

ek,
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F A% 25 12 542 ARG AolE Bolk 201
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Fig. 6. Dry run image of the IMRT field by dynamic MLC.

Fig. 7. The first treatment verification film of the IMRT
field.

3. A2 NE H QA

Fig. 7 IMRT X2m2] X] 2891 Nverification film im-
age)olt}. E-3e) g3 d4dst 2 intensity map BEE
37| HodFFal ok Set-up W MLC leaf sequencedi]A]& o]
42 4R o YAk 1ofloll A leaf sequence} X5 Al 2}
Zpol7t vz A WAs FA A5E Ty, AE
£ A A 34 AR JHAANA 247 A A
< UAY 5 Uk ol F AYHeln oHA] XEE AlYS
H o] Foll Byt FArt whAkslA] okt

& g HE

QA programg 3-E2 £ o] RTP QA, X8 Aol A
QA, A& A2 A4 QA F I & d9es 5% F

Table 3. The Time Required for the Selected Quality Assur-
ance ltems and Number of Error Incidences

Time required No. of errors

ltems (min) detected’
Phantom plan 30
Point dose measurement 120 2
Comparison of isodoses of 60
the plan and the film
MLC control file 5
Simulate image, 60
Sequence image
Comparison of simulate 5
image and beam pattern
Comparison of sequence 5
image and RTP
Dry run and comparison of 60
simulate image 1
Verification of leaf sequence N/A
Others 30
Total 435 3

*Not applicable, TSee text

lek. RTPoll B3 6719] QA 5L IMRTZ} Z SAHY
24, %, consraint E9} MLC sequence file®] 24, W&
Z2 9 9E ZA ¥ 24 5 544 RTP 36l o
oz wealA gk ulES Aedae x4 A=Y
K 2llA Apele HAT Z Holr} glek X8 FRe] A
2 #Aoll #6709 QA ¥E-2 simulation -2 DRR (Digi-
tally Reconstructed Radiograph) 34 24 §5-5 Aejshd ¢
BHAQl X FollAE AldeiA o= Zolch RTP At A
o] AF glol RYeA xNFV|2 ALIHE A BAsS
o] HA WAL 77t = AvdsiA Ueht ¢
oh. X8 Ag A B 4712 QA FE-L verification
AL dry un 943 vzl BAE AdRae 89 A
2 QA% FYUslth o) olla] A K ule} o] 35hA] 163
E9] QA programe £49) YA ZYX|E QA% FUE IF
oli, IMRTE 3 3719 SEEE EF TR 3
sojo} 3 AYE & s Sich

B odFol|A AAJg IMRT 34} QA progam A& H3}
ol wlg} 7 A4 oylE F Y FAE v wAF
T QEE Ao Yk wfgbA o] progamell A A3 3
Al 16859 QA AL eldAdolels FdllA & o) 7
R A gER] Tilens BF AHA A,
HeA] o3 YL ofn| =Egich ¥ AfeiAe 7
o] REgog AL Ezdlo] opd A A ZEaPL
olatell o] &% wWie o] itk QA o] Haszjrh ofF
IMRT 7]&o] $hHslR] ghobd] ARl wigh 2 wlella] 4
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RTP Al28lol|lA] A¥sie wekoz sdels FAlola, A
24 R&V (Record and Verify) system <&] DICOM RTS A
Yl FAolzs FFHozE NEAE AR Hgol
DICOM RTZ o|-&3lA] = zlg} olgdsiA, o] A} izt
QA I3& AXA ARE HAF Pert Yt =3 uish
7ol RE 320 Haio| IAHAT 1 FES A F
Setoiol TAE AgAolehs FHdlA ¥ o) 28 Ho
ek o] QA progam®] A3g SN XA HAS A
A% YA AT slejets ik TAZE o] A 23
g QS Axlof gtk oA ALHo|z] 3k Aol
& 5 7] wifolch Table 32 7+ HPHE Fu Le¥E

