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ABSTRACT

Relevance: The article deals with modern problems in the field of ensuring the quality of services provided on linear accelerators
from the point of view of the regulatory framework, as well as from the point of view of the frequency of control procedures. The
scientific novelty lies in elaborating a linear accelerator quality control program with detailed procedure descriptions and testing
frequency recommendations.

The study aimed to develop and test a set of simple methods for controlling the linear accelerator’s mechanical and dosimetric
parameters, which would meet the minimum requirements for high-tech radiation therapy following IAEA and AAPM international
recommendations.

Methods: In developing the quality control program for the TrueBeamSTx linear accelerator (Varian, USA) installed at the Almaty
Oncological Center (AOC, Kazakhstan), we relied on the recommendations of the International Atomic Energy Agency (IAEA) and the
American Association of Physicists in Medicine (AAPM), taking into account that intensity-modulated radiotherapy (IMRT, VMAT),
stereotactic radiosurgery and stereotactic radiotherapy (SRS, SRT), using image-guided radiation therapy (IGRT) will be performed on
the accelerator, which imposes more stringent requirements for control of both mechanical and dosimetry characteristics.

Results: Over three years of operation, the TrueBeamSTx accelerator shows good stability of mechanical and dosimetric character-
istics, verified using systematic tests according to the quality control program developed by the authors of this article. The IAEA/WHO
mail dose monitoring program using radiophotoluminescent detectors, implemented in 2019-2022, showed high dosimetric measure-
ments and calculations accuracy of 0.1-1.7%, at a tolerance of 5%.

Conclusion: A quality control program for a high-energy linear accelerator has been developed, the results obtained for all
characteristics correspond to the permissible values. The effective and safe use of radiotherapy requires the development of a quality
control program for all radiotherapy equipment specifically for each institution and independent verification of the implementation

of this program.
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Introduction: One of the most important components
of the radiotherapy quality assurance program is the con-
trol of the physical and technical parameters of the equip-
ment used. According to the generally accepted recom-
mendations of the International Commission on Radiation
Units and Measurements (ICRU) [1], in radiation therapy,
the dose delivered to the patient should be within + 5% of
the prescribed dose. Each stage of radiation therapy must
be performed with an error of less than 5%.

The dosimetric and mechanical characteristics of the
radiation device must ensure the accurate implemen-
tation of the calculated dosimetric plan for radiation
treatment for each patient. A quality control program
is required for each radiotherapy device to ensure peri-
odic monitoring of the mechanical and dosimetric char-
acteristics of the device that affect the accuracy of dose
delivery to the focus. There are many valid international
recommendations for periodic monitoring of radiation
therapy devices’ mechanical and dosimetric character-
istics, including linear accelerators [2, 3]. However, they
are just recommendations that must be adapted to the
specific device and institution that conducts radiation

therapy, the radiation treatment methods used, and the
available dosimetric and other auxiliary equipment. The
quality control program is based on the data obtained
during the beam apparatus acceptance and preparation
for clinical operation (commissioning). This data is spe-
cific for each type of apparatus and dosimetric planning
system. Developing a quality control program is among
the most important responsibilities of medical physi-
cists in a radiation therapy department.

Gaps in the existing regulatory framework of provid-
ing oncological care to patients in the Republic of Ka-
zakhstan were identified, and ways to correct them were
described in terms of ensuring the quality provision of
high-tech radiation therapy services at linear accelera-
tors. Effective and safe delivery of radiotherapy requires
the development of a quality control program for all
types of radiotherapy equipment specific to each insti-
tution and independent verification of the implementa-
tion of this program.

The study aimed to develop and test a set of sim-
ple methods for controlling the linear accelerator’s me-
chanical and dosimetric parameters, which would meet
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the minimum requirements for high-tech radiation
therapy following IAEA and AAPM international recom-
mendations.

