
Introduction 

Brain metastasis has been observed at an approximate incidence 
rate of 10%–30% [1,2]. The prevalence of brain metastasis among 
patients with intracranial tumors has been recorded at 19.9% in 
Thailand [3]. Lung, breast, and renal cell carcinomas, along with 

Purpose: Specific radiation delivered to tumors by stereotactic radiosurgery (SRS) has become widely 
used in the treatment of brain metastasis. This study aimed to compare radiation therapy planning 
and its parameters from SRS using three different modalities: helical tomotherapy (HT), volumetric 
modulated arc therapy (VMAT), and cone-based linac radiosurgery (Cone-based). 
Materials and Methods: Each contouring dataset of patents who experienced one to four brain me-
tastasis received SRS in our center was re-planned to create radiation therapy planning in all three 
treatment systems (HT, VMAT, and Cone-based). The parameters of conformity index (CI), homogene-
ity index (HI), CI50, and gradient index (CGI) were analyzed to compare the effects of the three tech-
niques. Decision score analysis was used to evaluate the performance on dosimetric and organs-at-
risk parameters among the different techniques by applying the Cone-based technique as a bench-
mark. 
Results: A total of 21 patients with 39 lesions were included in this study. The results from the deci-
sion score analysis demonstrated statistically identical CI, CI50, and CGI values between Cone-based 
and VMAT for single lesions. For multiple lesions, VMAT also provided better CI when compared to 
Cone-based technique while HT exhibited the poorest dosimetric parameters. Moreover, VMAT exhib-
ited the lowest BrainV5Gy value and displayed the shortest beam-on time calculation. 
Conclusion: We have conducted a comprehensive comparison of SRS planning approaches. The 
Cone-based technique revealed the highest HI value, while VMAT provided the best estimated beam-
on time value. HT displayed a feasible SRS modality for single lesions, but not for multiple lesions. 

Keywords: Stereotactic radiosurgery, Helical tomotherapy, Volumetric modulated arc therapy, Cone-
based linac radiosurgery 

Stereotactic radiosurgery for limited brain metastasis using 
three different techniques: helical tomotherapy, volumetric 
modulated arc therapy, and cone-based LINAC radiosurgery
Bongkot Jia-Mahasap1, Chakri Madla2, Patumrat Sripan3, Imjai Chitapanarux1, Ekkasit Tharavichitkul1,  
Somvilai Chakrabandhu1, Pitchayaponne Klunklin1, Wimrak Onchan1

1Division of Radiation Oncology, Department of Radiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
2Department of Radiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
3Research Institute for Health Sciences, Chiang Mai University, Chiang Mai, Thailand

Original Article
pISSN 2234-1900 · eISSN 2234-3156

Radiat Oncol J 2022;40(4):232-241
https://doi.org/10.3857/roj.2022.00136

Received: March 7, 2022
Revised: September 8, 2022
Accepted: October 6, 2022

Correspondence:
Bongkot Jia-Mahasap 
Department of Radiology, Faculty of 
Medicine, Chiang Mai University, 110 
Intawaroros Road, SriPoom, Muang, 
Chiang Mai, Thailand.
Tel: +66(0)53935450 
E-mail: phung_nemo@hotmail.com
ORCID:
https://orcid.org/0000-0001-7018-4843

