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METHODS AND SYSTEMS FOR GUIDING RADIOTHERAPY SETUPS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefits of U.S. provisional patent
application serial number 61/058,049, filed on June 2, 2008, the entire disclosure of

which is incorporated herein by reference

FIELD OF THE INVENTION

[0002] This invention relates generally to methods and systems for improving setups in

radiotherapy.

BACKGROUND OF THE INVENTION

[0003] External-beam radiotherapy for breast cancer is typically provided using opposing
tangential fields, which deliver a uniform dose to the entire affected breast. The primary
treatment is given over a number of sessions, and is often followed by additional boost
sessions. The boost sessions are typically delivered with an electron beam, which limits

treatment to the primary lumpectomy site.

[0004] Unlike photons, the intensities of which decrease exponentially as the photons
travel through a patient, an electron beam deposits most of its energy dose within a fixed,
finite range based primarily on the energy of the beam. Thus, a single electron beam can
be used to treat superficial lesions while sparing underlying healthy tissues. Electron-
beam treatments are typically delivered using electron cones of various sizes and shapes
that may be attached to the collimator of a linear accelerator (LINAC), and which
collimate the electron beam very close to the patient surface. The cones may have
standard geometric shapes, such as circles or squares of various sizes, or an arbitrary
shape can be custom-made for a given patient. In some instances, a lead sheet having an

opening that defines the aperture of the beam is placed directly on the patient’s skin.

[0005] Electron-beam treatment plans usually involve a fixed source-to-skin distance
(SSD). For breast boosts, an SSD of 100 cm is typical, as this is the same distance from
the beam source to the isocenter of most LINACS. As a result, the LINAC isocenter, and
hence the intersection of any wall lasers being used to align the patient with the LINAC,

lies on the surface of the patient’s skin. This is in contrast to many photon treatments,
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which are planned such that the isocenter is near the center of the treatment volume

within the patient, as opposed to on the patient’s skin.

[0006] For a breast boost, the electron field ideally covers the tumor bed and the surgical
path leading from the tumor bed to the surgical scar, plus a 1-2 cm margin. In addition, it
is preferable to avoid the areola. Electron breast boosts may be simulated either using
clinical or CT planning performed directly on the linear accelerator, or ona conventional
simulator. In such simulations, a physician uses the lumpectomy scar and palpation to
determine the location of the lumpectomy site relative to the patient’s skin. A cut-out,
usually made of CERROBEND, is designed to cover the region of interest on the
patient’s skin. The angles of the beam gantry and the couch on which the patient reclines
are physically adjusted such that the beam is substantially perpendicular to (i.e., en face)
the patient’s skin. The appropriate electron energy is then chosen so that the beam covers
the depth of the tumor bed, which may be found from post-surgery ultrasound scans, for
example. The greater the energy of the electron beam, the deeper the electrons will
penetrate. The correct number of “Monitor Units,” a calibrated measure of LINAC
output, required to deliver a percentage of the prescribed dose at a given depth is

calculated from tabulated beam data.

[0007] One weakness of clinical planning is that the actual position of the cavity is not
explicitly taken into account. For this reason, in some institutions the simulation is
performed using computed tomography (CT-SIM). One such technique uses radio-
opaque wire placed around the surgical scar, and sometimes around the areola, prior to
the acquisition of a CT scan. Thus the scar and the lumpectomy site, as seen on the CT
scan, can be used to design the electron field. Energy and monitor units are calculated

using treatment-planning software.

[0008] Once the plan (clinical or CT-based) is finished, the goal is to deliver radiation
treatment according to the plan for each treatment session, or fraction thereof. For each
fraction, the setup may be adjusted so that the field covers the same skin surface area as
planned, using a preferred source-to-skin distance (SSD), with the beam oriented en face.
These adjustments are often necessary because it is difficult to reposition the breast in
exactly the same way from day to day since the breast is not a rigid structure, and

consequently its shape, size and position can vary daily. Therefore, the setup can be
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adjusted by changing couch position, collimator angle, gantry angle and/or couch angle

to take into account external features.

