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Abstract

The treatment planning process includes a review of the radiation treatment plan which leads to a deci-
sion on the patient’s treatment technique. The scope of this study was to create a mathematical model for
calculating of a radiation therapy session duration during the pre-radiation planning stage.

For dosimetric planning of radiation treatment the authors provided a formula and an algorithm for de-
termining of a patient’s irradiation session duration. Radiation therapy session parameters such as radiation
technique, number of monitor units, characteristics of radiotherapy equipment, number of radiation fields,
radiation field parameters (angles of rotation of the radiotherapy coach, collimator, gantry), presence/absence
of dose-modulating devices, dose rate, and duration of patient position verification procedures have all been
taken into account during the development of software. The developed application explains how to define
typical timing characteristics for various items as well as how to select a template from a built-in drop-down
menu. If the dosimetric plan does not match for one of the templates, the program provides a space for defi-
ning of all parameters manually.

The anticipated deviations of the true indicators from the expected indicators of the duration of the ra-
diation therapy session were assessed. A total of 300 cases have been completely measured, with 100 cases
studied for each irradiation technique (IMRT, VMAT, 3D). The maximum detection confidence value for the
3DCRT irradiation technique is 2.3 %, while the deviation for the IMRT and VMAT irradiation techniques
is less than 1 %. The magnitude and degree of the deviation of the measured value from the expected one
for a variety of characteristics and features have been revealed to depend on the actions of the personnel.

The program developed allows medical physicists to analyze the timing parameters of the specified do-
simetric planning methodologies directly on the treatment planning workstation. Evaluation of the duration
of a radiation therapy session during the treatment planning stage, selection of various radiation treatment
modalities, and consideration of the characteristics of the radiation session in each clinical case are available
for analysis and further justified action.
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OueHka Npoao0JKUTEIbHOCTH CEaHCa JIy4eBOil Tepanuu
Ha JTale Npeay4eBoil MoAroTOBKH

M.H. IlerkeBuu, E.B. TutoBnu

PHIIL] onxonoeuu u meduyunckou paduonoeuu umenu H.H. Anexcanoposa,
aepozopoook Jlecrou 223040, Munckuii pation, Berapyco

Tlocmynuna 30.11.2021
Ipunama k nevamu 02.02.2022

AHanm3 rnyaHa Jy4eBOoro JeUSHHs SBIISETCS HEOThEMIIEMOH YacThIO IIPoIiecca MpeTydeBOH MOATOTOBKH,
B pe3ysbTaTe KOTOPOTrO MPUHUMAETCS PEIICHHEe O METOJMKE JIeueHHus maruenTta. L{enpro manHoi paboTe
SBIISTIACh Pa3pabOTKa MaTeMaTHYeCKOM MOJIENH OIpeNeeHNs] TMPOIOJDKUTEIFHOCTH CceaHca JIyd4eBOi
Tepanuy Ha dTarne MpeTydeBON O OTOBKH.

ABTOpaMHu TIpeAyioKeHbl (OopMyTa U ajJrOpuUTM pacuéra MPOAODKUTENBHOCTH CeaHca OO0IydeHUs
MaIeHTa Ha JTane JTO3UMETPUYECKOTo IJIaHMPOBAHMSA JIy4eBOTO JedeHus. Pa3paboTaHo mporpaMMHOe
obecrniedenne pacyéra MpoAOKUTEILHOCTH ceaHca 00yUeH s, YIUTHIBAIOIIee 3HAUCHUSI BCEX ITapaMeTpOB
ceaHca JIy4eBOW Tepamuu: METOJUKY OOy4eHHs, KOJINYECTBO MOHUTOPHBIX EIWHUI], XapaKTePHUCTHUKH
pasanoTepaneBTHYECKOT0 000pyI0BaHUs, KOJIWYECTBO PAJNAIMOHHBIX TTOJIEH, MapaMeTpsl Mmojien obiryde-
HUS (YTABl TIOBOPOTA PATUOTEPANIeBTUYECKOTO CTONA, KOJUIMMAaTopa, IITaTHBA ammapara), Hanudue/
OTCYTCTBHE J030MOJYJTUPYIONINX YCTPONCTB, MOIIHOCTH JO3bI, MPOJOKATEIBHOCTh BEPHUPHUKAIIH
MOJIOKEHUST TanueHTa. B mporpamMme TmpeaycMOTpeHa YCTaHOBKAa CTaHJAPTHBIX IapaMETPOB ILUIaHA
00TyUYeHHS IS Pa3IMYHBIX JIOKATH3AIMA 1 METOHK ITyTEM BBIOOpa KOHKPETHOTO I1a0JI0Ha U3 BBITIA IAI01Ie-
ro cmmucka. B cmydae, ecnm [O3WMETPUYECKHi IJIaH HE COOTBETCTBYET HHM OJHOMY U3 MIaOJIOHOB,
B IIpOrpamMMe MPeTyCMOTPEH BBOJ MapaMeTPOB IUIaHA BPYUHYIO.

