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Abstract

Objective: To compare the modulation complexity scores across treatment sites, and to examine their connection
with monitor unit, segment number and global and local gamma passing percentage.

Method: The cross-sectional study was conducted at the Baghdad Centre for Radiation Therapy and Nuclear
Medicine, Baghdad Medical City, Baghdad, Irag, from May 2021 to February 2022. Included were 34 patients, with
the age range between 20 — 50 years, subjected to intensity-modulated radiation therapy for head and neck
tumours in group A or pelvic tumours in group B. Treatment planning was done using Monaco 5.1, and radiotherapy
was done using Synergy linear accelerator. Modulation complexity scores were calculated using MATLAB 2019a.
Data was analysed using SPSS 24.

Results: Of the 34 patients, 22(64.7%) were in group A; 12(54.5%) males and 10(45.5%) females. There were
12(35.3%) patients in group B; 8(66.7%) females and 4(33.3%) males. The number of segments was greater in group
B than group A. A modest positive linear association was seen in group A, demonstrating that an increase in
segment numbers resulted in a rise in modulation complexity score (R2=0.0244). Group B tumours had inverse
negative linear correlation (R2=0.0189). As the complexity of plans increased in group A, local gamma passing
percentage decreased (R2=0.0452). Group B showed a slight negative connection with modulation complexity
score (R2=0.0622).

Conclusion: The modulation complexity score may be used to provide a simple prediction for pre-treatment
verification, and it may also serve as a simple quality assurance tool for intensity-modulated radiation therapy plans.
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Introduction

Radiotherapy is a treatment with ionizing radiation that
can destroy the carcinogenic cells' deoxyribonucleic acid
(DNA). In contrast, non-cancer cells are capable of
repairing the damaged DNA. The enhanced reproductive
status in which cancerous cells are present can reduce
their ability to replicate small amounts of DNA damage.
Radiation therapy (RT) aims at focussing the radiation to
ensure that the targetted area receives sufficient dose to
kill the cancer cells and yet maintain a minimum degree of
safety in the anatomical structures around them1-3.

A linear accelerator treats deep and superficial tumours
using ionizing radiation (X-ray photons or electrons)45.
The treatment planning system (TPS) is a key element of
external therapy with beam radiation. TPS is used to
develop beam plans, energy field sizes, fluence patterns
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and modifications that provide the best dosage delivery
for treatment and reduce the dose to healthy tissues®.

Intensity-modulated radiation treatment (IMRT) employs
standardised beam intensities to maximise the dosage
delivered to the tumour while minimising the risk of
normal tissue complications’. The modulation has been
designed to optimise the efficacy of a treatment plan,
thus reducing the dosage to organs at-risk (OARs), which
are normal critical structures, by providing the expected
prescribed dose to the target. However, this optimisation
process may lead to excessively modulated areas that
increase the beam time and are much more difficult to
deliver8?, IMRT step-and-shoot (SS) approach, also known
as stop-and-shoot or segmental, is a way of delivering
IMRT with fixed beams that are based on multileaf
collimator (MLC). In SS-IMRT, the patient's treatment is
done by many fields (beams). The gantry is not rotating
through irradiation. Therefore, any collimator is a subfield
or segment by a fractional weighted summation from all
subfields, and the desired intensity pattern is produced.
Before treating the patient, there is a need to ensure that
the prescribed dose gets delivered to the patient. So,
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quality assurance (QA) is required to ensure consistency
of the medical prescription and safe fulfilment of that
prescription’011, A cylindrical four-dimensional (4D)
phantom device, OCTAVIUS (PTW, Freiburg, Germany)
used a 1500 detector to evaluate the QA process213, It
used as a tool to show the agreement between the
measured and calculated dose, called the gamma (y)
index. The index is one of the most common
measurements used for testing complex RT distribution,
and volumetric modulated arc radiation therapy (VMAT)
1415, OCTAVIUS 4D detector used to examine the amount
of distributed dose acquired from the TPS as a reference
dose compatibility with the dose distribution acquired
from the phantom detector (measured dose) during a QA
procedure’é7, It primarily uses two parameters: dosage
differential (D) in percentage, and distance to the
agreement (DTA) in millimetres (DTA). These two
parameters are used to normalise their respective
tolerance values to the dose and distance metrics'.

The modulation complexity score (MCS) is an integration
of two contributions to the complexity of segments in the
plan. The MCS uses a fixed 0-1 range, and, unlike the other
indicators of complexity, is defined to increase complexity
by lowering the MCS value. When MCS value is 1, it does
not mean a modulation, and the mean MCS value for a

treatment site always decreases with greater complexity
18

The current study was planned to compare the MCSs
across treatment sites, and to examine their connection
with monitor unit (MU), segment number and global and
local gamma passing percentage (%GP).

