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PRECISION RADIATION THERAPY

Volumetric Intensity Modulated Arc Therapy
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Building the foundations
approach

Elekta has been involved in the development of intensity
modulated arc therapies for over 10 years - with much

of the original, and continuing developments being
conducted by Elekta customers and with Elekta products.

In addition to this rich heritage, the recent acquisition
of 3D Line Medical Systems adds the only currently
available TPS capable of planning for arc modulation,
via use of the Arc Modulation Optimization Algorithm
(AMOA).
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This document aims to supply some background reading
relating to modulated arc therapy and to clarify Elekta’s
position and intentions within this exciting peld.

The key concerns in radiation therapy today comprise:

. Plan the best dose distribution
. Deliver Precisely to target
A Maximise throughput efpciencies

Combining our expertise in volumetric imaging

and dynamic arc modulation Elekta is in continued
development of a portfolio of solutions to directly
address all of these requirements.

All Elekta product development is driven by the needs of
our customers, and to this end we have drawn together

virtually unlimited angles of

an IMAT Consortium - which comprises many of the
world leading (and most published) experts in this peld.
We would like to take this opportunity to thank them
for their ceaseless efforts to drive us toward perfection
in the creation of new treatment planning and delivery
solutions.

IMAT was proposed as an alternative delivery technique
to tomotherapy. IMAT is performed with a conventional
linear accelerator, but has been limited up until now by
limitations of planning systems and linear accelerators.
Elekta is focusing its development on removing those
limitations to expand the possibilities for treatment
delivery.

Although historically techniques were developed to
depne MLC shapes and optimize weights at pxed gantry
angles (‘Direct Aperture Optimization’) and later to
optimize both MLC shapes and weights at pxed gantry
angles (‘Sliding Window IMRT’) - Elekta has already
gone beyond with AMOA. For the next step, not all
implementations of IMAT will be the same, and the key
point is the ability to vary the mu per degree - and the
ability to do that fon-the-yyi is where real treatment
time savings will accrue. If stops, multiple arcs or pauses
in delivery are used to control MU per degree then
efpciency will inevitably suffer.

However, let’s begin by looking at what is being achieved
by our customers today.

Certain functionalities described are not available in all
markets and may be subject to regulatory clearance. Elekta
VMAT is a work in progress and not currently available for
sale.
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IMAT with Elekta Synergyfi and dynamic micro-multileaf
collimator from 3D Line

Radiation Oncologists:  F. Casamassima, |. Bonucci, C. Menichelli, C.Polli
Physicist: L.Masi

Introduction

The requirements for effective treatment of lesions in close proximity to OARs, with high doses delivered in a hypo-

fractionated course are:

a) the use of intensity modulation techniques such as IMAT when the PTV is partially wrapped around the normal
structure, and a highly conformal dose distribution, delivering a steep gradient between PTV and OAR is required

b) high precision target positioning prior to treatment delivery, achieved by using 3D volume view imaging and IGRT

The above considerations apply both when serial OAR (spinal cord) are involved and also for parallel organs which
show a serial behavior at higher doses (esophagus). As an example we consider :

1) stereotactic treatment of paraspinal tumors

2) hypo-fractionated treatment of mediastinal lesions.

1: Stereotactic treatment of paraspinal lesions

Clinical cases: patient characteristics

Patients 24
Gender (M) 20
Gender (F) 4
Age (median) 62,6
KPS (median) 83,6
Sites of lesions

Cervical 3
Dorsal 14
Lumbar 4
sacrum 3

Primary tumor site

5 lung 4 prostate
5 rectum 1 breast
1 kidney 2 Bladder
2 head-and-neck 4 others

Symptoms at presentation

Neurological symptoms 37.5%

Severe pain 83.3%




Volume delineation and treatment
planning

All patients were immobilized by means
of a body cast or a vacuum pillow. A
multi-slice CT scan was acquired for CTV
delineation and for treatment planning.
The PTV was obtained by using a 3mm
uniform margin around the CTV. We do
not allow the PTV to cover the spinal
cord, so in some cases, N0 margin was
added towards the cord, due to the
proximity of the CTV to the OAR. In 22
patients the target was partially wrapped
around the cord and in 18 patients

the PTV to OAR distance was <2mm .
An intensity modulated dynamic arc
treatment technique was employed,
creating two series of overlapping arcs
(total 10 to 18 arcs) plus two to four
pxed beams to improve target dose
homogeneity. Plans were optimized

to meet a maximum cord constraint

of 6Gy (to no more than 1% of the
volume) for each fraction maximizing
PTV coverage (ideally 9Gy at 90% of the
volume, although PTV coverage was
largely dictated by the cord tolerance
dose). Plan creation and optimization
was performed using 3D Line Ergo

++ planning system. Treatment was
delivered in three consecutive fractions
using Dynamic Micro-Multi-Leaf-
Collimator from 3D Line (an Elekta
company), 5mm leaf width at isocenter,
attached to Elekta Synergy® 6MV linear
accelerator. Total dose at isocenter was
30Gy and the coverage dose to PTV
ranged from 21 to 28Gy (mean 24Gy).
Pre-treatment dosimetric veripcations
were performed measuring absolute
isocenter point dose using micro
ion-chamber and 2D dose distribution
using plm dosimetry. lon chamber
measurements with respect to TPS
calculated dose, show a mean deviation
of 1.2% (max. 3.2 %). Comparing plan to
plm, the percentage of points satisfying
~ < 1(3%, 3mm) ranges from 87% to 98%
(mean 93%) for all examined IMAT plans.

