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DESCRIPTION

Radiation Therapy And Radiation Surgery
Treatment System And Methods Of Use of Same

Background of the Invention
This invention relates in general to an apparatus and

methods for controlling the adwministration of radiation to
a patient, and more particularly, to stereotactically
directed radiation apparatus and radiation therapy and
surgery performed by the apparatus.

The use of a computerized tomographic (CT) scanner or
a Magnetic Resonance Imaging (MRI) system has been gener-
ally used to aid in diagnostic procedures or to aid in
planning placement of a patient prior to the patient
receiving radiation. The patient was then removed from
the CT or MRI unit and radiation therapy was performed on
a secondary system physically removed from the scanning
facility. The employment of a second apparatus was due to
the fact that the radiation levels necessary for radiation
therapy were incompatible with the levels required for
diagnostic procedures. The secondary radiation (scatter)
from the treatment system required that it be placed in a
separate, shielded room. Attempting to successfully
reposition the patient in the secondary device, along with
potential physioclogical changes which may occur in the
patient, can cause considerable problems in insuring a
successful outcome with minimal danger to the patient.

Radiation therapy has generally been practiced utiliz-
ing either a Cobalt 60 radiocactive source (1.2 MeV energy)
or a linear accelerator with electron energies ranging
typically from 4.0 to 20 MeV. Most existing radiation
therapy technology provides radiation from a single focal
point. Custom shielding blocks, and beam shapers are
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necesgsarily utilized in most treatments to deliver a
uniform dose to the target without overdosing the sur-
rounding area of healthy tissue. The radiation field size
which is emitted from the device is typically controlled
through movable collimators. This type of system has
several severe limitations; the dose delivered to the area
surrounding the target site receives as much or more
radiation as the target itsgelf. The limiting factor in
treating tumors in many instances is the radiobiological
effect, e.g., tissue damage, which may be delivered to the
surrounding healthy tissue. In many cases, radiation
therapy will be more effective if higher doses of radia-
tion can be directed to the target site without subjecting
the surrounding area to toxic amounts of radiation.
Current practice typically incorporates laser positioning
systems to determine patient location prior to treatment.
This positioning is confirmed and recorded by placing a
tattoo on the patients skin. The accuracy of this proce-
dure requires that a treatment "margin" be included to
compensate for the following types of factors: a)
mislocation of a patient; b) growth of the target during
the treatment program {which may take up to six weeks);
and c¢) physiclogical movement of the position of the
target between treatments (several days can elapse between
treatments) . Alsc, in treatments to date patients are
administered radiation in a static modality, and the
patient is not moved during the administration of
radiation during treatment.

Current technology for therapy systems requires that
external shielding, typically 24-60 inches of reinforced
concrete, be utilized to prevent generalized exposure to
the scattered radiation present in the treatment room.
The requirement for this shielding has restricted
treatment rooms to locations in facilities which can
support the resulting high floor weight loadings.
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Summary of the Invention
This invention features a stereotactically directable

radiation therapy system (the system) for administering
radiocactivity to a patient. The system provides lower
skin doses of radiation and improved targeting localiza-
tion of the primary radiation dose to a patient. The
system is designed to be fully integrated so as to provide
a high degree of interface between the diagnostic, plan-
ning, and treatment phases. A radiation source beam unit
which allows for increased radiation delivered to a tumor
while decreasing the radiation received by surrounding
tissue is provided. A radiation beam catcher which is
lightweight and absorbs at least 80% and preferably at
least 90% of the emitted radiation is also provided.
Methods of performing radiation surgery and radiation
therapy on a patient utilizing the apparatus of the
present invention are also provided.