cutaneous melanoma, are extracranial forms of cancer that dis-
played a high propensity to be disseminated into the brain [4,5]. 
Radiotherapy (RT) has been determined to be the primary treat-
ment modality used to eradicate intracranial dissemination. RT 
modalities include whole brain radiation therapy (WBRT) and ste-
reotactic radiosurgery (SRS). WBRT technique delivers radiation to 
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all parts of the brain while SRS can precisely provide radiation to 
the specific intracerebral mass. SRS and WBRT have been employed 
as adjuvant treatment options after surgery for solitary brain me-
tastasis. These two techniques provide better local brain control 
when compared to surgery alone [6,7]. For patients who had one to 
four unresected brain disseminations (oligo-metastasis), WBRT and 
SRS produced comparable local tumor control. WBRT offered better 
distance brain control while resulting in more cognitive deteriora-
tion without survival enhancement when compared to SRS [8,9]. 
Therefore, SRS is a preferable radiation modality over WBRT in the 
treatment of oligo-metastatic intracranial lesions according to the 
most recent recommendations [10]. Numerous radiation machines 
can be used to facilitate the SRS technique through a specific ar-
rangement of different radiation beams and multiple mechanical 
factors. Historically, Gamma-Knife and cone-based LINAC radiosur-
gery (Cone-based) techniques have been widely used as standard 
SRS modalities. Currently, emerging advanced technologies have 
allowed intensity-modulated radiation therapy (IMRT) to be oper-
ated with very steep radiation dose gradients. Thus, SRS by IMRT 
has become an extremely popular method of treatment. Various 
radiation devices are capable of delivering IMRT, including helical 
tomotherapy (HT) and volumetric modulated arc therapy (VMAT), 
which have been installed in our center. The HT (Hi-ART equipped 
dynamic jaws; TomoTherapy Inc., Madison, WI, USA) machine em-
ploy the ring-based linear accelerators. HT delivers fan-beam radi-
ation simultaneously with continuous couch movement along the 
z-axis. The radiation beams are modulated via the binary multileaf 
collimator. Because of the unique characteristics of the ring-based 
machine, isocentric couch rotation cannot be employed, resulting 
in the sole administration of the coplanar treatment technique. For 
VMAT, this machine (Elekta Synergy, Stockholm, Sweden) serves as 
a c-arm based linear accelerator. Unlike HT, the VMAT machine de-
livers broad-beam radiation and allows for isocentric couch rota-
tion (±95°). This has resulted in the successful use of both copla-
nar and non-coplanar treatment techniques. However, in this pro-
cedure, a couch is constantly positioned in each planned arc beam 
while the gantry and multileaf collimator (MLC) are continuously 
moved. The radiation beams are modulated by gantry speed, leaf 
speed and radiation dose rate. With regard to the Cone-based 
technique employed in our study, we applied the c-arm based 
VMAT machine to perform SRS (non-dedicated machine). The dif-
ferences between VMAT and the Cone-based technique are associ-
ated with certain details involved in radiation planning; however, 
the radiation beams are not modulated in the Cone-based tech-
nique. The primary collimator is positioned at an exact size in our 
center, specifically 10 cm ×  10 cm. The appropriate cylindrical col-
limator diameter is then employed to create a pencil-beam of radi-

ation that covers each individual treatment field. Therefore, multi-
ple isocenters or various isocentric couch rotations are typically 
applied in this modality, which distinguishes it from the single iso-
center technique that is routinely employed in both HT and VMAT. 
This study aims to compare radiation dosimetry and the parameters 
of SRS through the use of three different modalities; HT, VMAT, and 
Cone-based LINAC radiosurgery. 

Materials and Methods 

1. Study design
This study included patients who fulfilled the following inclusion 
criteria: (1) known primary extracranial malignancy displaying clin-
ical and diagnostic imaging compatible with brain metastasis, (2) 
MRI of the brain showing oligo-metastatic brain lesions, and (3) 
each intracranial tumor less than 3 cm in size and at least 5 mm 
from any critical structures (brainstem and optic apparatus). Pa-
tients who participated in this study were subjected to computed 
tomography simulation (CT SIM) by applying 1-mm slice thickness. 
An SRS-system mask (R406-1 SRS mask; Klarity, Guangzhou, Chi-
na) was used for non-invasive immobilization (Fig. 1). Diagnostic 
MRI images taken within 1 week before simulation were registered 
into the CT SIM dataset to define targets and for delineation of the 
organs-at-risk (OARs). Target delineation was composed of gross 
tumor volume (GTV), which was delineated by contouring the con-
trast-enhancing lesions observed on T1 gadolinium-3D weighted 
MRI images. Subsequently, no margin was added to create the 
clinical target volume. The planning treatment volume (PTV) was 
defined by 2 mm isotropic expansion of the GTV. The prescription 
dose to each lesion was dependent upon tumor size with 20 Gy for 
lesions of less than 1 cm, 18 Gy for lesions of 1–2 cm, and 15 Gy 

Fig. 1. Non-invasive immobilization stereotactic radiosurgery (SRS)-sys-
tem mask (R406-1 SRS mask; Klarity Medical, Guangzhou, China).
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for lesions of 2–3 cm. The OARs, including the whole brain, hippo-
campi, optic nerves, optic chiasm, pituitary gland, brainstem, both 
cochlea, bilateral globes, and the lens, were contoured. Radiation 
doses constrained to the target were established as follows: vol-
ume of whole brain receiving a dose of 12 Gy (V12) 5–10 mL, maxi-
mal dose (Dmax) to hippocampus, optic apparatus, brainstem and 
cochlea, and lens receiving doses of 7 Gy, 8 Gy, 10 Gy, and 2 Gy, re-
spectively. The mean dose (Dmean) to the pituitary gland was con-
strained at 15 Gy. 

