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Introduction: Stereotactic radiosurgery (SRS) conventionally relies upon dynamic conformal arc therapy
(DCAT), yet the untapped potential of volumetric modulated arc therapy (VMAT) has not undergone
comprehensive scrutiny. This investigation seeks to bridge this research lacuna by comparing DCAT and
VMAT in the context of four-fraction SRS for single brain carcinoma treatment.

Material and Methods: A retrospective cohort of twenty patients with solitary brain tumors was
meticulously chosen, and treatment plans using both VMAT and DCAT were devised for each case utilizing
congruent CT images. The comparative study analysed factors such as target conformity, monitor units and
doses to organs at risk.

Results: VMAT plans notably exhibited enhanced conformity indices with mean and standard deviation
values for the Paddick Conformity Index being 0.650 + 0.18 for DCAT and 0.751 + 0.08 for VMAT. Also,
VMAT reduced radiation doses to pivotal anatomical structures, in contrast to the DCAT plans. However, the
VMAT approach necessitated a greater number of Mus than DCAT with the mean and standard deviation
being 986.95 + 146.3 and 571.36 + 59.6, respectively.

Conclusion: In the realm of SRS for isolated brain carcinoma, VMAT decidedly surpassed DCAT in target
conformity as well as in mitigating the risk of brain radiation necrosis. Nonetheless, DCAT find relevance in
patients with compromised performance status to prolonged radiotherapy sessions due to its abbreviated
duration in the treatment. This research highlights the nuanced considerations inherent in treatment selection

and also sheds insightful light on the optimal therapeutic approach.
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Introduction

Globally, cancer continues to be the primary cause
of mortality. “According to the International Agency
for Research on Cancer (IARC), there were 7.6 million
deaths attributed to cancer, and 12.7 million new
cases of cancer were reported annually across the
world” [1]. Although, brain tumors accounts for
roughly 2% of all cancer cases worldwide,
nevertheless, the high morbidity and mortality rates,
as well as the fact that many young and middle-aged
individuals are affected, results in a considerable
impact on the life in comparison to other types of
cancers [2].

There are several approaches to manage brain
tumors, such as surgery, chemotherapy, immune
checkpoint inhibitors, molecular targeted therapy,
whole-brain radiotherapy (WBRT) and stereotactic
radiosurgery (SRS) [3]. The challenge in administering
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radiation therapy for patients with brain carcinoma
stems from the critical proximity of organs such as the
brainstem and optic chiasm to the treatment area.
This necessitates enhanced accuracy and precision
during radiation therapy, given the narrow margin at
the planning target volume (PTV) [4]. Standard
treatment for brain tumor is WBRT, however, major
adverse effects associated with WBRT predominantly
includes irreversible neurological complications like
decline in neurocognitive function, dementia, and
cerebellar dysfunction [5]. “Therefore, SRS is an
alternative treatment that delivers high doses to the
affected areas while minimizing damage to healthy
brain tissue”’[3]. SRS refers to a procedure where
ionizing radiation from an external source is utilized
to deactivate or eliminate specific targets in the head
or spine, identified through detailed imaging with high
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resolution [6]. SRS is a widely recognized treatment
choice for brain carcinoma, involving both gamma
knife radiosurgery (GKS) and linear-accelerator
(LINAC)-based radiosurgery[7-10]. In the past few
years, there has been a surge in employing flattening
filter-free beams (FFF) in stereotactic radiotherapy
owing to the benefits they offer in terms of dosimetry
and clinical outcomes [11].

Currently, LINAC-based SRS is widely used globally
and plays a crucial role in radiotherapy for brain
metastases. The adoption of modern radiotherapy
techniques, such as volumetric-modulated arc therapy
(VMAT), into clinical practice has significantly
enhanced LINAC-based SRS planning. Through the
implementation of inverse planning methods, VMAT
allows the customization of target conformity and
organ-at-risk doses[12]. Recently, there has been
growing interest in utilizing the dynamic conformal
arc therapy (DCAT) technique in stereotactic
radiotherapy (SRT). DCAT is applicable for both single
and multiple brain metastases and employs variable
dose rate (VDR) and segment shape optimization
(SS0O). SSO enables beam modulation for improved
dose conformity and protection of normal tissues,
allowing the Monaco treatment planning system (TPS)
to achieve plan quality comparable to VMAT. The
combination of SSO and VDR in DCAT reduces
cumulative monitor unit (MU) values and results in
quicker treatment plans[13]. Conversely, VMAT
requires a higher number of MUs to deliver the same
dose due to its increased modulation[14]. Exploring
the possible benefits of such advancement techniques
in treatment planning for the field of radiotherapy
proves to be valuable.

