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METHOD AND APPARATUS FOR
CALIBRATION OF RADIATION THERAPY
EQUIPMENT AND VERIFICATION OF
RADIATION TREATMENT

This is a continuation of application Ser. No. 08/490,184
filed Jun. 14, 1995 now abandoned which is a continuation
in part of Ser. No. 08/143,915 filed Oct. 27, 1993 now U.S.
Pat. No. 5,448 839.

This invention was made with United States government
support awarded by NIH, Grant Nos. CA52692 and
CA48902. The United States Government has certain rights
in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to radiation therapy equipment for
the treatment of tumors or the like and specifically to an
improved method of characterizing the radiation beam of
such systems and confirming the dose received by the
patient using a portal image of radiation exiting the patient.

2. Background of the Invention

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.

The radiation beam may also be controlled by insertion of
wedges or blocks into the beam to reduce the intensity or
fluence of the beam by means of attenuation in some areas.
U.S. Pat. No. 5,317,616 issued May 31, 1994, incorporated
by reference and assigned to the same assignee as the present
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invention, describes a shutter system that provides an alter-
native to wedges for reducing fluence or intensity portions of
the radiation beam by temporally modulating the radiation
beam with collimator leaves.

The ability to selectively adjust intensity of individual
portions or rays in the radiation beam is essential if the
cumulative dose from multiple angles is to be accurately
controlled. For example, two exposures along perpendicular
directions may be made to expose a generally rectangular
area within the patient. In order that the corner of the
rectangular area closest to both of the radiation sources at the
two angles does not receive a disproportionate radiation
dose, wedges are used in each exposure to reduce the beam
intensity on the side of the beam closest to the radiation
source for the other exposure side. In this way, after the two
exposures, a uniform dose has been received by the area.

In order to confirm the positioning of the collimation
blades and blocks used in a particular radiation therapy
session, a “portal image” may be obtained in which radiation
exiting from the patient is recorded on x-ray film or the like.
A visual examination of this image provides a poor quality
x-ray radiograph that gives a gross indication that the
“geometry” of the radiation beam is correct.

Confirmation of the dose received by the patient may be
provided by the placement of point dosimeters on the
surface of the body or within body cavities.

Developing a plan of radiation treatment involving radia-
tion at multiple angles requires that the dose provided by the
beam at each angle be well known. For this reason, it is
normal practice to determine the dose distribution in a
standard water phantom. The water phantom is generally a
water-filled box placed within the radiation beam so that the
beam cuts enters the box perpendicularly to the water
surface. A small radiation detector, such as an ionization
chamber, is physically scanned through the volume of the
phantom to make dose measurements. Under the assumption
that the phantom material is similar to a human patient, this
dose distribution reflects that which may be expected in a
human patient if the patient’s shape and actual tissue density
are neglected.

The measurement of the dose distribution in this manner
is time consuming and inaccurate. A change in collimation
changes the intensity even along central and uncollimated
rays as a result of scatter within the phantom and from the
collimator itself. For this reason, a sequence of dose mea-
surements must be made for different beam collimations and
for the use of different blocks.

These dose distribution measurements also permit the
evaluation of the uniformity of the radiation beam provided
by the system, and in particular, the intensity in a cross-
section of the radiation beam before it enters the patient (the
“beam intensity profile”). If the intensity of the beam
deviates beyond a certain amount from a uniform value,
adjustments may be made in the alignment of the radiation
source and/or filters may be inserted into the radiation beam
to improve its intensity profile. Because the beam intensity
profile may vary over time, such measurements must be
repeated on a regular basis.

Determining the dose distribution within a standard phan-
tom for a variety of the beam sizes and filtrations by
scanning a phantom with a dosimeter is time consuming and
expensive.

SUMMARY OF THE INVENTION

The present invention provides a method of automatically
characterizing the radiation beam of a radiation therapy
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system (and the dose to a phantom or patient) using the
radiation intensity information contained within the portal
image. The present invention recognizes that the amount of
radiation exiting the patient or phantom, as provided by the
portal image, together with knowledge about the composi-
tion and geometry of the patient or phantom, can be used to
characterize the radiation beam intensity profile irradiating
the patient or phantom without independent dose measure-
ments by a scanning dosimeter.

This more accurate characterization of the radiation beam
fluence profile may be used to generate other information
including: 1) a more accurate determination of the dose
received by the patient, 2) a scatter-free portal image that
may better confirm the geometry of collimator blades and
patient blocks, and 3) a verification that the correct patient
volume is being treated.

Specifically, the present invention provides a method of
calibrating a radiation therapy machine involving the steps
of irradiating a phantom of known composition and geom-
etry with a beam of radiation having a beam intensity profile
and acquiring a measured portal image indicating the inten-
sity of the beam of radiation along a number of rays and after
it has passed through the phantom. An electronic computer
receives the measured portal image as well as the character
and composition of the phantom and models an expected
portal image based on an irradiation of the phantom with an
assumed beam intensity profile. This expected portal image
is compared with the measured portal image to produce a
correction image which increments or scales the assumed
intensity profile in an iterative process. The process con-
verges with the assumed intensity profile measurement equal
to the actual intensity profile of the radiation therapy system.