Figure 1: (a, b, ¢) dose distribution for one of the examined cases in an (a) axial, (b) coronal and
(c) sagittal planes.



Treatment using image guidance

Patients were positioned on the treatment couch at the planned isocenter position, and an Elekta 3D VolumeView™,
image was acquired prior to each fraction, and registered against the planning CT using a bone algorithm (a restricted
clip-box around the vertebrae was used). Due to the good depnition of the vertebrae and the cord obtained by Elekta
SynergyE XVI we could be conpdent of the daily accuracy of the set-up. The translational errors along the three axes
obtained by the XVI software were corrected on-line. A post treatment volume view image was also acquired, to
evaluate whether the PTV margin was adequate to account for residual errors. For 24 patients (72 fractions) the mean
values and standard deviations of the set-up errors were 0.2 (SD = 3.3) mm, 1.4 (SD = 3.7) mm, and -2.0 (SD = 2.6)
mm, respectively along X, Y, Z axes. The maximum post-treatment displacement was 1.6mm.
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Figure 2: VolumeView registration with reference planning CT and resulting set-up errors.



Outcome

Follow-up
Fu (median) 26.4 weeks (range 3 to 80)
Patients Alive 17/24

Mean Survival

8.3 months (range 1.8 to 26.3)

Relapsed in eld

1

Symptoms recovery

Pain 85%
Neurological function 66.6%
Partial osteolysis reconstruction 37%

Figure 3: (a, b) osteolysis reconstruction:
pre and post treatment (two months) CT
images.



Discussion

Pre-treatment dosimetric veripcations conprm the reliability of the treatment planning and delivery systems
considered here. Although the observed set-up errors are not particularly large, not correcting them, may lead to the
delivery of excessive dose to the cord, due to the highly conformal isodoses. Treatment efpcacy is therefore strongly
dependent on the use of daily image guidance and on-line corrections using 3D VolumeView. Large rotational errors
may constitute a problem. Correcting them by translations only may lead to a change in the relative position between
the PTV and OAR with respect to the treatment plan.

Conclusion

In our experience the IGRT stereotactic treatment of spinal and paraspinal malignancies is safe and effective and may
represent a useful integration or a valid alternative to surgery.

2: Hypo-fractionated treatment of mediastinal lesions

Clinical cases: patient characteristics

Number of patients 41

Age (median) 70 (46-88)
KPS (median) 90

Stage 11l A/B
Extrathoracic disease 21/41 (51%)
Previous chemotherapy 22/41
Histology

NSLC 30

SCLC 2

N.D 9

Volume delineation and treatment planning.

Patients were immobilized by various means (body cast, vacuum pillow and knee-feet device). Breathing motion of PTV
and OAR was evaluated by acquiring CT scans at various breathing phases selected using Active Breathing Coordinator™
control of the breathing cycle. For all examined cases, respiratory motion range results were within 5mm; in some
critical cases motion less than 3mm was obtained by shallow breathing. Motion-encompassing methods were also
used. A dynamic arc treatment technique was planned at 6MV. Plans were optimized to avoid hot spots and meet OAR
dose constraints. Plan creation and optimization was performed using 3DLine ERGO++ planning system.

OAR constraints

Lung V20 max 15 %
Spinal cord Max 18Gy
Heart Max 30Gy
Esophagus Max 27Gy
Bronchial tree Max 30Gy
Great vessels Max 30Gy
PTV

Dose per fraction (median) 750 cGy

n. fractions (mean) 5

Conformity (at D90) <15
Homogeneity No hot spots outside the PTV




Figure 4: (a, b, c) dose distribution for
one of the examined cases in (a) axial, (b)
coronal and (c) sagittal planes
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Treatment using image guidance

Patients were positioned on the treatment couch and a 3D VolumeView™ image was acquired prior to each fraction
using Elekta Synergy®, and registered with the reference planning CT on the coronal axial and sagittal plane using a
grey-value matching algorithm. On-line corrections were performed using mediastinal structures, such as bronchial
tree and great vessels that are usually well depned in 3D VolumeView™ images.
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Figure 5: VolumeView registration with reference planning CT and resulting set-up errors.

Treatment time

6 mins  patient set-up

2mins  acquisition and
reconstruction

5mins  registration
2mins on-line corrections
8 mins  treatment