[0009] In making adjustments, it is possible to take into account not only external
landmarks, but also internal anatomy. Physically moving and/or rotating the couch,
gantry and collimator to properly orient the patient can be cumbersome, however,
primarily due to the constraint of maintaining the planned SSD. Therefore, greater
automation would be beneficial in utilizing internal and/or external landmark information

to adjust patient setup, particularly where the planned SSD is taken into account.

SUMMARY OF THE INVENTION

[0010] Embodiments of the present invention provide systems and methods for
incorporating internal and external anatomical features of a patient and radiation-beam
parameters into radiation-treatment treatment and/or planning regimens. A tracked tool
or instrument may be used to illustrate a desired beam entry point and/or beam angle,
which in turn facilitates the determination of the desired gantry and couch angles as well
as couch positions. An SSD may also be determined and, in some cases, enforced prior

to or during treatment.

[0011] In a first aspect, various embodiments of the invention provide methods for
establishing radiation beam parameters for delivery of radiotherapy treatment to a patient
using a radiotherapy treatment device. The method includes the steps of orienting a wand
with respect to the patient to establish a beam entry point and acquiring positional
parameters characterizing the wand’s position (such as a tip position and/or an
orientation) with respect to a room coordinate system. A beam angle is defined

according to the room coordinate system that is consistent with the beam entry point.

[0012] In some implementations, images of internal anatomical features of the patient
may be obtained (using, for example, CT scanning, MRI, and/or ultrasound devices)
and/or external anatomical features of the patient can be digitized as images. The
patient’s internal and/or external anatomy may then be displayed within the beam area
corresponding to the defined beam angle such that the anatomical features are viewed

along with the desired entry point and treatment path.
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[0013] In some embodiments, the tool is a wand-like instrument having a shaft and a
well-defined tip, and one or more affixed markers that can be tracked by a tracking
device. This tracking device, through known calibration techniques, can determine the
position of the tip, as well as the orientation of the wand, in a “room coordinate system”
of a planning room or a treatment room. The positions and orientations of the wand are

preferably output to a computer application, with an interactive display in the room.

[0014] The orientation of the wand may be used to define a beam angle — that is, the
user orients the wand relative to the patient’s external anatomy to establish a desired
beam trajectory relative to the patient. In practice, this hypothetical angle can be
converted to gantry and couch angles of a LINAC by a computer application so that the
actual beam angle during treatment conforms to the hypothetical angle established using

the wand.

[0015] In some embodiments, the wand tip is used to digitize a hypothetical beam entry
point on the patient’s surface. This is particularly useful for fixed SSD beam setups,
where a given point on the patient’s skin must be set up at a predetermined distance from
the radiation source. The beam entry point can be converted to physical manipulations
— e.g., translations and/or rotations of the couch, gantry and/or collimator — required to
set up the patient to the digitized beam entry point, so the actual beam entry point
corresponds to the hypothetical point established using the wand. In this way, physical
geometry of the patient setup matches the geometry defined by the wand tool. The
necessary physical manipulations can be performed automatically by transferring
parameters specifying the movements to electromechanical controllers, or manually by
providing these parameters as movement instructions that the therapist may carry out.
Couch motion and/or rotation can also be facilitated by affixing trackable markers to the
treatment couch, and tracking these markers while the couch is moved. A computer
program tracking the markers can guide the therapist as physical manipulations are
carried out so that the correct position and angle are attained. In some cases, the planned
couch and gantry angles may not be optimal on a given day due, for example, to varying
patient anatomy or setup position. For example, in breast setups, the size, shape and
position of the breast and its internal targeted structures can vary from day to day. In
these cases, the wand can be used to calculate new gantry and couch angles for the

patient. In some cases this is done in combination with the determination of the beam
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entry point.

[0016] The beam entry point may be calculated automatically from surface information.
For example, surface information can be acquired by sampling multiple points on the
patient’s body surface with the wand tip, or by using a three-dimensional surface camera.

Alternatively, surface data can be extracted from a patient image.

[0017] In another aspect, embodiments of the invention provide a system for
establishing radiation beam parameters for treatment of a patient. The system includes a
tool and a tracking device for sensing positional information of the tool (e.g., tip position,
orientation) with respect to the patient and to establish a beam entry point. The system
also includes a processor for characterizing a beam trajectory through the beam entry
point with respect to a room coordinate system and defining a desired beam angle

consistent with the beam entry point.

