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Background: The software used by treatment planning systems (TPS) plays an important role for treatments using radiation. The
accuracy of the calculated dose in radiation treatments depends on the assumptions made by the TPS. In this study, we summarize our
methods and results regarding clinical commissioning of the basic functions needed for photon therapy. Materials and Method:
Measurements were obtained for the 6 and 15 MV photon energies obtained from the Siemens Artiste linear accelerator device.
Important data such as percent deep dose, profile and output measurements were taken in the water phantom and transferred to the
RayStation Treatment Planning System. Results: When the absolute dose values calculated by the RayStation TPS are compared with
the water phantom data, the differences obtained are less than 3%. When the 2-dimensional quality control of asymmetrical areas and
patients with IMRT plan was controlled by gamma analysis method, the gamma rate was more than 95%. Conclusion: One of the most
important quality control tests is TPS acceptance tests, which must be performed before clinical use. In this study, in which we checked
the basic dose measurement and patient planning, it was seen that the RayStation TPS can be used in patient treatment for clinical use.
The doses calculated by the RayStation TPS were found to be reliable and within the expected accuracy range. These results are
sufficient for the application of 3-dimensional conformal radiotherapy (3D-CRT) and IMRT technique.
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The software used by treatment planning systems (TPS) plays an important role for treatments using radiation [1].
The accuracy of the calculated dose in radiation treatments depends on the assumptions made by the TPS. In TPS,
operations such as defining the target volume, making the treatment plan, determining the treatment areas, and calculating
the appropriate Monitor Unit (MU) value are performed. Considering what has been done, it is extremely important to
carry out quality controls before TPSs are put into use for clinical use [2,3,4].

The International Atomic Energy Agency (IAEA) has published a report on the quality control of TPSs [5]. In
addition, IAEA has also prepared a technical document file numbered TECDOC 1583, which includes practical tests for
dosimetric calculations [6]. Reports published by the Association of Physicist in Medicine (AAPM) are also available in
the literature [7,8].

RayStation (RaySearch Labs, Stockholm/Sweden) is a good example of advanced TPS. Raysearch laboratories have
an important place in the world in the field of advanced software and are the creators of the RayStation TPS for radiation
therapy [9]. Studies for the commissioning of TPS models are available in the literature [10,11,12,13].

RayStation is a treatment planning system that has just started to be used in our country. It started to be used in our
clinic in 2021. We aimed to check the accuracy of the radiation dose calculations of the RayStation TPS before it is used
in the clinic. In this study, we summarize our methods and results regarding clinical commissioning of the basic functions
needed for photon therapy.

MATERIALS AND METHODS

In the study, Somatom Sensation 4 (Siemens, Erlangen) device was used for computed tomography images.
Measurements were obtained for the 6 and 15 MV photon energies obtained from the Siemens Artiste linear accelerator
(Linac) device. IBA Bule Phantom-2 (IBA dosimetry, Schwarzenbruck, Germany) water phantom device was used in the
study. The compact ion chambers used in the water phantom are CC04 (13808) (IBA dosimetry, Schwarzenbruck,
Germany). All absolute measurements were obtained with DOSE 1 (IBA dosimetry, Schwarzenbruck, Germany)
electrometer. PTW OCTAVIUS was used for 2D quality control measurements (PTW, Freiburg, Germany).

For 6 and 15 MV photons, Percent deep dose (PDD) measurements were obtained in field sizes
of 2x2 ¢cm?-40x40 cm?, on the central axis and at 100 cm source to skin distance (SSD). In addition, profile measurements
were taken at maximum dose depth (dmax), 5 cm, 10 cm and 20 cm depths and inplane-crossplane directions.

For 2x2 cm?-40x40 cm?® fields, 100 MU irradiation was made at SSD=100 c¢cm, 10 cm depth, and Output
measurements were taken for both photon energies and normalized to 10x10 cm?.

The MLC transmission factor was calculated by irradiating the multi-leaf collimators (MLC) in the closed state
while the jaws were open at maximum width.

After all data were transferred to the TPS system, dose measurements at different depths for asymmetrical areas
were taken in a water phantom and compared with the doses calculated by the RayStation TPS. In addition, dose
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distribution results obtained in patients planned for Intensity Modulated Radiotherapy (IMRT) and in different
asymmetrical areas in TPS were compared with the dose distribution calculated by RayStation's QA module using gamma
analysis test. For the gamma index, dose confirmation distance and dose difference criteria were chosen as 3 mm and 3%,
respectively[1,14]. Absorbed dose measurements were made according to the [AEA TRS-398 protocol [15].

