United States Patent 19
Swerdloff et al.,

OO R

US005317616A
[11] Patent Number: 5,317,616

451 Date of Patent: May 31, 1994

[54] METHOD AND APPARATUS FOR
RADIATION THERAPY

[75] Inventors: Stuart Swerdloff; Thomas R. Mackie;
Timothy Holmes, all of Madison,
Wis.

[73] Assignee: Wisconsin Alumni Research
Foundation, Madison, Wis.

[21] Appl. No.: 854,521

[22] Filed: Mar. 19, 1992
[51] Int. CLS ..o, A6IN 5/10
[52] US. ClL ot 378/65; 378/151
[58] Field of Search ..........couvrriririrunen. 378/65, 151
[56] References Cited
U.S. PATENT DOCUMENTS
4,794,629 12/1988 Pastyr et al. .....cocvvvnmnene 378/152

4,817,125 3/198% Skliebitz ... ... 378/152
4,868,843 9/1989 Nunan ...... ... 378/152
4,868,844 9/1989 Nunan ........ ... 378/152
4,905,268 2/1990 Mattson et al. .. ... 378/158
4,987,309 1/1991 Klasen et al. .... . 250/492.1
5,012,506 8/1991 Span et al. .ocenienineinne 378/152

OTHER PUBLICATIONS

“Wedge Shaped DHose Distribution by Computer
Controlled Collimator Motion” Kijewski et al. Med.
Phys Sep./Oct. 1978 pp. 426-429.

Optimization By Simulated Annealing Of Three-Di-
mensional Conformal Treatment Planning For Radia-
tion Fields Defined By A Multileaf Collimator, S.
Webb, Phys. Med. Biol., 1991 vol., No. 9, 1201-1226.
On The Use Of Cimmino’s Simultaneous Projections
Method For Computing a Solution Of The Inverse
Problem In Radiation Therapy Treatment Planning,
Yair Censor, Martin D. Altschuler and William D.
Powlis, Inverse Problems 4 (1988) 607-623.

A Constrained Least-Squares Optimization Method
For External Beam Radiation Therapy Treatment Plan-

ning, George Starkschall Med. Phys 11 (5), Sep./Oct.
1984.

Optismisation Of Conformal Radiotherapy Dose Distri-
butions By Simulated Annealing, S. Webb, Phys. Med.
Biol. 1989, vol. 34, No. 10, 1349-1370.

Calculation and Application of Point Spread Functions
For Treatment Planning With High Energy Photon
Beams, Ahnesio et al., Acta Oncol. 26:49-56; 1987.
Methods of Image Reconstruction From Projections
Applied to Conformation Radiotherapy, Bortfeld et al.,
Phys. Med. Biol. 35(10), 1423-1434; 1990.

Feasibility Solutions in Radiation Therapy Treatment
Planning, Altschuler et al, IEEE Comp. Soc. 1984:
220-224.

Optimization of Stationary and Moving Beam Radia-
tion Therapy Techniques, Brahme, Radiotheraphy and
Oncol. 12:129-140; 1988.

A Unified Approach to the Optimization of Brachyth-
erapy and External Beam Dosimetry, Holmes et al., Int.
J. Radiation Oncology Biol. Phys., vol. 20, pp. 859-873,
1991.

Primary Examiner—Craig E. Church
Attorney, Agent, or Firm—Quarles & Brady

[57] ABSTRACT

A radiation therapy apparatus includes a compensator
having a plurality of leaves to divide the radiation beam
into rays each of which may be effectively and individu-
ally attenuated over a range of attenuations by control-
ling the duty cycle of the leaves position between the
open and closed states. An apparatus for controlling the
compensator accounts for scattering of radiation
through the deconvolution of a terma map and calcu-
lates a sinogram for controlling the compensator at a
variety of angles about a patient using iterated forward
and back projections efficiently calculated in frequency
space.

6 Claims, 7 Drawing Sheets
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1

METHOD AND APPARATUS FOR RADIATION
THERAPY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to radiation therapy
equipment for the treatment of tumors, or the like, and
specifically to a compensator mechanism and associated
radiation therapy planning software for regulating the
dose of radiation within irregularly shaped zones within
the patient.

2. Background Art

Medical equipment for radiation therapy treats tu-
morous tissue with high energy radiation. The dose and
the placement of the dose must be accurately controlied
to insure both that the tumor receives sufficient radia-
tion to be destroyed, and that damage to the surround-
ing and adjacent non-tumorous tissue is minimized.

Internal-source radiation therapy places capsules of
radioactive material inside the patient in proximity to
the tumorous tissue. Dose and placement are accurately
controlled by the physical positioning of the isotope.
However, internal-source radiation therapy has the
disadvantages of any surgically invasive procedure,
including discomfort to the patient and risk of infection.