[0018] In some embodiments, the tool further comprises one or more optical tracking
sensors identified by the tool tracking device, which may use optical and/or radio-
frequency modalities (as well as others) to locate and track the tool as it is manipulated
about the patient. The system may also include one or more registers for storing image
data corresponding to internal and/or external anatomical features of the patient, and in
some implementations the imaging devices for obtaining the image data. In some cases,
some images may be obtained by tracing external anatomical features using the tool. The
system may also include a display device for displaying the internal and/or external
anatomical features of the patient within a beam’s eye view of a radiation treatment
device, wherein the beam’s eye view is oriented along the desired beam angle. The
display may also provide additional beam information, such as a beam aperture, a dose

information, and an electron beam depth.

[0019] A controller may be used to determine couch and/or gantry movement
parameters, and direct the movement of either such that a radiation beam may be
delivered to the patient along the desired beam angle. In certain cases, the processor
correlates the beam entry point with a desired source-to-skin distance. In such instances,
the too! orientation may also define a current source-to-skin distance, and the controller
may further determine couch and/or gantry movement parameters for shifting the current

source-to-skin distance to a desired source-to-skin distance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing and other objects, features, and advantages of the present
invention, as well as the invention itself, will be more fully understood from the
following description of various embodiments, when read together with the

accompanying drawings, in which:

[0021] Figs. 1(a) — 1(c) illustrate a wand tool which may be used to guide radiation

beams in accordance with various embodiments of the invention;

[0022] Fig. 2 illustrates the administration of radiation therapy in accordance with

various embodiments of the invention;

[0023] Fig. 3 illustrates adjustments being made to the orientation of a radiation delivery

system in accordance with various embodiments of the invention;

[0024] Fig. 4 illustrates a treatment being delivered to a patient and a corresponding

display of the treatment in accordance with various embodiments of the invention;

[0025] Fig. 5 illustrates the a guidance procedure used to calibrate the delivery of

radiotherapy to a patient in accordance with various embodiments of the invention; and

[0026] Fig. 6 schematically depicts a system for orienting a patient in preparation for
delivery of radiotherapy treatment in accordance with various embodiments of the

invention.

DETAILED DESCRIPTION

[0027] Fig. 1 illustrates an exemplary wand tool in accordance with various
embodiments of the invention. As shown in Fig. 1(a), the wand has a shaft 100 and a tip
105 that is preferably well-defined, for example, as a sharp, blunt or ball tip. In some
embodiments, an array of markers 110 are affixed to the pointer. The markers 110 can be
detected by a conventional optical trackér in real-time. The markers can be tracked either
individually or as a preconfigured shape configuration, which defines a position and
orientation in space. The position and orientation are calibrated so that the position of the
tip 105, the orientation of the shaft 100, long-axis rotation and shaft rotation about its
long axis, can be calculated at any given time as the wand is moved. Examples of

markers include passive infrared reflectors, or active infrared emitters, which can be
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tracked by an optical camera or cameras such as the POLARIS family of cameras. Other

types of trackers, such as magnetic or radio-frequency devices, can also be used.

[0028] Fig. 1(b) shows the addition of a plate 115, which is preferably transparent to
allow the user to more easily judge whether or not a surface is perpendicular to the wand
tool (i.e., whether it is en face to the skin surface). The plate 115 may be removable so
that the wand tool can be more easily used for other functions where the user needs a
clear view of the tip 105, such as digitizing points on a surface. In some cases, the
distance between the plate 115 and the tip 105 can correspond to a physical distance
related to the radiation device, such as the distance between the applicator and the skin.
In another variation, shown in Fig. 1(c), a plate 120 (illustrated with a circular shape) is
affixed at the end of the rod 100. The plate 120 can make evaluating en face angles
easier, but at the expense of losing precise awareness of the position of the tip 105. This

plate 120 may also be removable, or adjustable up and down the shaft.