Virtual structures and help organs were created following the 
guidelines outlined by Soisson et al. [11]. Help structures were cre-
ated for tomotherapy and VMAT which involved inverse planning, 
whereas the cylindrical collimator did not. The clinical sub-volume 
(CSV) was created at the centroid of the GTV with a diameter of 2 
mm (Fig. 2). To create a steep dose gradient, the dose constraint of 
at least 1% volume of CSV was prescribed at 120% of the prescrip-
tion dose to the target. The surrounding dose was then compressed 
by the ring. These structures (rings) were then expanded by 5 mm 
and 10 mm from the PTV. The 5% volume of these 5 mm and 10 
mm rings structures were constrained at 80%–85% and at 50% of 
the prescription dose, respectively. The prescription dose had to 
cover at least 99% volume of the PTV (V100 ≥99%), while the dis-
tance of the dose gradient from 100% to 50% of the prescription 
dose had to be within 10 mm for the single lesion. Furthermore, 
the maximal dose in the PTV was constrained to less than 125% of 
the prescribed dose, then the isodose level at least 80% of the 
maximal dose was encompassed the PTV volume for tomotherapy 
and VMAT. The maximal dose in the cylindrical collimator was ac-

Fig. 2. Virtual structures for inverse treatment planning (helical to-
motherapy and volumetric modulated arc therapy). The blue line rep-
resents the planning treatment volume (PTV). The red line represents 
the clinical sub-volume (CSV). The green and yellow lines indicate 
ring structures that were expanded by 5 mm and 10 mm from PTV, 
respectively.

cepted at less than 200% of the prescribed dose, whereas the isod-
ose level at least 40% of the maximal dose was covered the PTV. 

Treatment planning systems were composed of HT, VMAT, and 
Cone-based SRS. In our institution, the commissioning in VMAT 
was performed and SRS was initiated to deliver radiation treat-
ments on December, 2018. Therefore, all patients that had experi-
enced oligo-metastatic brain lesions before 2019 were actually 
treated by HT. After that point, patients received treatment by ad-
ministering the VMAT technique. Every contouring dataset was re-
planned in order to create each radiation dosimetry for all three 
treatment systems (HT, VMAT, and Cone-based). HT delivers radia-
tion by way of a helical megavoltage fan beam. The Accuray Plan-
ning System (Hi-Art version 5.1.4) administers treatment plans 
through the employment of the helical treatment mode. In our 
study, the field width was set to ten millimeters in the fixed jaw 
mode. Modulation factor and pitch were set to 1.800–2.500 and 
0.125, respectively. Based on the helical fan beam, a single isocen-
ter coplanar technique was used in all treatment plans. The finest 
calculation grid was then selected (1.95 mm ×  1.95 mm) for dose 
calculation. For VMAT, treatment plans were performed with the 
use of the Monaco version 5.11.03 (Elekta) treatment planning sys-
tem. Modulated broad beam in a linear accelerator (Elekta Synergy) 
was applied with 5 mm of leaf width at the isocenter. All plans 
were created using the non-coplanar, single isocenter technique. 
Two full arcs (300°) with a perpendicular collimator angle between 
each arc were used at 0° of the couch angle. Specifically, 120° of 
the treatment arc was used for three different couch angles (45°, 
270°, and 315°). The increment of the gantry angle was 10° for all 
arc beams. The dose optimization was calculated through the 2.00 
mm × 2.00 mm grid size whereas the fineness calculation grid (1.00 
mm × 1.00 mm) was selected for the purposes of dose calculation. 
Treatment plans for the Cone-based approach were carried out us-
ing the Monaco version 5.11.03 treatment planning system. Differ-
ent sizes (5–15 mm diameters depending upon target size) of the 
pencil beams in the linear accelerator were employed in the 
non-coplanar technique. The directions of the arc beam were set in 
a half sphere and intersections between each beam were avoided 
through multiple isocenters in the targets. The weighting radiation 
dose of each isocenter was applied according to the experience of 
the planner. The finest calculation grid (1.00 mm × 1.00 mm) was 
selected to establish the appropriate dose calculation. 