External-source radiation therapy uses a radiation
source that is external to the patient, typically either a
radioisotope, such as ®Co, or a high energy x-ray
source, such as a linear accelerator. The external source
produces a collimated beam directed into the patient to
the tumor site. External-source radiation therapy avoids
some of the problems of internal-source radiation ther-
apy, but it undesirably and necessarily irradiates a sig-
nificant volume of non-tumorous or healthy tissue in the
path of the radiation beam along with the tumorous
tissue.

The adverse effect of irradiating of healthy tissue may
be reduced, while maintaining a given dose of radiation
in the tumorous tissue, by projecting the external radia-
tion beam into the patient at a variety of “‘gantry” angles
with the beams converging on the tumor site. The par-
ticular volume elements of healthy tissue, along the path
of the radiation beam, change, reducing the total dose to
each such element of healthy tissue during the entire
treatment.

The irradiation of healthy tissue also may be reduced
by tightly collimating the radiation beam to the general

_ cross section of the tumor taken perpendicular to the
axis of the radiation beam. Numerous systems exist for
producing such a circumferential collimation, some of
which use multiple sliding shutters which, piecewise,
may generate a radio-opaque mask of arbitrary outline.

As part of collimating the beam to the outline of the
tumor, the offset angle of the radiation beam, with re-
spect to a radius line between the radiation source and
the center of rotation of the radiation source, may be
adjusted to allow the treated area to be other than at the
center of rotation. Simultaneously changing the offset
angle and the width of the radiation beam as a function
of gantry angle allows tumorous tissue having an irreg-
ular cross-section within a plane parallel to the radiation
beam to be accurately targeted. The width and offset
angle of the radiation beam may be controlled by the
use of a multiple-leaf collimator.

Adjustment of the offset angle, center, and size of the
radiation beam at various gantry angles allows consid-
erable latitude in controlling the dose. Nevertheless,
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these approaches still impart a considerable amount of
undesired dose to healthy tissue, especially where the
tumor is concave or highly irregular.

SUMMARY OF THE INVENTION

The present invention is a compensator that dynami-
cally controls the effective intensity of rays within the
radiation beam to produce a fluence profile of arbitrary
shape. This ability to vary the intensity of individual
rays within the beam, as opposed to simply turning
them on or off, allows an advanced technique of ther-
apy planning to be employed in which the fluence pro-
files are varied at each gantry angle to accurately con-
trol the dose to irregularly shaped tumors within the
body. An efficient iterative approach allows precise
calculation of the needed fluence profiles.

Specifically, the compensator includes a number of
radiation attenuating leaves in a rack positioned within
the radiation beam before it enters the patient. The
leaves fit within a plurality of adjacent sleeves in the
rack for moving into the radiation beam in a closed state
(each leaf thus occluding one ray of the beam) and
moving out of the radiation beam in an open state to
allow unobstructed passage of the associated ray.

A motivation mechanism allows the leaves to be
independently moved between the open and closed
state and a timer communicating with the motivation
mechanism controls the ratio of the period of time dur-
ing which each leaf is in the closed state to the period
during which each leaf is in the open state to control the
average intensity of each ray of the beam.

It is one object of the invention to provide a simple
and reliable means for producing an arbitrary fluence
profile within a high energy radiation beam. Moving
the leaves of the compensator rapidly in and out of the
beam allows effectively continuous control of the inten-
sity of the rays.

It is another object of the invention to provide a
method of attenuating the individual rays of a high
energy radiation beam with negligible effect on the
spectrum of the radiation, such as would occur if vary-
ing thicknesses of filter material were used. The leaves
may be constructed to provide nearly complete block-
age of the radiation and thus to prevent “beam harden-
ing” effects where higher energy radiation is preferen-
tially propagated (as is the case with attenuating filters).
The ability to use a motivating mechanism that may
simply move the leaves between two states, eliminates
the need for complex and spatially precise actuating and
verification mechanisms.

It is another object of the invention to provide a
compensator that provides highly resolved control of
the intensity of radiation received throughout a volume
of a patient. The compensator may operate on a fan
beam of radiation and the patient may be translated with
respect to that fan beam to allow control of radiation
intensity throughout an irradiated volume. The use of a
fan beam allows the motivating mechanism for the com-
pensator leaves to be near the leaves without interfering
with the projected radiation.

Fluence profiles, such as may be controlled by the
above compensator, may be calculated by a therapy
planning apparatus receiving a desired dose map of
radiation doses within a volume of the patient. A decon-
volver produces a “terma” map from this dose map, of
primary total energy released (terma) in the patient. The
terma map is calculated so that when the terma values
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