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ABSTRACT
INTRODUCTION: Cranio-spinal irradiation (CSI) is a standard of care for certain brain
malignancies. While 3D-CRT is the standard of care, it is difficult to achieve desired dose
conformity and limit the dose to OARs. IMRT tend to yield better dosimetric results at the
cost of higher MU and increased overall treatment time. Hence an attempt has been made
to evaluate the efficacy of VMAT as an option for CSI.
METHODS: Planning study was carried out six patients. CT simulations with appropriate
immobilization devices have been used. CTV, PTV and OARs were identified. 3D-CRT
plans with moving junctions and multi-isocentric partial arc VMAT plans were created.
Qualitative and quantitative assessments of the plan were carried out using established
procedures
Results & Discussion: Significant improvement in homogeneity and conformity observed in
VMAT plans over 3D-CRT plans. Sparing of OARs were effective using VMAT plans.
Prone position treatment has several limitations, including patient discomfort and airway
access during anesthesia for young children. VMAT allows treatment in supine position.
By using VMAT technique, moving junctions are avoidable, as compared to 3D-CRT.
Conclusions: As the overall treatment time is reduced in VMAT delivery, the chances of
second malignancies are expected to be reduced further, an important consideration for
the age group being treated for CSI. The attempt to use such novel technique for CSI is
therefore justiﬁed, if the new approach is likely to reduce the risk of toxicity, while enhancing dose coverage to target volumes.

Introduction
Central Nervous System (CNS) tumors account for
20% - 25% of all cancer malignancies that occur in this
age group below 19 years.[1] Cranio-Spinal Irradiation
(CSI) is necessary for the management of certain primary brain tumors, such as medulloblastomas, or ependymoma with definitive and/or prophylactic indent.
Traditionally three-dimensional conformal radiation
therapy (3D-CRT) is the treatment of choice wherein
two lateral fields are used to treat the brain and a posterior spinal field. The posterior spinal field may split
into two or three fields in order to encompass the entire
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spinal axis, incorporating moving junctions.[2] While
CSI allows for a five-year survival of 80% or better, it
has associated long-term side effects with regards to the
patient’s hearing, endocrine function, and cognitive
abilities.[1,3] So it is important that the surrounding critical structures be spared effectively.
Intensity Modulated Radiation Therapy (IMRT) could
be weighed over 3D-CRT for effective organ sparing[4],
but at the cost of higher MU; contributing to higher
whole body dose, resulting in potential second malignancies, given the age group involved. Volumetric
Modulated Arc Therapy (VMAT) technique has been
Pan Arab Journal of Oncology/Vol. 10/No. 3/December 2017

10

VMAT for CSI

shown to improve dosimetry as well as reduce treatment
time when compared to IMRT.[3,5] Also VMAT technique has a solution for field junction matching difficulties that are encountered in 3D-CRT by accounting for
the overlapping area between arcs during the process of
optimization. Prior to its implementation, such advanced
delivery techniques require detailed dosimetric study.
Materials & Methods
Six patients in the age group of 6-27 yrs were chosen for
this planning study. Aquaplast thermoplastic masks for
head & Vacloc for whole body were used for immobilization. CT simulations were carried out in prone (n = 5)
or supine (n =1) positions. CTV includes whole brain
and the spinal canal till sacral vertebrae S2-S3 and thecal
sac. The planning target volume (PTV) was generated by
adding a 5 mm margin to the brain CTV, and 7 mm margin to the spine CTV. Normal tissues namely eyes, lens,
optic nerves, thyroid, mandible, oesophagus, lungs,
heart, kidneys were delineated. All plans were generated
for a craniospinal dose of 36 Gy in 20 fractions with
1.8Gy/fr.
3D conformal radiation therapy
In 3D-CRT plans, bi-lateral brain fields and one direct
spinal field were used with multiple isocentres, using 6
MV photon beams as shown in Fig 1. The ﬁrst isocentre
was localized at the level of the second cervical vertebra
C2, the second isocentre was located in the lumbar region (L2 to L4) for all patients. Superior non-divergent
of spinal and inferior non-divergent of cranial fields
were matched by rotating the collimation of cranial
fields as suggested by Khan.[6] The adjacent posterior
divergent spinal fields were matched using ‘gap match’
technique and the gap between fields was calculated as
prescribed by Khan. [6] The junction was shifted by 1cm
for once in every five fractions in order to balance the
cold and hot regions in the region of field match. Dose is
prescribed in brain at Mid Plane depth and in spine at a
known depth based on individual anatomy.