Dosimetric comparisons of conformity index (CI), homogeneity 
index (HI), and gradient index (CGI) for each lesion were performed 
in order to compare the three techniques [12-14]. Relevant formu-
lars were as follows: 

CI =
Vpres

DPTV
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where Vpres is the volume covered by prescribed dose and VPTV is the 
PTV volume.  

where Dmax is a maximum dose in the PTV and DRx is the prescrip-
tion dose. 

where V50%Rx is the volume of 50% prescription isodose volume and 
VPTV is the PTV volume.  

where Reff,50%Rx is an effective radius of 50% prescription isodose 
enclosing PTV and Reff,Rx is the prescription isodose enclosing PTV. 

For beam-on time analysis, HT represented the beam-on time 
value of the unit of the second, whereas the others were deter-
mined by the monitor unit (MU). The MU of the Cone-based SRS 
technique was converted to the unit of the second through division 
of the dose rate. The highest dose rate of our Cone-based approach 
was recorded at 10 MU/s. In the case of this approach, the dose 
rate could directly divide the total MU of each plan. In the VMAT 
technique, various dose rates were used in each plan. The treat-
ment planning system can be used to estimate beam-on time, but 
it is dependent upon the resolution of the calculation. A resolution 
of 2 mm was used in the optimization process to accelerate the 
optimization time, but a resolution of 1 mm was used to re-calcu-
late the final absorbed dose. The result, then, was representative of 
the minimum beam-on time value, whereas various other dose 
rates were ignored in the VMAT technique. 

Decision score analysis was used to evaluate the performance 
among the different SRS techniques [15]. The HT and VMAT ap-
proaches were benchmarked by applying the Cone-based tech-
nique. Significant differences of the plan quality indexes and dosi-
metric parameters were considered for the scoring procedure. Ei-
ther plus one or minus one was granted to both the indexes and 
the parameters, which was indicative of either better or lesser per-
formance than that of the Cone-based approach, respectively. The 
indexes and parameters received no score when no significant dif-
ferences were observed. 

2. Ethical approval 
This study was approved by the Faculty of Medicine, Chiang Mai 
University of Institutional Research Board (No. 176/2560). Written 
informed consent was obtained from all participants who took part 
in this study. 

3. Statistical analysis 
Descriptive analyses were summarized as median values with inter-
quartile range (IQR) for continuous characteristics and as frequen-
cies and proportions for categorical characteristics. The total treat-
ment time between HT and VMAT were compared using the Wil-
coxon rank sum test. The association between PTV (incremental of 
0.2 mL) and the quality of the plans for all three treatment modali-
ties were evaluated using Spearman correlation test. The Friedman 
test was used to compare the dosimetric parameters and radiation 
painting to OARs, which were non-normally distributed between 
HT, VMAT, and the Cone-based planning techniques. The p-value 
reports were two-tailed with an alpha level of 0.05 to establish 
statistical significance. A pairwise comparison was performed to 
make comparison between the two treatment techniques and re-
sults were analyzed using Wilcoxon signed-rank test. The alpha 
level was adjusted to 0.0165 based on the Bonferroni correction for 
three comparisons. All analyses were conducted using Stata version 
16 (StataCorp LP, College Station, TX, USA). 