The system comprises: a) a CT Unit, or in an alter-
native embodiment an MRI Unit. Commercially available CT
and MRI units, as would be known to those in the art are
suitable. Further, any means allowing for the visualiza-
tion of the interior and surface of a patients body (a
patient 3-D mapping means) which encodes the information
derived from the patient such that the information may be
further utilized to control the administration of radia-
tion by the system to the patient, as would be known in
the art, is an acceptable component of the system. Any
references to particular visualization means such as a CT
scanner should be understood to be a preferred embodiment
and not limiting of the scope of the invention. A CT
scanner is preferably used to analyze hard tissue, - for
example, bone. An MRI unit is preferably used to analyze
soft tissue, for example, the liver; b) a treatment table,
such as a treatment table with four degrees of movement;
c) a radiation source beam assembly (RSBA) including a
radiation source beam unit rotatable about the treatment
table; in a preferred embodiment the RSBA comprises a
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rotatable radiation source support, such as a C-arm
gantry, a radiation source beam unit (RSBU) affixed to the
rotatable radiation source support and rotatable about the
treatment table; d) radiation shielding, preferably a
Tungsten collimator. In another embodiment, the RSBA
comprises a radiation source support in the form of a
track, such as a circular shaped track, a radiation source
beam unit (RSBU) movable along the track such that the
source beam unit is rotatable about the treatment table,
and radiation shielding. The track itself may be
stationary or may be movable. The radiation source beam
unit {RSBU) may comprise a LINAC (small linear
accelerator), a cobalt radiation source oxr sources, Or any
other radiation source as is known in the art. The CT or
MRI unit is affixed opposite the radiation source beam
unit, and e) a command and control center ("CCC") the CCC
comprises a central processing unit ("CPU") the CPU may be
any commercially available, for example, a pentium® chip.
Any processing means which can manipulate the information
received from a patient visualization means, for example,
a CT unit, so as to control the administration of
radiation to a patient by the system is suitable. The CCC
includes treatment software which is commercially
available, as would be known to those in the art, or
alternatively specially modified software may be utilized.
The CCC also comprises a control panel which allows one
to, for example, position the patient on the treatment
table and to preset treatment exposure times. The
exposure time is controlled by an FDA approved timer or
similar means as 1s known in the art. The CCC also
comprises means for displaying information, for example,
regarding the positioning of the treatment table and the
elapsed time of treatment. A cathode ray tube or other
display means and a mouse may also be included as part of
the CCC. In an alternative embodiment the system further
comprises a pedestal controller or similar in-treatment-
room control means located in the treatment room. The
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pedestal controller is used to move the treatment table
from within the treatment room.

The CT unit is located opposite of the RSBU, therxreby
providing for the ability to perform the necessary target
localization procedure on the patient without any need for
the patient to be removed from the table. The treatment
software program processes the CT data, provides target
localization data and allows a radiation treatment
therapist to cutline a target’s margins "on-screen". The
software provides dose planning, and defines treatment
parameters.

The system incorporates multiple individual radiation
sources, in a preferred embodiment seven Cobalt 60
sources. In an alternative embodiment the system may use
multiple small linear accelerators (LINACS) as its
radiation sources. The focus of the individual beams
emanating from the radiation sources intersects the target
at a specific point relative to the central source
position, preferably about 56 cm and initially contacts a
patient a point relative to the central source position,
preferably about 40 cm. A source holder assembly is
secured in position and securely affixes the radiation
sources in position to eliminate any focusing errors of
the source beams. A rotating collimator positions the
desired beam profile for the source beam position. The
collimator movement preferably is accomplished within 1.5

seconds. The resulting sphere of radiation at the
intersection of the beams is defined as the "treatment
zone" ., This treatment 2zone encompasses spheres of

radiation of varying diameters. In a preferred embodiment
these diameters are 6.0, 14.0, 18.0 and 30.0 millimeters.
By incorporating multiple intersecting radiation beams the
system delivers a more intense radiation treatment to a
defined target, while minimizing the radiation received by
adjacent healthy tissue.

The system incorporates a "radiation beam catcher®

which captures greater than 80% and preferably greater
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than 90% of the primary and scatter or penumbral radiation
from the radiocactive source material.

The "treatment table® is an integral part of the
system. It can be controlled either by a joystick or
directly by the treatment program software. Commercially
available multimodality and 3-D planning and targeting
software is suitable for this purpose. The joystick may
be controlled by a DC stepper motor.

In another embodiment, the automatic positioning of
the treatment table will also provide for "conformal
therapy."

