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Abstract

Background: Low-Grade Gliomas (LGG) comprise a rare
group of central nervous system tumors and clinically chal-
lenging cases to manage. They account for approximately
15% of all primary brain neoplasms. Radiotherapy (RT)
remains an important component in the treatment of low grade
gliomas and Three-Dimensional Conformal RT (3DCRT) is
the current state of art for RT delivery. The main gain of
modern RT technology is more likely reducing treatment
related toxicity rather than an improvement in overall survival.
RapidArc (RA) technology (Varian Medical Systems, Palo
Alto, CA) is a novel radiation therapy technique integrating
3 important factors for treatment delivery.

Aim of the Study: The aim of the study is to investigate
the potential dosimetric benefit of RapidArc (RA) in compar-
ison to conventional 3D-CRT for low grade gliomas of the
brain regarding target coverage and doses received by organs
at risk (OAR).

Material and Methods: Twenty patients diagnosed with
low grade glioma (WHO grade I-II) were referred to our
center for postoperative irradiation using 3D-CRT. The pre-
scribed dose was 54 Gy/30F/6weeks. CT scans of the 20
patients was done and delineation of the target volumes and
organs at risk was performed. Two set of plans were done for
each patient, one using conventional 3D-CRT and other using
a RA plan. Dosimetric parameters regarding target coverage
and dose received by OAR were evaluated and compared.
Monitor units was also calculated.

Results: Target coverage in terms of V95% was signifi-
cantly better in the RA plans with a value of 98.0£1.9 versus
96.0£2.6 for the 3D-CRT plans (p-value of 0.006). The RA
plans gave a better conformity with a C195% of 1.01 £0.012
compared t01.07+0.024 achieved with the 3D-CRT plans (p-
value of 0.678). The Homogeneity Index (HI) was higher for
the 3D-CRT plans with a value of 0.131+0.112 compared to
0.097+0.033 for the RA plans (p-value of 0.114). The OAR
received less dose in RA than 3D-CRT except for both lenses
which received higher doses in the RA plans with a significant
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p-value of 0.002 and 0.001 for the right and left lens, respec-

tively. The maximum dose and D1% for the healthy brain
tissue was significantly lower in the RA plans when compared
to 3D-CRT (p-value of 0.001). With respect to the average
MUs £SD needed per fraction, it was found to be 257.6£16.1
for the 3D-CRT plans as opposed to 355.6%44.4 RA plans (p-
value of 0.001).

Conclusion: RA plans dosimetrically achieved a better
PTV coverage, dose conformity, more homogenous dose
distribution and better OAR sparing when compared to con-
ventional 3D-CRT plans except for both lenses. The 3D-CRT
plans utilized a lower number of MUs than RA.

Key Words: 3D-CRT — Rapid arc — Low grade gliomas —
Dosimetric.

Introduction

LOW-Grade Gliomas (LGG) comprise a rare group
of central nervous system tumors and clinically
challenging cases to manage. They account for
approximately 15% of all primary brain neoplasms
[1,2] . Surgery remains the cornerstone in the treat-
ment of low grade gliomas [3].

The European Organization for Research and
Treatment of Cancer (EORTC) 22845 is a large
phase III trial including patients with a pathological
diagnosis of low grade gliomas comparing early
administration of post-operative radiotherapy versus
delaying the treatment until the time of disease
progression. The results of the study demonstrated
that early post-operative irradiation increases the
PFS (5.3 vs 3.4 years) when compared to the
deferred group. However, OS was similar between
both groups [4].

Radiotherapy (RT) remains an important com-
ponent in the treatment of low grade gliomas and
three-dimensional conformal RT (3DCRT) is the
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current state of art for RT delivery. Themain gain
of modern RT technology is more likely reducing
treatment related toxicity rather than an improve-

ment in overall survival [5 . Radiation therapy
treatment has shifted and evolved from three-

dimensional conformal radiotherapy (3D-CRT) to
Intensity-Modulated Radiotherapy (IMRT). The
main drawbacks of IMRT are the longer time of
the treatment planning process and the need of a
complex physics quality assurance. In addition,
IMRT uses alarger number of Monitor Units (MUS)

and multiple fixed-angle beams, which lengthens
the time of treatment delivery exposing the patient
to low-dose irradiation [6,7].