RESULTS

The 6 MV and 15 MV photon beam data required for the RayStation TPS were measured with the water phantom.
Then, the measured beam data was transferred to the RayStation system by normalizing the maximum dose. Figure 1 and
Figure 2 show the PDD and profile results measured in the water phantom.
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Figure 2. PDD results obtained in the water phantom.

Output values obtained for different fields at a depth of 10 cm and the results normalized to 10x10 cm? are shown
in Table 1 and Table 2.

Table 1. For 6 MV photon energy, the dose values obtained as a result of 100 MU irradiation in different areas, at a depth of 10 cm,
and the ratios normalized to 10x10 cm?.

6 MV
Field Size 18t pEd 3rd Average Ratio
(cm?) Detector Model Measurement Measurement Measurement
((1®) ®O) ®O)

2x2 CCo4 1661,3 1661,3 1661,3 1661,3 0, 783928

3x3 CCo4 1764 1764 1764 1764 0, 83239

4x4 CCo04 1835,8 1835,8 1835,8 1835,8 0, 86627

5x5 CCo04 1893,6 1893,6 1893,45 1893,55 0, 893521

7x7 CCo04 2000,1 2000,2 2001,2 2000,5 0, 943988
10x10 CCo04 2118,2 2119,2 2120,2 2119,2 1
10x20 CCo4 2220,5 2217,3 2220 2219,267 1, 047219
12x12 CCo4 2177,1 2176,4 2177,4 2176,967 1, 027259
15x15 CCo04 2246,9 2244.6 2244.5 2245333 1, 059519
20x20 CCo4 2332,7 23313 2333 2332,333 1, 100573
20x10 CCo04 2192,7 2192,7 2193,2 2192,867 1, 034762
25x25 CCo04 2398,9 2396,1 2395,1 2396,7 1, 130946
30x30 CCo04 2446 24423 2441,3 24432 1, 152888

40x40 CCo04 2497 2498,4 2495,3 2496,9 1, 178228
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Table 2. For 15 MV photon energy, the dose values obtained as a result of 100 MU irradiation in different areas, at a depth of 10 cm,
and the ratios normalized to 10x10 cm?.

Field Size Detector 1st
(cm?) Model Measurement
®O)
2x2 CCo04 1916,5
3x3 CCo4 2109
4x4 CCo4 2203,5
5x5 CCo4 2272,1
7x7 CCo4 2363.5
10x10 CCo04 2460
10x20 CCo04 2538,7
12x12 CCo04 2501,7
15x15 CCo04 25553
20x20 CCo04 26172
20x10 CCo4 2509,2
25x25 CCo4 2661,9
30x30 CCo04 2696
40x40 CCo04 2734,5

2nd
Measurement

®O)
1916,5

2109
2203,5
2272,5
2366,6
2459,5
25374
2501,7
2554,1
2616,8
2511,8
2661,4
2698,6
2734,8

15 MV
3rd
Measurement

®O)
1916,5
2109
2203,5
22722
2364
2460,3
2538.,6
2504,8
2554
2617,7
2511,7
2660,8
2696,6
27344

Average

1916,5
2109
2203,5
2272,267
2364,7
2459,933
2538,233
2502,733
2554,467
2617,233
2510,9
2661,367
2697,067
2734,567

Ratio

0,779086
0,85734
0,895756
0,923711
0,961286
1
1,03183
1,017399
1,038429
1,063945
1,020719
1,081886
1,096398
1,111643

After taking measurements in accordance with the IAEA TRS-398 protocol and determining the desired factors in
the protocol, absolute dose measurements were taken in different areas and at different points and compared with the
dose values obtained in the RayStation system. the differences in percentages are shown in Table 3 and Table 4.

Table 3. For 6 MV photon energy, absolute dose values obtained in RayStation and water phantom as a result of 100 MU irradiation
in different areas and at different points.