By "conformal therapy" is meant the process wherein a
target which is larger than the treatment zone of the
radiation sphere will be sequentially positioned until the
entire target has received the designated dose of radia-
tion imparted by the radiation sphere. The treatment
table is preprogrammed to initialize the X, Y and 2z
coordinate positions so that the absolute table position
relative to the radiation sphere is known to a predeter-
mined accuracy, preferably of + 0.1 mm. The positioning
of the table is verified through two modalities, a posi-
tion transducer, and a shaft encoder, similar position
verification means may be utilized. Both units verify
position to a predetermined accuracy, preferably of + 0.1
mm and must agree, within set parameters at all times for
the treatment table and RSBA to operate. A movable head
frame may be included as necessary to allow for radio-
surgical procedures on, for example, brain tumors. By
"radiosurgery" or "radiosurgical" is meant the application
of radiation to a patient in a single treatment session.
In contrast, "radiotherapy" is the administration of
radiation to a patient in more than one treatment session.

Other and further objects, features and advantages
will be apparent from the following description of the
presently preferred embodiments of the invention.

Detailed Description of the Invention
The drawings will first briefly be described.
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Drawings
Figure 1 illustrates the components of the system.

Figure 2 illustrates the interaction pattern of the
radiation source beams in the preferred embodiment with
seven collimated beams of radiant energy.

Figure 3 illustrates the treatment table, depicting
the four axis of movement.

Figure 4 illustrates the isodose profile of the
radiant energy beams at 6.0 mm collimation. Other
collimation will emulate this geometry.

Figure 5 is a block diagram illustrating the flow of
information and commands between different components and
subcomponents of the system.

Figure 6 illustrates the cross-sectional front view of
the RSBA.

Figure 7 illustrates the cross-sectional side view of
the RSBA.

Turning in detail to the drawings, Figure 1 illus-
trates a CT, MRI unit or other patient visualization means
11 containing X-ray tubes or comparable means 16 and
detectors 17. A treatwment table, zrotatable about a
central axis 12. A radiation source beam assembly (RSBA)
13 containing a radiation source beam assembly (RSBU) 24,
which contains radioactive sources which emit beams of
radiation 23, intersecting to form a treatment zone 25,
and which are captured within a radiation beam catcher 27.
The RSBA 13 includes a collimator 18. The RSBU 24 and
radiation beam catcher 27 are supported on a rotatable
source support means such as a C-arm gantry 19. A command
and control center (CCC) 14 receives information from the
CT or MRI 11 processes this information and in turn
controls the RSBA 13. In an alternative embodiment, a
pedestal controller 20 may be used to position the RSBA 13
from within the treatment room. The pedestal controller
30 contains an emergency off switch 20.

Figure 2 illustrates in more detail the geometry of

the radiation source beams 23 as emitted from the RSDU 24.
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The treatment zone 25 is the focal point of the socurce
beams. The configuration of the radiation source beams at
position 26, the initial point of intersection of the
source beams, illustrate the decreased radiation dose
received by healthy tissue not in the target zone.

Figure 3 illustrates in more detail the axis of motion
of the treatment table 12. Horizontal motion is provided
for 36. Vertical wmotion is provided for 35. Lateral
motion is provided for 34 and rotational motion is
provided for 33.

Figure 4 illustrates the isodose profile at 6.0 mm of
collimation. The 100% isodose region is depicted by 40.
The 90% isodose region is depicted by 41. The 80% isodose
region is depicted by 42. The 70% isodose region is
depicted by 43. The 60% isodose region is depicted by
44. The 50% isodose region is depicted by 45.

Figure 5 illustrates in block diagram form the
interactions between the components and subcomponents of
the system. The subcomponents of the command and control
center 14, 14A, 14B and 14C are connected such that the
multi-function computer processor or CPU 14C controls the
output of the operator display 14A. The operator control
console 14B is controlled by the CPU 14C and send informa-
tion to the CPU 14C. The CT or MRI unit sends information
to the CPU 14C. The CPU 14C also receives information
from safety interlocks 21 which are provided to avoid
inadvertent radiation exposure. The CPU 14C controls a
tape drive or similar information recording and retrieval
means 22. The treatment table 12 is controlled by the CPU
14C and provides information to the CPU 14C. The RSBA 13
is also controlled by the CPU 14C and provides information
to the CPU 14C. The radiation source beam unit collimator
18 1is also controlled by the CPU 14C and provides
information to the CPU 14C.