Radiation necrosis is a toxicity that sets a limit on
the dosage for brain SRS. Previous studies have shown
that the risk of radionecrosis after brain SRS is related
to the amount of healthy brain tissue exposed to
varying radiation doses, and to reduce this risk while
maintaining effective local control, fractionated SRS or
SRT is suggested as an alternative to single-fraction
SRS [15-18]. The four-fraction SRS is universally
implemented as a popular radiotherapy regimen for
brain SRS[19].

The objective of this study was to examine and
differentiate the efficacy of VMAT and DCAT
techniques for SRT in treating single brain carcinoma.
The comparison was based on factors such as
radiation doses to critical organs, cumulative MU
values and quality indices. There is currently a lack of
extensive research comparing VMAT and DCAT
techniques specifically for single brain carcinoma
treated with a four-fraction SRS regimen. Most
previous studies have focused on single-fraction SRS
for single brain metastasis or multi-fraction SRS for
multiple brain metastases [3,20-22]. To the best of our
understanding, this study represents the initial
comparison between VMAT and DCAT techniques in
individuals with single brain carcinoma who
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underwent a four-fraction SRS regimen. The study
sheds light on how VMAT and DCAT perform in terms
of target conformity and safety, particularly for
different sizes and more complex tumors. This
information is crucial for optimizing treatment plans
to maximize tumour control while minimizing damage
to surrounding healthy tissues. This study advances
the existing literature by addressing a significant gap,
providing a direct comparison of VMAT and DCAT in a
new clinical context, and offers practical insights that
can improve patient care and treatment planning for
single brain carcinoma treated with a four-fraction
SRS regimen.

Materials and Methods

The research was carried out in retrospective
observational manner, focusing on dosimetric analysis.

Patient selection

This study included 20 patients (10 Male and 10
Female) aged between 20 to 80 with brain carcinoma
who underwent brain SRT using the Elekta Versa HD
LINAC at our institution. AIll patients underwent
treatment at our institution during the period from 2017
to 2023.

Immobilization and Contouring

Contouring and planning procedures involves the
utilization of computed tomography (CT) images. Each
patient was positioned supine and immobilized using a
thermoplastic mould (ORFIT), after which scans were
performed from the vertex to the skull base having slice
thickness of 3 mm using Philips Brilliance Big Bore 16
slice CT scanner Various structures, including the
brainstem, brain, lenses, optic nerves/chiasm, cochlea
and eyes were delineated as organs at risk (OARS)
following the standard guidelines put forth by Radiation
Therapy Oncology Group (RTOG)[23,24]. The
delineation of gross tumor volume (GTV) was
conducted based on CT images. To account for patient
motion and set-up errors, the PTV was delineated as the
GTV with an additional margin of 1 mm [25].

Treatment Planning

DCAT and VMAT plans were created for 20
patients using the Monaco TPS with version 5.11.03.
The LINAC features an integrated array of 80 pairs of 5
mm width MLCs at the isocentre and also has an add-on
device APEX, which comprises 56 pairs of micro-MLCs
with 2.5 mm leaf widths at the isocentre. FFF photon
beams with energy 6 MV were employed in every single
plans. With a grid size of 3 mm, the dose was computed
utilizing the Monte Carlo algorithm. The prescribed
dose for the PTV was 16Gy administered in four-
fraction, and normalization to Dgsy Was applied to every
plan. For plans utilizing both VMAT and DCAT
techniques, the isocentre was positioned at the
geometric centre of the PTVs. In case of VMAT plans
dual-arc technique was used with gantry angle starting
from 180° to 360° and couch and collimator angle taken
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were 0°. For DCAT plans, couch angle was 0° and the
gantry was rotated from 180° to 360° and the collimator
angle was set to 270°. To minimize the dose delivered to
OARs, a ring contour was utilized around PTV,
ensuring exposure to OARs was kept at a minimum. For
DCAT plans 2.5 mm Apex micro-MLCs were used
whereas VMAT utilized a 5 mm MLC (Elekta Agility).

