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Case Report

Abstract
Volumetric modulated arc therapy (VMAT) is an efficient technique to reduce the treatment time and intrafractional motion to
treat spine patients presented with severe back pain. Five patients treated with spine stereotactic body radiation therapy (SBRT)
using 9 beams intensity modulated radiation therapy (IMRT) were retrospectively selected for this study. The patients were
replanned using two arcs VMAT technique. The average mean dose was 104% ± 1.2% and 104.1% ± 1.0% in IMRT and VMAT,
respectively (p = 0.9). Accordingly, the average conformal index (CI) was 1.3 ± 0.1 and 1.5 ± 0.3, respectively (p = 0.5). The av-
erage dose gradient (DG) distance was 1.5 ± 0.1 cm and 1.4 ± 0.1 cm, respectively (p = 0.3). The average spinal cord maximum dose
was 11.6 ± 1.0 Gy and 11.8 ± 1.1 Gy (p = 0.8) and V10Gy was 7.4 ± 1.4 cc and 8.6 ± 1.7 cc (p = 0.4) for IMRT and VMAT, respectively.
Accordingly, the average number of monitor units (MUs) was 6771.7 ± 1323.3 MU and 3978 ± 576.7 MU respectively (p = 0.02).
The use of VMAT for spine SBRT patients with severe back pain can reduce the treatment time and intrafractional motion.
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Introduction
Spine stereotactic body radiation therapy (SBRT) delivers
high ionization radiation to provide adequate dose to the
target while sparing the surrounding normal structures.
Doses usually ranges from 16 to 24 Gy in a single fraction or
24 to 35 Gy in 2 to 5 fractions.1 The tight planning margins
and steep dose gradients require accurate targeting and im-
mobilization of the target during irradiation. Patients with
spinal metastasis usually present with a back pain and some
neurologic problems.2-3 The difficulty in applying radiosur-
gery for spinal patients is due to intrafractional motion asso-
ciated with the pain. Even with a good immobilization tech-
nique, the patient can move during the treatment therefore
shortening the irradiation time is an efficient factor to re-
duce the intrafractional motion.

Ryu et al. 4 reported a precision for a given isocenter be-
tween simulation and actual treatment position of 1.36 mm ±
0.11 mm. Li et al. 5 quantified the interfractional and in-
trafractional motion for spine SBRT patients using different
immobilization devices. They reported the results based on
cone-beam computed tomography (CBCTs) on initial setup
residual error and the mid- and post- treatment CBCTs. For
mid-treatment intrafractional motions, they reported stand-
ard deviation (SDs) of < 1 mm for vacuum fixation and
S-frame cohorts but increased to 1.1 mm for evacuated
cushion. For post-treatment, they reported intrafractional
motion of < 1 mm for vacuum fixation and 1.3 mm for evac-

uated cushion and S-frame groups. Maximum translational
displacements at mid-treatment and post-treatment CBCTs
were 3.4 mm in the lateral direction (vacuum fixation), and
4.5 mm in the lateral direction (evacuated cushion), respec-
tively. These results suggested using the vacuum fixation to
reduce the intrafractional motion. Also, shortening the
treatment time will reduce the intrafractional motion espe-
cially when patient presents with severe back pain.

Volumetric modulated arc therapy (VMAT) is a rotational
intensity modulated radiation therapy (IMRT) that can be
delivered by varying the MLC leaf speed, dose rate and gan-
try speed. The advantage of VMAT when compared to the
fixed field IMRT delivery is reduction of the treatment time
while maintaining the similar, if not superior plan quality as
the fixed field IMRT.6, 7, 8 Matuszak et al. 9 compared VMAT
with fixed field IMRT for spine SBRT treatment and con-
cluded that VMAT improved the isodose conformality and
reduced the treatment time by 37%. The Eclipse treatment
planning system uses a 3D pencil beam superposi-
tion-convolution algorithm (AAA) for dose calculations.
Rana et al. 10 compared the AAA with Acuros XB (AXB) for
lung SBRT and concluded that both algorithms satisfy the
lung SBRT protocol. In this study, we are presenting five
cases which were treated at our institution with SBRT for
spine metastases using Intensity Modulated Radiation Ther-
apy (IMRT). The cases were replanned using VMAT (Vari-
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an-RapidArc system) to study the reduction in treatment
time, monitor units, and conformality index.