Figure 6 illustrates the cross-sectional front view of
the RSBA 13. This cross-sectional view details the radio-
active sources 24 which are loaded into a source holder
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46. This source holder holds the radiocactive sources 24
in a fixed position throughout all motions of the RSBA 13.
The rotational collimator 18 is depicted with the four
distinct beamports 48 for each radioactive source 24. In
this embodiment all four beamports are integrated into the
single rotational collimator 18.

Figure 7 illustrates the cross-sectional side view of
the RSBA 13. This cross-sectional view depicts the radio-
active sources 24 which are affixed in the source holder
46. The rotational collimator 18 is shown with one of the
four beamports 48 in the "ON" position. A- rotator 47
rotates the rotational collimator 18 into alignment with
the radioactive sources 24 to deliver the beams of radia-
tion to the treatment zone 25. The size of the treatment
zone 25 can be varied by the positioning of the rotational
collimator 18.

The system operates in the following manner. A
patient is placed on the treatment table. The treatment
table is rotated so as to enter the CT or MRI unit. 1In
the case of MRI, the treatment table must be constructed
of materials compatible with an MRI. Most generally, this
excludes the use of metal for that part of the treatment
table which actually enters the MRI unit. Suitable
materials include honeycomb reinforced plastics or com-
posite materials such as plastic or graphite composites.
In a preferred embodiment, the dose reduction/scatter
coefficient for table attenuation is less than 1.5% as
compare to the industry standard of 8%. This feature more
readily allows for treatments utilizing a 360 degree
rotation of the RSBA and reduces scatter radiation contri-
bution from the table to the room by 20% In another
preferred embodiment, a heated table top may included for
patient comfort. Imaging data generated from the CT or
MRI unit is encoded and transferred into the central
processing unit (CPU) of the CCC. The CT or MRI unit is
controlled from the control panel provided with the CT or
MRI unit. The treatment table provides four axes of
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movement: Vertical, Lateral, Horizontal, and Rotational.
In preferred embodiments the range of motion of travel is
as follows: X Travel - of preferably 1000 mm; Y Travel of
preferably 150 mm each side 300 mm total; 2Z Travel of
preferably 300 mm and Rotation of preferably 360 degrees.
These movements can be controlled by a technician through
the pedestal controller located adjacent to the treatment
table. The patient is positioned on the treatment table
with the target site area located so as to be accessible
to the RSBU. The patient is secured to prevent shifting
of the target area during the procedure. Patients under-
going stereotactic radiosurgical procedures of the head
may be secured in a head frame and the frame will be
affixed to a mating component on the treatment table. The
patient may be anesthetized to the degree necessary to
prevent movement during the treatment. Once the patient °
is positioned and secured on the treatment table, a tech-
nician will actuate a "home" switch on the pedestal
controller. In a preferred embodiment, this will auto-
matically: a. rotate the table 180 degrees to position it
in the CT or MRI unit; b. center the table laterally in
the CT or MRI unit opening; c¢. vertically adjust the table
so that the treatment table top is within a range of 0-200
mm, preferably 100 wmm, below X and Y centerline coordi-
nates of the CT or MRI unit. once this is accomplished,
the technician actuates a "CT center" switch on the
pedestal controller or the CCC. This moves the treatment
table to a preprogrammed position within the CT or MRI
unit. The technician will then leave the treatment room.
The treatment table is embedded with X (horizontal) and Z
(lateral) reference markers which are visible on the CT or
MRI display, for example, for the CT a metal and for the
MRI, preferably aluminum is used as reference marker
material. A one slice CT or MRI image is taken and the
data is compared to the "calibration reference data" (CRD)
for this position to verify X, Y, and Z positioning. Once
this position is confirmed, the technician then moves the
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table to a second preprogrammed position at the end of the
table travel. The table has identical reference markers
embedded at this position. A second one slice CT or MRI
image is taken and compared to the CRD. The CRD comprises
a CT slice of each of two reference positions taken upon
initial manufacture of the system. Agreement between the
two scans and the CRD will validate and verify the four
axes of movement of the treatment table. The technician
can then move the treatment table to the desired target
site and scan the patient until adequate data is obtained
to determine target X, Y, and Z coordinates. When this
data accumulation task is complete, the technician actu-
ates the "home" switch on the control panel. This brings
the table back to the position identified above, as set
forth in steps a-c. Multiple lasers, preferably three,
may be mounted on the RSBA. The treatment table has three
reference points which will confirm location of the table
relative to the RSBA to a predetermined accuracy, prefer-
ably of + 0.5 mm. The technician may then entexr the room
and confirm the treatment table location. The technician
will then move the treatment table to the initial X, Y,
and Z coordinates, determined by the treatment planning
software to define the tumor site. The technician may
utilize the pedestal controller for this task. Digital
readouts on the pedestal controller confirm treatment
table location at the three points to a predetermined
accuracy, preferably of + 0.1 mm. Preferably, the
pedestal controller display will also display the degree
of rotation of the treatment table through its 360 degree
range of motion. The pedestal controller for safety
purposes cannot operate the CT or RSBA or RSBU. The
technician may then proceed to the CCC or alternatively,
the functions performed at the pedestal controller may
have all been performed at the CCC.