[0029] Calibration of the wand tool with respect to the room coordinate system may be
more accurate when the mechanical geometry of the markers is known relative to the axis
of the tool and its tip, e.g., from a precise CAD geometry. The relationship between the
tool axis and tip to the pattern recorded by the tracker can then be calculated. If the
geometry is not known accurately enough, or if there is too much variability in
manufacturing the tool, appropriate calibration can be performed using other methods
known in the art. For example, a snapshot of the markers can be acquired with the
tracker to establish the marker pattern. Mechanical rotations of the tool about the tip,
along pre-established trajectories, during marker acquisition by the tracker can then be
used to mathematically extract the transformation between the tip and the marker pattern.
Similar established motions along or about the axis of the tool can also be used to define
the transformation between the axis and the pattern. Once calibration is complete, the tip
position and wand orientation can be converted to room coordinates as is commonly done

in the art.

[0030] In some embodiments, aspects of the beam defined by the wand are used for
treatment planning purposes. The beam or beams are defined with the patient present,
using the wand, and, in some cases, taking into account external and/or internal features.

This beam definition is sent to a treatment planning computer, or in some cases to an in-
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room computer associated with the LINAC, to determine proper patient positioning
and/or to calculate dose distributions. Having the patient present for design of treatment
beams, rather than designing them exclusively on pre-acquired images, can be of
particular importance for clinical setups, where the physician may want to take visible
and/or palpable information into account in the beam design. The ability to design a
beam directly on the patients’ skin, for planning or treatment purposes, is especially
useful for electron beams which are generally kept en face. The beam can be designed to

target the appropriate structures while ensuring visually that it is en face.

[0031] One exemplary application of the techniques described herein involves clinical
planning of a breast electron boost beam, which is typically carried out directly on a
LINAC or on a conventional simulator. Critical treatment parameters include the beam
angle (defined by a gantry and couch rotation) and beam entry point required to target the
visible external information, each determined while maintaining an en face beam
direction and a fixed source-to-skin distance (SSD) (together referred to as “beam
alignment”). Internal image information may also be considered when determining beam
alignment. Other information which can be obtained is beam depth and energy,

collimator rotation and an electron cut-out shape.

[0032] Typically, the user orients the wand relative to the patient’s skin. For example,
the user may align the axis of the wand so that it is en face. In certain embodiments, an
image of the patient is acquired prior to use of the wand (as described, for example, in
U.S. Patent Application Serial No. 11/852,492, filed on September 10, 2007, the entire
disclosure of which is hereby incorporated by reference) and used as a guide. As the user
moves the wand about the patient, the tracked wand coordinates — relative to the patient
or room coordinate system — are keyed to the coordinates of internal images of the
patient’s anatomy, so that elements of the internal anatomy (e.g., a lesion, tumor bed or
cavity) are displayed and updated as the position and orientation of the wand changes.
The internal images may have been obtained during the same planning or treatment
session using, for example, CT scanning, cone-beam CT, MRI, and/or ultrasound

devices.

[0033] In some embodiments, turning the wand about its axis simulates a collimator

rotation, which is calculated along with the couch and gantry parameters. In other
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embodiments, the collimator may be rotated on-screen after the gantry and couch angles
have been calculated using the wand. Once the wand position is aligned according to a
desired beam trajectory relative to the patient’s anatomy, the position of the patient may
be adjusted such that the actual treatment device beam (which, in some cases may be

fixed) corresponds to the desired beam trajectory.

[0034] In other embodiments, the system may be used to define a beam digitally for
future dosimetric or geometric planning purposes. This can be done, for example, in a
CT-SIM room, a conventional simulator, or on the LINAC. The orientation of the wand
used to define the beam can then be converted to beam orientation and/or couch and
gantry angles, and sent electronically to a treatment planning system, e.g., via the
DICOM transfer protocol. This approach, which effectively combines elements of both
CT planning and clinical planning, is of particular use in the CT-SIM room, where it can

be difficult to visualize different beam orientations directly on the patient.

[0035] In practice, the internal anatomy is displayed on an interactive monitor in either
the “beam’s-eye view” or in a plane perpendicular to or passing through the axis of the
beam (i.e., along the depth direction). In addition to or instead of displaying actual image
gray-scale information, surfaces or contours of external anatomical landmarks (e.g.,
scars, markings, etc.) can be displayed relative to the wand. Where external points or
contours of interest on the patient’s skin are digitized, the tip of the wand may be used to
identify or outline the contours, which are then simultaneously displayed on the

interactive monitor along with the internal features.

