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Introduction: We aimed to dosimetrically compare three-dimensional conformal radiotherapy (3D-CRT) and
volumetric modulated arc therapy (VMAT) in terms of planning target volume (PTV) coverage, organ at risk
(OAR) sparing, and conformity index (Cl).

Material and Methods: Planning data of 26 high grade glioma (HGG) patients were used. Prescribed dose
for 3D-CRT was 46Gy in 23 fractions to low-risk PTV (LR-PTV) and 14 Gy in 7 fractions to high-risk PTV
(HR-PTV). VMAT plans were conducted using 46 Gy in 30 fractions to LR-PTV and 60 Gy in 30 fractions
to HR-PTV.

Results: Tumor locations were frontal, parietal, temporal, and multi-lobed in 27%, 15%, 23%, and 35% of
cases, respectively. Histology was glioblastoma multiform in 89% of patients. Mean values of PTV D95
(dose received by 95% volume) in 3D-CRT and VMAT were 96.6% and 98.8% for the LR-PTV and 97.3%
and 99% for HR-PTV (P<0.001), respectively. Mean values of Cl in 3D-CRT were 0.96 and 0.97 for LR-
PTV and HR-PTV and 0.98 and 0.99 for LR-PTV and HR-PTV of VMAT (both P<0.001), respectively.
Mean Dmax of right optic nerve (maximum point dose received by the organ) for 3D-CRT and VMAT were
31.59 and 25.57Gy (P=0.02). Mean Dmax for left optic nerve and optic chiasm were 28.81 and 22.14 Gy
(P=0.019) and 42.24 and 37.12 Gy (P=0.055) respectively for 3D-CRT versus VMAT. Doses to other OARSs
were not statistically different between 3D-CRT and VMAT.

Conclusion: VMAT achieved better coverage of the PTV and delivered fewer doses to bilateral optic nerve

and chiasm.
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Introduction

Primary parenchymal brain tumors account for 85-
90% of all primary central nervous system (CNS)
tumors [1]. High-grade glioma (HGG), including
anaplastic glioma and glioblastoma multiforme (GBM),
includes approximately half of the primary brain tumors
[2]. The management of HGG has remained a challenge

despite the improvements in surgical techniques,
radiotherapeutic ~ modalities, and  chemotherapy
treatment.

Maximal safe resection (MSR) followed by

radiotherapy (RT) with concurrent and adjuvant
temozolomide remains the gold standard for the
management of GBM [3, 4]. Surgical and radiotherapy
approaches toward anaplastic glioma and GBM are
similar. Despite the advancements in various therapeutic
approaches, prognosis remains dismal with median
survival of 11-18 months for GBM [5]. Estimated
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median overall survival (OS) varies widely and ranges
15-40 months for anaplastic glioma, with some
anaplastic oligodendroglioma (AO) patients (1p/19q co-
deleted tumors) demonstrating a median survival of
exceeding 56 months [6, 7].

The commonly practiced radiotherapeutic technique
is three-dimensional conformal radiotherapy (3D-CRT);
however, it is limited to deliver an enhanced dose to the
target volume with inefficient sparing of organs at risk
(OARs). Advanced RT techniques, such as intensity
modulated RT (IMRT) and volumetric modulated arc
therapy (VMAT), have the potential to reduce the doses
to OAR while delivering the same or better doses to
target volumes. IMRT represents significant advantage
over 3D-CRT [8] in terms of tumor dose coverage,
better conformity, and better sparing of OAR observed
in glioma [9,10]. Relatively shorter treatment time,


mailto:drmadhup1@gmail.com

Harikesh Bahadur Singh, et al.

fpp

VMAT vs 3D-CRT in High-grade Glioma

resulting in lesser intra-fraction motion susceptibility
with the same degree of conformity as IMRT makes
VMAT a more convenient method of RT delivery in a
resource constraint setup [11-13]. Although there has
been a body of literature on the comparison of IMRT
with VMAT in HGG patients, there is no research
addressing direct head-to-head comparisons of 3D-CRT
with VMAT in the postoperative status of HGG patients.

Therefore, the present study aimed to provide a
precise comparison of 3D-CRT with VMAT in the
postoperative status of HGG patients. This comparison
was conducted in terms of planning target volume
(PTV) coverage, OAR sparing, biologically effective
dose (BED) of respective volumes, conformity index
(CI), and homogeneity index (HI).