The treatment plan, which has been determined in the
planning stage by a physician and radiation treatment

PCT/US96/04055
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software, will detail the treatment parameters concerning:
1. specific beam collimation, and 2. type of therapy: a.
static therapy:; b. rotational therapy; c. skip/scan
therapy; or d. conformal therapy. Each of these treatment
parameters provides for specific treatment options, and
are defined as follows: 1. Beam collimation may be varied
based on the machining of the taper of the collimators as
is known in the art. In a preferred embodiment, four
different collimation settings resulting in 6.0, 14.0,
18.0, or 30.0 mm radiation spheres are provided.
Therapeutic irradiation of a target of any size may be
accomplished through the manipulation of the following
variables: Movement of the treatment table through any of
its three axes and rotation, and 360 degree rotation of
the radiation source, and selection of the size of the
treatment zone. A complete record of each individual
treatment is part of the patient file which is available
from computer memory.

The different methods of treatment are defined as
follows: Static therapy - the treatment table remains
motionless and the RSBA does not rotate while the patient
is exposed to the radiation beams; rotational therapy the
treatment table remains motionless and the RSBA rotates up
to 360 degrees while the patient is exposed to the radia-
tion beams; skip/scan therapy - the treatment table
remains motionless during each irradiation sequence of the
RSBU. The RSBA rotates the source beam unit up to 360
degrees with the collimation being changed or turned off
during a portion of the rotation. This portion is deter-
mined during the planning stage by the physician and other
radiation therapy specialists, utilizing commercially
available planning software. After completion of one
irradiation sequence, the treatment table can then posi-
tion an additional target, which may be a separate tumor
or another location of the same tumor, in the treatment
zone, and the RSBA performs another sequence; conformal
therapy - during this procedure all parameters are vari-
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able while the patient is exposed to the radiation beams.
The control of the treatment table during conformal
therapy may be carried out by CAD/CAM programs which
convert the CT or MRI data to machine language allowing
automatic targeting of the RSBA. Conformal therapy allows
for the treatment of irregularly shaped tumors with a
minimum of radiation delivered to surrounding healthy
tissue. Utilizing CAD/CAM programs, as are commercially
available, the collimation and hence the size of the
treatment 2zone can be varied, preferably within 0.5
seconds, thereby allowing for accurate following of the
contours of a tumor and not surrounding healthy tissue.
Further, by moving the patient and not the radiation
beams, better access to tumors and better ability to treat
irregularly shaped tumors is provided. The CPU on the
control console preprograms all movements prior to ini-
tiation of treatment. Utilizing this treatment modality,
any size or shape target can be irradiated to therapeutic
level with minimal radiobiological effects to surrounding
healthy tissue. The rotational capability of the treat-
ment table may be locked out during all treatments to
prevent inadvertent treatment table RSBA collision. The
RSBA comprises a rotatable support means, preferably a
C-arm type gantry which rotates clockwise or counter-
clockwise in a 360 degree range of movement. The depth of
the C-arm to the point of maximal intersection of the
radiation beams, e.g., the treatment zone should allow for
easy accessibility of the treatment zone to regions of the
patient when the treatment table is moved. Preferably a
1.0 Meter depth of the c-arm gantry arms to beam center-
line will provide for good patient accessibility. An RSBU
of the RSBR incorporates multiple radiation sources,
preferably seven radiation sources, preferably each 800-
1200 curies, most preferably each 1,000 curie Cobalt 60
Radiocactive Special Form sources, as defined in 49 CFR

