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Introduction

A brain tumor, often called an intracranial tumor, is an 
unusual growth of tissue that forms from the cells inside the 
brain. In 2020, Global Cancer Observatory (GLOBOCAN) 
reported 308,102 new brain cases, along with 251,329 
related deaths. The Indian Council of Medical Research 
(ICMR) found in 2021 that brain tumors represented 1.6% 
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of all cancer cases in the country [1]. Brain tumors are 
uncommon and have a poor prognosis overall [2]. In up to 
30% of adult cancer patients, brain metastases are common 
[3]. They are typically induced by cancer located primarily 
in the lung, breast, or gastrointestinal tract, which can lead 
to a high mortality rate [4]. 

Following a tumor diagnosis, various treatment 
methods are employed to address brain metastases (BM), 
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including surgical resection, radiation therapy (RT), and 
concurrent or adjuvant chemotherapy that make up the 
standard of care [4–6]. Stereotactic radiosurgery (SRS), 
whole brain radiation therapy (WBRT), stereotactic 
radiotherapy (SRT), intensity modulated radiation therapy 
(IMRT), volumetric modulated arc therapy (VMAT), and 
dynamic conformal arc therapy (DCAT) are the forms of 
RT used to treat BM [4, 7, 8].

SRS and SRT aim to improve tumor management 
with reduced neurocognitive impairment. SRS involves a 
single, high dose of radiation, providing local control and 
comparable tumor control rates to surgery. SRT follows the 
same guidelines but is fractionated. SRS is recommended 
for patients with lesions up to 3-4 cm in diameter and 1 to 
4 BM. This is basically for effective local control and to 
lower the risk of radiation necrosis, which rises with tumor 
volume [3, 9–11]. SRS delivers radiation that is highly 
conformal to the lesion and has a quick dose fall-off at 
the treatment volume’s edge [12]. It may prolong survival 
and prevent the need for invasive surgery in patients with 
a single small lesion while maintaining local control 
[13]. Brain tumors can be shrunk, and the tumor cells 
are killed by radiation therapy, which uses X-rays and 
gamma rays [5].

The use of a thermoplastic cranial mask immobilization 
system for the frameless treatment delivery has essentially 
superseded traditional frame-based radiosurgery for BM 
with the introduction of linear accelerators (LINACs) with 
image-guided radiation therapy (IGRT) capability [11, 14]. 
LINAC-based SRS has become more sophisticated with its 
capability to utilize IMRT and VMAT techniques, offering 
the potential for enhanced organs-at-risk (OAR) sparing 
[15]. When it comes to delivering SRS with a LINAC, 
the standard approach is to use DCAT with non-coplanar 
beams [9]. This method makes it possible to achieve a 
plan quality on LINACs that is similar to robotic methods 
[10]. However, due to advancements in RT devices, many 
institutions have come to favor VMAT. Using inversed 
planning methods, VMAT allows for the adjustment of 
target conformity, dose gradient, and doses to OARs [4, 9]. 

In the past 15 years, multileaf collimators (MLCs) 
have developed in relation to both field size and the width 
of their individual tungsten leaves. It seems reasonable 
to presume that reducing MLC leaf width could have an 
effect on target dose conformity and/or the steepness of 
the dose gradient [16, 17]. One such device, designed to 
improve conformity to the target, is an externally attached 
additional collimating device with a micro-multileaf 
collimator (mMLC) [18]. These are typically add-on 
devices that are used with non-dedicated LINAC units 
[19]. The mMLC has a high-resolution collimation system 
with a width of 2.5mm at the isocentre [20].  Elekta’s 
latest mMLC model is apex, designed to attach to the 
LINAC head for use in SRS and SBRT. Weighing 50 kg, 
the apex is made up of 56 pairs of tungsten alloy leaves 
with a nominal width of 2.5mm at the isocenter, allowing 
for a maximum field size of 12 cm x 14 cm. The leaf 
design features a double focus and lacks a tongue-and-
groove structure [21]. This would facilitate the delivery 
of a conformal radiation dose to the tumor with a steep 
dose gradient beyond the tumor, thus better sparing the 

surrounding normal tissues [20].
Since LINACs with fine MLC leaf widths (4 to 5mm 