Materials and methods: When developing a quality
control program for the TrueBeamSTx linear accelerator
(Varian, CA, USA) installed in the Almaty Cancer Center
(Kazakhstan), we relied on the recommendations of the
International Atomic Energy Agency (IAEA) [2] and the
American Society of Medical Physicists (American Associ-
ation of Medical Physicists). Physicists in Medicine, AAPM)
[3-5], taking into account that the accelerator will per-
form radiation therapy with intensity modulation (IMRT,
VMAT), stereotactic radiosurgery, and stereotactic radio-
therapy (SRS, SRT) using image guidance (IGRT), which
imposes more stringent requirements for the control of
both mechanical and dosimetric characteristics. Dosim-
etry equipment from IBA- Dosimetry ( Schwarzenbriick,
Germany), as well as phantoms and accessories supplied
with the accelerator and quality control plans embedded
in the accelerator software, allow performing many, but
not all, of the necessary tests, so some additional equip-
ment such as Iso-Align device (CIVCO, USA) and RTQA2
radiochromic film (Gafchromic, NJ, USA).

The protocols of all dosimetric and mechanical tests are
kept according to the quality control program developed
by the authors of this article and approved by the head of
the AOC. Statistics are kept of all measurements taken with
an analysis of deviations from the baseline data.

Results: In creating a quality control program, the
methods for performing some tests had to be developed
independently since sufficiently detailed information
was not always available in the literature. We set the fre-
quency of tests in such a way as to provide the necessary
control procedures in a short time due to the large ther-
apeutic load of the device, as well as taking into account
the available dosimetric equipment. So, it is necessary to
check several characteristics of the accelerator daily be-
fore the start of medical work, such as the accuracy of the
light field dimensions, the accuracy of lasers and the op-
tical rangefinder, the constancy of the radiation output of
each beam (the TrueBeamSTx accelerator has six photon
beams: 4,6, 10, 15 MV and beams 6 and 10 MV with high
dose rate without equalizing filter). The Machine Perfor-
mance Check (MPC) program included in the TrueBeam
accelerator software, using a special IsoCal phantom, al-
lows you to check the main geometric and radiation char-
acteristics in 30 minutes.

Over three years of operation, the TrueBeamSTx ac-
celerator shows good mechanical and dosimetric stabili-
ty, verified using systematic tests according to the quality
control program developed in the Radiation Therapy De-
partment of the AOC. Participation in the IAEA/WHO mail
dose monitoring program using radiophotoluminescent
detectors in 2019-2022. showed high dosimetric measure-
ments and calculations accuracy of 0.1 -1.7%, at a toler-
ance of 5% [6] (Table 1).

Table 1 - Results of daily monitoring of geometric and radiation characteristics according to the Machine Performance

Check (MPC) program for the period 2019-2022

Characteristic Tolerance for MRS Average actual value

Gantry position 0.3° 0.23
Collimator position 0.5° 0.13
The position of the petals of a multi-leaf collimator 0.5mm 0.25
Treatment table position

longitudinal 0.7mm 0.177mm

transverse 0.7mm 0.12mm

vertical 1.9 mm 0.07 mm

turn 0.4° 0.06°
Radiation output constancy 2% 0.65%
Beam uniformity 2% 0.35%
Isocenter position of MV imaging 0.5mm 0.19 mm
Position of the isocenter of KV imaging 0.5 mm 0.23 mm

After several months of daily MRS performance, we
were convinced of the stability of all controlled charac-
teristics and reduced the frequency of this test to three
times a week. However, since it is unacceptable to rely
on only one method of control, weekly, we check the
mechanical and dosimetric characteristics using the
StarTrack detector array, control the constancy of the
radiation output, energy, symmetry, and uniformity of
the beams, as well as the accuracy of lasers, rangefind-
er, light field dimensions.

We perform monthly verification of the radiation
yield of photon beams by taking measurements using
an ionization chamber in a water phantom according

to the IAEA dosimetric protocol TRS-398 [7]. The beam
is calibrated if the dose rate deviation at the maximum
depth exceeds 1% of the required value (1 cGy per
1 monitor unit).

Dose distributions and beam profiles are moni-
tored quarterly on a beam scanning system with a
large water phantom Blue Phantom 2. Quarterly, the
coincidence of the radiation and mechanical isocen-
ters of the accelerator is checked using radiochromic
film RTQA2, Ashland (Starshot test). The analysis is car-
ried out using the IsoCheck program. The discrepancy
is always less than T mm, which meets the stereotax-
is tolerance.
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The annual control also includes checking the sta-
bility of the dependence of the radiation output on
the field size ( output factors ), coefficients of all dy-
namic wedges, linearity, and constancy of output of

monitor units. Over three years of operation of the
TrueBeamSTx accelerator, our measurements have
shown the high stability of these characteristics
(Table 2).