[0036] In some embodiments, the interactive display updates a beam’s-eye-view plane
perpendicular to the wand’s direction, along with the treatment aperture of the radiation
beam. This facilitates visualization of which internal and external structures fall within
the radiation beam. The depth direction may be shown separately or in combination
with the beam’s-eye view. This is particularly useful for electron treatments, where the
depth of the electron beam can be displayed to ensure proper coverage of the involved
anatomy. Dosimetric information can be displayed relative to the anatomy as well, in any

view.,

[0037] In some embodiments in which the radiation treatment is delivered in multiple

fractions, the process is divided into two steps. In the first step, the cavity position
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identified in the pre-treatment image is aligned (manually or automatically) to its position
at treatment time by conventional image-alignment software and displayed to the user. In
the second step, the user employs the wand tip to digitize the beam entry point
(corresponding to the beam central axis on the patient’s skin) with the image of the
cavity. This can be done by displaying the real-time position of the wand tip on the
display relative to the virtual beam’s-eye view (i.¢., the beam view relative to the virtual
cavity alignment). The user then moves the wand such that its tip lies on the patient’s
skin surface and within a specified tolerance from the central axis of the beam’s-eye view
on the display. The patient shifts required to align the patient to the beam can then be
calculated from the cavity shift and beam entry point. Using the example above in which
a breast electron boost beam is delivered using a LINAC having a fixed beam, the
position of the patient may be moved by adjusting the physical alignment of a couch
relative to the LINAC using multiple (e.g., typically three or as many as six) degrees of

freedom.

[0038] Fig. 2 shows a patient P lying on a treatment couch 205 (or other patient-support
assembly) of a linear accelerator 210, in an initial position. This initial position may be
arbitrary, or the patient may have markings (such as tattoos or ink marks) that are aligned
to a room coordinate system, which in some cases may be defined by a set of
perpendicular lasers. The wand tool 200 is tracked by a tracker 215 attached to the
ceiling 220 of the treatment room. Alternatively, the tracker may be attached to another
fixed and known position in the room, such as a wall, beam and/or fixture. The tracker
can also be mobile if there is a fixed object or tool that can be used to define a patient
coordinate system. The output of the tracker 215 is transmitted (using wired or wireless
methods) to a computer 225 having an associated visual display 230. Using suitable
calibration data, the computer 225 processes the output to derive the orientation of the
wand axis and the position of the wand tip in the room coordinate system. The computer
225 may in some instances be integrated directly into the console of the visual display
230, or can be located outside the treatment room, connected to or communicating
wirelessly with the display 230. The visual display 230 can be cart-based but is
preferably mounted to a swing arm 235 attached to the ceiling, such that the user (e.g., a
radiation therapist, a dosimetrist, a medical physicist or a radiation oncologist) can move

the visual display 230 to any convenient location.

10
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[0039] In some embodiments, the physician may use a marking tool to draw a closed
shape on the patient’s skin, typically surrounding the patient’s scar, which corresponds to
the desired treatment aperture. The user then digitizes this shape by tracing the tip of the
wand tool around the contour. The computer 225 acquires the traced shape via the
tracking system 215 as a discrete set of points with known locations in the room
coordinate system. Alternatively, another pointer tool or digitizing device such as a
camera can be used to digitize the points represented by the drawn shape, but using the

wand tool directly is more convenient than using two separate tools.

[0040] The user then moves the wand tool such that the tip is at the desired entry point of
the beam on the patient’s surface, typically close to the center of the drawn aperture, and
ensures that its axis is en face to the patient’s skin. Once the user establishes the proper
position and orientation of the wand tool relative to the patient, the computer 225
captures the position and orientation of the wand (e.g., in response to pressing a button on
the touch screen 230 or on the wand itself indicating that the user is satisfied with the
wand position, or in response to a stability criterion indicating the user has stopped
moving the wand). The tip of the wand corresponds to the desired beam entry point, and
the orientation of the wand defines the beam direction. Based on the mechanical
movement constraints and capabilities of the couch and the gantry, which are
programmed into the computer 225, the computer calculates the couch shifts required to
align the patient to the beam entry point to a defined SSD, and the couch and gantry
rotations required so that the direction of treatment beam will follow the captured wand
orientation. An SSD of 100 cm is usually used for electron boost treatments. The
computer may be programmed to recognize wand orientations that correspond to
impossible gantry and couch movements, and to cause a warning to be displayed on the

screen 230 in such cases.