leaf width at isocenter) are now commonly available, 
clinically acceptable treatment plans for SRT may be 
achievable without the need for extra devices, which 
increase treatment setup time and require additional 
commissioning [19]. Our current delivery platforms with 
5mm MLC can generate clinically acceptable plans for 
most SRS cases. While plans can be enhanced further 
with 2.5mm MLC for planning target volume (PTVs)<1cc, 
but there are concerns regarding the practicality of using 
an add-on apex device [22].  More recent advancements 
in high-dose flattening filter-free (FFF) beams have 
substantially decreased the likelihood of patient mobility. 
As a result, the FFF-VMAT LINAC therapy modality is 
now a practical instrument for carrying out SRT [23]. The 
mMLC and FFF beams are two examples of the consistent 
advancements in LINACs during the last ten years. It 
makes sense that these developments should result in a 
notable improvement in dosimetry when combined with 
VMAT [24].

Although apex for SRS/SRT planning gives good 
dose distribution, it also has technical issues with mMLC 
and gantry calibration, the fixing of which extends the 
treatment’s overall duration. Also, there is a disadvantage 
of reduced clearance between the patient and collimator, 
which limits the utilization of non-coplanar beam 
directions [20]. If a plan with excellent output is available 
with agility-based (5mm MLC) VMAT-FFF photon 
beam energy, then the treatment duration is expected 
to be reduced compared to apex-based delivery. Hence, 
this study aimed to compare SRS/SRT treatment plans 
performed with apex (2.5mm mMLC) and agility (5mm 
MLC), using 6MV VMAT-FFF radiation beams to check 
the tumor coverage and dose to the OARs.

Materials and Methods

Patient selection
Thirty patients were prospectively considered for 

the study after approval from the Institutional Ethics 
Committee, Kasturba Medical College and Kasturba 
Hospital, Manipal Academy of Higher Education 
Manipal (IEC427-2021, approved on 8th August 2021) 
and Clinical Trials Registry, India (registration number 
CTRI/2021/11/037842 approved on 8th November 
2021). The population included patients with BM having 
a median age of 58 years (35y to 75y) who were treated 
in the year between 2021 and 2024 at our institute. The 
selected 30 patients were grouped into five categories 
based on the dose to be delivered to the patient with six 
patients in each group. The dose delivered in groups I, 
II, III, IV, and V were 16Gy/1fraction (Fr), 18Gy/1Fr, 
20Gy/1Fr, 24Gy/1Fr, and 25Gy/5Fr respectively. The 
eligibility criteria for the patient selection were based on 
the guidelines given for SRS/SRT [25].

Patient Immobilization and Contouring
A Fraxion patient-specific cranial immobilization 

system (Fraxion, P10106-103, Elekta) including a 
computed tomography (CT) adaptor, tabletop adaptor, 
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treatment plan was implemented using the same gantry 
couch combinations as with apex. The Monte Carlo (MC) 
algorithm was used for optimization purposes. Multiple 
optimizations in both techniques were performed to 
achieve the prescribed tumor dose and to bring the dose 
to the OARs within the given limits. The treatment plans 
were prescribed to the 80% isodose line.

Plan evaluation
The treatment plans performed using mMLC and 

agility were compared using Monaco TPS. The quality 
of the treatment plans was checked using quality indices 
such as target coverage (TC), conformity index (CI), 
homogeneity index (HI), gradient index (GI), selectivity 
index (SI) and organ at risk (OAR) doses. CI was 
calculated using the formula TV PIV 2/ (TV × PIV). 
Here, TV is the target volume, and PIV is the prescription 
isodose volume. The ideal value for CI is 1. As the value 
of the CI decreases from 1, the quality of the plan also 
decreases. A value greater than 1 indicates that the tumor 
volume is over-irradiated, and a value less than 1 indicates 
a reduction in the dose to the target volume. The HI 
was calculated as the ratio of the maximum target dose 
to the prescribed dose. The ideal value for HI is 1. GI 
was calculated using the formula PV 50%/PIV. PV 50% 
represents 50% of the prescribed dose covered by the 
patient volume. The smaller the GI value, the steeper the 
dose gradient. If multiple targets are close to each other, 
then combined GI will be performed for the lowest dose 
prescribed target in the patient. A clinically acceptable plan 
will have a lower GI value, higher CI value, and higher TC 
(>95%). Such a plan will provide better tumor coverage 
and maximum sparing of the normal brain [32,33]. The 
coverage ratio (CR) was also calculated using the formula 
Coverage ratio = VPTV100% /PTVvol where VPTV100%  
is the volume of the PTV receiving 100% of the prescribed 
dose and PTVvol is total volume of the PTV. The SI was 
calculated using the formula VPTV100%/VBody100%, 
where VBody100% is the volume of the patient’s body 
receiving 100% of the prescribed dose [22, 34, 35].

