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Planning and delivering high doses to targets surrounding the
spinal cord at the lower neck and upper mediastinal levels :
static beam segmentation technique executed by a multileaf
collimator.

Schelfhout J. . Derycke S., Fortan L , Van Duyse B. Colle C , De
Wagter C , and De Neve W..

The estimated number of new head and neck cancer cases represents no
less than 4% of the yearly total new cancer cases. For carcinoma arising in
head and neck, surgery and radiation therapy are the only curative
treatments. Thyroid carcinoma is a relatively rare disease, where for certain
subgroups of patients external-beam radiotherapy is indicated and beneficial.

Typically, radiation therapy on this location implies portals shaped to include
the involved lymph nodes. In our hospital we use the standard one-point
set-up technique where the anterior-posterior beam used for the lower neck
has a common junction line with the upper neck portals (4).

Problem definition
When in head and neck or thyroid cancer the planning volume reaches to a
level below the shoulder, one of the technical challenges is to limit the dose
delivered to the spinal cord below tolerance. Indeed, no standard solution
exists allowing for the delivery of a homogeneous dose to the target without
exceeding spinal cord tolerance (2). This clinical situation belongs to a class
of problems in conformal radiotherapy involving the design of 3D-conformal
dose distributions for targets with concave outlines. For these targets it is
impossible to use beam incidences for which the target volume can be
isolated from the tissues at risk. Indeed, if such beam incidences would
exist, they would pass through the shoulders or the vertex !

We investigated the possibility to plan and deliver beam intensity modulated
radiotherapy using a general purpose 3D-planning system, GRATIS® by G.
Sherouse (3) and a linear accelerator equipped with a standard multileaf
collimator (Philips MLC). Planning and dosimetry were performed on the
RANDO phantom.

Planning procedure
An axis of angulation was chosen in the cranio-caudal direction. We
selected five beam incidences, equi-angularly separated by 30° , sharing a
single isocenter - the isocenter used in the standard one-point set-up
technique. See figure 1.

Using the beam's eye view tool, we drew outlines conformal to the target's
projection, further dividing the outlines in segments. Segments were named
So and S1 to S4. See figure 2. The medial edges of all segments were
located tangential to the spinal cord, so that in effect the segments were
tiled, this is they are partially underlying. The segment intensities were
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computed using an Internal radius of 1.0 cm and a segment width of 1.0 cm
for the smallest segment (1). See table.

These initial five beams generated a dose gradient in the posterior-anterior
direction. In order to compensate for this dose gradient vector, two wedgeg1

open beams were used at incidences of -60° and + 6 0 ° . See figure 3:
Their relative weights were set by trial and error. The dose distribution
showed also the dose gradient between spinal cord and target to be much
shallower in the PA direction than in the latero-lateral direction. See figure 4.

Dosimetric optimization
In order to increase the dose difference between spinal cord and target, the
optimization steps described below were performed:
The medial edges were separated further from the spinal cord, in order to
decrease dose on the spinal cord coming from penumbra and scatter.
By offsetting the gantry angles the dose homogeneity was increased: the
dose 'hills' and 'valleys', typical of the segment arrangement were levelled
off.
The shallow dose gradient between spinal cord and target was improved by
increasing the weights of the first two anterior segments of the beams at
the +/- 60° incidence (now offset to +/- 65°).

Technical optimization
At this point of optimization, the treatment plan contained no less than 40
segments spread over 10 gantry angles. To make the treatment technically
feasible, we investigated if some gantry positions beams and/or segments
could be omitted without deteriorating the target's dose volume histogram.
Indeed, all segments at gantry angles +/- 7.5° could be deleted and also all
S2 and S4 segments could be deleted.
In this way we reduced the plan to 20 segments spread over 8 gantry
angles plus both open beams. See figure 5.
The effects of the optimization are well illustrated by the dose-volume
histogram for target and spinal cord. See figure 6.
Film and TLD dosimetry were performed on the RANDO-phantom. The
mean measured (TLD) dose was 5 % ( + /- 2.6%) lower than the dose
computed by the GRATIS® -program.
The shortest time of execution of a similar treatment (22 segments) on a
patient (unpublished) was 32 minutes. During the treatment, the shortest
possible beam-off time between 2 segments was 48 seconds.

Conclusion
A heuristic model has been developed and investigated to obtain a 3D
concave dose distribution applicable to irradiate targets in the lower neck
and upper mediastinal regions. The solution to the key problem of long
execution times lays in synchronising the linear accelerator with the
multileaf collimator or ultimately in dynamic leaf control.
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Legends to the figures
Figure 1
Definition of gantry positions: 5 beams equi-angularly separated.

Figure 2
Definition of beam segments: example of the lay-out of the drawn the
segments as visualised with the beams eye view at the -30° incidence.

Figure 3
Wedged beams at +/- 60° . compensating for the PA gradient.

Figures 4 and 5
Dose distributions computed by GRATIS® in transverse planes projected on
CT-images of the RANDO-phantom at the level of the lower neck before
(fig.4) and after (fig.5) optimization.

Figure 6
Dose-volume Histograms of target and spinal cord before and after
optimization.
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