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This review paper deals with the current statues of pre—treatment quality assurance conducted for Intensity
modulated radiation therapy. Focusing on the issues relevant to two—dimensional verification of absorbed dose
distribution, review was made for the papers published during the last 3~ 4 years. Lastly, the future development

direction was projected.
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Table 1. Average passing rate and standard deviation of
the IMRT QA results for 53 fields for the three photon
beam models. The measurement was performed with the
MapCHECK device. IMRT plan was generated using the
BM4 beam model for each patient. The same beam para-
meters MUs, segment weights, etc were then employed to
distributions with each of the three beam models. %Diff
and DTA acceptance criteria were used to evaluate the
agreement between calculated and measured dose distri-
bution.'?

CC13 model CC04 model Deconvolved*

(BMb6) (BM4) model (BMO08)
2% /2 mm 81.6+7.8 92.6+3.3 96.8+2.3
3%/3 mm 93.8+4.1 98.9+1.0 99.4+0.6

*Profiles were found by de-convolving the finite size of the
detector.
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Table 2. Pearson correlation values r and two-tailed p-values correlating the magnitude of anatomy dose errors to three IMRT
QA Gamma passing rate performance metrics. Significant p-values <0.01 are italicized for emphasis. Note: The statistically
significant correlations have positive r-value positive slope indicating that the highest critical dose errors happen at the higher

Gamma passing rates.'®

Spinal cord D 1lcc
error

Contralateralparotid

IMRT QA criteria meandose error

Ipsilateralparotid
meandose error

Larynx meandose
error

CTV D95 error

r p-value r p-value r p-value r p-value r p-value
3%/3 mm —0.183 0.07 0.328 <0.01 0.523 <0.01 —0.167 0.20 0.604 <0.01
2%/2 mm —0.141 0.17 0.118 0.25 0.588 <0.01 —0.134 0.31 0.653 <0.01
1%/1 mm —0.130 0.21 0.10 0.33 0.551 <0.01 —0.295 0.022 0.619 <0.01

Analysis criteria method: Global % difference (normalized to max dose), 10% lower threshold, and gamma index 1 as the passing

criterion.
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Fig. 1. Example of the gamma index and parameter selection of the gamma index, (a) histogram of the gamma map wit 5%/3 mm
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Fig. 2. Dose shifting and c¢ index passing rate. (a) A 2-cm strip curve shifted 1 mm and (b) a 2-cm strip shifted 2 mm.
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Table 3. Pearson product-moment correlation coefficient (r) and two-tailed p-values correlating the magnitude of anatomy
dose errors to gamma passing rates over three sets of gamma criteria. In all cases, the percent difference normalization was
local to maximize sensitivity, and the lower threshold for analysis was 10% of the global maximum dose. PDP correlation

coefficients are also shown for comparison.2"

Spinal cord

Spinal cord

Contralateral Ipsilateral

CTV D% Dlcc Dmax parotid parotid Larynx
r  p-value r  p-value r  p-value r  p-value r  p-value r  p-value
Whole patients 3%/3 mm 0179 0.095 —0.344 <0.01 —0.343 <0.01 —0.019 0854 0231 0.051 —0.059 0.666
gamma metric 2%/2 mm —0267 0.012 —0.381 <0.01 —0379 <0.01 -—-0.192 0.061 —0.152 0202 —0.115 0.399
1%/1 mm —0.793 <001 —0.32 <001 —0.308 <0.01 —0509 <0.01 —-064 <0.01 -—0.04 0.77
Specific ROI 3%/3 mm 0107 0321 —0487 <001 —-036 <001 —0407 <0.01 -—0.007 0953 0222 0.1
gamma metric 2%/2 mm —0.335 <0.01 —0498 <001 —-037 <001 —-0564 <0.01 —0265 0.024 0179 0.187
1%/1 mm —0.86 <0.01 —0513 <001 —0.387 <0.01 —0.639 <0.01 —0.619 <0.01 0.014 0918
PDP prediction 0.993 <0.01 0.983 <0.01 0.969 <0.01 0.979 <0.01 0971 <0.01 0.986 <0.01
ask3l Qch(Table 3). crete-ordinates code with Monte Carlo for radiotherapy
calculations. Phys Med Biol 51(9):2253 (2006)
o - 5. Vassiliev ON, Wareing TA, McGhee J, Failla G, Sale-
= — hpour MR, Mourtada F: Validation of a new grid-based
Boltzmann equation solver for dose calculation in radiotherapy

IMRT7} Hts]o] A7k Aelehs 483k Ao A= 5 \Il;/ith plll'Ké(j: bga:ns. F;t;\xs IT/k%d IE;iOl 55(?):551—(1598 (2810)

_ . Ezze , Galvin , Low D, et al: Guidance document

783 224 AFFAIE ol S 2AYAAFLES] gam- on delivery, treatment planning, and clinical implementation of

ma index #4jo] A&Eo] Yo} 2 gamma-index F4 IMRT: report of the IMRT Subcommittee of the AAPM Radiation
Wo oAA o7 ou] gt 0S| st x| 7o AEA , EheraﬁyGCX)ménittee. Med SWS SO(B):2O?_2115|(2|0|32T

