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Abstract

One of the main factors affecting the effectiveness of radiation therapy is the constancy of the patient’s
position on the treatment table created by immobilization devices of various designs and held throughout the
entire irradiation procedure, which guarantees the accuracy of the delivery of the prescribed dose distribution.
The purpose of the work was to establish the numerical values of the dominant components of a radiation
therapy session for each of the irradiation techniques most commonly used in clinical practice of the radiation
therapy.

To determine the numerical values of the components of the radiation therapy session, the authors have
measured each component for some clinical cases of patients’ irradiation placed. The patients had been
diagnosed with the following malignant tumours: prostate cancer, breast cancer, lung cancer, head and neck
tumours. More than 2000 individual measurements have been carried out with the help of such medical linear
accelerators as "Clinac", "Unique", "Truebeam", and the gamma-therapeutic apparatus named "Theratron".

The numerical values of the time spent on 3 groups of parameters of an irradiation session were
established: the mechanical parameters of the radiation therapy equipment, the functional characteristics of
the irradiation systems and the parameters that directly depend on the personnel involved in an irradiation
procedure.

According to the measurement results, the flow diagram for the procedures of verifying a patient’s
position on the therapeutic table (2 different techniques), preceding their irradiation and the radiation therapy
procedures themselves was proposed. It has been shown that a number of session components can run in
parallel to each other thus optimizing the time spent by a patient in the treatment room.

Using the obtained values of the time spent on the radiation session parameters it is possible to actualize
the mathematical model that will allow the medical physicist to determine in advance the duration of the
irradiation session at the stage of treatment planning and choose a radiation therapy technique taking into
account the individual parameters of the irradiation session in each particular clinical case.
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MeToauka onpeae/ieHUs1 XapaKTePUCTUK KOMIIOHEHTOB
ceaHca JIyuyeBO# Tepanuu JJisl Ppa3JIMYHbIX METO0B

00 IydYeHHsI OHKOJIOTHYECKUX MALMEHTOB

C UCIO0JIb30BAHMEM MeIUMIUHCKHUX JUHEHHBIX YCKOPUTeJIel
U raMMa-TepaneBTHYeCKUX annapaTon

E.B. TutoBuuy, M.H. IlerkeBuu4, A.A. Makaposa

PHIII] onxonoeuu u meduyunckou paduonoeuu umenu H.H. Anexcanoposa,
aepozopoooxk Jlecnou 223040, Munckuii pation, Berapyco

Hocmynuna 24.02.2020
Tpunama k nevamu 21.10.2020

OHAM U3 OCHOBHBIX (DaKTOPOB, BIMSAIONMX HA 3PPEKTHUBHOCTH JIyUEBOW TEPAITUH SIBIISICTCS COOIONCHHE
MOCTOSIHCTBA MOJIOXKEHUS MAIMCHTA Ha JICUCOHOM CTOJIE C HCIIOIb30BaHNEM (DUKCUPYFOIIUX MPUCIIOCOOTCHUH pas-
JIUYHBIX KOHCTPYKIMHA Ha TMPOTSHIKCHUH BCEH TPOIETYPhl UX OOIYYEHHs, YTO FapaHTHPYET TOUHOCTh JOCTABKH
MPENUCAHHON 1036l U3ayueHus. Lleas paboThl — yCTAHOBIEHUE YHCICHHBIX BEIUMYHH JOMHUHHUPYIOIIMX KOMIIO-
HEHTOB CeaHca JIy4yeBOW TepaIuy JIJIs KaKI0W U3 METOAMK OOJydeHHsI, HanOoJiee MPUMEHICMbIX B KIIMHUYECKOH
MPAKTHKE JIy4eBOM TEpaITUH.

Jlis ycTaHOBIICHUSI YMCIICHHBIX BEJIMYMH KOMIIOHEHTOB CE€aHca JIy4eBOW Tepariy aBTOpaMH IPOBEJICHBI IKC-
MEPUMEHTAJIbHBIC M3MEPEHHSI Ka)JIOTO0 M3 HUX I HEKOTOPBIX KIMHHUECKHUX CIIydaeB OOMyUYCHHs MAaI[MeHTOB
C JIOKQJIM3AIUSMU 3JI0Ka4eCTBECHHBIX HOBOOOPA30BAHUMN: paK MpPEICTATEILHON JKeJIe3bl, paKk MOJIOYHOM Kelle3bl,
pakK JIETKOTO, OITyXO0JIM ToJIOBBI U 1ieu (Oonee 2000 MHIUBUTyaTbHBIX U3MEPEHHUIA), OCYIIECTBIISIEMbIX C HCIIOJIB30-
BaHUEM MEIMITMHCKHX JJMHEWHBIX yCKopuTenel cienyronux moneneit: «Clinacy, «Uniquey, « Truebeamy, a Takxke
ramMMa-TepareBTuueckoro ammapara « Theratrony.