Table 2 - Stability of dosimetric characteristics of photon beams of the TrueBeamSTx accelerator for 2019-2022

_— Dose at the reference Beam energy Radiation output Dynamic wedge
Characteristic point (quality index) coefficients coefficients
Discrepancy ) ) ) ’
with base data 0.1-0.9% 0.1-0.6% 0.1-0.8% 0-0.5%
Tolerance 1% 1% 2% 2%
Intensity-modulated radiation therapy requires and radiation fields created by the MLC is checked us-

high patient positioning accuracy, which is achieved
using the IGRT technique. The TrueBeamSTx accel-
erator has kilovolt X-ray (imaging, fluoroscopy, and
cone beam computed tomography) and megavolt-
age (portal imaging) imaging systems. Portal dosim-
etry using the EPID megavoltage imaging system
is also used to verify intensity-modulated dosimet-
ric treatment plans. Therefore, the accuracy of imag-
ing systems requires systematic monitoring. Varian ac-
celerators have calibration programs for all modes of
visualization systems (PVA Calibration). These calibra-
tions are performed monthly after the calibration of
the radiation output (absolute dosimetry). However,
because stereotaxic therapy requires higher accuracy,
we began to calibrate and verify the isocenter weekly
(i.e., checking if the imaging system isocenter matches
theacceleratorisocenteraccurately enough).The week-
ly discrepancy does not exceed 0.2 cm; after calibration
and verification, it does not exceed 0.02 cm. Since ste-
reotaxic radiosurgery requires alignment of the imag-
ing isocenters and the device within 1 mm, we perform
additional calibration and verification before each
SRS session.

The accuracy of the treatment table movement
through the images is checked weekly using a cubic
plastic phantom with a contrasting ball in the center (
Cubic Phantom). Positioning correction based on CBCT
images is performed with an accuracy of less than 1T mm.

Based on the recommendations of AARM [4], we de-
veloped tests to control megavoltage and kilovoltage
imaging systems using phantoms CatPhan 604, Las Ve-
gas phantom, and Leeds TOR 18FG, performed twice a
year. Controlled characteristics include scaling, spatial
resolution, contrast, image uniformity and noise, and
consistency of Hounsfield units for CBCT images.

The quality control program also includes tests for
the multileaf collimator (MLC). These are weekly checks
of petal positioning accuracy and position reproduc-
ibility in static mode (test plans are available in the ac-
celerator software), as well as tests to check the MLC in
dynamic mode, which are carried out according to the
plans and analysis methods developed by Varian for all
types of MLC. Once a year, the conformity of the light

ing radiochromic film RTQA2, and the dosimetric gap
and the transmittance of the MLC are measured.

Measurements of dosimetric characteristics are car-
ried out after performing checks on mechanical param-
eters. Most mechanical tests (checking the position of
the isocenter, the accuracy of the gantry, collimator,
and treatment table movements, the position of the
collimator shutters, optical rangefinder readings, etc.)
are conveniently and quickly performed using the Iso-
Align device, CIRS (multipurpose device for precise
alignment).

Since quarterly and yearly measurements take a
long time, we take them in the evenings and on week-
ends so as not to stop the patient’s treatment process.