- . Ezze , Burmeister , Dogan N, et al: com-

& Fste SHol "ol = 7’i°] W delA i“’é&] missioning: multiple institution planning and dosimetry compar-

At FH Lol ]ﬂ‘”ﬂb 3P H o 2 DVHE H7hshe 3hAb isons, a report from AAPM Task Group 119. Med Phys

g A FARZ PHEL olabd Zmo|Ae] X & %g 36(11):5359-5373 (2009)

Y 8. Low DA, Dempsey JF: Evaluation of the gamma dose dis-

= 87T gl%o] ST glov, WA DVHE tribution comparison method. Med Phys 30(9):2455-2464 (2003)

Ao st Wer Astsle Zo] 7hsstl 5] 9. Low DA, Harms WB, Mutic S, Purdy JA: A technique for

o} e X84 3ol B oy}, IMRT X8 Fol &4 the quantitative evaluation of dose distributions. Med Phys 25(5):

o 22 7] =] B1L2].0 = 656-661 (1998)

= EPIDE S7g8te} AAke 2 89 Hede BT 10. Both S, Alecu IM, Stan AR, et al: A study to establish rea—

ot H]'H] °]22) Auksh Hopd B A5y el 7l sonable action limits for patient-specific quality assurance in in-

o]dt Ao g A=} tensity-modulated radiation therapy. J Appl Clin Med Phys

8(2):1-8 (2007)

# 7 = s 11. Kim JI, Chung JB, Park YK, et al: A multi-institutional

5 L o = study for tolerance and action levels of IMRT dose quality as—

surance measurements in Korea. J Appl Clin Med Phys 14(2):

1. Brahme A: Optimization of stationary and moving beam radia- 3964 (2013)
tion therapy techniques. Radiother Oncol 12(2):129-140 (1988) 12. Yan G, Fox C, Liu C, Li JG: The extraction of true profiles

2. Das IJ, Cheng C, Chopra KL, et al: Intensity-modulated for TPS commissioning and its impact on IMRT patient-specific
radiation therapy dose prescription, recording, and delivery: QA. Med Phys 35(8):3661-3670 (2008)

Patterns of variability among institutions and treatment planning 13. Li JS, Lin T, Chen L, Price RA, Ma CM: Uncertainties in
systems. J Natl Cancer Inst 100(5):300-307 (2008) IMRT dosimetry. Med Phys 37:2491 (2010)

3. Ulmer W, Pyyry J, Kaissl W: A 3D photon superposition/ 14. Ju SG, Han Y, Kum O, et al: Comparison of fim dosimetry
convolution algorithm and its foundation on results of Monte techniques used for quality assurance of intensity modulated ra-
Carlo calculations. Phys Med Biol 50(8):1767-1790 (2005) diation therapy. Med Phys 37(6):2925-2933 (2010)

4. Gifford KA, Horton JL Jr, Wareing TA, Failla G, Mour- 15. Margalit DN, Chen YH, Catalano PJ, et al: Technological

tada F: Comparison of a finite—element multigroup dis—

- 218 -

advancements and error rates in radiation therapy delivery. Int



16.

17.

18.

19.

J Radiat Oncol Biol Phys 81(4):673-679 (2011)

Nelms BE, Simon JA: A survey on planar IMRT QA analysis.
J Appl Clin Med Phys 8(3):2448 (2007)

Kruse JJ: On the insensitivity of single field planar dosimetry
to IMRT inaccuracies. Med Phys 37(6):2516-2524 (2010)
Nelms BE, Zhen H, Tomé WA: Per-beam, planar IMRT QA
passing rates do not predict clinically relevant patient dose
errors. Med Phys 38(2):1037-1044 (2011)

Stasi M, Bresciani S, Miranti A, Maggio A, Sapino V,
Gabriele P: Pretreatment patient-specific IMRT quality assur-
ance: a correlation study between gamma index and patient
clinical dose volume histogram. Med Phys 39(12):7626-7634

PROGRESS in MEDICAL PHYSICS Vol. 24, No. 4, December, 2013

(2012)

Li H, Dong L, Zhang L, Yang JN, Gillin MT, Zhu XR:
Toward a better understanding of the gamma index: Investiga-
tion of parameters with a surface-based distance method. Med
Phys 38(12):6730-6741 (2011)

Zhen H, Nelms BE, Tome WA: Moving from gamma pass-
ing rates to patient DVH-based QA metrics in pretreatment dose
QA. Med Phys 38(10):5477-5489 (2011)

Olaciregui-Ruiz |, Rozendaal R, Mijnheer B, van Herk
M, Mans A: Automatic in vivo portal dosimetry of all treat-
ments. Phys Med Biol 58(22):8253-8264 (2013)

20.

21.

22.

- Sy = ~ = — s
M7z SAMMX R &AL X2 M MBHSO fst 0
NP HYSD o BhS AN B PAMS YT
& o o

E 2o #K| MIIHE SA ABE AY Ao LBHOR A 51 e BX A2 M Rl Wy 3 2k
NYREZE ZH0 EUS BEGHE YHEH B 0|HES 2T 3~40 2 LEE =252 FHOR MUED, §
$ EREE wyol HMwsol thsto] TYs DX B3t

SAEO: M7IHE WA X, AIE W BUES oA MURE Yojelya