Fig. 8. The Leaf end leakage effect due to the Varian MLC
design. High dose straight line in (A) indicates the leaf end
leakage due to the round end shape MLC. This effect can be
removed by placing the MLC end out side the treatment
field (B).
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Ho|& 3% ol4te] Mekg Holy IMRT X8 AlAw]9] FA
g7 dohs A Ao BEAGA Jilgt Ao A4 4
gtk & AdzF BEo] Wyl G433 Aol sligdsle Aol
t}. Film dosimetry ¥]i2e A#H o2 Aefsi= Aol vlahz]
SR, B dAfoidE AAEY EAdl #E3ick Fim
dosimetry ZHAI7} 23 e AF w|ARA FAE FE3
RTP9} dosimetry®) registration ®¥}*el] thalt <A77} A3¥=]o]
of & = g7} 9lrhk. IMRT QAA] dry run image2} simulate
image] 215 wlwdhyl M A 3 Al Gt Ay
g Fdeyl gtz A5%ch® IMRT data commissioning 3
o HAL o] =79 HAE wolng =odl4 Alelst
A3, olm] = F¥o] 20016l olof] W& AAF B@
£ 3wl gieh o] Baiel 22 who® RIPAA ALY
4 95E beam data commissioning® AAFCZE wlx A
RTP7} AAlshe ZATte] A= 9 Aol 1" 74,
ZhAtoll e IMRT A3 9l A AL 2 Hx 1303
285 FEsbrh a2t IMRTZ}F A7l B Alke] W
Shol] wzl Ak BEE A & dE, FESAT 2 e
HA 4% die 2318 8% £= Y AselEes A
S 7k o], & toflof} uigt Atz Al ALslrldle
e JE 7L Agslrldle Feirt Wik 2 o)
Al 12619l tHEE QA program A|3Y Az}, A FF ul A%
&2 Ao JHadt oAiefAQl ASE ALdslie o gt

Table 4. Recommended Intensity Modulated Radiation Therapy Patients Quality Assurance Program for an Institution in Which In-

tensity Modulated Radiation Therapy is a Routine Procedure

Items Time required (min)
RTP" related QA ‘Constraint and plan review 5
Beam pattern, isodose, DVH', documents generation 10

Chart

Point dose measurement

*
Sampling test

Treatment information delivery related QA MLC? control file 5
Comparison of simulate image and beam pattern 5
Simulation (or DRR") image and isocenter information 10

Treatment related QA Localization image verification *
Comparison of verification image and simulate image 10
Varis (Record & Verify system) data input *
Verification of leaf sequence N/AY

*Not considered here, since the §procedures are same asi conformal therapy or conventional therapy, 'Radiation treatment plan-

ning, "Dose-volume. histogram,

Multi-leaf collimator, 'Digitally reconstructed radiograph, 'Not applicable
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—— Abstract

Quality Assurance of Patients for Intensity
Modulated Radiation Therapy

Sang Min Yoon, M.D., Byong Yong Yi, Ph.D., Eun Kyung Choi, M.D.
Jong Hoon Kim, M.D., Seung Do Ahn, M.D. and Sang-Wook Lee, M.D.

Department of Radiation Oncology, Asan Medical Center,
College of Medicine, University of Ulsan, Seoul, Korea

Purpose : To establish and verify the proper and the practical IMRT (intensity-modulated radiation therapy)
patient QA {(Quality Assurance).

Materials and_Methods : An IMRT QA which consists of 3 steps and 16 items were designed and ex-
amined the validity of the program by applying to 9 patients, 12 IMRT cases of various sites. The three
step QA program consists of RTP related QA, treatment information flow QA, and a treatment delivery QA
procedure. The evaluation of organ constraints, the validity of the point dose, and the dose distribution are
major issues in the RTP related QA procedure. The leaf sequence file generation, the evaluation of the
MLC control file, the comparison of the dry run film, and the IMRT field simulate image were included in
the treatment information flow procedure QA. The patient setup QA, the verification of the IMRT treatment
fields to the patients, and the examination of the data in the Record & Verify system make up the treat-
ment delivery QA procedure.

Results : The point dose measurement results of 10 cases showed good agreement with the RTP calcu-
lation within 3%. One case showed more than a 3% difference and the other case showed more than
5%, which was out side the tolerance level. We could not find any differences of more than 2 mm
between the RTP leaf sequence and the dry run film. Film dosimetry and the dose distribution from the
phantom plan showed the same tendency, but quantitative analysis was not possible because of the fim
dosimetry nature. No error had been found from the MLC control file and one mis-registration case was
found before treatment.

Conclusion : This study shows the usefulness and the necessity of the IMRT patient QA program. The
whole procedure of this program should be performed, especially by institutions that have just started to
accumulate experience. But, the program is too complex and time consuming. Therefore, we propose
practical and essential QA items for institutions in which the IMRT is performed as a routine procedure.

Key Words : Intensity modulated radiation therapy, Quality assurance