173.398, fixed in position. Linear accelerators may also

PCTNUS96/04055
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arranged in a non-radial arrangement, that is they are not
arranged as if on the surface of a sphere or a curved
portion of a sphere. Preferably, they are arrayed in a
two-dimensional pattern, most preferably in a 1linear
arrangement . A collimator, preferably tungsten, for
example HD 17 tungsten, incorporating multiple, preferably
four each collimator openings as designed to deliver a
range of diameter of radiation beams, preferably 6.0,
14.0, 18.0 and 30 wm beams of radiation from each source
is provided. These beams intersect at a point a particu-
lar distance from the central source (Isccenter), in one
embodiment of this invention this distance is 56 cm and
the point of initial intersection of the beams is 40 CM.
This intersection is defined as the treatment zone. The
dose rate provided thereby is 400 roentgen at the treat-
ment zone. The particular point of intersection, and
hence the treatment zone may vary but could be determined
by one of ordinary skill in the art taking into account
the following factors: The desired dose rate at the
treatment 2zone; the minimum clear distance required
between the patient and the RSBU; the amount of shielding
needed, typically based on Federal regulations setting
forth permissible radiation exposures; the desire to
locate the radiation sources as close as possible to the
treatment zone; the strength of each source to be used;
the number of sources used and the distance between the
sources., By varying these parameters, as would be known
to one of ordinary skill in the art, the point of inter-
section of the beams may be varied. Factors such as cost
of sources and the weight of a resulting system may also
be considered in designing the system. For example small
linear accelerators may be substituted as the sources.
Alternatively, the treatment 2zone could remain the same
while a variation of the other parameters would allow for
differences in, for example, the number of radiation
sources used and their spacing. In a preferred embodiment
the above-listed parameters are arranged so that, at the
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maximal collimation, e.g., the largest treatment 2zone
diameter, the treatment zone will coincide with a deep
tumor, e.g., approximately six inches below the skin and
the surface of the patient will coincide with a point at
which the radiation beams initially intersect. (See Fig.
2) . This arrangement of the beams provides for decreased
radiation exposure to healthy tissue. For example, in a
typical Cobalt 60 device a source may be located 80-100 cm
from the tumor, utilizing 7000 curies in the sources, 150-
200 Roentgen/minute is delivered to the tumor and at the
patient’'s surface is exposed to the full 7000 curies of
radicactivity. 1In contrast, this invention provides for,
in a specific embodiment, a separation of 56 cm between
the tumor and source, utilizing 7000 curies in the
sources, 400 Roentgen/minute is delivered, however only
1000 curies are delivered to the skin, although because of
the closer source distance the nominal decrease in dosage
with the system of the present invention is 25% and not
one seventh of that provided by a typical cobalt 60 source
unit.

Any position on the outer surface of the sphere of
radiation that is produced, in the treatment zone, should
not vary in position in any direction by more than 1.0 m
and preferably by more than 0.5 mm, as the RSBA rotates
through its 360 degree movement. An absolute encoder or
gsimilar device as is known in the art, will sense RSBA
rotation to an accuracy of + 0.1-0.5 degrees, preferably
+ 0.25 degrees. All four collimated beams for each of the
multiple radiation sources will focus the radiation about
the same point in space. In one embodiment, beam trimmers
may be provided at about 30 cm from source isocenter to
more precisely focus the radiation and create a sharper
beam profile. The beam trimmers may be removable. The
beam trimmers mount to the face of the RSBA, specifically
the RSBU. Preferably the beam trimmer is of tungsten and
contains machined holes to direct the radiation beam as is

known in the art. Beam trimmers are generally only used
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for treatment of tumors located in the head and not in the
body. All RSBU and RSBA controls are located on the
control console. The RSBU and RSBA will not operate until
all room interlocks are closed. These interlocks may
consist of a safety/lockout switch located on the RSBA, a
keyed enable circuit located on the treatment room wall,
and a door interlock switch which senses the position of
the access door (copen/closed) to the treatment xroom.
Mushroom style or other suitable "panic" switches may be
located on some or all treatment room walls. The keyed
enable switch can also be used as the system active switch
on the control console.