YcTaHOBIIGHBI YMCIICHHBIC 3HAYCHHUS 3aTPAdyMBACMOTO BPEMEHH JUIs 3-X TPYII MapaMeTpoB ceaHca o0yde-
HUS: MEXaHUYECKHE MTapaMeTphl alllapaToB JYyUCBON Teparuu, GyHKIIMOHATbHBIC XapaKTEPUCTUKH CHCTEM Pealli-
3alnu OOTYYCHHUS M TTapaMETPhI, HAMIPSIMYO 3aBHUCSIIUE OT IIEPCOHANA, YIaCTBYIOIIETO B TPOBEJICHUH MTPOIETYPhI
00yueHusl.

[Tpennoxena 6I0K-cxema JUIs MPOIeyp Bepu(DUKAIMH ITOJI0KESHHUS MAIIMEHTa Ha TeParieBTUIECKOM CTOJIE (7BE
pasIMYHbIC METOUKH), MPE/IICCTBYIONICH 00TyUEeHUIO MAIMEHTa U HEMTOCPEICTBEHHO MPOIIEeAypaM JIy4eBOM Te-
parmu. [TokazaHo, 9TO psiJi KOMIIOHEHTOB C€aHCa MOKET OCYIIECTBIISATHCS MapauIeIbHO APYT JPYTY, 32 CUET Uero
BpeMsl, IIPOBOIUMOE TTAIIMEHTOM B MPOLIETYPHOM MTOMEIICHUH, MOXKET OBITh ONITUMH3HPOBAHHO.

C uCToNb30BaHUEM IOTYUYCHHBIX 3HAUYCHWI 3aTPaunBacMOro BPEMEHH JUIS NapaMEeTPOB ceaHca OOMydeHHS
BO3MOXKHA peaju3aliis MaTeMaTHIeCKOM MOICITH, KOTOPast ITO3BOJIUT MPEABAPUTEIILHO ONPEACIIUTh JUTUTEIBHOCTh
ceaHca o0Jy4eHHs Ha Tare npeTydeBOM MOATOTOBKH M BEIOPATh METOAMKY JIYYSBOW TEPAITUU C YISTOM HH/TUBH-
JTyalbHbBIX MTApaMETPOB OOIyUSHHsSI B KaXKIOM KOHKPETHOM KJIMHUYECKOM CITydae.

KnioueBble cj10Ba: ceanc 0OIydeHUs, TMHEHHBIN YCKOPUTEIb, JIy4eBasi TEPAITsl, BPEMEHHBIE XapaKTEPUCTUKH.
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Introduction

Forreceivingradiationtherapy (RT)oncological
patients’ radiation safety, it is necessary to ensure
their constancy on the worktable by using fixing
devices of a standard design throughout the entire
irradiation procedure [1]. In 1976, the International
Commission on Radiological Systems (ICRU)
presented a recommendation according to which
the uncertainty in the delivery of the absorbed dose
to the target on any therapeutic apparatus should
not exceed 5% [2]. One of the key factors on
which the effectiveness of irradiation depends is
the time parameters (time spent by a patient in the
treatment room), which directly depend on their
position, and, consequently, the accuracy of the
delivery of an individual three-dimensional dose
distribution [3].

In [4], the authors established the temporal
characteristics of the irradiation session components,
which have a dominant effect on its duration, and
proposed an algorithm that allows to set the duration
of cancer patients treatment, depending on the use
of various methods of radiation therapy and tumour
localization.

The process of modern remote RT includes
pre-radiation preparation of the patient, treatment
planning, verification of the treatment plan and
irradiation with a radiotherapy apparatus.

During the radiation planning stage, the medical
physicist creates several treatment plans. The plan that
best meets the target coverage criteria and exerts the
least dose to nearby organs includes more radiation
fields, which significantly increases the duration of a
patient's treatment session. The session time is also
influenced by the choice of a radiation technique.
An increased radiation time can surge the errors in
the internal position of the target of radiation due
to the biological activity of organs [5]. It should be
noted that the treatment selection approach described
above does not take into account the timing of the RT
session.

The aim of this work was to establish methods
for the dominant numerical components of a radiation
therapy session for each of the methods of radiation
used in the radiation therapy. On the basis of the
presented experimental data, the program is presented
that determines the duration of the radiation session
at the stage of pre-radiation preparation and chooses
a radiation therapy technique taking into account the
individual parameters of the radiation session in each
specific clinical case.