Results 

A total of 21 patients with 39 lesions were included in this study. 
The most common tumor location was at the parietal region (15 
out of 39 lesions, 38.5%) followed by the frontal (n =  9), temporal 
(n =  7), basal ganglion (n =  3), occipital (n =  3), and cerebellum 
(n =  2) regions, respectively. Ten patients had single lesions located 
at the parietal (n =  3), frontal (n =  2), temporal (n =  2), occipital 
(n =  1), basal ganglion (n =  1), and cerebellum (n =  1) regions. 
The median tumor size, which was measured at the maximal diam-
eter, was 1.2 cm. Median GTV and PTV values were 0.8 mL (IQR, 0.2 
to 4.7 mL) and 2.1 mL (IQR, 0.8 to 8.4 mL), respectively. The median 
prescription dose was 18 Gy. Eleven patients received SRS by HT, 
while the other 10 patients received radiation therapy by VMAT as 
is shown in Table 1. Median total treatment times, which started 
from patient set-up to finished radiation beam, were not deter-
mined to be statistically different between the HT and VMAT ap-
proaches at 39 minutes (IQR, 32 to 48 minutes) and 43 minutes 
(IQR, 41 to 48 minutes), respectively (p =  0.17). The isodose distri-
bution values that were compared between the three different ap-
proaches for single and multiple lesions are presented in Fig. 3. 

1. Dosimetric comparisons 
Comparisons of the median values of Dmax (percentage of prescrip-
tion dose), HI, CI, CI50, and CGI were made between HT, VMAT, and 
the Cone-based approaches. The results are presented in Table 2 
and Supplementary Table S1. For the whole cohort, the Cone-based 
approach had the highest Dmax value, which was significantly high-

CI50 =
V50%Rx

VPTV

HI =
Dmax

DRx

CGI = 100 − (100 ×(Reff, 50%Rx− Reff, Rx) − 0.3 cm)
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Table 1. Tumor characteristics

Patient No. Location Size, maximal
diameter (cm) GTV (mL) PTV (mL) SRS (Gy) Treatment technique

1 Temporal 0.9 0.17 0.77 20 HT
2 Basal ganglion 0.9 0.80 2.07 20 HT
3 Temporal 0.9 0.45 1.37 20 HT
4 Temporal 0.6 0.08 0.92 20 HT

Frontal 2.6 8.34 13.59 15
5 Frontal 0.8 0.15 0.67 20 HT

Parietal 2.0 4.74 8.40 18
6 Parietal 0.4 0.06 0.39 20 HT

Parietal 0.5 0.06 0.42 20
Parietal 1.5 2.23 4.56 18

7 Parietal 3.0 9.54 15.86 15 HT
8 Basal ganglion 0.6 0.10 0.51 20 HT

Frontal 1.7 2.61 5.20 18
Frontal 1.8 2.43 4.94 18

9 Frontal 2.2 5.02 8.87 15 HT
10 Parietal 2.1 2.53 5.35 15 HT
11 Temporal 0.5 0.09 0.48 20 HT

Parietal 2.8 9.22 15.31 15
12 Cerebellum 0.6 0.31 1.14 20 VMAT
13 Frontal 1.0 0.41 1.40 20 VMAT

Parietal 0.9 0.32 1.28 20
Temporal 0.8 0.29 1.10 20

14 Occipital 1.4 1.57 3.48 18 VMAT
15 Frontal 2.3 6.25 11.08 15 VMAT
16 Parietal 1.9 2.71 5.47 18 VMAT
17 Temporal 0.9 0.36 1.19 20 VMAT

Occipital 1.0 0.43 1.37 20
Parietal 3.0 7.12 12.06 15

18 Frontal 1.5 1.88 4.08 18 VMAT
Parietal 0.4 0.06 0.40 20

19 Occipital 3.0 19.12 22.15 15 VMAT
Cerebellum 1.5 1.40 3.21 18

Basal ganglion 0.5 0.08 0.45 20
Parietal 0.4 0.04 0.31 20

20 Parietal 2.6 7.37 12.34 15 VMAT
Frontal 1.6 2.08 4.28 18

Temporal 0.6 0.13 0.61 20
21 Parietal 3.0 8.23 13.92 15 VMAT

Parietal 1.1 0.73 1.98 18
GTV, gross tumor volume; PTV, planning tumor volume; SRS, stereotactic radiosurgery; HT, helical tomotherapy; VMAT, volumetric modulated arc 
therapy.

