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Treatment Planning Guideline of EBT Film-based Delivery Quality Assurance Using
Statistical Process Control in Helical Tomotherapy

Kyung Hwan Chang

Department of Radiological Science, Far East University

Abstract The purpose of this study was to analyze the results from statistical process control (SPC) to recommend upper

and lower control limits for planning parameters based on delivery quality assurance (DQA) results and establish our in-

stitutional guidelines regarding planning parameters for helical tomotherapy (HT). A total of 53 brain, 41 head and neck

(H & N), and 51 pelvis cases who had passing or failing DQA measurements were selected. The absolute point dose dif-

ference (DD) and the global gamma passing rate (GPR) for all patients were analyzed., Control charts were used to eval-

uate upper and lower control limits (UCL and LCL) for all assessed treatment planning parameters, Treatment planning

parameters were analyzed to provide its range for DQA pass cases. We confirmed that the probability of DQA failure

was higher when the proportion of leaf open time (LOT) below 100 ms was greater than 30%, LOT and gantry period
(GP) were significant predictor for DQA failure using the SPC method., We investigated the availability of the SPC statistic
method to establish the local planning guideline based on DQA results for HT system. The guideline of each planning

parameter in HT may assist in the prediction of DQA failure using the SPC statistic method in the future,
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Time | 7.6
Pitch | 10,7
Total fraction 17.9
Fractional dose 179
Target volume 21.6
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MF (Planning) 377
MF (Actual) 411
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Couch spead 55.2
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Fig. 1. Variable importance of parameters influencing delivery quality assurance (DQA) failure, Classification and regression tree
(CART) were used to identify variable importance, Treatment planning parameters were considered as predictor variables and
DQA failure as the predictive variable, (A: All cases, B: Brain cases, C: Head and neck cases, D: Pelvis cases)
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Table 1, Summary of the statistical analysis for brain cases

Treatment planning Al cases UeL Lo Passed cases Falled cases
parameters (Average = SD) (45, Average + SD) (8, Average + SD)
Target volume [cc] 977.57 £ 709.48 2637.21 2081.24 943,51 = 72321 1169.20 + 591.19
Total fractions 19.66 £ 9.64 44.75 -5.55 19.60 £ 9.58 20.00 = 10,00
Total dose [cGyl 4394.34 + 1423 45 8729.56 22.26 4375.56 £ 1396,70 4500,00 £ 1561.25
Fractional dose [cGyl 248,57 £ 62.85 421.29 84,58 24831 + 62,25 250.00 £ 66.14
Pitch 0.35 = 0,06 0.52 0.21 0.36 = 0.05 0.31 £ 0,05
Field width [cm] 2.40 £ 0,39 3.01 1.67 2.38 + 0,42 2,51 £ 0,00
MF [Planning] 2,51 £ 0.31 3.08 1.87 2.48 + 0,29 2.68 £ 0.35
MF [Actuall 2.04 + 0,32 2.83 1.20 2,02 £ 0,32 2.16 £ 0,30
GR [number of rotation] 18.16 = 5.73 32.04 328 17.66 = 5.59 20.99 £ 5.67
GP [s] 17.31 + 3.39 27.63 7.88 17.76 + 3.30 14,82 £ 2,76
Treatment time [s] 313.54 + 113,16 645.71 -15.90 314.94 £ 118,58 305.65 = 75.27
Couch Travel [cml 17.31 £ 19.68 2555 3.43 17.61 £ 21.30 15.64 £ 2,95
Couch speed [cm/s] 0.06 £ 0.06 0.09 0.01 0.06 £ 0.07 0.05 * 0.01
Total MUs 446144 £+ 1727.57 9352.84 -377.01 4487.61 £ 1808.16 4314,24 = 1164.54
LOT (%l 25,05 £ 1225 59.37 -13.89 22,74 £ 10.35 38.03 £ 13.89
DD [%] 1,40 + 1.48 5.42 -2.61 1.41 £ 1.54 1.39 + 1.08
GPR (%] 94,75 + 3.80 101.85 90.48 96.16 £ 1,75 86.78 £ 1,94