Materials and Methods

Participants

This is a prospective observational study of 26
patients enrolled between July 2015 and August 2016
with due approval from the institutional ethics
committee (Code No. of IEC: 19/15). The inclusion
criteria in the current study were a) male and female
patients in the postoperative status, b) grade Il and IV
of AO, anaplastic astrocytoma (AA), and GBM
(histopathologically proven based on World Health
Organization), c) age range of 18-70 years, d) normal
renal function test, e) liver function test, and f) adequate
bone marrow reserve. On the other hand, patients with
the multi-centric disease, prior history of any
malignancy, and exposure to any form of chemotherapy
or radiotherapy were excluded from the study. Informed
written consent form was obtained from all patients
prior to initiation of the study. The investigated patients
in the current study were exposed to MSR. Patient and
tumor characteristics are summarized in tables 1 and 2,
respectively.

Table 1. Patient characteristics at the baseline

Characteristic
Age (years)

Statistical analysis

18-29 2

30-49 12

>50 12

Median age 46.5
Gender

Male 20

Female 6

KPS

70 4 (15.38%)
80 8 (30.76%)
90 14 (53.84%)
Median 90

KPS: Karnofsky performance score

Image Acquisition

Post-operative magnetic resonance imaging (MRI)
was obtained in the treatment position to enable MRI-
CT fusion during RT planning. Subsequently, contrast-
enhanced computed tomography (CECT) simulation
was performed on CT simulator (SOMATOM,
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SIEMENS, Germany) in a supine paosition using a
thermoplastic cast for immobilization. CT images were
acquired at a slice thickness of 3 mm and the obtained
data were transferred to the treatment planning system
(MONACO Version 5.0, ELEKTA, Crawley, UK) using
DICOM protocol 3.0. T1 contrast and T2 FLAIR
sequences of MRI obtained in DICOM format were
fused using the auto fusion software. Auto-fusion
facility was utilized for the image fusion and avoidance
of any distortion using image optimization algorithm in
data transfer and fusion protocol. This facility is based
on the mutual information of statistical similarities
between the areas of interest. Repetitive iterations were
performed to obtain satisfactory fusion (as evident on
the serial axial, coronal and sagittal images in fusion
window).

Table 2. Tumor characteristics

Side of involvement  Statistical analysis

Left 12 (46.15%)

Right 14 (53.84%)

Location Left Right
Frontal 2 (7.69%) 5 (19.23%)
Fronto-parietal 2 (7.69%) -
Fronto-temporal 1 (3.84%) -

Parietal 2(7.69%) 2 (7.69%)
Temporo-parietal 2 (7.69%) 4 (15.38%)
Temporal 3 (11.5%) 3 (11.53%)
Histopathology

GBM+t 23 (88.46%)

AOT 2 (7.69%)

AAF 1 (3.84%)

GBM: Glioblastoma multiforme, AO: Anaplastic
oligodendroglioma, AA: Anaplastic astrocytoma

Target Volume delineation

The demarcation of the volumes were performed
based on standard guidelines [14,15]. Gross tumor
volume (GTV) was defined as contrast enhancing tumor
(residual tumor). Clinical target volume (CTV)
corresponded to GTV plus post-resection cavity with a
margin to include potential microscopic extensions. Two
different types of CTVs, namely high-risk CTV (HR-
CTV) and low-risk CTV (LR-CTV) were taken into
consideration. The HR-CTV was contoured based on
1.5-2.0 cm margin to T1 enhancement (GTV) plus
resection cavity. The LR-CTV included the volume of
T2 FLAIR MRI enhancement with a 1.5-2.0 cm margin.
The CTVs were limited by anatomical boundaries. HR-
CTV and LR-CTV were expanded with 5 mm isotropic
margin to obtain HR-PTV and LR-PTV respectively.
Similar PTV margins were applied for both 3D-CRT
and VMAT [16]. Delineated OARs were brainstem,
bilateral optic nerves, optic chiasm, bilateral eyes, and
lenses. Target and OARs volume for the investigated
patients were the same in both 3D-CRT and VMAT
groups, thereby minimizing inter-observer variability in
the delineation of volumes.
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Radiotherapy Treatment Planning

In order to conduct radiotherapy treatments, two
different plans were generated in the current study. The
3D-CRT plans were generated using a treatment
planning system (XIO Version 5.0 ELEKTA, Crawley,
UK) through forward planning to the total dose of 60 Gy
in two phases. In phase 1, 46 Gy was planned in 23
fractions (5 fractions per week) to LR-PTV followed by
14 Gy in 7 fractions (5 fractions per week) Multiple
fields either coplanar or non-coplanar with motorized
wedges were used, and field shaping was performed
through multi-leaf collimator (MLCs) [17]. The VMAT
planning was performed using MONACO (Version 5.0,
ELEKTA, Crawley, UK) on the same patients using the
similar target volume and OAR as utilized for 3D-CRT
plans. The VMAT plans were sequentially optimized
with the interplay of multi-leaf collimators and weight
of treatment planning beams [18]. In the VMAT plans,
60 Gy in 30 fractions were planned to HR-PTV and 46
Gy in 30 fractions to the LR-PTV using a simultaneous
integrated boost technique.

