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Table 1. Patients’ characteristics.

ZES 2 112! : Dosimetric Verification of DCAR
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Fig. 1. The schema-
tic diagram for head
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Patient Sex Primary Pathology GTv ,
no. organ volume {cm’)
1 Female 33 Breast Infiltrating ductal 15.82
carcinoma
2 Female 45 Breast Infiltrating ductal 9.65
carcinoma
3 Female 46 Breast Infiltrating ductal 4.04
carcinoma
4  Male 55 Colon  Adenocarcinoma 6.82
5 Female 60 Lung  Adenocarcinoma 0.97
6 Female 51 Kidney Renal cell carcinoma 250
7 Female 40 Breast Infiltrating ductal 11.58
carcinoma
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Fig. 3. The optical density curve of EDR2 film for 6MV photon
beam. The black line and red line mean a measured optimal
density curve and a fitting curve, respectively.
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Table 2. Dose difference data between ion chamber and
plan point doses at each patient.

Patient Measured Measured Planned  Difference

no. value dose (cGy) dose (cGy) (%)

1 1.649 402.75 400 0.69

2 1.640 400.55 400 014

3 1.636 39957 400 -0.11

4 1.654 403.97 400 0.99

5 1.665 404.55 400 1.14

6 1.650 400.91 400 0.23

7 1.642 398.97 400 -0.26
Mean+SD 1.648+0.010 401.55+2.10 - 0.51+043
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2! 112l : Dosimetric Verification of DCAR

ol &= ol & AL FAet] NgAY A
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Table 3. Dose difference data between film and plan
dose distribution before optimization of isocenter shift.

Dose difference

No. No. of
o, s o, .
Average, %  Maximum, % points >5%, % (n)

1 1.62 7.00 0.26 (13/5,094)
2 2.00 12.60 8.71 (277/3,179)
3 1.58 6.87 1.37 (30/2,187)
4 1.85 9.34 5.36 (147/2,741)
5 1.71 8.99 6.46 (68/1,052)
6 2.14 11.64 944 (157/1,663)
7 1.01 6.51 0.20 (7/3,503)

Mean®SD 1.70 +0.36 8.24+3.68 454+394

*L-Cutoff 30% is adapted in all cases.
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X (mm)

20 15 -1.0 0.5 0.0 0.5 1.0 15 2.0

2.0 9.76 2.08 852 8.10 783 7.73 7.83 8.12 855
15 B8.68 6.13 7.49 7.01 ”A 6.71 6.60 5.73 7.06 7.54
1.0 8.07 7.24 6.52 596 5.61 543 5865 6.03 858
0.5 7.38 645 562 496 457 1 444 483 507 571
Y (mm)| o.0 6.88 583 4.80 413 3.84 B 3.50 37 421 498
0.5 8.51 5.43 4.41 353 291 2‘73!"6? 296 3.58 4.45
-1.0 5.33 5.28 422 328 253 220~ 250 3.28 425
-15 5.43 540 437 344 269 234 267 3.42 436
20 577 575 479 385 334 310 3339 393 480

Fig. 4. The screen shot of the optimization process
without the optimization (no translation). Other values are average dose differences of corresponding translation. The minimum
average dose difference value is located at X=0.5, Y=-1.0 (C), and the true isocenter of film is found at that position. This indicates
that the film translates to lower-right quadrant of the 2D space. The dose difference maps for positions ‘A’, ‘B’ and ‘C’ are

described in Fig. 5.

for the patient. Value in position X=0, Y=0 (B) is the average dose difference

)
N

j
i

o

Fig. 5. The distribution maps of point dose difference at the translated positions. (a) X=-0.5 mm, Y=1.0 mm (A in Fig. 4), (b) X=0
mm, Y=0 mm (B in Fig. 4), and (c) X=0.5 mm, Y=-1.0 mm (left, C in Fig. 4). In (a), (b) and (c) the average dose difference are 3.12%,
2.00% and 1.21%, respectively, and point ratio>5% dose difference [(No. of points>5% dose difference/No. of total points) x100]
are 1991% (633/3,179), 8.71% (277/3,179) and 0% (0/3,179), respectively. The 30% of L-cutoff is used.
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Table 4. Dose difference data between film and plan
dose distribution after optimization of isocenter shift.

Dose difference
Patient Isocenter shift

No. (X, Y), mm Average Maximum No. of
% % points >5%, %(n)
1 —-05, 00 1.54 5.32 0.04 (2/5,094)
2 05 —-10 1.21 450 0 (0/3,179)
3 0.0, —05 144 5.33 0.27 (6/2,187)
4 -05, 05 1.27 417 0 (0/2,741)
5 05 00 1.50 5.99 0.29 (3/1,052)
6 1, —05 143 6.48 0.12 (2/1,663)
7 1.0, 00 0.97 5.22 0.09 (3/3,503)
0.29+0.63
Mean +SD 0214049 1.34+020 5.29+0.79 0.11+0.12

*L-Cutoff 30% is adapted in all cases.
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Fig. 6. Dose difference data between film and plan dose
distribution in all patients according to optimization of
isocenter shift; (a) point ratio=5% dose difference [(No. of
points>5% dose difference/No. of total points)x100]. (b)
average dose difference. (c) maximum dose difference.
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Dosimetric Verification of Dynamic Conformal Arc Radiotherapy

Tae Hyun Kim, Dong Ho Shin, Doo Hyun Lee, Sung Yong Park, Myung Guen Yun,
Kyung Hwan Shin, Hong Ryull Pyo, Joo-Young Kim, Dae Yong Kim,
Kwan Ho Cho, Dae-Sik Yang*, Chul-Yong Kim*

Reserch Institute and Hospital, National Cancer Center,
*Department of Radiation Oncology, College of Medicine, Korea University

The purpose of this study is to develop the optimization method for adjusting the film isocenter shift and to
suggest the quantitative acceptable criteria for film dosimetry after optimization in the dynamic conformal arc
radiation therapy (DCAR). The DCAR planning was performed in 7 patients with brain metastasis. Both
absolute dosimetry with ion chamber and relative film dosimetry were performed throughout the DCAR using
BrainLab's micro-multileaf collimator. An optimization method for obtaining the global minimum was used to
adjust for the error in the film isocenter shift, which is the largest part of systemic errors. The mean of point
dose difference between measured value using ion chamber and calculated value acquired from planning
system was 0.5120.43% and maximum was 1.14% with absolute dosimetry. These results were within the
AAPM criteria of below 5%. The translation values of film isocenter shift with optimization were within +1
mm in all patients. The mean of average dose difference before and after optimization was 1.70+0.36% and
1.34+0.20%, respectively, and the mean ratios over 5% dose difference was 4.54+3.94% and 0.11+0.12%,
respectively. After optimization, the dose differences decreased dramatically and a ratio over 5% dose
difference and average dose difference was less than 2%. This optimization method is effective in adjusting
the error of the film isocenter shift, which is the largest part of systemic errors, and the results of this
research suggested the quantitative acceptable criteria could be accurate and useful in clinical application of
dosimetric verification using film dosimetry as follows; film isocenter shift with optimization should be within +
1 mm, and a ratio over 5% dose difference and average dose difference were less than 2%.

Key Words: DCAR, Fim dosimetry, Optimization, Acceptable criteria
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