Discussion: Systematic testing of the performance
of the radiotherapy machine is essential to ensure the
accuracy and effectiveness of radiotherapy. This is a
complex consisting of daily, weekly, monthly, quarter-
ly, and annual checks, and they should be carried out
by physicists and engineers of the radiation therapy de-
partment, as established by the “Standard for the Pro-
vision of Oncological Care to the Population of the Re-
public of Kazakhstan,” paragraph 2, p. 79 [8], which is
in line with international practice. This is a necessary
and obligatory aspect of the use of medical particle ac-
celerators, for which a license is issued by the Commit-
tee for Nuclear and Energy Supervision and Control of
the Republic of Kazakhstan (RK) (“Handling devices and
installations generating ionizing radiation”). Unfortu-
nately, at present, permission to conduct operations to
control the quality of the operation of sources of ioniz-
ing radiation, as well as instruments, equipment, and
installations containing such sources or generating
ionizing radiation, is issued by a license for the provi-
sion of services in the field of the use of atomic energy.
This is done by analogy with the control of operation-
al parameters of X-ray diagnostic devices, the annual
conduct of which is regulated by the “Sanitary and epi-
demiological requirements for radiation-hazardous ob-
jects” [9], without taking into account the difference in
quality control for X-ray diagnostic devices and medi-
cal accelerators. If it is sufficient for X-ray diagnostics to
monitor the performance once a year, this may not be
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enough for radiotherapy devices. Due to this approach,
the quality control program implemented by the phys-
icists and engineers of the clinic is not taken into ac-
count when issuing licenses. It is necessary to make ad-
justments to the regulations of the Ministry of Health of
the Republic of Kazakhstan and the Committee for Nu-
clear and Energy Supervision and Control of the Minis-
try of Energy of the Republic of Kazakhstan and include
the Quality Control Program in the set of documents
for issuing a license to handle devices and installations
that generate ionizing radiation. Unfortunately, not all
radiation therapy departments of medical institutions
of the Republic of Kazakhstan have and implement
quality control programs that include all the necessary
aspects and meet the current requirements. We believe
independent control could be carried out by an expert
group of qualified specialists, physicists, and engineers,
approved by the Ministry of Health of the Republic of
Kazakhstan. The experts included in this group would
systematically conduct such checks and assist hospital
professionals in establishing quality control programs
and developing test methods to improve radiothera-
py delivery accuracy. To ensure the quality and safety
of radiotherapy, it is very important to independently
control the performance of dosimetric measurements
and other procedures included in the quality control
program of the radiotherapy device [10].

Conclusion: We have developed a quality control
program for a high-energy linear accelerator, the re-
sults of which correspond to the permissible values in
all characteristics. For the effective and safe use of ra-
diotherapy, it is necessary to develop a quality control
program for all types of radiotherapy equipment spe-
cific to each institution and independently verify the
implementation of this program.
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AHJIATIIA

CBI3BIKTBIK YJIETKIIITIH CAITACBIH BAKBIJIAY BAFJIAPJIAMACBIH KYPY
KOHE OPBIHJIAY

T.FO. Aumponosa', K./I. /laméaee"?, E.H. Hwkunun', Bb.F. Jlamoinosa', O.K. Ceumos'?, JK.T. Xyoaiivepzernog'?

!«Anmatbl oHkonorus optanbifbly KK KMK, Anmarsi, Kasakcran Pecnybnmkachi;
2«Kasak OHKONOrsi XaHe paauonorust FulnbIMU-3epTTey MHCTUTYTHI» AK, Anmatel, KasakctaH PecnyGnmkack

Osexminizi: Maxanaoa kepceminemin Koizmemmepoiy canacbli KAMmMAamAacyls emy caidcblHodebl 3aManayu npooiemanap HopMamuemix-
KYKbIKMbIK 0430 MYpeblCblHAH KapacmblpblLieaH, COHOAN-AK Cbl3bIKMblK yoemKiumepoe-mexcepy npoyeodypalapulHbly dcuiniei 6oubiHua 6aKbl-
aay. Feueivu scayanvix npoyedypanapobly 03iH e2celi-meexceiini Cunammaimoli J#coHe ColHAKmapOobly dcuiniel OoubiHwa ycolnblcmapsl 6ap
JICENINIK YOemKIWmIy canacvii OAKbLiay 6a20apiamacuii 93ipieyoe dHcamolp.

3epmmeyoin maKcamol — KypulicblHblH MEXAHUKALbIK JHCOHE OOZUMEMPUSIbLK, napamemprepin 0aKsliayobly Kapanausim o0iCmepiniy KeueHin
o3ipJiey JicoHe CbiHay, OIpAK ONap XANbIKAPATLIK YCbIHBIMOAPRA COUKEC JICO2aApbl MEXHONOUANLIK COYIeNIK mepanused KoublamblH MUHUMATObL
mananmapea xcayan 6epeoi. Amom smepeusicol sHconinoeei xanvikapanvix, acenmmix (MAIATO) owcone Amepuranoblx MeQuyYuHAIbIK Gusuxmep

Kozamvi (AAPM).