IIpon3Benena oOIeHKa OTKIOHEHWH, pPACCUUTHIBAEMBIX pa3pabOTaHHOW MPOTPaMMON 3HAYEHHUH
MPOJIOJKUTEIBHOCTH CE€aHca JIydeBOM Tepanmuu OT WCTHHHBIX 3HaueHui. l3MepeHuss NpoBeAcHbI
st 300 ciydaes: mccnemoBanbl o 100 cimywaeB mis kaxmoil metomuku obmydenus (IMRT, VMAT,
3D). MakcuManbHOE BBISIBIEHHOE OTKJIIOHEHHE PAaCCUYMTAHHOTO 3HAYEHHUS OT UCTHMHHOTO cocTaBmio 2,3 %
st meronuku oomydenust 3DCRT, mns meroguk oOmyderwss IMRT ' VMAT oTKJIOHEHHWE COCTaBUIIO
MeHee 1 %. BrIsSBIEHO, 4TO ¢ YBETMYEHHEM KOJMYECTBA MPOIETYpP, HAMPSIMYIO CBA3aHHBIX C JICHCTBHUSAMHU
TepcoHasia, YBeTMYUBACTCS U BEIMYMHA OTKIOHEHHS PACCYUTAHHOTO 3HAUYEHUS C N3MEPEHHBIM.

Pa3zpaboranHoe nporpaMMHOe o0ecTiedeHre MO3BOJISET OIIEHNBATh BpEMEHHBIE TapaMeTPhl BRIOPAaHHBIX
MOJIXOJIOB JIO3MMETPUYECKOTO TUIAHUPOBaHHWS Ha paboueM MecTe MeAMnuHCKOTo (n3mka. OreHka
JUTNTEIHHOCTH CeaHca JIy4eBOW TepamuH Ha dTare MpeUTydeBON TOATOTOBKH CHOCOOCTBYET BBIOOpY
ONTHMAJIBHONH METOIUKH JIyYEBOTO JICYCHHSA C YYETOM HWHIAMBHAYAIBHBIX MAapaMeTpPOB ceaHca OOIydeHHS
B K&KJIOM KOHKPETHOM KJIMHHYECKOM CITydae.

KiroueBble ciioBa: ceanc o0iryuyeHHs, TUHEHHBIN YCKOPUTEIb, JIydeBas Tepanusi, BpeMEHHbIC XapaKTepH-
CTHKH.
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Introduction

Modern radiation therapy is not complete
without the use of high-performance computing
facilities [1, 2]. Thanks to the development of
computer technology, modern dosimetric planning
systems make it possible to model structures
within an anatomical object, radiation targets and
dose distributions, and to estimate their dose. Over
the past decade, computer planning systems have
been repeatedly improved by introducing of new
components into their structure which make it
possible to use a significant amount of input data at
the stage of pre-radiation preparation of a patient in
the generation of an irradiation plan [3]. Analysis
of the radiation treatment plan is an integral part
of the pre-radiation preparation process, on the
basis of which a decision is made including of the
patient's treatment method [4—7]. It is important to
assess the parameters influencing the quality of the
dosimetry plan since the safety and effectiveness
of the medical care provided to the patient depends
on it [8-9]. Nowadays the process of determining
of a radiation therapy session duration at the stage
of pre-radiation preparation is difficult [10]. The
authors did not identify methods and approaches
to determine of a radiation therapy session
duration at the stage of evaluating of a radiation
treatment plan, published in printed publications.
It should be noted that the possibility of assessing
of a radiation therapy session duration at the stage
of pre-radiation preparation will make it possible
to choose the optimal radiation therapy technique
taking into account the individual parameters of
the radiation session in each specific clinical case.