[0041] Assuming the beam direction established by the wand position and orientation can
be accommodated by the couch and gantry, the necessary movements are executed as
shown in Fig. 3. In some embodiments, this is done by transferring the couch and gantry
parameters directly to the computer driving the couch and LINAC. In other
embodiments, the user moves the gantry and couch manually. The manual couch motion
can be simplified by mounting an attachment 300 to the couch which has active or

passive markers affixed to it. As the user moves and/or rotates the couch, the camera 315

11
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tracks the motion and feeds this information back to the computer 225, which is
programmed to assist the user — e.g., indicating how much to move and rotate the couch

until the correct parameters are achieved.

[0042] For ease of use, the beam entry point may be digitized with the pointer tip
separately from the beam orientation. In other embodiments, the beam direction may be
determined by other means, and only the beam entry point, along with associated

calculated couch shifts, is determined with the wand.

[0043] In alternative embodiments, instead of digitizing the beam entry point with the
wand, it is calculated from digital surface data obtained from the patient. For example,
surface information can be acquired by sampling multiple points on the patient’s surface
with the wand tip, or by using a three-dimensional surface camera. If animage (suchasa
CT) of the patient is acquired which encompasses the patient’s skin, the surface
information can be extracted from the image for this purpose using manual or automatic

contouring algorithms.

[0044] If desired, the digitized cut-out information may be printed to enable correct
machining of the treatment field aperture, often referred to as an electron cut-out. The
digitized cut-out may also be sent electronically to a milling machine, which creates the
cut-out. At any time, the electron applicator 320 may be affixed to the LINAC. If the
cut-out exists in the clinic, which will usually be the case if it is simple such as a standard
square or circle, it can be affixed to the applicator and the treatment delivered; otherwise,

treatment will usually be delayed to a succeeding treatment session.

[0045] In addition to directly digitizing the aperture from markings drawn on the
patient’s skin, the wand tip or other digitizing tool may also (or alternatively) be used to
digitize anatomic surface structures (such as scar and areola) directly, while the patient P
is in the initial position. As shown in Fig. 4, the user interface 400 can then display the
digitized information in the beam’s-eye view 405 of the wand as it is moved about the
patient, allowing the user to determine beam entry position and/or beam angle directly on

the user interface. The cut-out can then be defined directly on the screen as well.

[0046] Typically, one or more images are acquired with the patient P in the initial
position. For example, a three-dimensional ultrasound, a cone-beam CT image, MRI, or

multiple two-dimensional Xx-ray projection images can be obtained. Anatomical
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information, such as the lumpectomy cavity and chest wall, can then be segmented from
these images manually or using conventional algorithms. The projection of the extracted
surfaces 410 can then be displayed in real-time on the visual display 400 along the
beam’s-eye view defined by the wand. This allows the beam entry point and beam
direction, as well as the cut-out shape, to be determined based on both external and

internal anatomical features.

[0047] Fig. 4 shows one embodiment where the cut-out drawn on the skin 415 is
digitized and shown as 420 on the visual display 400 within the beam’s-eye view 405.
The contour of the scar 425 is also digitized and shown as a projection 430 along the
beam’s-eye view. The internal anatomy of interest 435 is segmented and its projection
410 is shown in the beam’s-eye view. For breast treatments, the areola 440 may also be
digitized and included in the beam’s-eye view. The tip of the wand 445 is positioned
such that it corresponds to the beam entry point, and hence the center of the beam’s-eye
view 450. The wand orientation and beam alignment corresponding to the current gantry
angle and couch position are updated in the visual display. The computed couch
positions may be updated as the wand is moved to indicate which displacements will
result in correct alignment of the patient such that the digitized beam entry point is at the

correct SSD.

[0048] The invention can be used for subsequent treatment fractions as well as the initial
treatment or simulation. In this case the cut-out is already known from the first treatment
session or simulation, but adjustments must ordinarily be made in the beam angle and
position to compensate for daily changes in patient setup, and deformations of the
anatomy to be treated. In this case, the planned cut-out may be superimposed (as shown
at 420) on the projection of internal and external anatomical information in the beam’s-

eye view as the wand is moved about the patient.