Materials and Methods

The cross-sectional study was conducted at the Baghdad
Centre for Radiation Therapy and Nuclear Medicine,
Baghdad Medical City, Baghdad, Iraq, from May 2021 to
February 2022. Approval was obtained from the ethics
review committee of the College of Medicine,
Mustansiriyah University, and the College of Medicine Al-
Nahrain University, Irag. The sample was raised using
convenience sampling technique. Those included were
patients between 20 and 50 years, undergoing IMRT for
head and neck (H&N) tumours in group A and pelvic
tumours in group B. Informed consent was obtained from
all the participants, and those not willing to volunteer
were excluded.

Treatment planning was done using Monaco 5.1
manufactured by Elekta, Sweden. The patients were
irradiated with 6MV or TOMV X-ray beam using Synergy
linear accelerator (Elekta, Sweden). Treatment planning
data was applied using Octavius 4D detector (PTW,
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Freiburg, Germany) equipped with an engine that read
the inclinometer's output and could spin in lockstep with
the portal of medical linear accelerator (LINAC) (Elekta,
Sweden).. Calculations of the gamma index were done
using Verisoft 7.1, which is used to create and analyse
IMRT plans. The percentage of gamma plan % GP criteria
was used to determine the absorbed dose distribution
(DD/DTA) and it was 3%/3mm with a level of 5%. The MCS
was used to evaluate the precision of pre-treatment IMRT
planning. The information of MLC and radiation beam
data was recorded using the MATLAB 2019a programme
to use its code for calculating the MCS for each beam, and
then for all the plans.

Data was analysed using SPSS 24. The significance of the
difference between mean quantitative values was
examined using the students' test or the unpaired test, as
appropriate. Spearman Rho correlation test was also used
when needed. A scatter distribution curve for correlation
was also employed. P<0.05was considered statistically
significant.

Results

Of the 34 patients, 22(64.7%) were in group A; 12(54.5%)
males and 10(45.5%) females. There were 12(35.3%)
patients in group B; 8(66.7%) females and 4(33.3%) males.
The number of segments was greater in group B than
group A (Table 1).

Table-1: The relationship of MCS with the number of segments and rhe local gamma
passing percentage (%GP).

a. the No. of Segments

Site of The Treatment Mcs No. of Segments
H&N 0.48 +£0.12 51.21£30.86
Pelvis 0.65+0.18 52.84 £16.6
All cases 0.55%0.16 51.83+26.19
b. MCS with The Local %GP

Site of The Treatment McS Local %GP
H&N 0.48 +£0.12 89.634 + 8.524
Pelvis 0.65+0.18 88.954 +3.877
All cases 0.55%0.16 89.401+£7.210

H&N: Head and neck, MCS: Modulation complexity score.

A modest positive linear association was seen in group A,
demonstrating that an increase in segment numbers
resulted in a rise in MCS (R2=0.0244). Group B tumours
had inverse negative linear correlation (R2=0.0189).
(Figure 1).

As the complexity of plans increased in group A, local
%GP decreased (R2=0.0452), while group B showed a
weak correlation (R2=0.0622) (Figure 2).
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Figure-1: The relationship between modulation complexity score (MCS) and the number of segments in the head and neck (H&N) (a) and pelvis (b) groups.
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Figure-2: The relationship between the modulation complexity score (MCS) and local gamma passing percentage (%GP) in the head and neck (H&N) and pelvis (b) groups.

Discussion

The current study, to our knowledge, is the first to
correlate the MCS value with local %GP for IMRT plans.
The study showed that the number of segments for pelvis
plans was higher than that of the H&N. Also, there was a
limited or no correlation between the MCS and the
number of segments for H&N and pelvis plans. So, it is
recommended to lower the number of segments when
making IMRT plans for the pelvis to make it simpler. A
study'® found a higher number of segments in H&N than
the pelvis with IMRT plans, and the plan with a lower
mean value of complexity had a higher number of
segments. McNiven et al.’® agreed with the current results
as they found no or limited correlation between the pelvis
and H&N plans, with fewer segments for the pelvis.

Park et al.2' studied the correlation between MCS values
and local %GP with VMAT and noted a significant
correlation between MCS and local %GP with 3%/3mm
criteria.

Limitations. The current study has limitations as the
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sample size was not calculated which could have affected
the power of the study.

Conclusion

The MCS may be used to provide a simple prediction for
pre-treatment verification, and it may also serve as a
simple quality assurance tool for IMRT plans.
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