Aoicmepi: Anmamuioazel onkono2usnbik opmanvikma (Kasaxcman) opnamuinean TrueBeamSTx coizvikmuix yoemxiwiniy (Varian, AKII) ca-
nacwin 6aksliay 6azoapramacein sxcacay keszinoe 6i3 MAI'ATO swcone AAPM ycoinvicmapbvina cyueHOix. Yoemxiue uHmencuemix MoOyisyusiianaan
coynenix mepanusnvt (IMRT, VMAT), cmepeomaxkmukansix paouoxupypeustvl 1coHe KecKinoi 6ackapamvii cmepeomakCukdanblk, Coyienix mepa-

nusinel (SRS, SRT) opvinoaiiow.
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Mexanuxanvix sHcone 003UMEMPUANBIK, CURAMMAMANapobl OaKbliayea Kamay maianmap Koublidobvl.

Homuocenep: Y scvinovig scymvic keseyinoe TrueBeamSTx yOemkiui Mexanuxanvix dHcote 003UMempUAIbIK, CUNAMMmMamaniapoblly HCaKcol
MYpaKmulibl2blH KOpcemeoi, 01 MAKAIA A8MOPAapbl 93IipJeceH xcylieli colHakmap apkwlivl mekcepinedi. Canacein 6axwinay 6azoapiamacsi 2019-
2022 eorc. paouopomontomunecyenmmi Oemexmopaaposl natoanana omoipuin, MAIATO/ONY nowma 0ozacein 6axviiay dbaz0apaamacvina Ka-
MbICY. O03UMEMPUSLTIBIK O1UeYTep MeH ecenmeyiepOin JHco2apsl 0ondicin kepcemmi: 0,1-1,7% pykcam eminzcen 5%.

Kopuvimuinowi: JKozapuvl sHepeusiivlk col3oiKkmulk yOemKiwKe canacvii 6aKwliay 6az0apiamacst 93ipieHoi; 0apivlk CUnammamanap OoubiHua
anvlHean HOmMudicesep pyKcam emineen MoHoepee colikec kenedi. Coyienik mepanusHsl MuiMoi JcoHe KAVinciz KoIOamy yulin coyienik mepanus
2HCAOOLIKMAPLIHLIY OAPILIK, MyPIEPItil Canacvli 6aKbliay Oaz0apiamaceii d3ipiey Kadjcem. opoip mexemeze moH, COHOAl-aK 0Cbl 6a20apaamManblly
OPbIHOANYbIH MAYEICI3 MeKcepy

Tyitin co30ep: coynenix mepanus, Col3bIKMbIK YOCMKIiUL, Canamnbl 6aKbLIAY, 003UMEMPUSIbIK JHCAOOLIKMAp.

AHHOTANMS

CO3JAHHUE U BBINNIOJIHEHHUE ITPOT'PAMMBbI KOHTPOJISA KAYECTBA
JUHEHHOI'O YCKOPUTEJIA

T.FO. Aumponosa', K. /1. laméaee"?, E.H. Hukunun', b.T'. lamoinosa', O.K. Ceumos'?, JK.T. Xyoaiibepzernos'?

KM Ha MXB «AnmatiHckuit OHkonorudeckwit LieHTpy, Anmatsl, Pecny6nnka Kasaxcrar
2AQ «Kasaxckuit Hay4Ho-1CCre0BaTENbCKMIA MHCTUTYT OHKOMOTAM 11 paguonoriny, Anmarsl, Pecnybnuka KasaxcTan

Axkmyansnocms: B cmamove paccmampusaomces cospemenivle npoodiembvl 8 001acmu 06ecneyenis Kaiecmaea npo8oOUMbIX YCye HA TUHEIHbIX
VCKOPUMENAX ¢ MOUKU 3PEHUsl HOPMAMUBHO-NPABOGOU OA3bl, A MAKJICe ¢ MOYKU 3PEHUs YACHOmbl NPoGedeHus npoyedyp Koumpons. Hayunas
HOBU3HA 3AKNIOUAEMCS 8 pa3padomKe npoepammvl KOHMPOJs. KAYeCmed IUHEIHO20 YCKOpUmens ¢ NOOPOOHbIM ONUCAHUEM CAMUX NPOYeoyp U ¢
PEKOMEHOayUAMU NO YACMOme NPOBeOeHUsl MeCMOB.