Research results

To determine the temporal characteristics
of the components of the RT session, the authors
experimentally established the wvalues of the
dominant components of the RT session for each
of the most commonly used RT in clinical practice.
The measurements for clinical cases of irradiation
of patients with localizations of malignant
neoplasms: prostate cancer, breast cancer, lung
cancer, head and neck tumours were taken [6].
For each patient from the specified sample,
dosimetry plans were calculated additionally
for the rest of RT techniques used in the clinical
practice of radiotherapy departments around the
world for these localizations [7]: 3D CRT — three-
dimensional conformal radiation therapy, IMRT —
intensity modulated radiation therapy, VMAT -
sector radiation therapy with volumetric intensity
modulation or Gating — radiation therapy with
respiratory control. A sample of 100 patients was
carried out for each site. The measurements were
taken for RT sessions carried out using medical
linear accelerators of the following models:
"Clinac", "Unique", "Truebeam", as well as the
gamma-therapy device named "Theratron".

The authors have divided all components of the
RT session into 3 groups: mechanical parameters,
functional parameters, and parameters that directly
depend on the personnel involved in the irradiation
procedure.

Mechanical parameters include those ones, the
duration of which is not constant and is associated
with the components selected at the factory for the
implementation of individual manipulations. They
include rotation of the therapy table, the tripod of
the radiotherapy apparatus and the collimator. The
dependences of the rotation time of the therapy
table, tripod and collimator on the setting of the
required angles are presented in Figures 1-3,
respectively.

The following operations were included in
the group of functional parameters: loading the
irradiation plan on an operator's computer, checking
the irradiation plan for errors in data transmission,
initializing of the radiotherapy device with the
irradiation parameters relevant to the first treatment
field, initializing of the accelerator with the irradiation
parameters relevant to the second and subsequent
medicinal fields. The duration of these procedures
depends on the volume of transmitted and processed
information.
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Figure 1 — Dependence of the rotation time of the therapeutic table on the installation of the necessary angles
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Figure 2 — Dependence of the tripod rotation time on setting the necessary angles
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Figure 3 — Dependence of the collimator rotation time on the given angles

The parameters that directly depend on the
personnel involved in the irradiation procedure
include these operations, the performance of which
is entrusted with a person, and rely on the individual
characteristics of an individual specialist. These

include placing the patient and centering in the
prescribed for the irradiation position, entering
the irradiation parameters, setting the required
mechanical parameters of the accelerator under
visual control from the treatment room, installing /
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removing dose modulating devices, switching The table shows the measurements of mechanical
on the irradiation, and verifying the patient's procedures during the RT session, depending on the
position [8]. radiotherapy device.

Table

Temporal parameters of all procedures during a radiation therapy session, depending on the
radiotherapeutic apparatus and localization

Duration of the procedure depending on the radiotherapy device, s

Characteristic ; .
TrueBeam Clinac Unique Theratron
Duration of mechanical procedures of radiotherapy session
10°rotation of the therapeutic table 3.82 2.94 1.89 4.53
Rotate the tripod by 10° 1.67 1.36 1.70 1.83
10°rotation of the collimator 0.67 2.47 2.78 1.78

The duration of the functional procedures of radiation therapy sessions

Loading the radiation plan on the

\ 8-20 20 8-10 -
operator's computer
Checking the r.adlanon plan for errors in 15 10 440 10
data transmission
Initialization of a radiotherapy device
with radiation parameters relevant to the 30 20 4-8 10

first treatment field

Initialization of the accelerator with
radiation parameters relevant to the 6-11 20 4-45 10-20
second and subsequent treatment fields

Duration of procedures related to human effort

Laying the patient and centering in the

X .. o 120 120 117-176 120
prescribed position for irradiation
The input parameters of irradiation - - - 20-30

Setting the necessary mechanical
parameters of the accelerator under 50-60 11 10-32 11
visual control from the treatment room

Inserting/removing wedge-shaped filters - 40 40 10-30
The inclusion of irradiation 5 2 1-3 2-3
Verification of a patient's position 40-120 — 20-57 7
i&;rzlovmg a patient from the treatment 5565 55.65 5565 5565

The radiation time for patients

3D CRT - 69-220 — —
Prostate cancer IMRT 300-600 - 310-671 -
VMAT 120 - 180-300 -
3D CRT - 160-335 — 500
Breast cancer IMRT 300480 - 840-1050 -
Gating VMAT 224-350 - - -
3D CRT - 124-451 181-504 163477
Lung cancer IMRT 365-509 - 321-485 -
VMAT 181 - 208-300 -
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Table (continued)