Statistical Analysis 
Descriptive statistics was used to describe the data 

using Jamovi 2.3.26 [36] statistical analysis software. The 
data’s normality was determined using the Shapiro-Wilk 
test. Since they were found to be not normally distributed, 
median=mean and standard deviation=interquartile range 
(IQR)/1.35 were recorded for the continuous variables. 
The Mann-Whitney U test and multivariate ANOVA were 
used to find the difference between the two techniques with 
different parameters. One-way ANOVA was performed 
to find the difference between the parameters of the six 
groups having different dose fractionations. A statistically 
significant difference between the variables was defined 
as p<0.05. 

Results

For all the selected thirty brain targets, the mean 
percentage dose covered by 100% and 95% of the 
PTV volume in the Apex-based plan was 94.16±3.05 

vacuum cushion, thermoplastic mask, and Fraxion 
stereotactic frame was used to immobilize the chosen 
patients. Fraxion’s vacuum cushions are specifically 
utilized as headrests for patients, offering repeatable 
treatment setup and accurate head alignment. Every 
cushion was customized for every patient and utilized 
during the course of therapy [26]. A thermoplastic mask 
was used to immobilize the patient. The patient’s CT 
image with a slice thickness of 1mm was acquired with 
the Fraxion stereotactic frame and marking sheet. A 
stereotactic frame was used to locate the tumor in SRS/
SRT. It has three Z-shaped radiopaque markers that are 
visible in the axial cut CT image as nine dots that act as 
fiducials for the identification of the target coordinates. 
The marking sheet has three coordinates, x, y, and z, which 
are used to locate the tumor in the coordinate system. 
This makes it convenient to position patients according 
to the treatment isocenter. The acquired CT images were 
exported to the Monaco 5.11.03 treatment planning system 
(TPS). Magnetic resonance imaging (MRI) is considered 
superior to CT in soft-tissue discrimination of the brain. 
The rigid image registration was carried out between MRI 
(Philips Achieva, 1.5 Tesla) and CT (Philips, Brilliance 16 
Big Bore) and mapping of the structures was performed 
to avoid any misinterpretation.  For registration purposes, 
T1-weighted fluid-attenuated inversion recovery (FLAIR) 
MRI images with contrast enhancement and T2-weighted 
FLAIR MRI images were utilized. Following image 
registration, the gross tumor volume (GTV), PTV (GTV 
plus 1 to 2 mm margin in all dimensions), and important 
anatomical organs, including the normal brain, optic 
nerves, optic chiasma, brainstem, eyes, lens, cochlea, etc., 
were delineated [10, 27].

Treatment Planning
The selected cases were planned using SRS/SRT 

treatment techniques following the dose constraints and 
the guidelines [25, 28–30] using the Monaco 5.11.03 
(Elekta, 2016) TPS. Two plans were made for every 
patient. The first plan was generated with the DCAT 
technique using 6MV-FFF photon beam energy using apex 
mMLC (2.5mm). The mMLC is an additional attachment 
to the collimator of the Elekta Versa high-definition (HD) 
LINAC consisting of mMLC with a 2.5mm width at 
the isocenter. This high-resolution collimating device is 
especially used for SRS treatment delivery to facilitate 
conformal dose distribution around the tumor. The 
maximum field size provided by the mMLC is 12 cm 
× 14 cm [31]. The isocenter was placed at the center of 
the target volume. The number and direction of the arcs 
were chosen based on the location of the tumor. Couch 
movement was restricted in some cases, wherever it was 
practically impossible to move the gantry with the apex 
to reduce the risk of collision of the gantry with the couch 
and patient. The LINAC has an inbuilt MLC with a 5mm 
width at the isocenter, which is also called Agility. The 
second SRS/SRT treatment plan was performed with 
VMAT technique using 6MV-FFF photon beam energy 
with Agility MLC (5mm). The gantry, collimator, and 
couch angles were determined based on the tumor 
location and kept constant in both treatment plans. The 
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and 99.51±0.49, and in the Agility-based plan, it was 
95.52±2.34 and 98.89±1.11, respectively. The mean 
percentage dose covered by 100% and 95% of the 
GTV volume in the Apex-based plan was 98.81±1.61 
and 99.96±0.11, and in the Agility-based plan, it was 
99.47±0.87 and 99.88±0.26 respectively. This means 
that there is no significant difference in terms of PTV 
and GTV coverage in the two planning techniques. 
Agility with 5mm MLC width at the isocentre provides 
equivalent target coverage similar to apex 2.5mm mMLC. 
This indicates that with respect to the target coverage, 
both planning techniques can provide excellent dose 
distribution to the tumor volume. The coverage ratio was 
also calculated using the above-mentioned formula, which 
is 0.94±0.03 and 0.94±0.05 in apex vs. agility-based plans. 
Although no significant difference was found in the tumor 
coverage between the two techniques, the agility-based 
plans show superiority in the PTV and GTV coverage 
(Figure 1, Table 1).      