[0049] In some embodiments related to treatment fractions, it may be more practical to
avoid adjusting the couch and gantry angles for each treatment fraction, and instead re-
align the beam relative to the patient anatomy using only couch displacements. In this
case, the user can employ the wand to define the beam entry point relative to internal
and/or external anatomy, and the real-time beam’s-eye view is fixed at the planned couch

and gantry values. If the user is not able to determine an appropriate setup based on

13



10

15

20

25

30

WO 2009/146532 PCT/CA2009/000750

beam entry point alone, the wand can be used to determine daily couch and gantry angles
as well. In this regard, it may be useful to display not only the current internal and

external anatomy relative to the wand, but the anatomy at time of planning as well.

[0050] In other embodiments related to treatment fractions, it is more practical to first
calculate the amount of movement required for alignment. This can be done, for
example, by comparing the location of the contoured target area at time of treatment to
the location of the same area at time of planning in order to calculate a virtual target shift.
The position can also be calculated from the beam aperture information. The beam entry
point at the required SSD should also be taken into account, however. This may be done,
for example, by guiding the user to digitize the beam entry point corresponding to the
virtual target shift on the patient’s skin. As shown in Fig. 5, this guidance procedure can
involve displaying the real-time position of the wand tip 500 in a beam’s-eye view 505
relative to the central axis (i.e., the intersection of x and y axes 510, 515). The user then
moves the pointer tip such that its position 500 corresponds to the central axis within a
set tolerance 520. In order to help orient the user, it is useful to show a schematic model
of the patient orientation on the display screen 525. The patient shift identified on the
screen 525 that consider both cavity position and beam entry point, may then converted
into physical couch shifts required to align the patient to the beam, and the shifts are
actually carried out (either automatically, manually, or in some cases a combination of

both) with the patient on the couch.

[0051] Referring to Fig. 6, a system for establishing radiation beam parameters for
treatment of a patient includes the wand tool 100 and the tracking device 215 describe
above, and a processor 600. The processor performs the calculations necessary to
characterize the preferred beam trajectory and beam entry point based on tracking data
received from the tracking device 215 as it follows the tool 100 about the patient. The
processor may implement and execute the functionality described above using stored
computer programming instructions, hardware components, or a combination of both. In
some implementations, the parameters generated by the processor are provided to a
controller 620, which causes a gantry and/or a gantry couch to move, thus properly
aligning the beam and the patient according to the preferred beam angle, entry point and
SSD.
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[0052] As described above, image data related to the location and orientation of the tool
100 may be augmented with imaging data representative of internal and/or external
anatomical features of the patient. In such cases, one or more imagers 630 may be used
(e.g., MRI, CT, X-Ray, digital photography, etc.) to capture the images. The image data
may then the transferred to and/or stored on a register 640 for subsequent use and display

on one or more display devices 650.

{0053] In some embodiments, the processor 600 and register 630 may implement the
functionality of the present invention in hardware or software, or a combination of both
on a general-purpose or special-purpose computer 600. In addition, such a program may
set aside portions of a computer’s random access memory to provide control logic that
affects one or more of the tool tracking, image manipulation, image fusion, display, and
gantry control. In such an embodiment, the program may be written in any one of a
number of high-level languages, such as FORTRAN, PASCAL, C, C++, C#, Java, Tcl, or
BASIC. Further, the program can be written in a script, macro, or functionality
embedded in commercially available software, such as EXCEL or VISUAL BASIC.
Additionally, the software could be implemented in an assembly language directed to a
microprocessor resident on a computer. For example, the software can be implemented
in Intel 80x86 assembly language if it is configured to run on an IBM PC or PC clone.
The software may be embedded on an article of manufacture including, but not limited
to, “computer-readable program means” such as a floppy disk, a hard disk, an optical

disk, a magnetic tape, a PROM, an EPROM, or CD-ROM.

