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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 DRR?®) 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, TMulti-leaf Collimator, §DigitaHy Reconstructed Radiograph, "Same

Pattern, Correct Registration
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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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Table 2. Patients Characteristics

CHEHEARS B 2F5ESI K| 2002;20(1):81~90

Patient Case Sex Ace Primary site No. of Total dose/ No. of
number number & y ports Fraction size (cGy) segment
I I F 49 Nasopharynx 5 3000,/200 68
II II M 59 Prostate 5 7000/200 52
11 11 M 74 Submandibular gland 5 5000/200 69
IV IV 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 VII M 73 Nasopharynx 7 5000/200 56
VIII M 73 Nasopharynx 9 1000/200 75
IX M 73 Nasopharynx 5 1000/200 38
VII X M 66 Prostate 7 5200/200 75
VIII XI F 67 Tongue 7 5000/200 107
IX XII M 59 Nasal cavity 4 1600/200 18
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Fig. 4. Isodose comparison 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.
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Fig. 5. Point dose differences between RTP plan and mea-
surement. Percentage differences are defined as the percent
of the difference between the plan and the measurement
divided by the measurement.
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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.
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Table 3. The Time Required for the Selected Quality Assur-
ance ltems and Number of Error Incidences

Time required No. of errors
Items

(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, "See text
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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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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)
RTPT 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 g
Verification of leaf sequence N/AT

*Not considered here, since the §procedures are same as 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 fim. Fiim dosimetry and the dose distribution from the
phantom plan showed the same tendency, but guantitative analysis was not possible because of the film
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
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