RapidArc (RA) technology (Varian Medical
Systems, Palo Alto, CA) isanove radiation therapy
technique integrating 3 important factors for treat-
ment delivery; simultaneous variation of the Mul-
tileaf Collimator (MLC) position while having a
continuous arc motion of the gantry, gantry speed
and dose rate [8-10] with the ability to achieve
highly conformal plans, lessMU and shorter de-
livery times when compared to IMRT [11,12].

Material and Methods

An approval from our Ethical and Institutional
Scientific Committees was obtained on the study
design.

1- Patient selection and eligibility:

Twenty patients with a pathological diagnosis
of low grade gliomas (WHO grade I-11) werere-
ferred to our Center of Clinical Oncology and
Nuclear Medicine (NEMROCK), Cairo University
for post-operative irradiation using 3D-CRT tech-
nique during the period June 2014 till July 2016.
A RA plan was done for each patient and compared
to 3D-CRT. Table (1) shows patients demographic
data tumor characteristics.

2- Patient preparation:

A dedicated planning Computed Tomography
(CT) scan (General Electric, USA) was performed
for each patient. Patients were aligned in supine
position with their head placed in a neutral to
flexed position using a Duncan headrest B. Immo-
bilization was achieved by using an Aquaplast
facemask (WFR Aquaplagt, orfit, NJ). All patients
were scanned from skull vertex to the chin with
the C.T cuts taken every 3mm and an Intravenous
contrast was used. The CT laser beam was used to
define the reference isocenter and was placed over
the superior orbital ridge. CT images were then
transferred to the Eclipse treatment planning system
(TPSVv8.6).

Table (1): Patients and tumor characteristics.

No. %

Age:

<40 years 12 60

>40 years 8 40
Sex:

Male 7 35

Female 13 65
Performance status:

1 1 55

2 6 30

3 3 15
Clinical presentation:

Convulsions 4 20

Diminution of vision 1 5

Headache 11 55

Weakness 4 20
Pathological type:

Astrocytoma 18 90

Oligodendroglioma 2 10
Pathological grade (WHO):

| 5 25

I 15 75
Tumor site:

Corpus callosal 2 10

Frontal 2 10

Temporal 1 5

Intraventricular 2 10

Thalamic 1 5

Parietal 4 20

Parieto-occipital 2 10

Temporal 4 20

Tempero-parietal 2 10
Laterality:

Left 9 45

Right 3 15

Midline 8 40

No. : Number of patient.
WHO : World Health Organization.

3- Target volume definition, dose and fractionation:

The Gross Target Volume (GTV) was defined
as the primary tumor bed defined on the T1-
weighted pre-operative MRI. The Clinical Target
Volume (CTV) was defined as a safety margin of
1.5cmin all directions around the GTV to include
areas at risk of harboring microscopic disease with
manual adjustments to exclude bones and parts of
the contra-lateral brain where no invasive tumoral
growth has occurred in cases were the tumor didn't
cross the midline. The Planning Target Volume
(PTV) are generaly a 0.5-cm expansion of CTV
to account for potential setup errors and patient
motion.

Regarding the OAR, manual contouring of the
brainstem, cochleae, eye globes, eye lens, optic
nerves and chiasm was done. Auto-contouring of
the normal brain tissue was performed and the
remaining healthy brain tissue volume was delin-
eated automatically by subtracting the PTV from
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the whole brain tissue by a margin of 0.3cm. Beam
energy of 6MV X-rays was used. The prescribed
dose was 54Gy/30Fractions/6 weeks (1.8Gy/F) to
the PTV.

4- Radiotherapy treatment planning:

All plans were done by the same medical radi-
ation physicist. In the 3D-CRT plans, patients were
treated using 2 to 4 static non-coplanar fields while

3D conformal

15% 15%

70%

No. of beams

2 fields 3 fields 4 fields
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the RA plans were done using 2 half arcs or full
arc therapy. The calculations were conducted with
the Millennium-120 leaf MLC. Optimization and
dose calculations were done using the Anisotropic
Analytical Algorithm (AAA) on the Eclipse plan-
ning system, Version 8.6.15 (13-14). The plans
were calculated with 6MV photons. Fig. (1) illus-
trates the number of beams and arcs in pie charts
used in the 3D-CRT and RA planning, respectively.