The quality indices such as CI, HI, GI and SI were 
calculated using the formula explained in the methodology 
section. The CI values for apex and agility-based plans 
were 0.77±0.07 and 0.79±0.06 respectively. No significant 
difference was found in the CI among the two techniques 
as the p-value is >0.05.  HI for apex plans was 1.13±0.05, 
and agility was 1.23±0.05 with a p-value less than 0.001 

which shows the difference in HI between both planning 
techniques as the effect size is close to 0.8. The value of HI 
indicates that the HI is superior in the apex plan compared 
to agility plans. The GI in the apex and agility plans 
were 4.89±1.31 and 4.37±1.18 and the overall CR was 
0.94±0.03 and 0.94±0.05 in apex and agility-based plans, 
respectively, having no significant difference between 
them. The hot areas or the hot spots were measured from 
107% to 125%. There was a significant difference found 
in the hot regions inside the GTV between the apex and 
agility-based plans. Agility-based plans provided more hot 
areas compared to apex-based plans. The mean 125% hot 
areas in apex plans were zero, whereas in agility plans, 
it was 1.04±2.47 with a p-value less than 0.001, and the 
volume receiving 125% dose was 0.21±0.63cc (Table 1).  

The low dose volumes were calculated in terms of 
PV50%, PV30%, and PV20%, where PV is the patient 
volume receiving 50%, 30%, and 20% of the prescribed 
dose. This is one of the major criteria that was noted 
down basically to consider the amount of spillage outside 
the PTV volume. In this study, there was no significant 
difference in the lower dose spillage in apex and agility 
plans with a p-value greater than 0.05. Also, it can be noted 
that the overall spill area outside the PTV volume was 
lower in agility-based plans which can give the assurance 
that it is possible to reduce the spill with agility (Table 1) 

Parameter Technique (Mean±SD) p-value
Apex Agility

Conformity Index (CI) 0.77±0.07 0.79±0.06 0.15
Homogeneity Index (HI) 1.13±0.05 1.23±0.05 < .001
Gradient Index (GI) 4.89±1.31 4.37±1.18 0.096
Selectivity Index (SI) 0.82±0.08 0.83±0.07 0.582
Coverage Ratio (CR) 0.94±0.03 0.94±0.05 0.075
PTV 100% 94.16±3.05 95.52±2.34 0.076
PTV 95% 99.51±0.49 98.89±1.11 0.022
GTV 100% 98.81±1.61 99.47±0.87 0.107
GTV 95% 99.96±0.11 99.88±0.26 0.011
PTV 107% 44.96±20.24 75.32±10.99 < .001
PTV 107% (cc) 5.15±5.04 8.88±7.49 0.028
PTV 110% 19.88±18.13 58.68±19.15 < .001
PTV 110% (cc) 2.32±3.23 7.29±7.03 < .001
PTV 115% 3.01±6.29 30.17±22.94 < .001
PTV 115% (cc) 0.47±1.10 4.06±5.71 < .001
PTV 120% 0.01±0.04 9.98±14.52 < .001
PTV 120% (cc) 0.002±0.01 1.75±3.44 < .001
PTV 125% 0±0 1.04±2.47 < .001
PTV 125% (cc) 0±0 0.21±0.63 < .001
PV 50% (cc) 53.75±40.11 45.74±30.92 0.478
PV 30% (cc) 122.36±90.27 116.46±80.93 0.889
PV 20% (cc) 222.75±168.41 206.18±134.45 0.924
Max Target Dose (Gy) 23.42±3.94 25.36±4.57 0.037