For both 3D-CRT and VMAT, plans were created
for achieving >95% of PTV being covered by >95%
isodose line while considering the dose limits of OARs.
Moreover, hot spots (>110% of the prescription doses)
were limited to < 20% of PTV and restricted to <2% of
the outside PTV. Regarding OARs, the tolerance dose
was considered as maximum dose (Dmax; <54 Gy) for
the brainstem [19] and point dose < 60 Gy if PTV
encompassed brainstem, < 54 Gy (Dmax) to the optic
nerve, < 54 Gy (Dmax) to optic chiasm. Additional
criteria for the patients were Dmax of < 45 Gy for the
spinal cord, Dmean of the eye < 50 Gy, and Dmax to
the lens < 10 Gy [20, 21]. In order to calculate the BED,
a linear quadratic model with o/p of 10 was employed in
this study. The BED and equivalent dose at 2 Gy
(EQD2) were separately calculated for respective
volumes to meet the target goal and have a meaningful
comparison.

All patients were treated using the 3D-CRT plans.
VMAT plans were used only for the comparison of
dosimetric parameters with 3D-CRT plans. Treatment
was executed on high energy LINAC (ELEKTA
infinity, Crawley, UK) with multi-leaf collimator
(MLC) having a leaf width of 1 cm at the iso-center.
Treatment verification was performed using cone beam
CT (ELEKTA, Crawley, UK), daily for the first three
fractions, and thereafter once a week for the remaining
fractions.

Dosimetric Parameters and Statistical Analysis

Dosimetric comparison of 3D-CRT plans were made
with VMAT plans in terms of PTV coverage, doses to
OAR, CI, HI, BED, and EQD2. The dose volume
histogram included Dmax and Dmean for PTV and
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OAR. Planning was evaluated by the assessment of
slice-by-slice coverage as well as the use of dose
volume histograms (DVH). The formulation used for
conformity index was Vri/TV, where Vg, is the volume
covered by 95% of the isodose lines (reference isodose)
and TV is the target volume. Similarly, the formulation
used for homogeneity Index was Imax / RI, where Inax is
the maximum isodose in the target and RI is reference
isodose [10, 22, 23]. Statistical analysis was performed
using SPSS software (version 20.0; SPSS, Inc., Chicago,
IL, USA).

Results

Median volume of HR-PTV60 and LR-PTV 46 were
278.65cc (range: 157.8-560.80cc) and 458.19cc (range
262.54 to 806.86¢cc), respectively. PTV coverage at 95%
of prescribed dose for LR-PTV was 96.66% and 98.88%
(95% CI: -3.23 to -1.20, P<0.001) and for HR-PTV was
97.38% and 99.01% (95% CI: 2.39 to -0.87, P<0.001)
for 3-D CRT versus VMAT plans, respectively.
Comparative analysis of target volume coverage in 3D-
CRT and VMAT plans are presented in Table 3 and the
representative dose color wash of comparative plans is
demonstrated in Figure 1. VMAT plans had a better
mean Cl compared to 3D-CRT in terms of both HR-
PTV and LR-PTV. However, as can be seen in Table 3,
both plans had a similar value regarding the mean HI
with an insignificant advantage in favor of 3D-CRT.
Comparative dosimetric results of OARs are tabulated in
Table 4. Mean Dmax of right optic nerve (maximum
point dose received by the organ) for 3D-CRT and
VMAT were 31.59 and 25.57Gy (P=0.02). Mean Dmax
for left optic nerve and optic chiasm were 28.81 and
22.14 Gy (P=0.019) and 42.24 and 37.12 Gy (P=0.055)
respectively for 3D-CRT versus VMAT. Doses to other
OARs were not statistically different between 3D-CRT
and VMAT.