Methods and Materials
Patient selection
Five patients were retrospectively selected for this study. All
patients were treated at our institution with spine SBRT
using 9 fields IMRT plans. The treatment sites ranged from
T5-L5 and the volume ranged from 25 to 100 cc (Table 1).
Patients were treated following the recommendations of
Radiation Therapy Oncology Group 0631 (RTOG-0631) 11

and Task Group 101 of the American Association of Physi-
cists in Medicine (AAPM-TG 101).12 Varian Trilogy and
23IX linear accelerators (Varian Medical systems, Palo Alto,
CA) were used to deliver radiation. Only 23IX at our institu-
tion has the ability to deliver RapidArc plan. Both machines
are equipped with kilovoltage cone beam computed tomog-
raphy (kV-CBCT) and a 120 leaf dynamic millennium mul-
tileaf collimator (DMLC).

TABLE 1: Spine SBRT patient data and treatment techniques.

Pt. No. Site
PTV

Volume (cc)
Technique

1 L4 25.5 9 Fields-IMRT
2 T7-8 100.1 9 Fields-IMRT
3 T5 40.5 9 Fields-IMRT
4 L3-L4 83.8 9 Fields-IMRT
5 T11-12 36.7 9 Fields-IMRT

Treatment plan design
Treatment plans were designed to achieve the recommenda-
tions of RTOG-0631 and AAPM TG-101 for SBRT.11, 12 The
prescription dose was 18 Gy in a single fraction to 95% of the
target volume. Image fusion between simulation computed
tomography (CT) and T2-weighted and T1-weighted MRI
with contrast was used to delineate the radiosurgery target
and the partial spinal cord. No margins were added to the
target volume. The partial spinal cord was contoured from
5-6 mm above to 5-6 mm below that target volume. Only 6
MV photon energy was used with a standard dose rate.
Eclipse 10.0 (Varian Medical systems, Palo Alto, CA) was
used to design the RapiArc plans. For each plan, the progres-
sive resolution optimizer (PRO) algorithm allows the varia-
tion of MLC leaf positions, gantry speed, and dose rate to
produce a plan based on dose-volume objectives.

Final dose calculation using the analytical anisotropic algo-
rithm (AAA) was performed with a grid size of 2.5 mm. Two
partial arcs were selected as recommended by Wu et al.13

The arcs angles were (1) counterclockwise (CCW) from 0.10

to 359.960 with avoidance sector from 129.90 to 230.10 (2)
clockwise (CW) from 359.90 to 0.10 with avoidance sector
from 129.90 to 230.10. Collimator angles were ranged from
300 to 900. Figure 1 shows the IMRT and RapidArc beam
setup. The planning objectives for the RapidArc and IMRT
optimization are listed in Table 2.

FIG. 1: Beam setup for (a) IMRT plan with 9 beams; and (2) RapidArc with two arcs.

TABLE 2: Planning objectives for IMRT and RapidArc planning.
Volume Objective

Target D95% = 16Gy
Cord V10Gy < 10%

Max < 14Gy
Maximum dose outside the PTV < 110% of the RX dose
Dose outside the PTV + 1 cm < 105% of the RX dose
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Plan evaluation
Dose volume histograms (DVHs) were evaluated for the tar-
get and spinal cord. For the target, the dose to 95% of the
volume (D95%), the maximum dose to 1cc (Dmax1cc),
number of MUs, and the conformity index (CI), and the dose
gradient (DG) in centimeters (cm) were assessed. Conformity
index is defined by International Commission on Radiation
Units and Measurements (ICRU) no. 62 14 as the total volume
receiving the prescription dose (cc)/volume of target (cc).
Gradient in cm is defined as the difference between the
equivalent sphere radius of the prescription and
half-prescription isodoses. Cord maximum dose and volume
receiving 10Gy (V10Gy) were evaluated as well. A quality
assurance (QA) was performed for all patients using Portal
Dosimetry 10.0 software (Varian Medical systems, Palo Alto,
CA). The QA images were acquired on amorphous silicon
(aSi) EPID. Gamma index values for IMRT and RapidArc
were compared. Gamma values such as maximum gamma
(γmax), average gamma (γavg), and percentage of the field area
with a γ value greater than 1.0 (γ>1) were used to evaluate
the QA plans.