Rotational, conformal and skip/scan therapy may also
use an RSBA comprising a track and a radiation source beam
unit which moves along the track. The track may be many
shapes and may be movable or stationary. In one preferred
embodiment, the source moves along a circular track around
the treatment table while the track itself remains
stationary. In this way, movement of the source beam unit
independent of the motion of the entire RSBA provides the
source rotation necessary for skip/scan, rotational and
conformal therapy.

Secondary ‘“scatter" <radiation resulting £from the
primary beam impinging a surface is dealt with in a
unique way. Typical "beam stoppers" are immense slabs of
lead/steel, which are large enocugh to deflect the largest
collimation from a standard teletherapy unit which is
approximately 35 cm x 35 cm at 80 cm from the source
centerline. The convex surface of these beam stoppers
attempts to deflect the scatter radiation back to the
source head.

The radiation beam catcher of the present invention
actually captures the primary radiation beams from the
source head and focuses the scattered radiation within the
radiation beam catcher cavity. The radiation beam catcher
comprises side walls and a bottom which define a cavity of
the beam catcher. The size of the cavity is a multiple of
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the widest radiation source beam width, e.g., in a pre-
ferred embodiment the collimation at 30 cm multiplied by
the longest beam length plus 5-20 cm. In a preferred
embodiment, the size of the cavity is 1.75 times the
widest beam width in the lateral dimension multiplied by
the longest beam length plus 10 cm. The depth of the
cavity is preferably at least 15 cm deep. The walls of
the radiation beam catcher match the radiation beam
profile angle of the largest collimated beam of the RSBU.
The base of the cavity resembles an inverted pyramid. The
angle of declination of the walls of the inverted pyramid
may vary from 20-45 degrees, preferably it is 25 degrees.
The lowest point of the pyramid is located at the center
of the opening of the cavity. The inverted pyramidal
surface contains multiple pyramids of a defined height,
preferably 1.3 cm. These pyramids are irregularly spaced
on the surface of the inverted pyramidal base, the number
and spacing of such pyramids may be determined so as to
maximize the amount of radiation captured within the beam
catcher, as could easily be determined by one of ordinary
skill in the art. These baffles within the radiation beam
catcher capture the primary beam, and focus the scatter
within the radiation beam catcher. In a preferred
embodiment, the radiation beam catcher further includes at
the top of the walls defining the cavity, tungsten
elements to project any scatter emitted from the radiation
beam catcher back to the RSBU. These tungsten elements
may be rectangular. Preferably, they are one half inch in
width and one inch in height. The radiation beam catcher
thus reduces the necessary treatment room shielding and
allows placement of the imaging unit, CT or MRI in close
proximity to the RSBA.

The CCC performs multiple functions: a. It will
process 2-D imaging data into a 3-D imaging format for
therapy planning use; b. It will control the imaging unit,
treatment table, and RSBA and RSBU. This control can be

either manual or automatic; c. It will record all
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localization and treatment data. These records can be
used to determine target growth, shrinkage, or movement
during radiotherapy, or for patient follow-up after
radiosurgical procedures; d. An "emergency off" switch
which automatically shuts down the RSBU within a specified
time period, preferably 2.0 seconds; e. The CCC may
provide on-screen treatment simulation to allow the physi-
cian to review a treatment and determine all dose levels
delivered to both the target and adjacent tissue. This
process can be repeated and varied until the physician has
optimized the treatment. This simulation is accomplished
by integration of 3-D CT or MRI data with treatment
planning software which is commercially available; £.
Actual treatment time is controlled by an FDA-approved
electronic timer fitted to the control panel. In a
preferred embodiment, this timer cannot be overridden and
is accurate to +