There was no significant difference in monitor units
(MU) delivered between 3D-CRT and VMAT (561.42
vs. 560.90, P=0.99). However, the obtained results
indicated the mean treatment time of 3.86 min and 3.22
min, as well as the median treatment time of 3.70 min
(range: 2.4-5.3 min) and 3.08 (range: 2.0-4.41 min) for
3D-CRT and VMAT, respectively. As can be seen,
VMAT was 1.2 times faster than 3D-CRT.

Table 3 shows the mean BED and EQD2 for both
HR-PTV and LR-PTV in 3D-CRT and VMAT plans.
Accordingly, VMAT plans delivered a significantly
higher mean BED dose to HR-PTV, compared to 3D-
CRT (P=0.006). Regarding LR-PTV, although the mean
BED was higher in VMAT plans than 3D-CRT plans, it
failed to reach the level of statistical significance
(P=0.70).
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Figure 1

VMAT PLAN 3D-CRT PLAN

Figure 1. Comparative dose color wash at 95% isodose for volumetric modulated arc therapy and three-dimensional conformal radiotherapy
plans. Contoured volume in green colour indicated low risk PTV and in pink colour indicates high risk PTV.

Table 3. Comparison of the dosimetric parameters of target volume

Target 3DCRT VMAT  Relative change 95% Confidence interval P Value
PTV Coverage at D95_LRPTV 96.66 98.88 224 -3.23t0-1.20 <0.001
LRPTV(Max dose) 62.21 64.26 3.19 -4.50 to 0.403 0.098
LRPTV(Mean dose) 57.65 57.97 0.5 -2.21t0 1.57 0.730
LRPTV(Mean BED) 68.72 69.20 0.7 -3.01t0 2.05 0.700
LRPTV(Mean EQD2) 57.25 57.72 0.8 -2.58t0 1.65 0.656
PTV Coverage at D95_HRPTV 97.38 99.01 1.64 -2.39t0 -0.87 <0.001
HRPTV(Max dose) 64.39 64.78 0.6 -1.07 t0 0.289 0.246
HRPTV(Mean dose) 60.27 61.07 13 -1.34t0-0.26 0.005
HRPTV (Mean BED) 72.38 73.54 15 -1.94 to -0.366 0.006
HRPTV(Mean EQD2) 60.36 61.32 15 -1.62 t0 -0.30 0.006
CI-LRPTV 0.96 0.98 2.04 -0.032 t0 -0.011 0.000
CI-HRPTV 0.97 0.99 2.02 -0.025 to -0.009 0.000
HI-LRPTV 1.40 1.46 41 0.120 to -0.002 0.059
HI-HRPTV 1.12 1.13 0.8 -0.018 to 0.005 0.263

3D-CRT: Three-dimensional conformal radiotherapy, VMAT: Volumetric modulated arc therapy, CI-LRPTV: Conformity index for
low-risk planning target volume, D95: Dose received at 95% of isodose, CI-HRPTV: Conformity index high-risk planning target
volume,

HI-HRPTV: Homogeneity index high-risk planning target volume, HI-LRPTV: Homogeneity index low-risk planning target volume,
MU: Monitor unit, BED: Biological equivalent dose, EQD2: Equivalent dose at 2 Gy

Table 4. Comparison of the dosimetric parameters of organ at risk

3DCRT VMAT 95%Confidence interval Relative reduction P value
Brainstem Dmax 50.60 49.08 -1.50-4.53 3 0.311
Dmean 27.74 23.75 (1.09-6.88 14.3 0.009
Right optic nerve Dmax 31.59 25.57 0.86-11.17 18.4 0.024
Dmean 17.42 16.11 -3.12-5.74 7.52 0.548
Left optic nerve Dmax 28.81 22.14 1.17-12.16 23.15 0.019
Dmean 15.51 13.81 -3.08-6.47 10.9 0.472
Optic chiasm Dmax 42.24 37.12 -0.11-10.37 12.12 0.05
Dmean 33.00 26.09 0.93-12.89 20.9 0.025
Right lens Dmax 571 9.28 -7.94-0.80 -38.4 0.105
Dmean 4.37 7.24 -6.59-0.85 -39.6 0.125
Left lens Dmax 5.08 9.33 -8.32t0-0.19 45,5 0.041
Dmean 3.34 6.50 -6.07 t0 -0.24 48.61 0.035
Right eye Dmax 20.47 22.89 -7.57 t0 -0.19 -10.5 0.344
Dmean 6.80 9.61 -6.78t0 -1.14 -29.2 0.156
Left eye Dmax 5.08 9.33 -4.26t0 -0.19 -45.51 0.041
Dmean 3.34 6.50 -6.07 t0 -0.242 -48.6 0.035

3D-CRT: 3dimensional conformal radiotherapy, VMAT: Volumetric modulated arc therapy
Dmax: Maximum dose received by organ, Dmean: Mean dose received by organ
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Discussion

It is essential to mention that 3D-CRT delivers a
conformal dose distribution to the tumor using uniform
beam intensities within each beam portal. RT in HGG is
typically delivered with 3D-CRT. Recent advancements
in the radiotherapy techniques have led to the better
conformity of doses to the target while sparing the
organs at risk to as much as possible [24-27].