er than the HT and VMAT approaches. Moreover, the Cone-based 
approach provided a more heterogenous and a less conformed ra-
diation dose to the target as it had the highest HI and CI values in 
our study. In term of the CGI value, the Cone-based approach re-
vealed statistical significances that were better than HT while ex-
hibiting a similar result when compared to the VMAT technique. 
The HT and VMAT techniques exhibited statistically identical Dmax, 
HI, and CI values. VMAT also exhibited the lowest CI50 value, while 
HT exhibited the poorest CGI value when compared to the other 

two techniques. For a single lesion, the Cone-based approach also 
revealed the highest Dmax and HI values while providing statistically 
similar CI, CI50, and CGI values when compared to the VMAT tech-
nique. HT exhibited poorer CI50 and CGI values than VMAT but 
provided better CI values than the Cone-based approach. For mul-
tiple lesions, the Cone-based technique still revealed the highest 
Dmax and HI values. The Cone-based approach also provided signifi-
cantly better CGI values than the HT approach while exhibiting a 
trend when compared to VMAT (p =  0.017). Accordingly, VMAT ex-
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hibited better CI values than the Cone-based technique. In con-
trast, the HT approach provided the poorest CI50 and CGI values. 
The association between PTV volumes with an incremental value of 
0.2 mL and quality of plans using Spearman correlation showed a 
significantly positive impact on Dmax (+0.22; p =  0.015) while re-
vealed negative impacts on CI (-0.68; p <  0.001), CI50 (-0.81; p <  
0.001), and CGI (-0.56; p <  0.001). Therefore, an increase in the 
PTV volume was associated with better CI50 value but poorer Dmax, 
CI and CGI results. 

OARs and beam-on time comparisons were made and the results 
are presented in Table 3 and Supplementary Table S2. All three 
techniques delivered a similar integral dose (ID) to the whole brain. 
VMAT significantly provided the lowest whole brain volume, which 
was recorded at a dose of 5 Gy (BrainV5Gy) for the whole cohort. 
Lastly, VMAT also exhibited the lowest MU value and shortest 
beam-on time calculation value. 

2. Decision score analysis 
Radiation dose characteristics were compared to those of the 
Cone-based approach by evaluating each dosimetric parameter, 
each radiation painting of the normal structures, and by calculat-
ing beam-on time as has been presented in Table 4. However, Dmax 

and HI values were excluded from this analysis as high maximal 
dose and heterogeneity in PTV did not affect the clinical outcome 
of SRS. For the whole cohort, VMAT displayed superior performance 
in both dosimetric and OARs parameters, while HT exhibited lower 
performance in terms of dosimetric values. For the single lesion, HT 
revealed better performance only in terms of CI value, while the 
VMAT techniques exhibited identical performance in all parame-
ters. For multiple lesions, VMAT exhibited superior performance in 
terms of both dosimetric and OARs parameters, while HT displayed 
inferior performance when compared with the Cone-based ap-
proach. 

Discussion and Conclusion 

The targeted-therapy and immunotherapy era is associated with 
improvements in the survival rate for tumor-controlled patients. 
Thus, treatment-associated toxicities must be carefully considered. 
The management for oligo-metastasis to the brain has gradually 
shifted from irradiating the whole brain to a more specific site. SRS 
has commonly been used as a primary radiation treatment among 
patients of this disease. Dosimetric analysis of each radiation tech-
nique has encouraged physicians to select an appropriate radiation 

Fig. 3. Isodose distribution for single and multiple metastatic lesions. Comparison of three radiation techniques: (a) helical tomotherapy, (b) 
volumetric modulated arc therapy, and (c) cone-based. (i) Single lesion at left temporal region (20 Gy). PTV is represented by the blue line. (ii) 
Multiple lesions. This patient had three lesions located at the right temporal (20 Gy), left occipital (20 Gy), and left parietal (15 Gy) regions. PTV 
of the left occipital and parietal regions are represented by blue and green lines, respectively .
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modality. The outcomes of this study indicate the best CGI for 
Cone-based planning, as has been supported by the findings of a 
study conducted in Taiwan [16]. Hsu et al. [16] have evaluated the 
availability of SRS for spherical tumors using different radiation 
techniques. It was found that the Cone-based approach, in which 
cone-diameter matched tumor size, was associated with the best 
CI and CGI values. On the other hand, according to our results, the 
Cone-based approach exhibited poor CI and HI values when com-
pared to the HT and VMAT approaches. The possible factors that 
were related to the worsening dosimetric data were tumor size, 
non-spherical shape, and the number of intracranial lesions. A 
larger tumor size would directly impact heterogenous radiation 
painting in the Cone-based approach. In this study, 11 out of 21 
patients exhibited multiple brain metastases. Radiation homogene-
ity and conformality were found to be better in solitary brain le-
sions when compared to the multiple lesions observed in the Cone-
based technique. These factors were associated with complex radi-
ation planning through the use of multiple isocenters. The posi-
tioning accuracy established through intra-fractional movements, 
especially rotation, should be much higher when applied to multi-
ple isocenters. Furthermore, the limitation of the small-sized pencil 
beams has resulted in multiple radiation beam directions.  