SD, standard deviation; UCL, upper control limit; LCL, lower control limit; FW, field width; MF, modulation factor; GR, gantry rotations; GP,
gantry periods; MU, monitor units; LOT, the percentage of leaf open time below 100 ms; DD, dose difference; GPR, gamma passing rate,
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Table 2, Summary of the statistical analysis for head and neck cases

Treatment planning Al cases UoL oL Passed cases Falled cases
parameters (Average = SD) (45, Average + SD) (8, Average + SD)
Target volume [cc] 305.17 + 151,18 794.20 -212.35 291.04 £ 149.99 355.39 + 162,24
Total fractions 27.32 =596 38.90 19.85 29.38 £ 3.25 20.00 = 7.98
Total dose [cGyl 5478.37 + 1256.88 8787.25 2876.54 5831.25 £ 913,01 422367 = 1644.48
Fractional dose [cGy] 201,34 = 18,56 247.85 148,74 198.25 £ 19.38 212,33 + 11.66
Pitch 0.41 % 0,06 0.47 0.37 0.42 £ 0,01 0.37 £ 0.10
Field width [cm] 2,51 = 0.00 2,51 2,50 2,51 £ 0.00 2,51 = 0,01
MF [Planning] 233 + 0,14 2.63 2,05 234 + 0,13 2,31 £ 0,20
MF [Actuall 1.72 = 0.20 2,31 1.10 1.71 £ 0.20 1.77 £ 0.21
GR [number of rotation] 18.28 £ 5.33 29.95 5.00 17.48 *+ 4,67 21,12 + 7.02
GP [s] 15.34 £ 3.48 23.53 7.78 15.66 = 3.76 14,21 £ 2,38
Treatment time [s] 271.65 + 65.69 437.07 95.12 266.07 £ 62.70 201.47 + 79.46
Couch Travel [cm] 18.43 £ 4,08 30.80 5.90 18.35 £ 4.68 18.71 £ 5.20
Couch speed [cm/s] 0.07 £ 0.01 0.09 0.04 0.07 £ 0.01 0.07 £ 0.01
Total MUs 3650.31 = 1001.67 0335.25 767.58 3551,15 £ 987.90 4002.89 + 1086.79
LOT [%] 29,37 = 11,19 34,98 18.40 26.69 = 3,32 38,92 £ 21,63
DD (%] 1.62 £ 1,40 5.24 -1.31 1.97 £ 1.14 0.40 £ 1,70
GPR [%] 94,07 £ 6.74 102.85 90.96 96.90 £ 2,11 84.03 = 8.38

SD, standard deviation; UCL, upper control limit; LCL, lower control limit; FW, field width; MF, modulation factor; GR, gantry rotations; GP,
gantry periods; MU, monitor units; LOT, the percentage of leaf open time below 100 ms; DD, dose difference; GPR, gamma passing rate,

Table 3, Summary of the statistical analysis for pelvis cases.

Treatment planning parameters Al cases UcCL LCL Passed cases Failed cases
(Average = SD) (45, Average + SD) (8, Average + SD)
Target volume [cc] 756.72 £ 587.52 1864.25 -6.32 660.20 £ 538,25 1172.92 = 776.95
Total fractions 17.90 £ 6,98 38.55 -2.82 16.74 £ 7.25 20.36 + 5.71
Total dose [cGy] 4239.02 + 748.56 0049.28 2404.51 4108.97 + 777.94 4278.57 *+ 773.78
Fractional dose [cGy] 279.22 £ 121,71 617.30 21.62 209,49 * 132.84 220,00 £ 42,79
Pitch 0.31 £ 0,08 0.58 0.12 0.31 = 0,08 0.32 £ 0.06
Field width [cm] 3.86 £ 1.28 6.83 0.30 3.56 = 1.28 4.87 = 0.68
MF [Planning] 242 £ 0.39 3,22 1.30 2.38 + 0.41 2,56 £ 0,31
MF [Actual] 1,76 £ 0.30 2,59 1.10 1.81 £ 0.32 1.61 £ 0.16
GR [number of rotation] 19.87 £ 6.36 35.31 4.07 20,12 + 6,56 19.08 £ 6,57
GP [s] 18.57 £ 3.97 30.60 8.79 19.69 = 3.69 15.52 £ 2.87
Treatment time [s] 366.09 + 133,46 619.54 66.23 391.30 + 13221 296.33 + 126,86
Couch Travel [cm] 22,26 + 876 41.75 -0.26 20,45 = 7.95 28.66 + 9.35
Couch speed [cm/s] 0.07 £ 0.04 0.15 -0.03 0.06 £ 0.03 0.10 + 0.02
Total MUs 5074.44 £ 192494 8543.29 930.56 5446.85 * 1910.21 4032.14 = 1770.28
LOT (%] 22,57 + 8.43 40.32 -0.76 19.78 £ 7.25 31.33 £5.21
DD [%] 1.40 £ 1.70 4.00 -1.78 1.10 £ 1.44 1,40 + 1,67
GPR [%) 92,16 + 4,53 101.23 86.37 93.80 = 2.63 92,78 £ 4.14