In VMAT technique, RT is delivered in a continuous
arc as the beam portals are modulated via the multi-leaf
collimator to conform to the PTV. Moreover, the
intensity is modulated incorporating a multifactorial
approach, which allows modulations using variable dose
rate and gantry speed [28]. VMAT technique has the
connotation of dose painting on the delineated targets
and thus has enhanced the probability of dose escalation
in PTV and dose limitation in OARs.

Studies analyzing 3D-CRT and IMRT in different
tumor sites have compared dosimetric parameters
between these two modalities. However, there are a
limited number of comparative studies evaluating 3D-
CRT versus VMAT in the postoperative status of HGG
patients. The current study compared VMAT with 3D
conformal technique among HGG patients. To the best
knowledge of the researchers, only two published
studies have compared VMAT and 3D-CRT/IMRT so
far, which are presented in Table 5.

Wagner et al. [29] compared three modalities,
namely single arc VMAT, multifield (5-9) IMRT, and
3D-CRT in 14 HGG patients. The obtained results

revealed that VMAT and IMRT had better conformity
than 3D-CRT plans. The obtained results revealed that
OAR is related to the PTV situation, meaning that
VMAT and IMRT had an edge over 3D-CRT in PTVs
situated near the OARs. However, the same was not
proved for PTV that were away from OARs. The
coverage of PTV was better in IMRT, as compared to
that of VMAT (94.7% vs. 90.5%). Furthermore, the
coverage rates of VMAT and 3D-CRT were reported as
90.5% and 81.2%, respectively (95% CI:0.89-0.63). In
our study, an attempt was made to cover 95% of PTV by
95% isodose line (IDL) in both plans. On analysis, 95%
PTV coverage was found to be significantly higher in
VMAT plan, compared to 3D-CRT plan for both HR-
PTV (99.01% vs. 97.38%, P<0.001) and LR-PTV
(98.88% vs. 96.66%, P<0.001) groups. In VMAT plans,
95% IDL for HR-PTV covered > 98% volume in 100%
cases. In 3D-CRT plans, for HR-PTV 95% IDL
covered > 98% in only 42% of cases, thus showing the
superiority of VMAT over 3D-CRT in terms of HR-
PTV coverage. Regarding VMAT, for LR-PTV 95%
IDL covered > 98% and 95-98% volume of PTV in
88.46% and 7.65% cases, respectively. On the other
hand, the compromised plan of 95% IDL covering 93%
LRPTV was accepted to attain optic chiasm constraint
for one patient. It is worth mentioning that the current
study did not address the comparative dosimetric
outcomes based on the proximity of the PTV to OARs
in our study.

Table 5. Main characteristics of the treatment planning studies concerning volumetric modulated arc therapy and three-dimensional conformal

radiotherapy in high-grade glioma

Authors Pf:gi%tr:ggg:d Iselstieog]; VVolumes OAR MU Treatment time
3D-CRT: 59.4 Gy VMAT slightly better than
toPTV (1.8 PTV: mean 432.9 IMRT VMAT” 5.6 times
Wagner et al Gyl/fraction) ’ cc ’ and 3D-CRT for OAR sparing  VMAT, 321.1; faster
[29] IMRT: 60 Gy to N/R range (3’10 9 (Chiasm, brainstem). VMAT — IMRT, 587.8; than IMRT;
PTV (2 Gy/fraction) 815.2) cé highest mean dose to normal 3D-CRT, 224 1.26 faster
VMAT: same as ’ brain and V5Gy of healthy than 3D-CRT
IMRT tissue
VMAT better than IMRT at
sparing
PTV: mean 343 Lateralized OARs (retina, lens,
S-IMRT: 60 Gy to cc, optic nerves). No significant VMAT 363:
Shaffer et al PTV (2 Gy/fraction) N/R Similar PTV differences in sparing of IMRT’ 789’ VMAT: 1.8 min,
[30] VMAT: same as S- coverage, centralized OARs (brainstem, ' IMRT: 5.1 min
IMRT conformity and Chiasm). VMAT — higher
homogeneity mean dose to normal brain (by
129%)
3D-CRT: LRPTV-
46Gy/(23fraction)
followed by 14Gy .
(7fraction) boost to megﬁg}/s/“g:g VMAT achieved better PTV 35%?2; )
HRPTV coverage and significantly N 3D-CRT:-3.86 min,
Present study VMAT: LRPTV- Recorded ;.%Pél;_)v Werl;g spared optic apparatus better \ggclgg' VMAT: 3.22
46Gy (30fraction) 458 ig ci compared to 3D-CRT plans. '
with SIB 60 Gy '
(30fraction) to
HRPTV