Results
Target volume coverage
For each case, the target volume receiving 100% of the pre-
scription dose was 95% (V100% = 95%). The CI, Dmin (%), Dmax

(%), Dmean (%), and DG for the target were essentially equiv-
alent. Table 3 summarizes the dosimetric indices of the tar-
get. Single factor ANOVA showed no differences between
the three groups. Conformal index was not significant among
the groups. Figure 2 shows the dose distribution for IMRT
and RapidArc for Pt. 1 in Table 1.

TABLE 3: Summary of dosimetric results for the planning target
volume (PTV).

IMRT RapidArc Р-value (ANOVA)
Average±SD Average±SD

Dmean (%) 104.1±1.2 104.1±1.0 0.9

CI 1.3±0.1 1.5±0.3 0.5

Dmax (%) 113.1±5.9 113.6±5.6 0.9

Dmin (%) 78.9±16.3 79.4±15.7 0.9

DG (cm) 1.5±0.1 1.4±0.1 0.3

FIG. 2: Dose distribution in color wash for pt. no. 1 in Table 1 (a) IMRT plan; and (b) RapidArc plan.

Spinal cord dose sparing
Maximum dose to the Cord and the volume receiving 10 Gy
were within the tolerances as recommended by RTOG-0631
and AAPM TG-101. Table 4 summarizes the results.

TABLE 4: Summary of the dosimetric results for spinal cord.

IMRT RapidArc P-value (ANOVA)

Dmax 11.6±1.0 11.8±1.1 0.8

V10Gy 7.4±1.4 8.6±1.7 0.4

TABLE 5: Summary of the average MUs for 2.5 mm, 4 mm, and 5
mm MLC leaf width.

Technique Average MU P-value (ANOVA)
IMRT 6771.7±1323.3

0.02
RapidArc 3978±576.7

Total number of MUs and gamma evaluation
Table 5 summarizes the average number of MUs delivered
for each technique. The data shows clearly that the number
of MUs using RapidArc technique was reduced significantly
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compare to the IMRT technique (p = 0.02). Gamma evalua-
tion showed a good agreement between the two techniques.
The area of gamma < 1.0 was above 90% in both techniques.

Discussion
Spine SBRT requires a delivery of high dose to irregularly
shaped target. The dose falloff outside the target necessary
should be rapid to avoid any injury to the spinal cord. In this
study we investigated the influence of using RapidArc on the
plan quality and delivery time as shown in Tables 4 and 5.
The target coverage, CI, DG, minimum dose, mean dose and
maximum dose were equivalent with no significant differ-
ences. The spinal cord dosimetric indices were equivalent
among the two techniques with no significant differences.
The number of MUs was reduced by ~60% using the Rapi-
dArc. As a result of that, the treatment time would be re-
duced significantly by if RapidArc was used for treatment. Li
et al.5 reported maximum translational displacements at
mid-treatment and post-treatment CBCTs as 3.4 mm in the
lateral direction (vacuum fixation), and 4.5 mm in the lateral
direction (evacuated cushion), respectively. This intrafrac-
tional motion can be due to the long treatment time espe-
cially for patients with severe back pain so using RapidArc
for spine SBRT patients will reduce the treatment time and
intrafractional motion significantly.

Conclusion
The use of RapidArc for planning spine SBRT patients
achieved the same plan quality as the IMRT and as recom-
mended by RTOG-0631 and AAPM TG-101. It can also sig-
nificantly reduce the treatment time and the intrafractional
motion. Reduction in treatment time and intrafractional
motion can reduce the treatment uncertainties specially for
patients presented with severe back pain.
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