In this regard, the purpose of this work is to
develop a mathematical model for determining of a
radiation therapy session duration at the stage of pre-
radiation preparation.

Mathematical model of irradiation session

In [11] the authors established the time charac-
teristics of the radiation session components, which
have a dominant influence on its duration and pro-
posed an algorithm that allows determining the du-
ration of radiation treatment of cancer patients de-
pending on the use of different radiation therapy
techniques and tumor localizations. In [12] the au-
thors established the numerical values of dominant
components of radiation therapy session for each of
the most used in clinical practice of the Department

of Radiation Therapy of N.N. Alexandrov National
Cancer Centre of Belarus.

Based on the results obtained in [11] and [12],
the components of a radiation therapy session that
directly influence its duration are: laying the patient
and centering in the position prescribed for irradia-
tion, setting the required mechanical parameters of
the gas pedal under visual control from the procedure
room, setting/removing wedge filters, time spent on
the process of preparation for irradiation generation,
verification of the patient position, initializing the
gas pedal with irradiation parameters, relevant.

Let us introduce the notation of time parameters
for each of the procedures, which will be taken into
account when determining the total time of the radia-
tion therapy session:

T,,, — radiation therapy time;

1, — laying the patient and centering in the pre-
scribed position for the irradiation;

t,, — setting the necessary mechanical para-
meters of the gas pedal under visual control from the
procedure room;

t;; — installation/removal of wedge filters;

t,m — turning on the irradiation;

t,., — patient position verification;

t,,; — initialization of the gas pedal with irradia-
tion parameters relevant to the second and subse-
quent treatment fields;

t,,; — rotation of the therapeutic table;

t,,, — rotation of the tripod;

a
til, — rotation of the collimator;
l;y r—time ofirradiation of one irradiation field;
t,, — time of irradiation of the patient;
13, — patient out of the treatment room.
To describe a mathematical model of a radiation
therapy session, the authors proposed the following

formula (1):

Tyes = Lpl + lser + tﬁl + ln  tyer + tinit_l +
+tirr_f1 + tﬁl_z + tturn_z T lipit 2+
(1

+ttbl_2+tgan_2+ tcoll_2+ tirr_f2+ et

+tﬁl_n Y lurn n 7t tinit 0t bl nt

tloan nt leoll nt brr fut fin-

Using the proposed formula, it is possible to es-
timate the radiation therapy session time at the stage
of dosimetric treatment planning.
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Software

To estimate the duration of the irradiation ses-
sion in accordance with the chosen approach of dosi-
metric planning at a medical physicist’s workplace, a
computer program was developed, the mathematical
algorithm of which is based on the proposed formu-
la (1). Figure 1 shows the interface of the program
for calculating the duration of the irradiation session
according to the three-dimensional conformal irra-
diation technique (3D CRT).

The program algorithm is shown in Figure 2.

‘ Launching the Program ‘

Enter parameters

Calculation of the duration of the irradiation session

Fields
Templates Machine A
Field 1 =
[30prostate  [+] [Triogyix Bl | coucn Rotation [deg] 0
Enter parameters manually Callimator Rotation [deg] 0
Gantry Rotation [deg] 1]
Number of fields 2
MU 185
Technique [ Wedge
30 OIMRT OJVMAT
Field 2
Dose Rate 300 MU/min Couch Rotation [deg] 4]
Collimator Rotation [de
Patient position verification (deg] 20
Gantry Rotation [deg] 180
8 min 11 sec MU 191
[[] Wedge
v

Figure 1 — Interface of the computer program for calcula-
ting the duration of an illumination session

NO

manually?

Number of fields (N)

|

Creation of N irradiation fields in the
"Fields" menu

|

Select of irradiation technique

Is IMRT
selected?

Is 3D
selected?

‘ Selecting a template ‘

!