Fig. 1. 3D view of 3D-CRT Field arrangement
showing junction
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Volumetric Arc Therapy
In all the plans three isocentres are used. The first isocenter was placed in mid of the brain, whereas second
was placed in the thoracic (D5-D7) spine and third
placed in lumbar region (L2to L4) spine. For brain a partial arc (220˚-140˚) was used to avoid the entrance of
beam through eyes. The brain partial arc was opened till
whole neck region. One full arc with avoidance sectors
(250˚-290˚, 70˚-110˚) to avoid shoulders and hands for
both spinal isocenter were used as shown in Fig 2.
Avoidance sectors are the portion of arc where dose rate
becomes zero. Distance between isocenters is maintained
around 20 cm. An overlapping region of 5 cm between
arcs of different isocenter was maintained. By doing this
fielding matching can be avoided and it allows smooth
transition of dose coverage. The VMAT solution is, primarily, based on the original investigations of Otto[7],
aiming to simultaneously optimize the instantaneous
multi leaf collimator (MLC) positions, the dose rate, and
the gantry rotational speed to achieve the desired dose
distribution. Progressive Resolution Optimizer (PRO) as
inverse planning optimizer and Anisotropic Analytical
Algorithm (AAA) for dose calculations, with dose grid
size set to 2.5 mm were used. Objective functions and
Cost functions were defined for PTV and OARs during
optimization. Target coverage was expressed as the PTV
volume receiving at least 95% of the prescribed dose
(V95%) and the volume receiving more than 107% of the
prescribed dose (V107%). Cost functions of OARs were
kept to their respective tolerance level and/or as low as
reasonably achievable without compromising target coverage.
Dosimetric Evaluation
Quantitative and qualitative dose volume assessments
were carried out for both 3DCRT and VMAT plans in
terms of PTV conformity Index (CI), PTV dose homogeneity index (HI), normal tissue dose statistics. DoseVolume Histograms (DVH) analysis was used to evaluate target coverage and doses to OARs (eyes, lenses,

Fig. 2. VMAT field Orientations
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optic nerves, mandible, thyroid, esophagus, lungs, heart,
and kidneys).
Qualitative analysis were carried out through visualisation of slice wise isodose coverage to PTV in 3D view.
For quantitative analysis of PTV coverage, Homogeneity Index (HI) and Conformity Index (CI) were calculated according to the following definitions:

plans. Table 1 summarizes the comparative values of
various dose coverage indices for PTV for both 3D-CRT
and VMAT. The Target Mean Dose (D95%) for PTV in
VMAT plans were 97.5±0.5% and in 3DCRT plans
94.8±1.2%. 3D-CRT plans results in more hot and cold
spots as compared to VMAT plans.

Where, D2%is the dose received by 2% of the target volume; D98%is the dose received by 98% of the target volume, D50% is the mean target dose,

Where, V95% is the volume of PTV receiving 95% of
isodose coverage and VPTV is the total volume of planning target volume.
Statistical Analysis
Statistical analysis was performed using Microsoft XL
version 13. The results were represented as mean ±
standard deviation (SD). The datasets were compared
using two tailed Paired t test.
Results
Qualitative evaluation of the plans are displayed in Fig.
3 showing the dose comparison of 3DCRT and VMAT
in sagittal view for the same patient with relative dose
color wash from 50% to 107% of the prescription dose.
A graphical representation of comparison of HI and CI
for the plans is shown in Fig 4. The average HI value for
VMAT plans were 8.5 compared to 11.2 in 3DCRT
plans. VMAT plans produced better conformity with
average CI value of 1.1 compared to 2.2 in 3DCRT