Evaluation of the Treatment Plans

The dose distribution between VMAT and DCAT
were compared using Paddick’s conformity index (IP-
Cl), given by[3]

1) “CI= Verv ooy 2/ (V100 X Vprv)”

Vprv (00) iS considered as volume of PTV which
receives the prescribed dose,,

Vigo is the prescribed dose received by the whole
volume, and Vpry is the volume PTV.

2) The estimation of the volume received by the
brainstem, optic chiasma and cochlea was conducted by
measuring Visay, V12ey, Vioay, and Vsgy, where

where Vxgy represents the volume of any tissue
exposed to XGy of radiation.[3]

Statistical Analysis
Software and Version

Statistical analyses were performed using Jamovi
software (version 2.3.26). The normality of the data was
assessed with the Shapiro-Wilk test. A paired t-test was
used to compare DCAT and VMAT treatment plans, as
both were applied to the same set of patients and
treatment sites, ensuring naturally paired data. A
significance level of P<0.05 was considered to
determine statistical significance.

In this dosimetric study, twenty patients with single
brain carcinoma were evaluated. The planning goals for all
VMAT and DCAT plans were achieved using an identical
optimization protocol. Both techniques demonstrated
statistically similar target coverage, with the prescription

Table 1. Overview of the PTV indices

isodose line covering at least 95% of the planning target
volume in each patient.

Table 1 displays the results for the dose-volume
parameters and the plan quality indices for both VMAT
and DCAT techniques. In comparison to the DCAT
technique, the VMAT technique demonstrated significantly
superior results for Paddick Cl (p=0.04) metrics indicating
more conformal dose distribution, VMAT significantly
improved the target conformity compared with DCAT with
mean and SD for Paddiick CI were 0.650 + 0.18 and 0.751
+0.08 for DCAT and VMAT, respectively.

Similarly, the P-values for the other parameters for
PTV and GTV (Table 1 and 2), which include Dy, Dso,
Dgge, and Dmean are all greater than 0.05. This suggests that
there is no significant statistical difference between the two
techniques in relation to these parameters. However, the
values in these parameters were comparatively lower in
case of VMAT than in DCAT plans except for Dggs. In
case of Dggyo VMAT plans showed superiority compared to
DCAT plans.

Table 3a presents information on the radiation doses
received by brainstem, optic chiasma and cochlea. All of
the P-values are greater than 0.05, which suggests that there
is no statistically significant difference between DCAT and
VMAT in terms of any of the dose-volume parameters
measured. Dose-volume parameters (Visey, Vi2ay, Viocy,
and Vsgy) that were measured for brainstem, optic chiasma
and cochlea were similar in VMAT compared to DCAT
plans except for Vioey and Viogy in case of cochlea which
shows slightly higher values for VMAT than for DCAT.
Moreover, the value of Dmax for brainstem is less in VMAT
compared to DCAT plans (Table 3(b))

Table 4 presents a summary of the MUs in DCAT and
VMAT plans. The MUs of DCAT plans were significantly
smaller than that of VMAT plans (p< 0.001). Furthermore,
Figure 1 illustrates the dose distributions in the axial plane
for two treatment modalities.

INDEX DCAT (Mean * SD) VMAT (Mean £SD) _ P- VALUE
IP-Cl 0.650 £0.18 0.751+0.08 0.046
Das (GY) 17.17 £0.74 17.08 +0.36 0.717
Dscws (GY) 16.48 +0.63 16.45 +0.26 0.878
Degss (GY) 15,00 £0.91 1529 +0.32 0.118
Drnean (GY) 16.42 £0.58 16.38 +0.24 0.797

PTV planning target volume, DCAT dynamic conformal arc therapy, VMAT volumetric modulated arc therapy, SD standard deviation, IP-CI lan Paddick’s

conformity index, Dxy is dose to X% of volume, Dpen mean dose of PTV
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Table 2. Overview of the GTV indices

INDEX DCAT (Mean + SD) VMAT (Mean + SD) P- Value
D2y (Gy) 17.21+0.75 17.13+0.37 0.733
Do (GY) 16.67 +0.70 16.64 +0.30 0.869
Dasy (GY) 15.94 +£0.61 15.96 +£0.28 0.905
Drean (GY) 16.42 +0.69 16.64+0.29 0.875

GTV gross tumor volume, DCAT dynamic conformal arc therapy, VMAT volumetric modulated arc therapy, SD standard deviation, Dxs is dose to X% of
volume, Dien mean dose of GTV

Table 3(a). Overview of the volume of Optic Chiasma, Brainstem and Cochlea that received radiation exposure.