Lens uccnedosanusn — paspabomra u anpobayusi HA6OPA OOCMAMOYHO NPOCIBIX MEMOOUK KOHMPOJISl MEXAHUYECKUX U OO3UMEMPUYECKUX
napamempos annapama, Komopbuie, mem He MeHee, COOMEEmcmeo8anu Obl MUHUMATLHBIM MPEOOBAHUAM OISl NPOBEOCHUS 8blCOKOMEXHOIOSUYHOU
JIYHEB0I mepanuu CO2NACHO MENCOYHAPOOHbIM pekomendayuam Medcoynapoonozo acenmemesa no amomnou suepauu (MAIATO) u Amepukancrkozo
obwecmsa meOuyuHckux Qusuxos (AAPM).

Memoowr: Ilpu paspabomre npocpammvl KOHmMpoas Kawecmea 05 aunelinoz2o yckopumens TrueBeamSTx (Varian, CLIA), yemanogrennoeo
6 Anmamunckom owuxonocuueckom yewmpe (Kasaxcmawn), mol onupanuce Ha pexomendayuu MATATO u AAPM ¢ yuemom moeo, umo Ha
ycKkopumede Oyoem GblNOAHAMbCA Jyvesas mepanus ¢ mooyaayuei unmencusnocmu (IMRT, VMAT), cmepeomakcuueckas paouoxupypeus u
cmepeomaxcuyeckas ayuesas mepanusi (SRS, SRT) ¢ ucnonvzosanuem konmpoas no uzoopaxcenusm (IGRT), umo npedvsasnsiem bosee xcecmrue
mpe6osanusi K KOHMpPOIO KAk MeXaHU4eckux, max u 003UMempuiecKux Xapakmepucmux.

Pesynomamer: 3a mpexiemnuii nepuoo sxcnayamayuu yckopumensv TrueBeamSTx nokazvieaem xopowylo cmabuibHOCMb MeXaHUYeCKUX
U 003UMEMPUUECKUX XAPAKMEPUCTIUK, YMO NPOBEPACMC ¢ NOMOWbLIO CUCIEMAMUYECKUX Mecnmos No paspabomanHol asmopamiu cmamou
npoepamme KOHMpOJia Kavecmsd. Yuacmue 6 npoepamme noumogozo KoHmpois 003 MAI'ATI/BO3 ¢ nomowwbo paduohomonsroMuHecyeHmHubIx
Oemexmopog 6 2019-2022 zz. nokasano 8viCOKYI0 MOYHOCMb 003uMempuueckux usmepenuii u pacvemos. 0,1-1,7% npu oonycke 5%.

3axnrouenue: Bvina paspabomana npozpamma KOHMpPOa Kaiecmed OJis 6blCOKOIHEPLeMUUECKO20 NUHEUHO20 YCKOPUMENs, NOJY4eHHble
Pe3VIbmamysl no 8CeM XApaKmepucmuKam CoOmeemcmseyom OONYCmumMblM 3Havenusm. s d¢dexmuenoco u 6e30nacno2o UcCnoIb308anus
JIY4egoll mepanuu Heooxoouma paspabomKa npospammvl KOHMPOJiA Kavyecmed, 0iisi 6cex U008 000py00B8aHLsl Iy4e8ol mepanuu KOHKPemHo OJis
KadcO020 YUpedcOeHsl, a MaKice He3d8UCUMAsl NPOBEPKA BbINOJIHEHUSL JMOU NPOSPAMMBbL.

Kniouegvie cnosa: nyuesas mepanusi, IuHeinblil yCKOpumenb, KOHMPOLb KA4ecmed, 003umempuieckoe 060pyoosanue.
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