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Fig. 1. Optical density curve of EDR2 film for 6 MV and 15 MV
photon beam.
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Fig. 2. Point dose differences
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5 mm interval are produced and
absolute average dose difference
can be calculated.
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321
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870
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17.76
12.71
12.93

7.09

17.13

217
3.90
1.74
2.33
1.56
2.36

Nasopharynx
Paranasal sinus
Tongue
Nasopharynx
Base of tongue

Mean

10
11
12
13
14

*L-Cutoff 30% is adapted in all cases
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¥ &= (distribution map of point dose difference) %
AFRE Ao A AFE= Table 13 2ok Ao %
A HAhe 1.36%, ANES 4.08%0]oH Jé

236%°1 At Al HAFL g9 HYE 7.09~20.57%°]
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49_
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Fe Hzxdd 9Ag BE A SHFTAHAA Y A
2 A -Fgkolth. 2+ X, ¥ 293 XHMH«] Ao Ha A
FE ALY HAGe X=1 mm, Y=-1 mm A7

™ weba o] Aol 1 mm H/FE] Fig. 33 22 AFL
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o] 3% AptHe R 293 15HH,
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aA 07 3% olske] A

7F A JEhgE RAE
174 o]} 7% m|wk

FA}, 32 3% °l, 5% IR, 5= 5%

Atk AA AT F AR AYW BF Y AFRE 2IT 7L 7% o) AReAE v
79 HAFLATL 3% o4 AHY HEE 1053~ 3 LS SHMUZAN XA nH xNs Y M 2
50.16%, Bt 23.72%°| AL, 5% °149] HAFLAE B A &hE
olE A9 HI &L 229~3438%, H 9.67%°] ATt &7 14799 5 SAFTAHH 29 Table 291 2
2) BE SHAEAE A9E DY A shy o SASEAY 24FE 29L AdenE BE XS |
e SAFFAY 2$Q wAe A3 B34o| Fig 3 mm, Y5 0 £ 1 mmE BIo, 29odA= (2, 1) =
of =AE ] e, aAHANE X=-1 mm, Y=-1 mm A (1,29 AAe Btk HA3 48 5+ Al H AF
ol ¥ sAFTAHAL 7hsel 7HE =0 X ¥ A5 oAb HAagE 0.93%, AN 2.28%010 0 Hph
X (min)
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 . e
Fig. 3. Optimization process for
4.0 6.75 5.78 5.08 4.86 5.13 5.84 6.84 8.01 9.26 isocenter offset. Value in position
3.0 6.11 5.02 4.24 3.97 4.28 5.10 6.20 7.47 8.77 X=0, Y=0 (B) is the absolute
20 | 551 430 | 3.39 3.05 344 | 440 | 562 6.95 8.27 average dose difference without
S| 10 | 500 | 370 | 262 | 218 | 270 |A3s2 | 512 | 648 | 7.82 | the optimization (no translation).
& B The minimum average dose dif-
> | 0.0 | 455 3.20 1.98 1.42 2.08 3.32 4.67 6.05 7.40 ference value is located at X=-1,
-1.0 4.42 3.07 1.81 1.15 1.89 3.16 4.51 5.89 7.25 =1 (C), and the true isocenter
-20 | 476 349 | 2.36 1.81 2.46 360 | 4588 6.21 7.52 of film is found at that position.
30 | 528 | 410 | 315 | 271 | 324 | 423 | 542 | 668 | 7.94 Th‘?t_ dose ‘A‘%lffe‘g{nce s for
- positions , an are
4.0 5.89 4.83 4.05 3.67 4.1 4.96 6.04 7.23 8.45 described in Fig. 3, 4.
10 5 0 -5 -10 10 5 0 -5 -10
10 10
Fig. 4. The distribution maps of
T u point dose difference at the trans-
3 lated positions (1A) X=0 mm, Y=0
5 2 o p
ol a mm (position B in Fig. 2) and (1B)
g E X=1 mm, Y=1 mm (position A in
o B Fig. 2). In (1A) and (1B), the ab-
0 g i solute average dose differences are
o 5 2.08%, 3.82% and the absolute
lol kl value of maximum difference po-
§ E ints are 12.38%, 22.01%, respec-
-5 g E tively. Point dose values over the
- ! criteria 3% are 20.75% (154/742
i T points) and 44.88% (333/742 po-
ints), respectively. The 30% of L-
-10 Cutoff is used.
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Fig. 5. (1A) The distribution map of

10
10! point dose difference at the opti-
mized positions X=-1 mm, Y=-1
Is[olelololelololsloleZ[313lsloTelololslo/3lslo]elo] mm (position C in Fig. 2) and (1B)
[3[ofo]olo[3]ololololo[3]olo[3]ojolo]olo]o[3]o[3]oolo]o]o] . . .
olofof3faf3foflofofoololololololslslsle(s(ofafafa[3lofolo] the overlay of dose distributions
5 slelalsTolollololelalololololalolelefolololollole Flofolo for planning system and film
[o]o[o[3]o[o]o[o[o]o[o]o[o]o[o]o[o]o]o[o]o[o]oo]oo[5]o o]ofo]] p g y
Pl lelelelolalolelololslslalolalololslslalalolaelelele] output. In (1A), the absolute aver-
JoJofo]ololo]ololo]olofo]ololo]ololololololololo[olo]o]o]3]o] . .
lololofelolelolelolelolelololelolelololoololelolelslelololo] age dose difference is 1.15%, the
o absolute value of maximum diffe-
rence point is 6.63%, and the 40
points out of 742 total selected
points (5.39%) have a dose value
-5 over the criteria 3%. 30% of L-
cutoff is used. In (1B), the color-
washed surface is the result of
planning system, and the line con-
~10i tour is that of the film.