3D-CRT: Three-dimensional conformal radiotherapy, VMAT: Volumetric modulated arc therapy, IMRT: Intensity modulated radiotherapy, PTV:
Planning target volume, OAR: Organs at risk, S-IMRT: Static intensity modulated radiotherapy; HRPTV: High-risk planning target volume, LRPTV:

Low-risk planning target volume, MU: Monitor unit
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Shaffer et al. [30] compared VMAT to multifield
fixed beam IMRT in 10 HGG patients. The investigated
patients were also required to have their PTV
overlapped by at least one OARs. The VMAT and
IMRT were similar in the sparing of brainstem and optic
chiasma; however, delivered lower doses to the retina,
lens, and optic nerve. Target volume coverage and
conformality were equivalent in both treatment arms.
However, this study did not compare VMAT with 3D-
CRT plans. Taking into account that only patients with
PTV overlapping with at least one OARs, it would be of
utmost importance to have the comparative analysis of
3D-CRT versus VMAT in this study.

Zach et al. [31] in a dosimetric study comparing 3D-
CRT, sequential boost IMRT, simultaneous integrated
boost (IB) IMRT, and tomotherapy plans in HGG
showed that mean dose to the optic chiasm and the
ipsilateral globe were the highest with 3D-CRT plans
and the least with IB IMRT plans.

Dosimetric comparison of 3D-CRT and VMAT
plans in the present study revealed that VMAT plans
lead to the better coverage of the target volume with the
better sparing of some OARSs, such as optic apparatus.
The sparing of OAR is limited by the complexity of the
tumor location and overlap of the target volumes with
OARs volume. However, a better conformal plan with
better sparing of optic nerve and chiasm in comparative
plans of 3D-CRT versus VMAT suggests the
preferential use of the latter as compared to the former.
The accurate delineation of target volumes on CT/MRI
fused images has not been done by previous studies
[29,30]. The sparing of optic chiasm in the current study
was like the findings noted by Wagner et al [29].
However, brainstem sparing was not observed in the
current study as opposed to the study by Wagner et al
[29]. The differential sparing of OARs noted by Shaffer
et al. [30] is the result of the complex interplay of the
topographical relationship of PTV and OARs.

This study is not a direct comparison between two
techniques in terms of clinical outcomes since all the
patients were planned and treated using 3D-CRT, and
subsequently planned for VMAT for dosimetric
comparison. It is observed that VMAT allows a higher
level of percentage dose delivery and better conformity
than 3D-CRT. The VMAT facilitates the selection of arc
rotation, provides better conformity to the target volume
due to dose variations in the beam, reduces spillage to
OARs without significantly enhancing the monitor units
(MU’s). VMAT has the potential to increase the
therapeutic window of radiation therapy for the
treatment of HGG. However, the advantage of 3D-CRT
is that it uses less MU and spillage of low dose to other
areas. 3D-CRT may be still valuable in the areas, where
PTV is far off from OARs. The dosimetric evaluation of
VMAT illustrates that the high degree of conformity is
practicable in the regions, where OARs are more
proximal without surpassing the dose constraints of
OARs.

Although this study provides profound insights,
conducting similar VMAT plan evaluations on a large
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sample size will provide more generalizable results
using this new emerging modality in the radiotherapy of
HGG.

Conclusion

VMAT compared to 3D-CRT achieved statistically
significant sparing of the optic nerves and chiasm with
better coverage of the PTV in the postoperative status of
HGG patients planned for adjuvant radiotherapy. The
selection of arcs in VMAT, where the right or left optic
nerve, chiasm, and eyes/lens are more proximal to the
tumor volume, might suffer from some limitations. A
personalized approach towards the selection of
treatment technique (3D-CRT, VMAT, IMRT) based on
the location and volume of PTV with respect to the
OARs may be the best way to optimize the management
decisions.
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