Optic chiasma Brainstem Cochlea
INDEX ,\DACAT+ © VMAT p-value ,'\DACAT+ o VMAT p-value ,'\DACAT+ o VMAT p-value
ean = Mean = SD ean = Mean £ SD ean = Mean £ SD

Visgy(cm®)  0.0012 +0.005 0.00+0.00 0.33 0.0481+0.16  0.0422+0.17 037 0.0257+0.05  0.0204 +0.039  0.09
Vigy(cm®)  0.006 +0.026 0.0012+0.005 0.33 0.34+0.90 0.29+0.87 0.36 0.0363+0.06  0.0380+0.063  0.55
Viggy(cm?)  0.010+0.04 0.003+0.01  0.33 0.62 +1.50 0.59 +1.55 0.7 0.0373+0.06  0.0437+0.069  0.33
Vsey(cm®)  0.023+0.10 0.018+0.07 033 357+46 3.46+4.32 0.8 0.0519+0.07  0.0486 +0.072  0.32

DCAT dynamic conformal arc therapy, VMAT volumetric modulated arc therapy, SD standard deviation, Vxgy s
volume of tissue receiving XGy.

Table 3(b). Comparison of Dy to the Brainstem across DCAT and VMAT

INDEX DCAT (Mean * SD) VMAT (Mean £SD) _ P- VALUE
Drax 6.96+6.7 6.85+623 0.702

DCAT dynamic conformal arc therapy, VMAT volumetric modulated arc therapy, SD standard deviation, Dma maximum dose received

Table 4. The Monitor unit in Dynamic conformal arc therapy and Volumetric modulated arc therapy.

INDEX DCAT (Mean + SD) VMAT (Mean £SD)  P— VALUE
MU 571.36 £ 59.6 986.95 + 146.3 <0.001

DCAT dynamic conformal arc therapy, VMAT volumetric modulated arc therapy, SD standard deviation, MU monitor units

a) DCAT PLAN © b)VMATPLAN

Figure. 1. The distribution of dose in a typical case is depicted in an axial plane for Dynamic Conformal Arc Therapy and Volumetric Modulated Arc
Therapy DCAT and VMAT plans, respectively.

Discussion the brainstem, optic chiasma, and cochlea in multi-

This study analysed dose distribution in DCAT and ~ fraction SRS. In our study, the median PTV was 4.985
VMAT plans for single brain carcinoma, finding that ~ ¢m* (range 0.171-14.07 cm®), aligning with the range
VMAT offered better conformity and reduced doses to
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documented in the study by Nida, Antonio et al., further
supporting the validity of our findings [26].

Our research indicates that VMAT plans
demonstrate a higher Dggy for the GTV compared to
DCAT plans. This elevated Degy in VMAT plans is
anticipated to enhance local tumor control, thereby
reducing the likelihood of tumor growth or spread
within the targeted region. Supporting this, a recent
study by Dupic et al. [27] highlighted the critical
importance of achieving a high Dggy of the GTV for
effective local control in multi-fraction SRT.[27]

Our study found that VMAT plans achieved superior
Cl values compared to DCAT plans. VMAT provided a
more precise dose distribution closely aligned with the
target volume, resulting in a steeper dose gradient
outside the target area and reduced radiation exposure to
surrounding healthy tissues, thus minimizing potential
side effects. For optimal planning in SRT, it is
recommended to achieve optimal CI values [28].

In current study, VMAT consistently outperformed
DCAT in dose-volume parameters (Vioggy and Viogy),
except for the cochlea. VMAT effectively reduces the
risk of brain radiation necrosis and delivers a lower
maximum dose (Dmax) to the brainstem than DCAT.
Overall, VMAT offers notable safety and effective
advantages for treating brain carcinoma near sensitive
structures like the brainstem. Radiation necrosis is one
of the most severe side effects following brain
radiotherapy[29]. While the risk of radiation necrosis
after SRT varies in different studies due to factors like
treatment methods, lesion type, target size, and patient
selection. Parameters like Vioey and Viagy are crucial in
estimating the likelihood of radiation necrosis and are
considered among the most important factors in
assessing the associated risk [30-32]. Hence, both
techniques were examined in terms of these two values.