Field Size
(cm?)
3x3
10x10
15x15
20x20
30x30
3x5
10x5
10x20
30x15
20x9
30x40
5x40

Points X,

(cm)

Y,Z

(0,1,5)
(3,-3,8)
(0,0,5)
(-3,7,10)
(5,12,7)
(0,0,5)
(0,0,7)
(1,1,9)
(5,-3,11)
(3,0,6)
(2,-5,5)
(0,-1,9)

RayStation TPS
(cGy)
72,1
73,5
89,6
73,4
87,4
77,4
73,4
73,9
70,2
84
95
69,7

Water Phantom
(cGy)
70,85
73,96
90,16
73,76
88,92
78,12
73,93
73,83
71,01
85,18
96,88
69,77

Difference

(%)
1,73
0,63
0,62
0,50
1,73
0,93
0,72
0,10
1,16
1,41

1,9
0,10

Table 4. For 15 MV photon energy, absolute dose values obtained in RayStation and water phantom as a result of 100 MU irradiation
in different areas and at different points.

Field Size Points X,Y,Z RayStation TPS Water Phantom Difference (%)
(em?) (cm) (cGy) (cGy)
4x4 (0,1,5) 83,5 84,52 1,22
7x7 (1,0,8) 79,3 79,97 0,84
10x10 (3,-3,6) 90,5 91,13 0,70
15x15 (0,0,7) 89,8 90,01 0,23
20x20 (-3,7,7) 91,7 91,93 0,26
(0,0,5) 100 100,50 0,50
30x30
(5,12,9) 84,9 85,81 1,07
40x40 (0,0,5) 100 100,92 0,92
4x7 (0,0,5) 88,8 89,59 0,89
10x5 (0,0,4) 93,5 93,92 0,45
10x20 (1,1,7) 88 88,82 0,93
30x15 (5,-3,5) 99,5 100,50 1,01
20x9 (3,0,10) 78,6 78,59 0,02
30x40 (2,-5,5) 102,5 103,84 1,31
5x40 (0,-1,12) 69,4 69,70 0,43

Before starting the gamma analysis measurements, a calibration factor for the 2D-array was obtained by irradiating
100 MU in a 10x10 cm? area. Comparison of 2-dimensional measurement results was made in 4 different ways.
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The images of the 2D-Array, whose computerized tomography was taken, were sent to the RayStation system. In
the RayStation system, 20x20 cm? area was opened on the 2D-Array images and 100 MU irradiation was made. Then,
the MLCs were closed by 2 cm and 100 MU irradiation was performed again. This process was repeated 5 times. The
Figure 3 demonstrates gamma analysis results from the comparison between measurement maps and calculated plan maps.
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Figure 3. (a) Dose distribution calculated by RayStation; (b) Dose distribution measured by PTW OCTAVIUS;
(c) Gamma Index results.

Then, with the help of MLCs, an irregular area was created on the RayStation and this area was controlled in 2
dimensions. The field created on the RayStation TPS and gamma analysis results are shown in Figures 4 and 5,
respectively.
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Figure 5. (a) Dose distribution calculated by RayStation; (b) Dose distribution measured by PTW OCTAVIUS;
(c) Gamma Index results.
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In order to see the effect of MLC leakage and Tongue and Groove effect on planning, MLCs were closed by leaving
a gap in the +x direction and 100 MU irradiation was made. Then, the MLCs in the -x direction were closed by leaving a
gap and 100 MU irradiation was made. The dose distribution obtained as a result of the irradiation was compared with
the gamma analysis method. The fields of MLC created on the RayStation TPS and gamma analysis results are shown in
Figures 6 and 7, respectively.

Gt

Figure 6. For MLC leakage and Tongue and Groove effect, the fields created with the help of MLCs in the TPS system.
(a) The MLC's are in the +x direction. (b) The MLC's are in the -x direction.
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Figure 7. (a) Dose distribution calculated by RayStation; (b) Dose distribution measured by PTW OCTAVIUS;
(c) Gamma Index results.

IMRT plans were made with the 9-field Step and Shoot technique for 5 different patients. The plans made were set
to have 150 segments. Then, with the help of the QA mode in the RayStation system, the dose distribution created by
these patients was obtained and 2-dimensional quality controls were made. The dose distribution obtained for an
exemplary patient is shown in Figure 8.

All 2-dimensional dosimetric controls performed have a gamma rate of over 95%.
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Figure 8. (a) Dose distribution calculated by RayStation; (b) Dose distribution measured by PTW OCTAVIUS;
(c) Gamma Index results.