Rapid arc
40% 60%

No. of beams

. 2 half arcs

Full arc

Fig. (1): Number of beams for the 3D-CRT plans (left) and arcs for the RA planning (right).

Plan evaluation:

A total dose of 54 Gy was delivered to the PTV
in 30 fractions. The plans were normalized to 100%
(54Gy) dose. The coverage of PTV V95% (volume
receiving 95% of dose) was calculated using the
ratio of target volume covered by 95% isodose line
divided by the volume of PTV. Other criteria used
to assess PTV coverage were V 107% (volume
receiving 107% of dose), D98% (minimum dose
within the PTV), D2% (maximum dose within the
PTV), D50% (D median, which is the absorbed
dose received by 50% of the volume). Conformity
Index (CI) was calculated using the following
equation: TV/PTV were the TV is the treated vol-
ume receiving 98% of dose and PTV is planning
target volume receiving 98% of dose. Similar to
the ICRU 83, the Homogeneity Index (HI) was
calculated using the following equation (D2%-
D98%)/D50%.

For the OAR, maximum doses to the brainstem,
optic nerves and chiasma were kept below 54Gy.
For the cochleae, the mean dose was restricted to
40Gy. Regarding the eye globes, the aim was to
limit the mean dose to below 30Gy. For the eye
lenses, the goal was to lower the maximum point
dose to less than 10Gy. To assess the dose delivered
to the remaining healthy brain tissue; the mean
dose, D1% and maximum dose to the healthy brain
were calculated [15].

The Dose-Volume Histogram (DVH) for target
coverage and doses received by the OAR were
generated. Total number of MUs for each plan was
also calculated.

5- Statistical analysis:

Data were statistically described in terms of
range, mean, Standard Deviation (SD), median,
frequencies (number of cases) and relative frequen-
cies (percentages) when appropriate. Comparison
of quantitative variables between the study groups
was done using Mann Whitney U-test for independ-
ent samples. A probability value (p-value) less than
0.05 was considered statistically significant. All
statistical calculations were done using computer
programs Microsoft Excel Version 7 (Microsoft
Corporation, NY, USA) and SPSS (Statistical Pack-
age for the Social Science; SPSS Inc.,Chicago, IL,
USA) statistical program for Microsoft Windows.

Results

Clinically acceptable 3D-CRT and RA plans
were achieved in all twenty cases and approved
by a senior radiation oncologist. Tables (2,3) shows
an overview of the data obtained from DVH anal-
ysis regarding dosimetric outcomes for the PTV
coverage and doses received by OAR. Data is

reported as mean values * Standard Deviation
(SD).
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Table (2): Dosimetric outcomes for the PTV.

Parameter 3D-CRT plan RapidAre plan p-vaue
V95% 96.0+2.6 98.0+19 0.006
V 107% 0.02+0.05 1.18+2.36 0.030
D98% (Gy) 50.42£2.2 51.64+1.9 0.013
D2% (Gy) 55.8+2.2 56.5£1.5 0.369
D50% (Gy) 53.5+1.8 55.8+2.2 0.030
Cl95% 1.07+0.024 1.01+0.012 0.678
HI 0.131£0.112 0.097+0.033 0.114
MU 257.6+16.1 355.6+44.4 0.001
Table (3): Dosimetric outcomes for the organs at risk.
Organ Parameter 3D-CRT  RapidAre  p-
plan plan value
* Brainstem Max.dose (Gy) 51.2¥16.9 50.5+181 0.758
» Chiasma Max.dose (Gy) 455+17.3 43.2%*191 0.127
*Rtopticnerve Max.dose(Gy) 37.8+17.1 32.6+144 0.904
e Ltopticnerve Max.dose(Gy) 351%19 31.7+17.3 0.659
* Rt Eye Mean dose (Gy) 185+11.6 16.5+88 0.052
*LtEye Meandose (Gy) 16.6+151 131%132 0.192
* Rt Cochlea Mean.dose (Gy) 10.7+134 5.9+9.1 0.495
Lt Cochlea Mean.dose (Gy) 16.9+21.1 8.6+159 0.512
*RtLens Max.dose (Gy) 2.3+3.2 7.2+81 0.002
eLtLens Max.dose (Gy) 1521 81+84 0.001
* Remaining Max.dose (Gy) 56.2¥23 50.1+3.8 0.001
brainvolume Meandose (Gy) 152%4.2 147+3.7 0.081
D1% (Gy) 524+29 421+51 0.001