Our study revealed that DCAT provided better
conformity for small tumour volumes, while VMAT
outperformed DCAT for larger tumours. DCAT excels
in targeting small, well-defined volumes with high
precision, whereas VMAT's advanced modulation
techniques offer superior conformity for larger, more
complex tumours while safeguarding adjacent tissues.

Monk et al. demonstrated that the micro-MLC
improves target coverage due to its proximity to the
patient, reducing penumbra and allowing for better
target coverage without significantly increasing
maximum doses to OAR; however, such add-on devices
necessitate additional commissioning and prolong
treatment setup time [33]. While the study conducted by
Jin et al. indicates even though narrower leaf-width
MLCs achieve better dose conformity compared to
wider leaf-width MLCs, this benefit decreases as the
target volume increases[34]. Our results showed that,
despite using the APEX MLC for DCAT and the Agility
MLC for VMAT, parameters like Dgsy and doses to
OARs were similar. However, VMAT exhibited a
superior conformity index compared to DCAT. It is
important to note that this study is solely dosimetric and
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based on treatment planning, with actual patient doses
potentially affected by other factors.

Nonetheless, it is evident that achieving an optimal
brain SRT plan requires consideration of various factors,
including the radiotherapy device's capabilities, patient
and tumour characteristics, and plan quality indices.
Given that SRT is time-consuming, efficiently
completing sessions is crucial, particularly for patients
with compromised health or limited endurance.
Reducing treatment time minimizes patient movement,
enhances comfort, and reduces distress, thereby
decreasing treatment-related uncertainties.
Consequently, DCAT may offer practical advantages
over VMAT for clinicians in daily practice. This is
because DCAT can offer comparable target coverage at
the same time significantly reducing duration of
treatment by 50%. The previous study done by G.
Turkkan et al.[20] highlights the time-saving advantage
of DCAT in brain SRT when compared to VMAT, this
study further supports such findings[20].

Overall, our findings align with previous studies of
D. Torizuka et al., G. Tirkkan et al. and M. Uto et al.
that have compared VMAT and DCAT in brain SRS
[3,20,22]. However, it is important to note that this
study solely provides dosimetric outcomes.

As patient lifespans increase with advancements in
treatment and the need for reirradiation arises in cases of
intracranial recurrence, minimizing radiation to healthy
brain tissue becomes essential. While VMAT is
favoured for its precision and safety, DCAT's shorter
treatment durations make it a viable alternative for
patients requiring quicker sessions due to their physical
condition. Since the differences between these methods
are not substantial, either technique can be effectively
chosen based on individual patient needs and
circumstances.

It is important to acknowledge the constraints
associated with this study. First, being retrospective, it
cannot confirm whether improvements in target ClI and
reduction in brain tissue volume receiving Vipey and
V1cy doses actually resulted in practical advantages.
Second, while higher CI values (near to 1.0) and lower
doses to normal brain tissue are crucial for effective
tumour control and reducing brain necrosis risk, further
clinical validation and prospective data are necessary.
Third, due to the study’s design, we could not determine
if VMAT demonstrates superior dosimetric performance
compared to DCAT in terms of toxicity in a clinical
setting. Finally, only a limited set of parameters were
examined, suggesting a need for further research with
broader parameters.

Conclusion

When comparing SRS planning techniques for
multiple fractions in solitary brain carcinoma, VMAT
excels over DCAT in target conformity and reducing the
risk of brain radiation necrosis, making it the preferred
choice. However, DCAT offers lower MU values and
reduces treatment duration by nearly fifty percent
compared to VMAT, making it a viable option for
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patients with reduced performance status who require
shorter radiotherapy sessions.

References

1.

10.

11.

12.

13.

14.

103

Baskar R, Lee KA,Yeo R,Yeoh KW “Cancer and
radiation therapy: Current advances and future
directions,” Int. J. Med. Sci.,2012;9(3):193-9

Munshi A,

Spotlight  on India,”
Cancer,2016;5(3):146-7
Torizuka D, Uto M,Takehana K, Mizowaki T.
Dosimetric comparison among dynamic conformal
arc therapy, coplanar and non-coplanar volumetric
modulated arc therapy for single brain metastasis. J.
Radiat. Res.,2021;62(6):1114-9

Park H, Cho J, Kim S. Dosimetric Effects of
Rotational Setup Error in Volumetric Modulated Arc
Radiotherapy on Brain Tumor Patients.