* Here the median and IQR (Interquartile range) is converted into Mean ± SD; Mean, Median; SD, IQR/1.35.; PTV, Planning Target Volume; GTV, 
Gross Tumor Volume; PV, Patient Volume

Table 1. Target Dose and Quality Indices Calculated for the Plans Performed Using Apex Micro-Multileaf Collimator 
(mMLC) (2.5mm) and Agility Multileaf Collimator (MLC) (5mm) 
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Organ at Risk Dose in Gy Technique (Mean±SD) p-value
Apex Agility

Rt Optic Nerve (0.1cc) 0.54±0.61 0.50±0.73 0.404
Lt Optic Nerve (0.1cc) 0.68±0.83 0.65±0.89 0.663
Optic Chiasm (0.1cc) 0.93±1.10 0.84±1.12 0.569
Lt Cochlea (Mean) 3.37±5.19 2.96±4.40 0.767
Rt Cochlea (Mean) 5.42±8.09 5.21±8.25 0.728
Brainstem (0.1cc) 9.03±8.31 8.91±8.57 0.773
Whole Brain-PTV D10cc 14.35±4.86 13.05±3.89 0.314
Whole Brain-PTV D50% 0.24±0.33 0.20±0.37 0.036
Whole Brain-GTV D10cc 15.49±5.14 14.40±4.42 0.423
Whole Brain-GTV D50% 0.20±0.13 0.15±0.12 0.024
Rt Lens (0.1cc) 0.27±0.37 0.29±0.54 0.559
Lt Lens (0.1cc) 0.34±0.43 0.30±0.37 0.61
Rt Eye (0.1cc) 0.63±0.68 0.79±1.04 0.802
Lt Eye (0.1cc) 0.70±0.73 0.82±0.99 0.929
Spinal Cord (0.1cc) 1.38±4.56 1.29±4.19 0.668
Skin (0.1cc) 9.05±5.73 9.41±5.01 0.485
Total MU 2271.15±889.64 4017.13±1633.96 < .001

Figure 1. Comparison of Dose Distribution in Apex Micro-Multileaf Collimator (mMLC) (2.5mm) based dynamic 
conformal arc therapy (DCAT) plan (Left) with Agility multileaf collimator (MLC) (5mm) based volumetric 
modulated arc therapy (VMAT) plan (Right) with 6MV flattening filter-free (FFF) beam. 125% of the prescribed dose 
(16Gy/1Fraction),    1 0 0 % ,      9 5 % ,     50%

* Here the median and IQR (Interquartile range) is converted into Mean ± SD; Mean, Median; SD, IQR/1.35; PTV, Planning Target Volume; GTV, 
Gross Tumor Volume; PV, Patient Volume 

Table 2. Organ at Risk Doses (OAR) and Total Monitor Units (MU) Calculated for the Plans Performed Using Apex 
Micro-Multileaf Collimator (mMLC) (2.5mm) and Agility multileaf collimator (MLC) (5mm)  

without affecting the tumor coverage.  
The plans were also examined on the basis of the dose 

received by the OARs. Regarding the organ doses, it was 
found that there was no discernible difference between 
the agility and apex-based plans, with the p-value being 
higher than 0.05. But it can also be noted that, though 
statistically, there is no difference between the plans, we 
can see in this study that, agility-based plans are superior 
in lowering the dose to the surrounding organs, better 
sparing the OARs as the low dose spill outside the PTV 
was lower, which intern contributed to the reduced OAR 
dose. It can also be noted that, although the OAR doses 
in some organs were slightly higher, and in some, it was 

slightly lower than the agility, the doses were well within 
the dose constraints for all the organs (Table 2). 