Target coverage in terms of V95% was signif-
icantly better in the RA plans with a value of 98.0
+1.9 versus 96.0+2.6 for the 3D-CRT plans with
ap-value of 0.006. Regarding the target volume
hot spots represented by V 107% (the volume re-
ceiving 107% of dose) it was found to be higher
with RA than the 3D-CRT plans with values of
1.18+2.36 and 0.02+0.05, respectively (p-value of
0.03).

Regarding the dose conformity which was de-
scribed in terms of C195%, the RA plans gave a
better conformity with a Cl95% of 1.01 £0.012
compared to 1.07+0.024 achieved with the 3D-
CRT plans. However, this was not statistically
significant (p-value of 0.678). Dose in-homogeneity
for PTV described in terms of HI was higher for
the 3D-CRT plans with avalue of 0.131 £0.112
compared to 0.097+0.033 for the RA plans (p-
value of 0.114).

The dose received by the OAR in both plans
was always below the planned limits (Table 3).
Overall, the OAR contoured in our study (brain-
stem, optic nerves, chiasm, eye globes and cochle-
ae) received less dose by RA than by 3D-CRT
except for both lenses which received higher doses
in the RA plans with a significant p-value of 0.002
and 0.001 for the right and left lens, respectively.
The remaining health brain tissue which resembles
the low dose areawas a so higher in the 3D-CRT
plans as compared to the RA. Thiswas not seen
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in the Dmean of healthy brain tissue which was
nearly equal in both plans. However, the maximum
dose and D19% for the healthy brain tissue was
significantly lower in the RA plans when compared
to 3D-CRT with a p-value of 0.001 for both.

With respect to the average MUs +SD needed
to deliver adose of 1.8Gy per fraction, it was found
to be 257.6+ 16.1 for the 3D-CRT plans as opposed
to 355.6+44.4 for the RapidArc plans with a sta-
tistically significant p-value of 0.001 which trans-
lates clinically into a shorter treatment time for
patients receiving conventional 3D-CRT.

Fig. (2) isan axial CT dlice showing the dose
distribution for both techniques for the same patient.
Fig. (3) illustrates the DVH for PTV coverage and
doses received by the OARs for both plans.

Fig. (2): Dose distribution in an axial view created by
doublearc RA plan (top) and asimilar CT cut planned by 3D-
CRT technique (bottom).

Fig. (3): A Comparative DV Hs between 3D-CRT (squares)
and double arc RA (triangles). The PTVsarein orange, spinal
cord in yellow, brainstem in light blue, the left parotid in
purple, right parotid in green and the oral cavity in turquoise.
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Discussion

There has been an outstanding upgrade in radi-
otherapy treatment delivery techniques over the
past 2 decades. Dose distribution improvements
and clinically lower morbidity have been observed
with 3D-CRT compared to conventional two-
dimensional (2D) treatment for different tumor
|ocations [16-18] . Moreover, IMRT has been shown
to improve the target volume dose distribution with
better sparing of OAR when compared to 3D-CRT
technique [19]. Dosimetric studies in different tumor
sites comparing RapidArc with IMRT have reported
that the plans are comparable but with less MUs
and shorter delivery timein the arc delivery [7,12].

Rapid Arc is anovel radiotherapy technology
using acomplex delivery system achieving beam
modulation in a single gantry rotation. Threeim-
portant parameters are continuously varied to pro-
duce IMRT dose distributions-the ML C beam shap-
ing aperture, gantry speed and delivery dose rate
[20] . Our study compared RapidArc to conventional
3D conformal technique for patients with low grade
gliomas. To our own knowledge this the first study
to investigate the potential dosimetric benefits of
RapidArc in low grade gliomas as most of the
published studies were evaluating the technique
in high grade gliomas (WHO GlI1-1V).