Suresh T and Madeswaran S. Impact of 6 MV & 10
MV Flattened and Flattening Filter Free Beams in
Whole Brain Radiotherapy: A Treatment Planning
Study, no. Mlc.

Nabavi M, Nedaie HA, Salehi N, Naderi M.
Stereotactic Radiosurgery / Radiotherapy: A
Historical Review. 2014;10(4):156-67
Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau
FD, Lai P, Sawaya RE Incidence proportions of
brain metastases in patients diagnosed (1973 to
2001) in the Metropolitan Detroit Cancer
Surveillance System. J. Clin. Oncol.,
2004;22(14):2865-72

Hiyama H, Arai K, lzawa M,Takakura K.
Stereotactic radiosurgery for the treatment of brain
metastases. Brain and Nerve. 1996;48(2):113-9
Yamamoto M, Kawabe T, Sato Y, Higuchi Y, Nariai
T, Watanabe S, et al., Stereotactic radiosurgery for
patients with multiple brain metastases: a case-
matched study comparing treatment results for
patients with 2-9 versus 10 or more tumors. J.
Neurosurg. 2014;121(Suppl_2):16-25.

Mhatre VR, Chadha P, Chauhan R, Talapatra K,
Kumar AP.”Dosimetric Comparison of Two Linear
Accelerator-Based  Radiosurgery — Systems  for
Intracranial Tumours with Rapidarc and Dynamic
Conformal Arc Therapy. Iranian Journal of Medical
Physics. 2021;18(5).

Saroj DK, Yadav S, Ghosh G, Shukla S, Gupta G,
Choudhary S. Dosimetric Comparison between 6MV
Flattened Filter and Flattening Filter Free Photon
Beams in the Treatment of Glioblastoma with IMRT
Technique: A Treatment Planning Study. Iranian
Journal of Medical Physics. 2020;17(3):188-96.
Ernst-Stecken A, Ganslandt O, Lambrecht U, Sauer
R, Grabenbauer G. Phase Il trial of hypofractionated
stereotactic radiotherapy for brain metastases:
Results and toxicity. Radiother.
Oncol.2006;81(1):18-24

Moon YM, Jeon W,Yu T, Bae SI, Kim JY, Kang
JK, et al. Which Is Better for Liver SBRT:
Dosimetric Comparison Between DCAT and VMAT
for Liver Tumors. 2020;10:1-7

Clements M, Schupp N, Tattersall M, Brown A,
Larson R. Medical Dosimetry Monaco treatment

“Central nervous system tumors:

South Asian J.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

planning system tools and optimization processes.
Med. Dosim.2018;43(2):106-17

Blonigen BJ, Steinmetz RD, Levin L, Lamba MA,
Warnick RE, Breneman JC.lrradiated Volume as a
Predictor of Brain Radionecrosis After Linear
Accelerator Stereotactic Radiosurgery. Int. J. Radiat.
Oncol. Biol. Phys. 2010;77(4):996-1001

Minniti G, Clarke E, Lanzetta G, Osti MF,
Trasimeni G, Bozzao A, et al. Stereotactic
radiosurgery for brain metastases: Analysis of
outcome and risk of brain radionecrosis, Radiat.
Oncol. 2011;6(1):1-9

Putz F, Weissmann T, Oft D, Schmidt MA, Roesch
J, Siavooshhaghighi H, et al. FSRT vs. SRS in Brain

Metastases—Differences in Local Control and

Radiation Necrosis—A Volumetric Study. Front.
Oncol. 2020;10:1-12

Remick JS, Kowalski E, Khairnar R, Sun K, Morse
E, Cherng HR, et al. A multi-center analysis of
single-fraction versus hypofractionated stereotactic
radiosurgery for the treatment of brain metastasis.
Radiat. Oncol. 2020;15(1);1-11

Kirkpatrick JP, Soltys SG, Lo SS, Beal K, Shrieve
DC, Brown PD. The radiosurgery fractionation
quandary: single fraction or hypofractionation?

