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METHOD AND APPARATUS FOR
RADJATION THERAPY

This is a division of application Ser. No. 07/854,521,
filed Mar. 19, 1992.

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 tumorous
tissue with high energy radiation. The dose and the place-
ment of the dose must be accurately controlled to insure both
that the tumor receives sufficient radiation to be destroyed,
and that damage to the surrounding and adjacent non-
tumorous tissue is minimized.

Internal-source radiation therapy places capsules of radio-
active material inside the patient in proximity to the tumor-
ous tissue. Dose and placement are accurately controlled by
the physical positioning of the isotope. However, internal-
source radiation therapy has the disadvantages of any sur-
gically 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 therapy, but it undesirably and necessarily
irradiates a significant 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 radiation beam
into the patient at a variety of “gantry” angles with the
beams converging on the tumor site. The particular 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
tumors, the offset angle of the radiation beam, with respect
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 irregular 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.
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Adjustment of the offset angle, center, and size of the
radiation beam at various gantry angles allows considerable
latitnde in controlling the dose. Nevertheless, 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 dynamically
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 therapy planning to be employed
in which the fluence profiles are varied at each gantry angle
to accurately control 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 radia-
tion 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 inde-
pendently moved between the open and closed state and a
timer communicating with the motivation mechanism con-
trols the ratio of the period of time during 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 intensity 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 varying thicknesses of filter material
were used. The leaves may be constructed to provide nearly
complete blockage of the radiation and thus to prevent
“beam hardening” effects where higher energy radiation is
preferentially 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 veri-
fication mechanisms.

It is another object of the invention to provide a compen-
sator 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 compensator 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 deconvolver produces a
“terma” map from this dose map, of primary total energy
released (terma) in the patient. The terma map is calculated
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