Table 2. Isocenter Offset Value and Dose Difference Data between Fim and Planned Dose Distribution by Each Patient. The
Result is after Qptimization of Isocenter Offset

Absolute No. (Ratio) of

Isocenter shift average dose Maximum No. of over tolerance
No. Tumor site . difference total
(X, Y)(mm) difference %) oints
(%) ’ P 3% 5%
1 Tonsil 71 1.69 6.43 1,087 133 (12.24) 35 (3.22)
2 Larynx (L 1) 1.35 9.01 902 7 (8.54) 14 (1.55)
3 Supraglottis (L 1) 1.11 5.98 768 1 (4.04) 3 (0.39)
4 Nasopharynx 21 211 10.53 192 4 (28.13) 15 (7.81)
5 Supraglottis (L 1) 1.56 10.39 807 3 (10.29) 19 (2.35)
6 Oropharynx (L 1) 1.29 6.12 533 7 (6.94) 2 (0.38)
7 Pyriform sinus (L 1) 1.54 8.57 867 3 (10.73) 22 (2.54)
8 Tonsil (L, 0) 1.16 7.37 556 4 (7.91) 14 (2.52)
9 Hypopharynx 1 0 228 7.99 973 301 (30.94) 42 (4.32)
10 Nasopharynx 12 0.93 481 717 8 (3.91) 0 (0)
11 Paranasal sinus 1 1) 212 1051 321 9 (27.73) 28 (8.72)
12 Tongue 1, 0) 1.33 12.15 767 62 (8.08) 12 (1.56)
13 Nasopharynx 1, 0) 2.06 12.55 870 185 (21.26) 31 (3.56)
14 Base of tongue 171 1.33 7.67 742 61 (8.22) 10 (1.35)
Mean - 1.56 - - (13.50) (2.88)

*L-Cutoff 30% is adapted in all cases

- - w Table 3. Comparison between before and after  Optimization
1.56% 0] 2113} ﬂ EH ;g }?j Eokg;(]—%};ﬂ t\‘:l'] ‘?4 = 4.81~12.55% o] of Isocenter Offset

Stk A4 HA% WiLgk F 3% ool Az AYT BE

24 APRTEI) YUFRAE Hole AW WL Hange Mean
391~3094%, S 13.5%°1%. 5% ©l’de] A" 23 before after before  after
2 Hole A9 Hl&e 0~872%, B 2.88%°IUth & Absolute

3] 10W Ao M = HAH & AFELA] -] 02 A average dose 136~4.08 093~228 236 156
95 AFRIES ARAY AFLIES} s 9x  difference (5)

skt tolerance (%)

3% tolerance 10.53~50.16 3.91~30.94 2372 135

Ao 8 e 5 HE AT olde] g v 5% tolerance  2.29~34.38 0~8.72 9.67 2.88

&9 HS 2 Hro HA3} H $ HlaE Table 3% 2o
o HH3 & A J7 AFexte FT 08%, 5% ©14
AR HgE HT 6.79% Ta 8}93\\:}.
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Abstract

Patient Specific Quality Assurance of IMRT: Quantitative
Approach Using Film Dosimetry and Optimization

Kyung Hwan Shin, M.D.*, Sung-Yong Park, Ph.D.*, Dong Hyun Park, Ph.D.*,
Dongho Shin, Ph.D.*, Dahl Park, Ph.D.*, Tae Hyun Kim, M.D.*, Hongryull Pyo, M.D.*,
Joo-Young Kim, M.D.*, Dae Yong Kim, M.D.*, Kwan Ho Cho, M.D.*,

Sun Nyung Huh, Ph.D.", Il Han Kim, M.D." and Charn Il Park, M.D."

*Research Institute and Hospital, National Cancer Center, ' Department of Radiation Oncology,
Seoul National University College of Medicine, National Cancer Center, Gyeonggi, Korea

Purpose: Film dosimetry as a part of patient specific intensity modulated radiation therapy quality assurance
(IMRT QA) was performed to develop a new optimization method of film isocenter offset and to then suggest
new quantitative criteria for film dosimetry.

Materials and Methods: Film dosimetry was performed on 14 IMRT patients with head and neck cancers. An
optimization method for obtaining the local minimum was developed to adjust for the error in the film isocenter
offset, which is the largest part of the systemic errors.

Results: The adjust value of the film isocenter offset under optimization was 1 mm in 12 patients, while only
two patients showed 2 mm translation. The means of absolute average dose difference before and after
optimization were 2.36 and 1.56%, respectively, and the mean ratios over a 5% tolerance were 9.67 and 2.88%.
After optimization, the differences in the dose decreased dramatically. A low dose range cutoff (L-Cutoff) has
been suggested for clinical application. New quantitative criteria of a ratio of over a 5%, but less than 10%
tolerance, and for an absolute average dose difference less than 3% have been suggested for the verification
of film dosimetry.

Conclusion: The new optimization method was effective in adjusting for the film dosimetry error, and the newly
quantitative criteria suggested in this research are believed to be sufficiently accurate and clinically useful.

Key Words: IMRT QA, Film dosimetry, Optimization, Quantitative criteria
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