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Inter-fractionated dose uncertainty evaluation during radiation treatment

by in vivo dosimetry with diode dosimeters
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Background: Inter-fractionated dose uncertainty is one of causes of errors. Therefore, in vivo dosimetry is

recommended for error detection and verifying the accuracy of dose delivery to patients.

Objectives: To evaluate inter-fractionated dose uncertainty between prescribed dose obtained from computerized

treatment planning system and delivered doses from diode dosimeter.

Materials and methods: This study was performed in breast, thoracic, abdominal and pelvic regions of 20 patients.
Three dimensional (3D) treatment plans were created by Pinnacle® treatment planning system version 9.8 and
verified by Delta4PT. Gamma index (at 3% dose difference and 3 mm distance to agreement) was set at 90% for
acceptant level. Patients were treated with Elekta Precise Linac with 6 or 10 MV and delivered dose was collected

in each fraction by p-type diode dosimeter incorporated with VivoSoft version 3.0.1.

Results: It was shown that uncertainty of delivered doses were varied from -4.432 to 2.532 percent and from -1.787
to 2.032 percent for entrance and exit dose, respectively. Uncertainty in entrance dose was higher than that of exit

dose where the uncertainty in breast and pelvic regions was higher than thoracic and abdominal regions.

Conclusion: The study revealed that inter-fractionated dose uncertainty from diode dosimeter compared to
computerized treatment planning system was within acceptable level of less than 5%. Therefore, treatment
planning verification and in vivo dosimetry were recommended for verifying the accuracy of dose delivery to patients,
to reduce errors in dose delivery in patients and improved the efficiency of radiation treatment in radiotherapy.
However, diodes should be prior examined in clinic and in vivo dosimetry should be applied with caution.
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Table 1 Planning treatment data from Pinnacle® treatment planning.

Energy for
Wedge Gantry angle for
Subject Region of radiation Gantry angle for diode
angle diode entrance dose
no. treatment treatment exit dose (degree)
(degree) (degree)
(MV)

1 Left breast 6 30 320 138
2 Right breast 6 45 55 243
3 Left breast 6 30 316 135
4 Left breast 6 35 310 127
5 Left breast 6 30 325 143
6 thoracic 6 No 0 180
7 thoracic 6 No 0 180
8 thoracic 6 No 45 225
9 thoracic 6 25 0 180
10 thoracic 6 No 0 180
11 Pelvic 6 No 0 180
12 Pelvic 10 No 0 180
13 Pelvic 10 40 270 90
14 Pelvic 10 35 270 90
15 Pelvic 6 No 0 180
16 Pelvic 6 40 270 90
17 Abdominal 10 No 270 90
18 Abdominal 10 No 0 180
19 Abdominal 10 No 315 135
20 Abdominal 10 No 270 90
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Table 3 Comparison of entrance dose comparison between Pinnacle® treatment planning and diode dosimeter.

Entrance dose from Average deviation
Entrance dose from diode | Deviation
Subject no. Pinnacle® treatment p-value (%)
dosimeter (Gray) (£SD) (%)
planning (Gray)
1 1.322 1.275 (+0.006) -3.572 0.000
2 1.035 1.025 (+0.020) -0.939 0.011
-0.927+1.609
3 1.246 1.255 (+0.047) 0.742 0.223
4 1.074 1.071 (£0.015) -0.235 0.193
5 1.057 1.051 (+0.018) -0.609 0.040
6 0.238 0.238 (£0.007) 0.125 0.398
7 0.584 0.582 (+0.006) -0.302 0.069
0.329+1.466
8 0.587 0.591 (£0.010) 0.733 0.030
9 0.436 0.447 (£0.016) 2.532 0.001
10 0.363 0.358 (+0.011) -1.444 | 0.013
11 1.142 1.091 (+0.053) -4.432 0.000
12 0.974 0.978 (+0.007) 0.394 0.007
13 0.592 0.591 (+£0.013) -0.132 0.374
-0.727+1.871
14 0.560 0.558 (+0.0086) -0.387 0.054
15 0.543 0.547 (£0.009) 0.688 0.015
16 1.035 1.030 (+0.020) -0.491 0.109
17 0.256 0.257 (£0.005) 0.394 0.155
18 0.612 0.614 (+0.009) 0.307 | 0147 | -0.727+1.062
19 0.496 0.487 (£0.014) -1.815 0.001
20 0.495 0.496 (+0.008) 0.210 0.259
Average -0.412£1.533
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Table 4 Results of exit dose comparison between Pinnacle® treatment planning and diode dosimeter.