Duration of the procedure depending on the radiotherapy device, s

Characteristic - -
TrueBeam Clinac Unique Theratron
The radiation time for patients
3D CRT - 480-670 - 140-900
E:guizd neck IMRT - - 360-510 -
VMAT - - 270-342 -
The session of radiation therapy
3D CRT - 320-420 - -
Prostate cancer IMRT 520-900 - 480-896 -
VMAT 360 - 360480 -
3D CRT - 350-512 - 720
Breast cancer IMRT 720-1080 - 990-1200 -
Gating VMAT 840-1020 - - -
3D CRT - 248-670 302-625 185-602
Lung cancer IMRT 480629 - 445-702 -
VMAT 390 - 340420 -
3D CRT - 720-900 - 260-1020
Eﬁgr:nd neck IMRT - - 410-692 -
VMAT - - 390471 -

The duration of the RT session directly
depends on the number of treatment fields of
irradiation [9]. Figure 4 shows the dependences of

—a— IDCRT —— INMET VMAT
w BOD -
,:J"' -4
E 600
o |
g 400 -
L i -
E o r
A Y’!,kki—i-”_’

0
2 3 4 L -] 9 10
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i |
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Cc

the radiation time for the considered localizations
on the number of irradiation fields for various RT

techniques.
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Figure 4 — Dependence of the patient's radiation time on the number of radiation fields for various methods of radiation
therapy: a — or patients suffering from prostate cancer; b — for patients with breast cancer; ¢ — for patients suffering from
lung cancer; d — for patients with head and neck tumours
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Flow diagram of a typical radiation therapy
session

The RT session on modern radiation devices
begins with the verification of the patient's
position according to the planned one [10].
Today, the RT uses two types of the patient
position verification: kV and CBCT. During kV-

verification two orthogonal images are taken and
then used to compare the patient’s position before
the RT session in two projections. During CBCT,
a volumetric computed tomography is built and
comparison is made over the entire volume of
tissues covered by the scanned area. Flow diagram
of a typical radiation therapy session is shown in
Figure 5.

Download Plan

kV

CBCT

kV/

Patient placement, Loading the
centering parameters of the
verification field No. 1
Setting the Setting the gantry
collimator angle <> angle

Setting the position of the

CBCT?

Patient placement, Download CBCT
centering Parameters
Setting the Setting the gantry
collimator angle angle

Setting the position of the

therapy table

Setting the parameters of
the x-ray machine

2D verification image acquisition

Loading the parameters of the verification field

\l/ No.2 \L

Setting the collimator Setting the gantry
angle angle

! !

Setting the parameters of the x-ray machine

2D verification image acquisition

therapy table

Setting the parameters of
the x-ray machine

Getting volumetric
verification image

Checking Patient Position

Position adjustment

¢
®
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| Loading the parameters of the first treatment field I

! !

Setting the collimator Setting the gantry
angle angle

Setting the position of
the therapy table

!

Setting parameters of a
radiation emitter

!

Patient radiation
treatment

‘ Loading parameters of the n-th treatment field I

! v

Setting the collimator Setting the gantry
angle angle

Setting the position of
the therapy table

|

Setting parameters of a
radiation emitter

}

Patient radiation
treatment

|

Exit of the patient from

the treatment room

Figure 5 — Flow diagram of a typical radiation therapy
session

As seen in Figure 5, some of the RT session
procedures run in parallel, which should be
considered while defining its time at the stage of
the patient dosimetric planning. Such procedures
comprise a patient positioning and loading of the
verification field or CBCT parameters, setting the
collimator and beam arm angle values.

Conclusion

Experimental measurements of the irradiation
session time parameters were taken for clinical
cases of irradiation of patients with localizations of

malignant neoplasms: prostate cancer, breast cancer,
lung cancer, head and neck tumours (more than 2000
individual measurements for three different medical
linear accelerators: "Clinac", "Unique", "Truebeam",
as well as the gamma-therapeutic apparatus
"Theratron".

The numerical values of the time spent for
3 groups of parameters of the irradiation session
have been established: mechanical parameters
of the radiation therapy apparatus, functional
characteristics of the systems for the implementation
of irradiation and parameters that directly depend on
the personnel involved in the irradiation procedure;
time dependences for mechanical parameters are
constructed.

The flow diagram is proposed for the procedures
of verifying the patient’s position on the therapeutic
table (two different techniques): the patient's previous
radiation and the radiation therapy procedures
themselves, which shows that a number of session
components can run in parallel to each other, hence
the time spent by the patient in the treatment room
can be optimized.

Using the obtained values of the time spent on
the implementation of various irradiation session
components, it is possible to imbed the mathematical
model that will determine in a preliminary manner
the duration of the irradiation session at the stage of
pre-irradiation preparation and choose the radiation
therapy technique bearing in mind the individual
parameters of the irradiation session in each specific
clinical case.
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