In a study published by Wagner et a., [15]
comparing RapidArc, IMRT and 3D-CRT in pa-
tients with malignant gliomas; the authors conclud-
ed that if the PTV was distant to OAR, 3D-CRT
plansrevealed agood PTV coverage of 94.3%
whileif PTV was closeto an OAR, the 3D-CRT
technique showed a poor PTV coverage of 68.2%
compared to IMRT and RapidArc plans. The dose
inhomogeneity was higher for 3D-CRT technique
than for Rapid Arc and lowest for IMRT. The IMRT
plans had a dlightly better PTV coverage compared
to RapidArc. The RapidArc advantages were less
monitor units, shorter treatment time and a small
V 107. The RapidArc plans gave the highest D
mean of healthy brain while the 3D-CRT plans
gave the lowest. On the other hand, the D1% of
healthy brain tissue lowest for Rapid Arc and was
highest for 3D-CRT with the IMRT planslying in
between. Regarding the dose to OAR, it was always
kept below the constraint limits and was comparable
for al three plans. All OAR received alower dose
by Rapid Arc compared to the 3D-CRT and IMRT
techniques. The number of monitor unitswas 1.8
times lower for Rapid Arc than for IMRT and 1.4
times higher than 3D-CRT technique. They found
that the irradiation time of Rapid Arc fields was
3.3 times faster than that of IMRT and 1.2 times

1509

faster than 3D-CRT technique. The results of our
study are in align with the data published by Wagner
and his colleagues, the only difference was that in
our study the 3D-CRT used alower number of
MUs compared to the RapidArc plans. Similar
dosimetric outcomes have been also reported by
Goswami et ., [21].

In another study published by Shaffer et dl.,
[22] comparing Volumetric Modulated Radiation
Therapy (VMAT) to IMRT for frontal and temporal
high grade gliomas, there was almost similar PTV
coverage, conformality and homogeneity. VMAT
significantly reduced mean and maximum lens,
retinal and contralateral optic nerve doses compared
to IMRT (p<0.05). Chiasm, Brainstem and ipsilat-
era optic nerve doses were the same. The mean
number of monitor units required to deliver 2Gy
fractions were 789+ 112 for IMRT and 36345 for
the VMAT plans. The authors concluded that
VMAT achieved almost equal PTV coverage and
OAR sparing compared to IMRT while using less
time and fewer monitor units. Having a thorough
look at our results, the RapidArc had better sparing
of OAR compared to the 3D-CRT plans except for
both lenses which received higher doses with the
arc treatment. Possibly the reason for this, that we
included tumors of different anatomical locations
and not just confined to the temporal and frontal
lobes as published by Shaffer and his colleagues.

Jun Yuan et a., [23] evaluated the dosimetric
differences between IMRT, single (RA1) and double
arc (RA2) plansfor patients with malignant glioma
of the parietal lobe. They concluded that RA1 and
RAZ2 significantly reduced the number of MUs
compared to IMRT with dlightly better sparing of
OAR. Numerous studies has pointed to that the
use of two arcs improves the dose distribution
compared to single arc plans [24,25] . However,
based on our radiation physicist experience using
1 full arc or 2 half arcs was sufficient to provide
adequate target coverage and lower the dose to the
OAR.

Contrasting to the results of other studies, our
study showed that the 3D-CRT plans used alower
number of MUs compared to RapidArc reaching
statistical significance (p-value of 0.001). A possible
explanation for thisfinding is that 70% of the 3D-
CRT was performed using 3 fields which had an
impact on the overall number of MUs in the con-
formal plans.

Conclusion:

At our institution with early RapidArc experi-
ence, RA plans dosimetrically achieved a better



1510 A Dosimetric Comparison between RA & Conventional 3DCRT in Post-Operative Irradiation of LGG

PTV coverage, dose conformity, more homogenous
dose distribution and better OAR sparing when
compared to conventional 3D-CRT plans except
for both lenses. The 3D-CRT plans utilized alower
number of MUs than RA.
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