‘ Loading template parameters ‘

!

| Entering MU for all fields }‘

VMAT ‘

Entering parameters for N fields:

- Couch Rotation, deg

- Collimator Rotation, deg
- Gantry Rotation, deg
-MU

- Wedge

Entering parameters for N
fields:

- Couch Rotation, deg

- Collimator Rotation, deg
- Gantry Rotation, deg

Entering parameters for N fields:
- Couch Rotation, deg
- Collimator Rotation, deg
- Gantry Rotation (Start and
Stop Angle), deg

U

——

Consideration of the
duration of verification

Figure 2 — Program algorithm

-MU \I/

Machine selection

!

| Loading machine parameters ‘

|

| Entering Dose Rate ‘

Verification
planned?

)

-

Calculation

—f

Displaying the result
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The computer program provides for setting stan-
dard parameters of the irradiation plan for different
localizations and techniques by selecting a specific
template from the drop-down list. After selecting a
particular template, the parameters of the radiation
treatment plan are automatically loaded, and then the
number of monitor units for each radiation field must
be entered. If the dosimetric plan does not corre-
spond to any of the templates, the program provides
the possibility to enter the plan parameters manually.
In this case it is necessary to enter the required num-
ber of radiation fields in the area “Number of fields”
and select the irradiation technique (3D, IMRT or
VMAT), then enter the parameters of each field in
the corresponding cell: table rotation angle, collima-
tor rotation angle, tripod rotation angle, number of
monitor units (MU) and presence of wedge-shaped
filter if it is provided by the patient’s radiotherapy
plan. Then you select the model of the radiation the-
rapy unit in the “Machine” menu, and then the ne-
cessary parameters of the selected unit are automati-
cally loaded. Then in the “Dose Rate” area the dose

25k

[ 3]
1

(=
wn
1

—_
1

e
W
|

rate is specified. In case of implementing a radiation
treatment plan with patient position verification the
checkbox “Patient position verification” is set. After
setting all parameters of the radiation treatment
plan, the duration of the radiation session “Cal-
culate” is calculated, the result of the calculation
is displayed in the corresponding cell.

Research results

The authors analyzed the data obtained by ap-
plying the developed software to determine the
duration of the radiation session. The analysis was
carried out by comparing the data obtained using
the developed computer program with the true data
measured in real time during the radiation therapy
session. Measurements were made for 300 cases:
100 cases for each irradiation technique (IMRT,
VMAT, 3D) were studied. Figure 3 shows a graph
showing the effect of the duration of the radiation
session on the deviation of the calculated values
from the true values.

The deviation of the calculated
value from the true value, %

)
I

I1.2

13.6 15

Irradiation session duration, x100s

Figure 3 — Influence of irradiation session duration on the deviation of calculated values from true values for 3DCRT,

IMRT and VMAT irradiation techniques

The maximum detected deviation of the calcu-
lated value from the true value was 2.3 % for the
3DCRT irradiation technique; for the IMRT and
VMAT irradiation techniques the deviation was less
than 1 %. The average deviation was 1.3 % for the
3DCRT technique and 0.4 % for IMRT and VMAT.
It was found that with an increase in the number of
procedures directly related to the actions of the per-
sonnel, the deviation of the calculated value from
the measured one also increases. This is due to the

different physical characteristics of the person
involved in the implementation of the radiation
therapy session.

Conclusion

The authors have proposed a formula for calcu-
lating the time of an irradiation session of patients at
the stage of dosimetric planning of radiation treat-
ment. Using this formula makes it possible to take
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into account the time spent on procedures that make
up a radiation therapy session, and thus minimize
the probability of an error in the planned dose deli-
very related to the mobility of internal organs and
biological processes of the irradiated biological
object. Application of the approach focused on re-
ducing the time cost of the radiation therapy session
will also increase the throughput of radiotherapy
equipment and in some cases reduce its wear and tear.

An algorithm for calculating the duration of a
radiotherapy session is proposed. Software is deve-
loped which allows to estimate the time parameters
of the selected dosimetric planning approaches at the
medical physicist’s workplace.

Deviations of the calculated values of radiation
therapy session duration by means of the developed
program from the actual values were evaluated. The
maximum deviation of the calculated value from the
true value is 2.3 % for 3DCRT technique, for IMRT
and VMAT techniques the deviation was less than
1 %. The average deviation for the 3DCRT tech-
nique was 1.3 %, and for the IMRT and VMAT tech-
niques was 0.4 %.
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