VMAT displayed relatively excellent radiation output dose char-
acteristics for SRS. This technique delivered a very steep radiation 
dose gradient as it had exhibited excellent CI50 and CGI values. 
Moreover, VMAT exhibited the lowest normal brain parenchymal 
volume, which had received a radiation dose of more than 5 Gy 
and the shortest estimated beam-on time value. Reducing radia-
tion delivery duration decreased the intra-fractional motion and 
technically promoted the degree of personal comfort. In our center, 
these points are considered an important advantage of VMAT. 
Therefore, VMAT has been recognized as appropriate radiation SRS 
technique for our center which handles a massive workload. How-
ever, the results of the beam-on time estimation in the Elekta ma-
chine (including for the VMAT and Cone-based techniques) exhib-
ited a minimal degree of deviation from the re-calculating process, 
while the beam-on time estimation in the HT approach exhibited 
an even greater level of preciseness. 

HT was associated with identical Dmax, HI, and CI values but lon-
ger estimated beam-on time values when compared to VMAT. 
Among the three techniques, HT delivered the poorest CGI value. 
This outcome is related to the ordinarily helical coplanar beam di-
rection that was employed in the HT technique. This factor restricts 
the steep radiation dose gradient, especially in the lateral dimen-
sion. However, HT can produce stereotactic radiation delivery at an 
acceptable radiation dose characteristic. According to the results of 
a study conducted in Italy, 68 patients receiving a median radiation 

dose of 18 Gy were studied. The outcomes supported the feasibility 
and tolerance for SRS using the HT technique [17]. 

Another common SRS modality is Gamma-Knife radiosurgery 
(GK). The outcome from a study conducted in China revealed appli-
cable of Cone-based VMAT in a GK-free RT center [18]. They retro-
spectively analyzed dosimetric comparison between GK, Cone-
based VMAT, and MLC-based conformal radiotherapy for small sin-
gle brain metastases. The result showed better CI and HI, similar GI, 
but longer beam-on time for GK compared to Cone-based ap-
proach [18]. 

The decision score analysis in this study for single lesion indicat-
ed identical performance between VMAT and Cone-based tech-
niques. For the whole cohort and multiple lesions, the decision 
score analysis clearly revealed a better degree of performance for 
all parameter domains in the VMAT technique. On the other hand, 
HT exhibited a lower performance in the dosimetric domain when 
compared to the Cone-based technique. 

The strength of our study is a comprehensive comparison of ra-
diation dosimetry among three different radiation approaches. 
These results can provide physicians with an even greater ability to 
select a suitable radiation technique that would be best suited for 
their own facilities. Moreover, the outcomes of these reports em-
phasize the usability of SRS in the IMRT technique over the Cone-
based technique. However, small number of patients in this study 
lead to a major limitation that might interfere comparison analysis. 
Further clinical trial should include more patients to better evalu-
ate these dosimetric results. 

In conclusion, many RT modalities have been used to create SRS 
in the treatment of oligo-metastatic intracranial lesions. Each 
technique is associated with a unique radiation beam characteris-
tic. Dosimetric comparison analysis has permitted physicians to 
choose an appropriate radiation technique that is compatible with 
their own facilities. Our study has effectively administered a com-
prehensive dosimetric comparison between three radiation tech-
niques for single and multiple lesions. Consequently, the Cone-
based technique revealed the highest HI and CGI values. On the 
other hand, VMAT reduced BrainV5Gy and exhibited the best esti-
mated beam-on time value. For single lesion, VMAT and Cone-
based approaches exhibited comparable performance for all pa-
rameter domains. For multiple lesions, VMAT provided an excellent 
performance than Cone-based technique while HT revealed a lower 
performance than the other two approaches. 
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