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Purpose:

The use of intensity modulation and in-room image
guidance have made the delivery of high doses to
lesions in close proximity of the spinal cord feasible.
This report presents the physical data concerning
the use of intensity modulated arc therapy (IMAT)
for hypo-fractionated treatments of spinal and
paraspinal tumors. The importance of image guided
radiation therapy (IGRT) to ensure the actual delivery
of the planned dose distributions is also discussed
analyzing the on-line set-up corrections obtained by
VolumeViewTM volume imaging for these treatments.
For the same cases, IMRT step-and-shoot plans are
computed and compared with IMAT plans.

Accuracy study
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Methods and materials
16 plans for spinal and paraspinal lesions are investigated: in 14 the PTV was partially wrapped around the cord and the
PTV to OAR distance was <2mm in 11 cases. An intensity modulated arc treatment technique was employed, creating two
series of overlapping arcs (total 10 to 18 arcs) and adding two to four fixed beams to improve target dose homogeneity.
Plans were optimized to meet a maximum cord constraint of 6Gy (to no more than 1% of volume) per fraction, prescribing
9Gy at 90% of the PTV (although PTV coverage was largely dictated by the cord tolerance dose). Plan creation and
optimization was performed using Ergo ++ planning system. Plans were delivered in three consecutive fractions. In the
majority of cases (12/16) treatment planning and delivery was accomplished using dynamic mMLC (5mm leaf width; for
four patients with lesions of increased dimensions, planning was performed in a static arc modality, using Elekta Synergy®
MLC, leaf width of 1cm).
Pre-treatment dosimetric verifications were performed in a solid phantom measuring absolute point doses (A16 Exradin
ion chamber) and dose distributions, in a coronal plane including the cord, by film dosimetry (Kodak EDR2: MUs were rescaled for the film linear range). Film to plan comparison was evaluated in terms of γ index (3%, 3mm).
Set-up accuracy prior to treatment delivery was ensured by performing on-line corrections guided by Elekta Synergy
VolumeViewTM at each fraction (48 fractions).
Table 1: averaged values and standard deviation of the translation corrections along the three axes – on-line corrections for 16 patients
(48 fractions).

Mean
SD

X (mm)

Y (mm)

Z (mm)

0.2
3.3

1.4
3.7

-2.0
2.6
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Figure 1: image guidance using VolumeViewTM.
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For eight patients, IMRT step-and-shoot plans (five to nine coplanar beams, 50 to 93 segments) were optimized
(Masterplan OncentraTM Nucletron) using the same cord constraint and compared with IMAT-AMOA plans in terms of the
isodose including 90% of the PTV (D90), conformity index (at D90 and 6Gy), dose homogeneity (ratio of Dmax to D90) and
total MUs.
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Figure 2: above and left – IMAT-AMOA plans for spinal treatments, dose distributions and arc configurations for two of the examined
plans.
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Results
Ion chamber measurements with respect to the treatment planning system calculated dose, show a mean deviation of
1.2% (max. 3.2 %). Analyzing the γ values distributions for plan to film comparison, the percentage of points satisfying γ <
1 for IMAT plans ranges between 87% and 98% (mean 93%).
Figure 3:
IMAT-AMOA pre-treatment dosimetric
verifications, plan to film comparison in a
coronal plane including the cord.
(left) comparison of calculated (plan) and
measured (film) isodoses
(below) γ values distribution for the same
case.

Considering the set-up errors obtained from IGRT for all patients and all fractions, the mean values and related standard
deviations are 0.2 (SD= 3.3)mm, 1.4 (SD= 3.7)mm and -2.0 (SD= 2.6)mm, respectively for the lateral (X), longitudinal (Y)
and anterior-posterior (Z) displacements.
D90 values (per fraction) range from 7.2 to 9.5Gy (mean 8.0Gy) for IMAT-AMOA plans and from 7.8 to 9.5Gy (mean 8.5Gy)
for IMRT plans. Averaged conformity index values at D90 and 6Gy are respectively 1.4 and 3.1 for dynamic IMAT and 1.8
and 4.4 for step-and-shoot. The mean values of homogeneity ratio are 1.3 for dynamic arc treatments and 1.6 for IMRT
plans. Considering the four static MLC arc plans averaged CI values are 1.9 (D90) and 3.5 (6Gy) and the calculated mean
value for the homogeneity ratio is 1.4. Total MUs for step-and-shoot plans are three to four times those delivered with
IMAT (both dynamic and static MLC).
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IMAT dynamic arc (5mm leaf) eight plans

PTV coverageD90 (per fraction)

mean

range

8.0Gy

7.2 ÷ 9.5Gy

Conformity index (D90)

1.4

1.3 ÷ 1.6

Conformity Index (6Gy)

3.1

2.3 ÷ 3.3

Homogeneity Dmax/D90)

1.3

1.2 ÷ 1.4

IMRT step-and-shoot (10mm leaf) eight plans

PTV coverageD90 (per fraction)

mean

range

8.5Gy

7.8 ÷ 9.5Gy

Conformity index (D90)

1.8

1.3 ÷ 2.3

Conformity Index (6Gy)

4.4

2.85 ÷ 6.0

Homogeneity Dmax/D90)

1.6

1.4 ÷ 2.0

IMAT static arc (10mm leaf) four plans
mean

range

PTV coverageD90 (per fraction)

7.9

7.5 ÷ 8.4

Conformity index (D90)

1.9

1.5 ÷ 2.3

Conformity Index (6Gy)

3.5

2.8 ÷ 3.9

Homogeneity Dmax/D90)

1.4

1.3 ÷ 1.45

Conclusion
Pre-treatment dosimetric verifications confirm the reliability of the considered treatment planning and delivery systems.
Treatment efficacy is strongly dependent on the possibility of daily image guidance and on-line corrections, as confirmed
by the analysis of the set-up errors. PTV coverage is dictated by the cord tolerance dose and is higher for IMRT than
for IMAT plans, while both the conformity index and the homogeneity ratio are better for IMAT. Conformity is partially
lost when using the static MLC. The large number of MUs required for IMRT treatments could be a problem in hypofractionated courses.
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