There was a huge notable difference in the MUs 
calculated for agility and apex-based plans whose p-value 
is lower than 0.01. The agility-based plans require more 
MUs to deliver the best acceptable plan, which in turn 
increases the treatment execution duration. The MUs in 
apex-based and agility-based plans were 2271.15±889.64 
and 4017.13±1633.96, respectively. So, agility plans 
required almost double the MUs than apex-based plans 
(Table 2). 
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Discussion

This study compares the SRS and SRT treatment plans 
performed with apex 2.5mm mMLC and agility 5mm 
MLC offered by Elekta, planned with Monaco treatment 
planning software. SRS and SRT using linear accelerators 
(Linac) are commonly employed to treat small intracranial 
tumors and malformations [24]. Using LINACs for SRT 
in cases of BM is considered a safe treatment method 
[37].  Recent developments in linac-based technologies, 
such as VMAT, MLCs, and image-guidance systems, 
have produced linac-based treatments with high accuracy, 
steep gradients, and high conformance to the complicated 
geometric targets, and reduce the dose spread to normal 
tissues [23, 38]. Two widely utilized methods for planning 
SRT with conventional LINACs that have MLCs are 
DCAT and VMAT [39]. Moreover, the application of 
FFF beams in SRS/SRT has resulted in a reduction of the 
treatment duration [13]. The DCAT approach provides a 
conformal treatment modality akin to intensity-modulated 
treatments with a larger and fewer number of segments 
without varying the intensity [40, 41].

As explained earlier, the apex is the recent model 
manufactured by Elekta which delivers a conformal 
dose to the target with a steep dose gradient beyond the 
tumor, thus better sparing the nearby normal tissues [21]. 
Additionally, the high weight of an apex system causes the 
gantry to sag and could cause collisions with the patient 
or the other parts of the machine, if there is no proper 
selection of beam angulation and careful handling. Also, it 
takes time to install and requires quality assurance before 
each usage. It is also unlikely to be used frequently. Using 
the apex method to lower the GI and R50% values may 
be advantageous for PTVs less than 1cc. The absence 
of a touch guard, the requirement to offset the isocenter 
laterally by more than 4cm from the midline, and the 
difficulty in executing a full arc cone beam acquisition 
with this isocenter position are some of the issues that still 
exist with the usage of an add-on MLC [22]. These mMLC 
with lesser leaf widths at isocenter are generally the add-
on devices which are basically used with the machines 
that are not dedicated for SRS/SRT treatments. It might 
be feasible to create clinically acceptable treatment plans 
for SRS/SRT without the need for specialized add-on 
devices, as the LINACs with fine MLC leaf widths of 4 
to 5 mm at isocenter are now regularly available and used 
for treatments [19].  The current 5mm MLC can be used 
to create a strategy that works for most QA scenarios [22].

With respect to the target coverage with 100% and 
95% of the dose to the PTV and GTV, our study has shown 
similar results in both apex and agility-based plans. Also, 
the overall coverage ratio was found to be very similar 
in both planning techniques. So, the leaf widths, 5mm 
and 2.5mm, do not affect the dose coverage to the target 
volume. Jacqueline et al. performed a study where they 
compared mMLC with 5mm MLC for SRT. They found 
identical PTV coverage in both 3mm and 5mm based 
plans. In both collimators, the minimum dose to PTV was 
likewise comparable. However, a significant difference 
was found in the CI between 3mm and 5mm MLC plans. 
The 5mm plans indicated an inferior isodose conformation 

to the PTV. Although the difference was very small, it was 
significant [19]. It was found that the reduced MLC width 
has only marginal advantages [42] on the plan outcome. A 
3mm MLC improves target conformity and normal tissue 
preservation compared to a 5mm MLC, though differences 
may not always be clinically significant. Smaller MLC 
widths also provide better sparing of critical structures, 
and VMAT is generally superior to IMRT and DCAT for 
stereotactic radiosurgery. Additionally, Non-coplanar 
VMAT offers better dose coverage, conformity, and brain 
sparing than DCAT and coplanar VMAT, despite longer 
treatment times [9, 15, 19, 24, 43].

CI and HI are the basic tools used in radiotherapy to 
evaluate a treatment plan’s quality [44]. In our study, we 
found no significant difference in the CI between the two 
widths of MLC, which clearly says that the MLC width 
has the least impact on the conformal dose distribution 
of the tumor volume. It was also found in one study that 
the CI was comparable in apex-based DCAT and agility-
based VMAT treatments. HI represents the degree of 
homogenous radiation dose distribution inside the target 
volume [44, 45]. We found a small difference in the HI 
between the apex and agility-based plans. Though the 
difference was very small, it showed statistical significance 
with a p-value lower than 0.05. Apex-based plans were 
superior in offering good HI compared to agility plans. 
In one of the studies performed by Isabella et al. DACT 
and VMAT plans were compared dosimetrically, they 
also found that DCAT plans were superior in terms of 
homogeneity of dose distribution to the target volume [39].