[0054] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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CLAIMS

What is claimed is:

1. A method for establishing radiation beam parameters for delivery of
radiotherapy treatment to a patient using a radiotherapy treatment device, the method
comprising:

a. orienting a wand with respect to the patient to establish a beam entry
point;

b. acquiring positional parameters characterizing wand positioning with
respect to a room coordinate system; and

¢. defining, in the room coordinate system, a beam angle consistent with

the beam entry point.

2. The method of claim 1 wherein wand positioning comprises a position of

the wand tip.

3. The method of claim 1 wherein wand positioning comprises an

orientation of the wand.

4. The method of claim 1 wherein orienting the wand further establishes a

beam trajectory.

5. The method of claim 1 wherein orienting the wand further establishes a

collimator rotation.

6. The method of claim 1 further comprising the step of converting the beam

angle to couch and gantry movement parameters.

7. The method of claim 6 further comprising moving a gantry couch in

accordance with the parameters.

8. The method of claim 7 wherein movement of the couch is tracked and

feedback specifying conformance to the parameters is provided to a user.

9. The method of claim 1 wherein the beam angle is established relative to a

curvature of the patient.

10. The method of claim 1 further comprising:

d. obtaining one or more images of the patient’s internal anatomy; and
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e. visually representing portions of the patient’s internal anatomy within

a beam area corresponding to the defined beam angle.

11. The method of claim 10 further comprising including di gitized images of
one or more external anatomical features of the patient’s anatomy within the beam

area corresponding to the defined beam angle.

12. The method of claim 1 further comprising:
d. obtaining one or more images of the patient’s external anatomy; and
e. visually representing portions of the patient’s external anatomy within

a beam area corresponding to the defined beam angle.

13. The method of claim 10 further comprising including digitized images of
one or more internal anatomical features of the patient’s anatomy within the beam

area corresponding to the defined beam angle.

14. The method of claim 10 wherein the visual representation comprises image

points on a plane defined relative to the beam angle.

15. The method of claim 14 where the plane is defined by a beam’s-eye view.
16. The method of claim 14 where the plane is perpendicular to a beam’s-eye
view.

17. The method of claim 1 further comprising visually displaying beam

information, the beam information comprising at least one of beam aperture, dose

information, or electron beam depth.

18. The method of claim 1 further comprising establishing a beam entry point

and correlating the beam entry point with a desired source-to-skin distance.

19. The method of claim 1 wherein the wand orientation defines a current
source-to-skin distance, and further comprising defining a desired source-to-skin
distance and computing couch and gantry movement parameters for shifting the

current source-to-skin distance to the desired source-to-skin distance.

20. The method of claim 1 where the beam angle is used for treatment

planning purposes.
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21. A system for establishing radiation beam parameters for treatment of a
patient, the system comprising:

a. atool;

b. atool tracking device for sensing an orientation of the tool with respect
to the patient to establish at least a beam entry point; and

c. a processor for characterizing the beam entry point with respect to a

room coordinate system and defining a beam angle consistent with the beam entry

point.

22, The system of claim 21 wherein the processor further characterizes a beam
trajectory.

23. The system of claim 21 wherein the tool comprises a wand having a shaft,

a handle, and a distal tip.

24. The system of claim 23 wherein the tool further comprises one or more

optical tracking sensors identified by the tool tracking device.

25. The system of claim 21 further comprising a register for storing image data
corresponding to one or more of internal and external anatomical features of the

patient.

26. The system of claim 25 further comprising one or more imaging devices

for obtaining the image data.

27. The system of claim 26 further comprising a display device for displaying
one or more of the internal and external anatomical features of the patient within a
beam’s eye view of a radiation treatment device, wherein the beam’s eye view is

oriented along the desired beam angle.

28. The system of claim 27 wherein the display further provides beam
information, the beam information comprising at least one of a beam aperture, a dose

information, and an electron beam depth.

29. The system of claim 21 further comprising a controller for determining
couch and gantry movement parameters, and directing movement of at least one of the
gantry and the couch such that a radiation beam may be delivered to the patient along

the desired beam angle.
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30, The system of claim 29 wherein the processor correlates the beam entry

point with a desired source-to-skin distance.

31. The system of claim 30 wherein the tool orientation defines a current
source-to-skin distance, the controller computing couch and gantry movement
parameters for shifting the current source-to-skin distance to the desired source-to-

skin distance.
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