Exit dose from Average
Exit dose from diode Deviation
Subject no. Pinnacle® treatment p-value deviation
dosimeter (Gray) (£SD) (%)
planning (Gray) (%)
1 1.331 1.317 (£0.038) -1.051 0.081
2 0.967 0.950 (+0.060) -1.787 0.080
-0.487+0.955
3 1.421 1.415 (£0.042) -0.418 0.289
4 1.004 1.009 (£0.018) 0.523 0.062
5 0.987 0.990 (+0.018) 0.296 0.183
6 0.162 0.164 (£0.004) 0.929 0.017
7 0.416 0.413 (£0.006) -0.687 0.018
0.498+1.346
8 0.513 0.520 (+0.018) 1.334 0.052
9 0.406 0.414 (£0.015) 2.032 0.003
10 0.317 0.313 (£0.012) -1.117 0.059
11 0.657 0.649 (+0.021) -1.243 0.037
12 1.030 1.038 (£0.013) 0.825 0.001
13 0.609 0.604 (£0.009) -0.900 0.001
-0.010+0.993
14 0.535 0.533 (£0.004) -0.439 0.007
15 0.437 0.442 (+0.020) 1.231 0.066
16 0.967 0.971 (£0.021) 0.437 0.198
17 0.750 0.752 (£0.007) 0.233 0.127
18 0.654 0.656 (+0.013) 0.280 0.213 0.32410.993
19 0.483 0.481 (£0.015) -0.500 0.185
20 0.471 0.477 (£0.008) 1.283 0.000
Average | 0.080%+1.031

= ¢
'amsmwamiﬁnm

qmauu”ﬁi@ﬂﬁ;'avl,ﬂmaaﬁ"si'@%'aﬁ%‘[a@ﬁﬁnmlﬂu
myasolunsfifnnuinunz andadsuazudndnlu
MIAUSINUIE sunsashan lummiadsinasdlume
diheld mInesaudinaaITl juGnewiwaiadadan
Trnuasslumendiin namImusauMINTZNLUSTINUIIF
PEILHWNNTINHIINNLATBIABNRILABSINIUHHNNTTNEN

4PT

lasldinTaanuaa uUN®ANTINE i;‘l«b Delta WU

320 Journal of Associated Medical Sciences

nmmumsi’ﬂmmnm?amauﬁama%wumumﬁnm
dwnasinsdssdin wealiiiuinysumisanunen
Lﬂ%iaaﬂawﬁamai‘maLmumﬁﬂmmfuﬁmmgnﬁaa laivAin
Aanawiitinue ansasianldmiunisannig
Lﬁia%’ﬂmqjﬂaﬂﬁ

WONINNAFINDIN AWUANASTBIUSNIBTIF
‘ﬁ';‘ifﬂaU"L@T%‘mwmﬂ%waammmé‘“&ﬁmaaﬂmﬁ’ﬂm
szniemyiaseraiasidlaleatumisuimeioiaias

Vol. 50 No. 2 May 2017



A o v Vv A '
AUNILADITINILNRNNITNENTFtauniNTauay 5 Gy
AU ICRU wutin | i SuuiausswininnuamaLnaats

a o AA o 4. a o AA
PoITIUTIFNINFIIM LAz UTIENHIKEN N
F9me wud’lmmﬂm@Lﬂﬁaumaaﬂ’%mmﬁﬁﬁﬁwgﬁwmaJ
miaadzuazandoauunasgddannninyTunmisan

) ' = § o
FNUEENANTIME FIduNaNNANIAAARalKNNIIATN

o A a A ] A
096128 waziallIsuifisudiainuasnalafan
maaﬂ‘%mm%’aﬁszwjmwjﬂ’a SN L ATUN TN ETIFUSI DAL A
n79an Fa9riad wazdaiinmu wuhenueaalARen
1%;@1 N lATUNITAIUTIRUT I LA N LRz U
Q’dlf”ﬁmﬁu ﬁ@hmnﬂdwgﬂ’sUﬁvlﬁ{umimy%'dﬁu‘%nmﬂmaaﬂ
WRZTDIN D9 LL@iﬂ'\ﬁagﬂumaum@ﬁﬂasﬁ'ﬁL@T

AATLMIANLTIRLSI MUY WL NFNANUARNALARE
PpIUTVUTIFVD {1 gNansalnaila medial/lateral
. A A A o o, A o P
tangential gangallaiisunugisnaisdisinaiaan
4 P . wa o ad ' '
LAIINNARAAINAIANIT A NN TBITIFDIRINRA DA
USINaTIaN U beanRIassFlalan Usznaununmisany
MUNARANINGT FILAIIIUNNIAARIINIIR balanaratia
AMVARIALARDW LAIIENIINITR U TIRIUUSIMEY 1z

m”u@aurlumﬁ@vmjﬂaU@T’mlmﬂﬁﬂ medial/lateral tangential

Mladantrssinnindaisunumaiadn admun wns
v A A =3 o ) v s 1 U 3 v
ANUIIFUSIUNTIIEN ﬁmmLﬂu@aqﬁmmamﬂ'ﬁgn@]aa
A A A a o AA o, v
‘ﬂq@Lwaa@mmﬂmﬂmaau"uaqﬂimmwam‘iﬂ'sﬂvlmu
NANIIANEIROAARINUNITANYIVBY Vasile G
uaeAn™ uaz Tunio M Lazank"” INLTN AANNARALARDY
23U mTIFNUIRNITAIBUS I AL A Y ejol,"‘ﬁamm
WTNUTNILRENIMSSIINANT TastduNannTasALL
U ) 1 > [-% = Q/ a
maqgﬂ'smLaz@nmemaamm"l,@ﬂa@Lﬂuﬂaml,azmw
29889 120628