CONCLUSION
One of the most important quality control tests is TPS acceptance tests, which must be performed before clinical use. The
necessary data of the Linac device should be measured completely and accurately and transferred to the Treatment planning
system. The dosimetric accuracy of the RayStation treatment planning system was investigated for 6 MV and 15 MV beams
obtained from the Siemens Artiste Linac. In the study, acceptable differences were observed between the treatment planning
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system and the measurement results. As a result of the examinations made in homogeneous and heterogeneous environments,
it was observed that there was a high level of agreement between the treatment planning system and the measurement data. The
difference between the absolute dose data measured and calculated according to the AAPM Task Group 53 should not be more
than 3%. In the results we found, the difference was less than 3%. In this study, in which we checked the basic dose measurement
and patient planning, it was seen that the RayStation TPS can be used in patient treatment for clinical use. The doses calculated
by the RayStation TPS were found to be reliable and within the expected accuracy range. These results are sufficient for the
application of 3-dimensional conformal radiotherapy (3D-CRT) and IMRT technique.
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KJIIHIYHUI IIYCK TA JTO3UMETPUYHA NIEPEBIPKA CUCTEMMU IVIAHYBAHHS JIIKYBAHHS
ITPOMEHEBOIO CTAHIIEIO
Taiaan Tyrpya
Kadgeopa padiayiiinoi onxonozii, meduunuii paxynomem Yuieepcumemy Ban FOztonoxcro Hin, Ban, TYPELIIT

Iporpamue 3a0e3medeHHs, sIKe BUKOPUCTOBYEThCS cUCTeMaMy TuiaHyBaHHs JikyBanHs (TPS), Binirpae BaxJInBy poiib [UIsl JIIKYBaHHS 3
BUKOPHCTAHHIM panianii. TouHicTh po3paxyHKOBOI IO3M NpH pamianiiiHux oOpoOKax 3aJeXHUTh BiJ MPUITYIIeHb, 3podnenux TPS. ¥V
LOMY JIOCITIDKSHHI MU MiICYMOBY€EMO Hallli METO/U Ta Pe3yJIbTaTH 100 KIiHIYHOrO BBEACHHS B JIiF0 OCHOBHHX (YHKIIH, HEOOXiJHUX
st potonHoi Tepamii. Martepianu Ta Meroa. BumiproBanmust mpoBezneno s enepriii gortouis 6 i 15 MB, orpuManux 3 JiHIHHOTO
mpucKopioBada Siemens Artiste. BaskinBi maHi, Taki K BiICOTOK MIMOMHHOI H03H, TPOQib Ta BUMIPIOBAHHS BHXOY, OyJIH 3p00JIcH] y
BOIHOMY (haHTOMI Ta Iepe/iaHi B CHCTEMY IIaHyBaHHS 00poOku RayStation. Pe3ynprari: Konu abcomroTHI 3Ha4eHHS 1031, PO3paxoBaHi
RayStation TPS, nopiBHIOIOTbCS 3 HaHUMHU BOAHUX (HaHTOMIB, OTpPUMAHI BiJMIHHOCTI CTaHOBIATH MeHIie 3%. Komm nBoBmmipHMit
KOHTPOJIb SIKOCTI aCHMETPHYHUX IUISHOK Ta mamieHTiB i3 mmaHoM IMRT koHTpomoBaaM METOJOM ramMMa-aHaiidy, piBeHb ramMma-
HOTY)HOCTI CTaHOBUB Oinbiie 95%. BucHOBOK: oqHMM 3 HAaWBaKIMBIIMX TECTIB KOHTPOJIO SIKOCTI € mpuiiManbHi Tectu TPS, sxi
HeoOXiTHO BUKOHATH Iepe KIIIHIYHAM BUKOPUCTAHHSM. Y IIbOMY JOCHI/DKEHHI, B SKOMY MH II€pEBIPHIM OCHOBHE BUMIpPIOBAaHHS JIO3H Ta
IUIaHyBaHHS MaljieHTta, Oyjo BusBiaeHO, mo RayStation TPS Mo)kHa BHKOPHCTOBYBaTH ISl JIIKyBaHHS MAL€HTIB Ul KJIIHIYHOTO
BuKopucTanHs. J[o3u, po3paxoBati 3a qornomororo RayStation TPS, BusiBrincs: HaiiHUMU Ta B MEXKaX O4iKyBaHOT'O [ialla30Hy TOYHOCTI.
L{ix pe3ynbTaTiB TOCTaTHBO I 3aCTOCYBaHHA 3-BUMipHOI KOH(pOpMHOI mpoMeneBoi Tepartii (3D-CRT) ta rexniku IMRT.

Ku1rouoBi c10Ba: mpoMeHeBa CTaHIisA, BBEACHHS B €KCILUTyaTalliio, JO3UMETPUYHA MTOBIpKa