GI is used to describe the dose fall-off outside the target 
volume [45, 46]. Some studies found that the GI in DCAT-
based plans was better compared to the VMAT plans for 
SRS [39]. Anas et al. [4] found that the GI was best in the 
non-coplanar (Nc) VMAT planning technique compared 
to coplanar VMAT and DCAT plans. We found that 
both apex and agility plans gave similar results with GI. 
Although there was a slight difference between them, with 
agility plans being superior, it did not show any statistical 
significance. This gives us more understanding that it is 
possible to reduce low-dose spills such as 50%, 30%, and 
20% of the prescribed dose by rigorous optimization and 
with the combination of the noncoplanar beams in agility-
based VMAT plans. We also noted down the volume 
receiving 30% and 20% of the prescribed dose outside the 
target volume. It was found that there was no significant 
difference between the two planning techniques. The 
results were similar, with very slight differences between 
them, with agility being slightly superior in reducing the 
low-dose spill and maintaining the other parameters to 
achieve the best plan. When evaluating a radiotherapy 
treatment plan, the SI is a statistic used to determine how 
well the plan spares the normal tissues around the target 
volume [34, 35, 47]. In our study, both agility and apex-
based plans showed very similar SI having no statistically 
significant difference.

In our study, MUs for agility-based plans were higher, 
in fact, two times more than the apex-based plans in most 
of the cases. In order to give the best plan that meets all the 
required dose constraints, in general, VMAT plans offer 
higher MUs compared to DCAT plans. Even though the 
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MU and related beam-on times were higher with VMAT 
than the DCAT plans, the results of our dosimetric study 
clearly showed that the VMAT was capable of providing 
completely conformal SRS/SRT plans with steeper dose 
falloff beyond the target volumes. Lower MU and shorter 
beam-on times, however, should not be regarded as the 
only requirements for managing intracranial lesions with 
SRS/SRT, instead, other plan quality indices, such as the 
GI, HI, and CI, should be carefully taken into consideration 
when selecting the best SRS/SRT plan for each patient 
[48]. Nonetheless, VMAT planning accomplishes a 
superior TC at the cost of an increase in MU. Although the 
outcomes obtained from DCAT treatments using apex are 
in some way better than those from the same treatments 
that involve only agility, VMAT treatments yield superior 
outcomes, albeit with higher MUs [4, 10, 49]. 

As we discussed earlier, the major purpose of 
small-width mMLC was to improve the conformity of 
the prescribed dose to the target volume in SRS/SRT 
with the combination of FFF radiation beams, which 
successfully reduces the treatment duration due to its 
high dose rate, resulting less MUs [18, 23].  Since the 
apex, with 2.5mm mMLC width at the isocentre, is an 
add-on device to the collimator of the LINAC, it requires 
additional commissioning before every treatment, and the 
beam angulation during the planning has to be carefully 
decided due to the reduced clearance between the apex and 
the patient or other parts of the LINAC. Also, it requires 
manpower to attach this device to the LINAC due to 
its increased weight [19-21]. So, it has to be noted that 
although beam on time is more in 5mm width agility-based 
plans, it does not require extra commissioning duration. 
The pilot study was performed in 2023 with five SRS cases 
to gain initial understanding and insight.

In conclusion this study compared 2.5mm mMLC 
apex-based DCAT treatment plans with 5mm MLC agility-
based VMAT plans using a 6MV-FFF beam. The PTV and 
GTV coverage was excellent in both planning techniques. 
CI, GI, SI, and coverage ratios were similar in both plans. 
HI was superior with apex-based plans. Total MUs were 
higher in agility-based plans, resulting in high beam 
on time. Hot spot regions were higher in agility-based 
plans. As the apex is an add-on device to the collimator 
of the LINAC machine, it requires additional time for 
commissioning and QA before the treatment. Agility, with 
in built 5mm MLC, does not require extra commissioning. 
Dosimetrically, the treatment plans achieved with agility 
were comparable with apex-based plans except for total 
MUs. If this is kept aside, 5mm MLC agility-based VMAT-
FFF plans are capable of giving good outcomes for SRS/
SRT treatments. 
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