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DYNAMIC BEAM FLATTENING APPARATUS
FOR RADIATION THERAPY

This invention was made with United Stated Government
support awarded by the National Institute of Health (NIH),
grant Nos, NCI R29 CA48902 and NIH Training Grant
NRSA CA09206. The United States Government has certain
rights in this invention.

This is a continuation of application Ser. No. 08/353,749
filed Feb. 9, 1995 now abandoned, which is a continuation
of application Ser. No. 08/074,192 filed Jun. 9, 1993, now
abandoned, which is a continuation of application Ser. No.
07/854,521 filed Mar. 19, 1992 now U.S. Pat. No. 5,317.616.

FIELD OF THE INVENTION

This invention relates generally to radiation therapy
equipment for the treatment of tumors, or the like, and
specifically to a method and apparatus for accommodating
uneven fluence within a radiation beam.

DESCRIPTION OF THE ART

Medical equipment for radiation therapy treats tumorous
tissue with high energy radiation. The radiation dose and the
placement 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.

One radiation source employed in radiation therapy is a
linear accelerator (linac). A linear accelerator consists of a
series of metal electrodes spaced along an evacuated straight
path. Every other electrode is connected together to one
terminal of a high frequency electric generator, and the
intervening electrodes are connected to the opposite terminal
of the generator to produce an alternating electric field
which accelerates electrons from an electron source.
Effectively, an electromagnetic wave is set up that travels
continuously through the evacuated chamber and electrons
“ride” the electromagnetic wave.

Referring to FIG. 3(a), the electrons accelerated by the
linear accelerator are directed at a target 2. When electrons
strike one side of the target 2 and pass through or near the
electric field of a target atom they lose some energy. Some
of the energy lost by an electron may appear as a radiation
photon having a specific quantum of energy. After each
energy loss the electrons are typically deflected in a new
direction and may experience several additional decelera-
tions before finally stopping. Each deceleration generates
radiation photons of widely different energies. The resulting
radiation emitted from the target thus has a continuous
spectrum of energies ranging from zero to the maximum
kinetic energy of the electrons entering the target 2.

The process of slowing an electron and emitting a photon
is called bremsstrahlung or bremssradiation, a German word
meaning breaking radiation because it is associated with a
slowing of the electrons. The greater the initial velocity of
the electron and the closer the electron approaches the
nucleus, the more kinetic energy will be transferred to the
bremsstrahlung (i.e. the higher the energy of the emitted
photon).

Again referring to FIG. 3(a), the linac directs the electron
beam toward one locus on a target and, a relatively large
radiation fluence emanates from the opposite side of the
target 2 along a central ray 28 concentric with the electron
beam. Subsequent electron collisions are normally not along
this central ray 28 and therefore x-ray flux from later
collisions is emitted from the target at angles removed from
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the central ray 28. The net effect is that photons emanate
from the target at different angles relative to the central ray
28, a proportionally larger number emanating along the
central ray and a lesser number at angles diverging about this
ray 28. A non-uniform radiation fluence profile 100 results.

The radiation beam does not emanate from a single point
on the target but rather from an “emitting area” of the target.
As a result, the non-uniformity of the fluence profile ema-
nating from the target is accentuated when the beam is
collimated. In such collimation a central portion of the beam
is produced in the space traversed by radiation emanating
from all parts of the emitting area. An outer penumbra is
produced in the space traversed by radiation emanating from
only part of the emitting area, (i.e. radiation passing through
the collimator at a relatively sharp angle). The penumbra has
less fluence.

The combined effect of the penumbra and the fluence
profile is that the variation of fluence across the beam field
is more extreme.

Radiation therapy planning techniques generally assume
that the fluence of the radiation source is uniform throughout
the cross section of the radiation beam. However, as noted
above with respect to linacs, most sources of radiation
produce beams with greater fluence toward their centers.
Accordingly, it is typical to use a beam flattening filter,
thicker toward the center, to render the fluence profile of the
beam more uniform.

Referring to FIG. 3(), a beam-flattening filter constructed
of a radiation attenuating material is placed directly within
a beam to absorb some of the fluence within the central
section of a source fluence profile reducing this central
section to a fluence comparable to the fluence at the edges
of the beam. In this manner, the beam fluence can be
controlled and made more uniform.

A drawback to beam flattening filters is that they waste
radiation energy, reducing the intensity of the beam they
filter. Therapy sessions with reduced beam intensities
require longer itradiation sessions to deliver desired irradia-
tion doses to a tumor site and hence limit therapy throughput
rates.

In addition, beam flattening filters also remove low energy
photons from the center of the beam and allow them to pass
around the periphery. This effect is called beam hardening
and results in a non-uniform energy spectrum within the
beam.

Further, flattening filters cannot compensate for non-
uniformities that evolve with time and use. Therefore,
therapy planning that relies on assumptions of uniform
fluence in the radiation beam may be inaccurate.

SUMMARY OF THE INVENTION

The present invention is a method of correcting for
non-uniform fluence profiles in a radiation source used for
radiation therapy that minimizes the amount of wasted
radiation energy.

In one embodiment, a dose calculator receives both a
desired fluence profile for the patient and a non-uniform
source fluence profile and generates an attenuation profile in
accordance with the desired fluence profile such that the
attenuation profile corrects for the non-uniformity of the
non-uniform source profile. A compensator receives the
desired dose profile and attenuates the non-uniform source
fluence profile to produce the desired fluence profile.

It is thus one object of the invention to provide a simple
and reliable means for producing a desired fluence profile
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