SD, standard deviation; UCL, upper control limit; LCL, lower control limit; FW, field width; MF, modulation factor; GR, gantry rotations; GP,

gantry periods; MU, monitor units; LOT, the percentage of leaf open time below 100 ms; DD, dose difference; GPR, gamma passing rate,

3) Pelvis case B5ollA, Aol AdFearet fgroksakee 242, 110 +
Table 32 SRt ] A=A 2 uﬂ7ﬁtﬁ o) Bt A 1.44%9} 92.78 + 4.14%5 HoFIAL, EAT -olA
SREA 20| ATS WolZt ASEdRZE Avpt gapy O Al A Adgeatet Ankeaha2 217, 1.40 £ 1.67%2t
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Fig. 2. Control charts of dose difference and gamma passing rate for brain, head and neck and pelvis cases, The means
are plotted as blue lines, and the upper and lower control lines are plotted as red lines,

(a and b: Control chart of dose difference and gamma passing rate for brain cases, ¢ and d: Control chart of dose difference
and gamma passing rate for head and neck cases, e and f: Control chart of dose difference and gamma passing rate for

pelvis cases)
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Table 4, Summary of treatment planning parameters using statistical process control for delivery quality assurance (DQA)

Treatment planning

Anatomical site

Planning guideline (No limits: expect approx. )

Target volume [cc]

Fractional dose [cGyl

Total fraction

Pitch

Treatment time [s]

Head and neck
Pelvis
Brain

Head and neck
Pelvis
Brain

Head and neck
Pelvis
Brain

Head and neck
Pelvis
Brain

Head and neck
Pelvis
Brain

Head and neck

Pelvis

parameters

LOT Brain 59.37 ~ -13.89

Head and neck 3498 ~ 18.40

Pelvis 40.32 ~ -0.76

Gantry period [s] Brain 27.63 ~ 7.88
Head and neck 2353 ~ 7.78

Pelvis 30.60 ~ 8.79

Couch speed [cm/s] Brain 009 ~ 0.01
Head and neck 0.09 ~ 0.04

Pelvis 0.15 ~ -0.03

Couch Travel [cml Brain 2555 ~ 3.43
Head and neck 30.80 ~ 5.90
Pelvis 41,75 ~ -0.26

MF [Actual] Brain 2.83 ~ 1.20
Head and neck 231 ~ 1.10

Pelvis 259 ~ 110

MF [Planning] Brain 3.08 ~ 1.87
Head and neck 2,63 ~ 205

Pelvis 322 ~ 1.30

Total dose [cGy] Brain 8729.56 ~ 22.26

8787.25 ~ 2876.54

6049.28 ~ 2404.51
2637.21 ~ 2081.24
794.20 ~-212.35

1864.25 ~ -0.32

421,29 ~ 84.38
247.85 ~148.74
017.30 ~ 21.62
4475 ~ 555
38.90 ~ 19.85
38.55 ~ -2.82

0.52 ~ 0.21
0.47 ~ 0.37
0.58 ~ 0.12
645.71 ~15.90
437.07 ~ 95.12

019.54 ~ 66.23

et AR
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