Neuro. Oncol. 2017;19:1138-49

Tirkkan G, Bilici N, Sertel H, Tavli B, Ozkirim M,
Fayda M. Dosimetric Comparison of Volumetric-
Modulated Arc Therapy and Dynamic Conformal
Arc Therapy in Threefraction Single-isocenter
Stereotactic Radiosurgery for Multiple Brain
Metastases. Turk Onkol. Derg. 2022;37(1):67-73
Hofmaier J, Bodensohn R, Garny S, Hadi I,
Fleischmann DF, Eder M, et al. Single isocenter
stereotactic radiosurgery for patients with multiple
brain metastases: Dosimetric comparison of VMAT
and a dedicated DCAT planning tool. Radiat. Oncol.
2019;14(1):4-11

Uto M, Mizowaki T, Ogura K, Mukumoto N,
Katagiri T, Takehana K, et al. Dosimetric
comparison  between dual-isocentric  dynamic
conformal arc therapy and mono-isocentric
volumetric-modulated arc therapy for two large
brain metastases. J. Radiat. Res. 2018;59(6):774-81.
Yuan J, Lee R, Dusenbery KE, Lee CK, Mathew
DC, Sperduto PW, et al. Cumulative doses to brain
and other critical structures after multisession
Gamma Knife stereotactic radiosurgery for treatment
of multiple metastatic tumors. Front. Oncol.
2018;8:1-8

Shaw E, Scott C, Souhami L, Dinapoli R, Kline R,
Loeffler J, Farnan N. Single dose radiosurgical
treatment of recurrent previously irradiated primary
brain tumors and brain metastases: Final report of
RTOG Protocol 90-05. International Journal of
Radiation Oncology*Biology*Physics, 2000; 47(2),
291-8.

Kirkpatrick JP, Wang Z, Sampson JH, McSherry F,
Herndon 11 JE, Allen KJ, et al. Defining the optimal
planning target volume in image-guided stereotactic
radiosurgery of brain metastases: Results of a
randomized trial. Int. J. Radiat. Oncol. Biol.
Phys.2015;91(1):100-8

Fatima N, Meola A, Pollom E, Chang SD, Soltys S.
Stereotactic  Radiosurgery for Large Benign

Iran J Med Phys., Vol. 22, No. 2, March 2025



Suhani Priyanka Pinto, et al.

fpp

Dynamic vs Volumetric Arc SRT: Dosimetric Study

27.

28.

29.

30.

3L

32.

33.

34.

Intracranial Tumors. World Neurosurg.
2020;134:e172-80,

Dupic G, Brun L, Molnar I, Leyrat B, Chassin V,
Moreau J, et al. Significant correlation between
gross tumor volume (GTV) D98% and local control
in multifraction stereotactic radiotherapy (MF-SRT)
for unresected brain metastases. Radiother. Oncol.
2021;154:260-8

Paddick | and Lippitz B, A simple dose gradient
measurement tool to complement the conformity
index. J. Neurosurg. 2006;105:194-201.

Marks JE, Baglan RJ, Prassad SC, Blank WF.
Cerebral radionecrosis: Incidence and risk in relation
to dose, time, fractionation, and volume. Int. J.
Radiat. Oncol. Biol. Phys.,1981;7(2):243-52

Vaios EJ, Winter SF, Shih HA, Dietrich J, Peters
KB, Floyd SR, et al. Novel Mechanisms and Future
Opportunities for the Management of Radiation
Necrosis in Patients Treated for Brain Metastases in
the Era of Immunotherapy. Cancers (Basel).
2023;15(9):1-28

Nissen C, Ying J, Newkirk M, Narayanasamy G,
Lewis G, Xia F. et al. “"An Analysis of Risk Factors
for Radiation Necrosis Following Cranial Radiation,
" Cureus, 2022;14(9).

Bohoudi O, Bruynzeel AM, Lagerwaard FJ, Cuijpers
JP, Slotman BJ, Palacios MA. Isotoxic radiosurgery
planning for brain metastases. Radiother. Oncol.
2016;120(2):253-7

Monk JE, Perks JR,Doughty D, Plowman PN.
Comparison of a micro-multileaf collimator with a
5-mm-leaf-width  collimator ~ for intracranial
stereotactic radiotherapy. Int. J. Radiat. Oncol. Biol.
Phys., 2003;57(5):1443-9.

Jin JY, Yin FF, Ryu S, Ajlouni M, Jae HK.
Dosimetric study using different leaf-width MLCs
for treatment planning of dynamic conformal arcs
and intensity-modulated radiosurgery. Med. Phys.,
2005;32(2):405-11 .

Iran J Med Phys., Vol. 22, No. 2, March 2025

104