Thus, it is one object of the invention to characterize the
beam intensity profile of the radiation source without the
need to measure the intensity of the beam prior to the patient
or within a phantom.

The accurate characterization of the beam fluence profile
may be used to determine a dose distribution throughout the
phantom.

Thus, it is another object of the invention to eliminate the
time consuming process of measuring dose within a water
phantom with a movable dosimeter. Accurate modeling of
the primary radiation passing through the phantom permits
dose determinations for a variety of collimations and wedges
with a single phantom measurement by including scatter
contributions after the entire primary radiation has been
determined.

The measure of the intensity profile may also be used to
develop a simulated scatterless portal image based on mod-
eled irradiation of a phantom without scatter.

Thus, it is another object of the invention to provide an
improved version of the traditional portal image for geo-
metric verification. Elimination of scatter produces a sharper
image from which it is easier to verify that the patient has
been properly treated.

The invention may also be employed where the phantom
is replaced by a patient having had a CT scan of the
irradiated volume which accurately characterizes the com-
position and geometry of that volume. In this case, an
extremely accurate determination of the dose received by the
patient may be obtained.

The foregoing and other objects and advantages of the
invention will appear from the following description. In the
description, reference is made to the accompanying draw-
ings which form a part hereof and in which there is shown
by way of illustration several preferred embodiments of the
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invention. Such embodiments do not necessarily represent
the full scope of the invention, however, and reference must
be made therefore to the claims herein for interpreting the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a radiation therapy system
such as may be used to practice the present invention having
a portal imaging device for receiving radiation transmitted
through the patient and providing portal image data to an
attached computer system;

FIG. 2 is a schematic representation of the radiation
therapy system of FIG. 1 showing the path of the radiation
through a collimator, attenuating blocks and a phantom to a
portal imaging device and showing the beam fluence profile
and portal image;

FIG. 3 is a flowchart describing the method of the present
invention to determine beam intensity, dose distribution and
a scatter-less portal image from a measured portal image.

FIG. 4 is a diagrammatic representation of a patient
receiving radiation therapy, showing the scatter kernel and
the coordinate system used to describe the present invention;
and

FIG. 5 is a perspective representation of a monodirec-
tional scatter kernel associated with a radiation beam at a
defined angle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A General Radiation Therapy Unit

Referring to FIG. 1, a radiation therapy system 10,
suitable for use in the present invention, includes a radiation
source 12 producing a radiation beam 14 directed across a
patient support table 16 that may hold a patient (not shown)
or a calibration phantom 32 (shown in FIG. 2). The radiation
beam 14 may be a megavoltage x-ray beam (e.g., 6—10
megavolts) or other photon source suitable for radiation
therapy. The radiation beam 14, as shown, is collimated to
a fan shape; however, the invention is equally applicable to
“cone beams” of radiation.

After passing through the patient support table 16 and
either the patient or a calibration phantom 32, the beam 14
is received by an electronic portal imaging device (EPID) 18
having a detector surface 19 corresponding to the cross-
sectional area of the beam 14. EPID 18 produces electronic
signals providing measurements of the dose of the radiation
received at a detector surface 19 at regularly spaced posi-
tions over the detector surface 19. Thus, the portal imaging
device 18 generally provides the data of a projection image
through the patient or phantom 32 along an axis of the
radiation beam 14 at an arbitrary angle.

The EPID 18 may be a liquid-filled ionization chamber
matrix such as is manufactured by Varian & Associates, San
Jose, Calif., which generally provides a detector surface 19
composed of two circuit boards (not shown) containing 256
wires arranged at right angles to each other. The circuit
boards are separated by a one millimeter thick layer of
trimethylpentane which serves as an ionization medium. The
circuit boards and ionization medium effectively create
matrix ion chambers with 256 rows and 256 columns. Each
such chamber has dimensions of 1.27 mmx1.27 mmx1 mm.

Radiation from beam 14 passing through the ion cham-
bers ionizes the trimethylpentane. This ionization is detected
by biasing one wire of one circuit board passing in the
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X-direction and scanning the remaining 256 wires in the
Y-direction to detect charge with an electrometer. This
process is repeated for each X-wire in turn and then the
whole process is repeated again several times to improve the
signal/noise ratio. It has been determined that the signal
generated is almost entirely proportional to the square root
of the dose rate for the individual detector.

It will be understood that the EPID 18 may alternatively
be a film system in which an image is acquired with standard
radiographic film, with filtration to expose the film in its
linear region, with the film scanned with an electronic
scanner to provide essentially the same data as provided
directly by the EPID 18 to the computer 20. In both cases it
is important that the EPID 18 be able to accurately measure
dose.

The EPID 18 and radiation source 12 are mounted in
opposition about the patient support table 16 on a rotating
gantry 26. The patient support table 16 may be tipped so
that, together with rotation of the gantry 26, the beam 14
may be directed at the patient or phantom 32 from a variety
of angles as is understood in the art.

