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Optimization of radiotherapy to target volumes with concave outlines : target-dose homogeneizanon

and selective sparing of critical structures by constrained matrix inversion.

,, £ . (*), Van den Berge, D. (t), De Wagter, C. (•), Fortan, L. (*), Van Duyse, B. (*), and De Neve, W. (*)
) Department of Radiotherapy, UZ-Gent, and (t) Department of Radiotherapy, AZ-VUB, Brussels, B E L G I U M .

A class of problems in conformal radiotherapy involves the design of 3D-conformal dose distributions for targets with
concave outlines. For these targets, it is impossible to find beam incidences for which the target volume can be isolated
from the tissues at risk. Commonly occuring examples are most thyroid cancers and the targets located at the lower neck
and upper mediastinal levels related to some head and neck. We recently developed a solution to this problem, using beam
intensity modulation executed with a multileaf collimator by applying a static beam-segmentation technique. The method
includes the definition of beam incidences and beam segments of specific shape as well as the calculauon of segment
weights. Tests on Sherouse's GRATIS™ planning system allowed to escalate the dose to these targets to 65 - 70 Gy
without exceeding spinal cord tolerance. Further optimization by constrained matrix inversion was investigated to explore
the possibility of further dose escalation. The cost function to be minimized X(Z), - dj) + w £ D ; consisted of 2 terms;

X (£>, - dj f, where £>, and dt were the calculated and desired doses at the i-th voxel inside the target; and w£ Dj, where Dj

was the calculated dose at the j-th voxel inside the spinal cord and w was an empirically determined weight factor. This
weight factor defined the importance of dose to the spinal cord relative to dose homogeneity at the target (di = constant). In
this model, D; and Dj were linear combinations of weighted functions of all beams. The partial derivative of each beam's
function yields n equations with n (unknown) beam weights, that were determined by constrained matrix inversion, the
constraint being zero or positive values for all beam weights. To implement this method, Sherouse's external beam module
was modified. For a predefined vv value, beam weights were optimized within a few seconds on a DEC alpha 3000. In
practice. 5-10 w values had to be tested, making optimization a less-than-five-minute procedure. This optimization
procedure allowed further target dose escalation to (theoretically) 120-150 Gy without exceeding spinal cord tolerance.
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Purpose/Objective: To assess the variation in treatment portals for elective radiotherapy of the
neck, and the three-dimensional dosimetric consequences of this variation.
Materials & Methods: Experienced radiation oncologists (n~16) from all major head & neck
cooperative groups in the Netherlands (n= l l ) were asked to define RT-portals on a lateral and/or
AP simulation film, for (routine) elective neck irradiation for a T2 tumor of the mobile tongue and
a T3 tumor of the supraglottic larynx. Treatment portals were compared and evaluated using a
three-dimensional treatment planning system and CT data with contoured critical structures and
target volume. The CT-defined clinical target volume was mutually agreed upon by ENT-surgeons
and radiation oncologists.
Results: Large differences were seen in treated volume (a factor of five). In addition, due to the
variation in the cranial boundary of the RT-portals, the estimated NTCP varied considerably (0-
50%). Moreover, several of the RT-portals did not adequately cover the CT-defined target volume.
Conclusion: Even amongst experienced head and neck radiation oncologists, there seems to be
little agreement regarding treatment technique and size of the treatment portals in case of elective
neck irradiation. This results in a considerable variation in treated volume. As a consequence, there
is a large difference in the anticipated probability of normal tissue complication, and possibly in
tumor control probability. Therefore, a definition of target volume and, consequently, a
standardization of elective neck portals is mandatory. This is even more important if the primary
tumor and clinically node-negative neck are to be treated by 3D conformal RT using multiple CT-
slices for target delineation and positioning of BEV blocks in order to spare the normal tissue
function with maximum tumor control probability.
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