asduanisdnsn

A INIURBLBHUANTINEILALNNTIAUSU I UTIF b
musairiassalalaalusznieassvesnsansssasne
mmmﬁhleuaauﬂ%mm{uﬁﬁ;jﬂamwiazimvl@ﬁ'u
ARBANTITINGN LLaza@mmﬁ@wm@ﬁmmﬁﬂﬁulunﬂ
TUABUVDIMNIANDIF 1% TNIFINASINTASIE T3savh
Hile @mamumsddmwﬁagam\ﬁzuum%a“u’m 1 uan
wazdatdun17tssnug mAIWNIAIZINAITUINITNG

= P ] v v
Sdﬁiﬂﬂ'ﬁﬂladﬂ%’ﬁﬂx‘]'}uvlﬂﬂﬂ@’lﬂ

LN&E13D19D9

1. Dutreix A. “When and how can we improve precision in radiotherapy?” Radiother Oncol 1884; 12: 92-275.

International Commission on radiation units and measurements (ICRU). Determination of absorbed dose in

a patient iradiated by beams of X and Gamma rays in radiotherapy procedures. ICRU Report No. 24, Washington DC;

Zavgorodni S. “The impact of inter-fraction dose variations on biological equivalent dose (BED): the concept of

Dam JV and Marinello G. Methods for in vivo dosimetry in external radiotherapy. ESTRO Booklet on physics

Bloemen E. In vivo dosimetry using MOSFET detectors in radiotherapy. Universitaire Pers Maastricht, 2009.

Bose R. The development of an in-vivo dosimeter for the application of radiotherapy. Centre for Sensors and

2.
1976.
3.
equivalent constant dose.” Phys Med Biol 2004; 49: 5333-45.
4.
for clinical No.1, 2" edition, European Society for Radiation Oncology, ESTRO, Brussels; 2006: 1-10.
5.
6.
Instrumentation School of engineering and Design Brunel University, Uxbridge, 2012.
7.

Journal of Associated Medical Sciences

Costa AM, Gustavo LB, Edenyse CB, Heberton F, Simone ZS, et al. In vivo dosimetry with thermoluminescent

dosimeters in external photon beam radiotherapy. Applied Radiation and Isotopes 2010; 68: 760-62.

Vol. 50 No. 2 May 2017 321



322

10.

11.

12.

13.

14.

15.

16.

17.

Huyskens DP, Bogaerts R, Verstraete J, L66f M, Nystrom H, FiorinoC,et al. Practical guidelines for the
implementation of in vivo dosimetry with diodes in external radiotherapy with photon beams (entrance dose).
ESTRO Booklet on physics for clinical No.1. European Society for Radiation Oncology, ESTRO, Brussels;
2001: 10-25.

Zhu XR. “Entrance dose measurements for in-vivo diode dosimetry: Comparison of correction factors for two

types of commercial silicon diode detectors.” Med Phys 2000; 1: 100-7.

Allahverdi1 M and Taghizadeh MR. “Achievable accuracy in brain tumors by in vivo dosimetry with diode
detectors.” J Radiat Res 2006; 3(4): 153-61.

Vasile G, Vasile M and Duliu OG. “In vivo dosimetry measurements for breast radiation treatments.” Romanian
Reports in Physics 2012; 64(3): 728-36.

Fidanzio A, Greco F, Mameli A, Azario L, Balducci M, Gambacorta MA, etal. “Breast in vivo dosimetry by
EPID.” Med Phys 2010; 11(4): 249-62.

Engstrom PE, Haraldsson P, Landberg T, Hansen HS, Engelholm S A and Nystrom H. “In vivo dose verification

of IMRT treated head and neck cancer patients.” Acta Oncologica 2005; 44: 572-8.

Report of AAPM Radiation Therapy Committee Task Group No.62. “Diodes in vivo dosimetry for patients
receiving external beam radiation therapy.” American Association of Physicists in Medicine, AAPM, Maryland;
2005: 23-46.

Declich F, Fumasoni K, Mangili P, Cattaneo G.M. and lori M. “Dosimetric evaluation of a commercial 3-D treatment
planning system using Report 55 by AAPM Task Group 23.” Radioth Oncol 1999, 52: 69-77.

Vasile G, Vasile M and Duliu OG. “In vivo dosimetry measurements for breast radiation treatments.” Romanian
Reports in Physics 2012; 64(3): 728-36.

Tunio M, Rafi M, Ali Z, Ahmed Z, Zameer A, Hashmi A, et al. “In vivo dosimetry with diodes in a radiotherapy
department in PAKISTAN.” Radiat prot dosimetry 2011; 147(3): 608-13.

Journal of Associated Medical Sciences Vol. 50 No. 2 May 2017