The signals from the EPID 18 are transmitted to a
computer 20 where it is converted into a matrix of digital
values; the values indicate the dose of radiation at each point
of the detector surface 19. Computer 20 includes a display
terminal 22 for displaying images and text and a keyboard
24 for user entry of data such is well known in the art.

A projection image derived from the matrix of digital
values may be displayed on the terminal 22 of the computer
20. This projection image differs from a low energy x-ray
image because tissues attenuate megavoltage x-ray differ-
ently than they attenuate low energy x-rays such as are
typically used for imaging.

Referring now also to FIG. 2, the beam 14 of radiation
diverges from a focal point 28 within the radiation source 12
and is directed generally along a radiation axis 30 toward a
phantom 32 (or patient not shown in FIG. 2) resting on top
of the patient’s support table 16. Ideally, the beam 14, as
emitted from the radiation source 12 with coarse collimation
(not shown) has an essentially uniform beam fluence profile
34 referring to its intensity throughout its cross-sectional
area, measured in a plane perpendicular to the axis 30.

In practice, the beam fluence profile 34 will deviate from
perfect uniformity, even after the interposition of a flattening
filter and other adjustment of the radiation source 12 known
to those of ordinary skill in the art. For this reason, as will
be described below, it is typical to make measurements of
phantoms 32 in the beam 14 to account for any non-
uniformity.

Beam 14 is next collimated by collimator blocks 36 which
determine the outline of the beam that will ultimately be
received by the patient or phantom 32. Collimator blocks 36
are radio-opaque and may be used, for example, to match the
beam width to the outline of a tumor.

The collimated radiation beam 14 is next received by
wedges 38 which serve to reduce the intensity of certain rays
within the radiation beam 14 as is well understood in the art.
The wedges 38 are placed so as better to control the desired
dose to particular areas of the patient during radiation
treatment and to compensate for varying thicknesses of the
intervening tissue of the patient. As shown in FIG. 2, wedges
38 decrease the intensity of the edge rays of the beam 14 that
pass through portions of the phantom 32 where the phantom
is substantially thinner as might be desired to reduce dose to
these areas in a human patient.

The rays of the beam 14 next pass through a phantom 32.
The phantom 32 consists of a radio-lucent support structure
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46 of polystyrene supporting a water-filled hollow plastic
cylinder 48. Within the cylinder 48 are air filled tubes 42 of
varying diameter. The tubes 42 provide a measure of reso-
lution in a resulting portal image 40 to be described.
Generally the phantom is intended to mimic certain prop-
erties of the human body. A variety of different phantoms
such as are well known in the art, may be used in place of
the phantom herein described, provided their geometry and
composition may be accurately characterized.

After the radiation of the beam 14 exits the phantom 32,
it may be recorded as a portal image 40, the portal image 40
being the measure of the dose of the beam 14 throughout its
cross-sectional area in a plane perpendicular to the axis 30
after exiting the patient or phantom 32.

As depicted, even with wedges 38, the intensity of the
rays of the radiation beam 14 at the edges of the beam 14 are
greater than the central rays as a result of the difference in
pathway length through the attenuating medium of the
phantom 32. Ripples 41 in the portal image 40 are caused by
the cylindrical air cavities 42 within the water phantom 32.

Generally, it should be noted that the portal image 40 has
no sharp edges, such as might be expected from what is
essentially shadows of the structure of the phantom 32. The
reason for this is that substantial scattering of radiation in the
phantom 32 causes a blurring of the portal image 40. It is
known in the prior art to use the portal image 40 to verify the
geometric placement of the collimator blocks 36 and wedges
38. In this application, scatter-induced blurring of the portal
image 40 is undesirable.

Determining Dose Profiles

During a typical radiation treatment session, a tumor or
the like within a patient will be treated with the radiation
beam 14 directed at a variety of different angles about the
patient. In order that dose received by the patient be correct
in amount and location, it is necessary that characteristics of
the radiation therapy system 10 be well-known. To this end,
it is typical to collect a set of dose profiles within the volume
of a water box and with the beam 14 collimated to different
widths and with different radiation filters inserted at different
positions within the collimated beam 14.

Dose profiles for one combination of collimation and
attenuation are not easily predicted from the dose profiles,
other combinations of collimation and attenuation. For
example, changing the collimation of the beam 14 by
moving the collimator blocks 36 together, decreases the dose
at the center of the phantom 32 even if the center is at all
times exposed directly to radiation. This decrease in center
dose is caused in part by a decrease in scatter from the edges
of the phantom now blocked by the collimator. Accounting
for the effects of scatter previously required, that different
dose profile measurements be made for each combination of
collimation and attenuation. These repeated measurements,
each which requires that an ionization probe be manually
swept through the volume of the phantom, are expensive and
time-consuming.

The present invention reduces the need for manual dose
profiling by accurately modeling scatter, and based on a
complete knowledge of the beam fluence profile 34, the
properties and positions of the collimator blocks 36, the
wedges 38 and the components of the phantom 32, calcu-
lating dose profiles within the phantom 32.

Important to this method is an accurate characterization of
the actual beam fluence profile 34 indicating the fluence or
intensity of the radiation beam 14. The present invention
determines the beam fluence profile 34 by using the dose
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