Fig 3. Dose distribution in 3D-CRT (left)
and VMAT (right)

Mean dose levels to various critical structures for both
3D-CRT AND VMAT plans are summarized in Table 2.
The Mean dose for thyroid and esophagus was also reduced to 7 Gy and 11.6 Gy in VMAT compared to 27.3
Gy and 29.3 Gy in 3DCRT plans. The mean doses of
kidneys, optic nerve and eye in 3DCRT plans was 5.2
Gy, 34.4 Gy and 20 Gy, whereas in VMAT it was 5.0
Gy, 17.7 Gy and 10.2 Gy respectively. The Mean heart
dose was reduced to 5.5 Gy in VMAT plans compared
to 16.9 Gy in 3DCRT. Mean lung dose in VMAT plans
was found marginally increased to 5.3 Gy from 4.9 Gy
in 3DCRT plans.

Fig 4. Comparing HI and CI for 3D-CRT & VMAT
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Table 1. Dose coverage indices for PTV

Table 2. Mean dose levels for various OAR

Discussion
Conventional 3DCRT techniques for CSI involves junction matching which leads to hot and cold junctions.
These can be completely avoidable with VMAT technique. This was achieved by overlapping arcs of different isocenters where dose contribution from each arc is
automatically accounted by optimization process. The
overlapping of arcs also potentially reduces the couch
shift errors which are of few millimeters. The results
clearly shows VMAT plans produce higher conformal
and homogenous plan compared to 3DCRT plans, similar to the studies carried out by various authors.[3,5] In
3DCRT plans the posterior portion of spinal cord dose
distribution was inhomogeneous, with over dosages of
120% of prescribed dose both inside and outside of the
www.amaac.org

target. In addition, the mean dose to critical structures of
VMAT plans were significantly lower than of 3DCRT.
This may potentially lead to lower risk of secondary malignancies due to radiation and also reduces the acute or
late toxicity of certain OARs.
As an established practice, CSI is usually performed
with the patient in prone position, so as to enable visualization of field junction(s). Careful planning must be
done in order to properly match the fields between the
brain and spinal cord. The matching between the lateral
and posterior ﬁelds is critical in order to avoid (i.e. risk
of radiation-induced myelitis or local tumor failure in
case of over- or under-dosage). In order to avoid over
dosage or under dosage of the cervical spine, a “moving
junction” is often employed between the fields of the
Pan Arab Journal of Oncology/Vol. 10/No. 3/December 2017
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brain and spinal cord. Angling the brain fields, using a
half beam block for the two lateral brain fields, and rotating the couch are other methods that are used to solve
the homogeneity problem as well.
Prone position treatment has several limitations, including patient discomfort and airway access during anesthesia for young children. Several studies have shown that
CSI administered with patients in supine position is indeed feasible [8,9]. In VMAT techniques, the patients can
be treated in supine position without any technical limitation as there exists no junction shift in VMAT plans.
Supine position treatment also enhances patient comfort.
As the overall treatment time is reduced in VMAT delivery, the chances of second malignancies are expected to
be reduced further while treating CSI pediatric patients.
Further, any reduction in treatment time can decrease
patient movement errors and increase patient comfort.
Conclusion
The VMAT technique has been shown to improve dosimetry as well as reduce treatment time when compared
to 3D-CRT and IMRT techniques for the treatment of
CSI. VMAT allows the treatment in supine position also; resulting in greater patient compliance. Use of field
matching/junction shift is avoidable in VMAT, resulting
in reduction in cold and hot spots. The attempt to use
such novel technique for CSI is therefore justiﬁed, if the
new approach is likely to reduce the risk of toxicity,
while enhancing the dose coverage to target volumes
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