All patents and publications mentioned in this

1 second, most preferably 0.6 seconds.

specification are indicative of the 1levels of those
skilled in the art to which the invention pertains. Aall
patents and publications are herein incorporated by
reference to the same extent as if each individual
publication was specifically and individually indicated to
be incorporated by reference. One skilled in the art will
readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and
advantages mentioned, as well as those inherent therein.
The methods, procedures, treatments, and apparatus
described herein are presently representative of preferred
embodiments, are exemplary and are not intended as
limitations on the scope of the invention. Changes
therein and other uses will occur to those skilled in the
art which are encompassed within the spirit of the
invention as defined by the scope of the claims.
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Claims
1. A radiation source beam unit comprising a

plurality of radiation sources non-radially arrayed

wherein radiation beams emitted from said sources
5 1initially intersect at a first position in space and

maximally intersect at a second position in space, said

first position in space intermediate between said

radiation sourcesg and said second position in space, and

a rotating collimator which provides for the selection of
10 spheres of radiation of varying diameters.

2. The radiation source beam unit of claim 1,
wherein said plurality of radiation sources number seven
and said non-radially arrayed sources are linearly

arrayed.

15 3. The radiation source beam unit of claim 2,
wherein said first position in space is located 40
centimeters from a central position of said radiation
sources of said second position in space is located 56
centimeters from a central position of said radiation

20 sources.

4. A radiation beam catcher comprising side walls
and a bottom defining a cavity wherein the size of the
cavity is a multiple of a radiation source beam at its
widest width multiplied by the longest beam length plus a

25 constant value.

5. The radiation beam catcher of claim 4, wherein
said side walls taper so as to match the radiation beam
profile angle of the largest collimated beam of a

radiation source beam unit.

30 6. The radiation beam catcher of claim 4, wherein
said bottom of said radiation beam catcher forms an

inverted pyramid and wherein the minimum point of said_ . _.
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inverted pyramid corresponds to a central point of an
opening of said cavity.

7. The radiation beam catcher of claim 6 further
comprising a plurality of pyramids irregularly spaced on
5 said inverted pyramidal bottom.

8. The radiation beam catcher of claim 4, wherein
said multiple of said radiation source beam at its widest
width is and said constant value is 10 cm.

9. The radiation beam catcher of claim 6, wherein
10 the walls forming said inverted pyramid taper at an angle
of 20 to 45 degrees. :

10. The radiation beam catcher of claim 6, wherein
the walls forming said inverted pyramid taper at an angle
of 25 degrees.

15 11. The radiation beam catcher of claim 8, wherein

said pyramids are 1.3 cm.

12. The radiation beam catcher of claim 4 further
compriging tungsten elements affixed to the top of the
walls defining the cavity of said radiation beam catcher.

20 13. A system for administering radiation to a patient
comprising:
(a) a patient 3-D mapping means;
(b} a treatment table;
{c) a radiation source beam assembly including
25 a radiation source beam unit rotatable about said
treatment table;
{(d) radiation shielding;
{e) a radiation beam catcher; and
(f) a command and control center.
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14. The system for administering radiation to a
patient of claim 13 for wherein said radiation shielding
comprises a rotating collimator which provides for the
selection of spheres of radiation of varying diameters.

5 15. The system for administering radiation to a
patient of claim 13 further comprising an in-treatment-

room control means.

16. The system for administering radiation to a
patient of claim 13, wherein said patient 3-D mapping
10 means is a CT scanner.

17. The system for administering radiation to a
patient of claim 13, wherein said patient 3-D mapping

means is an MRI unit.

18. The system for administering radiation to a
15 patient of claim 13, wherein said radiation source beam

unit is said radiation source beam unit of claim 1.

19. The system for administering radiation to a
patient of claim 13, wherein said radiation beam catcher

is said radiation beam catcher of claim 4.

20 20. The system for administering radiation to a
patient of claim 13, wherein said treatment table dose
reduction/scatter coefficient for table attenuation is
less than 1.5%.

21. A method of performing radiosurgery on a patient
25 utilizing the system of claim 13 comprising the steps of:
securing a patient to said treatment table;
performing a positioning scan of said treatment
table tec confirm treatment table position relative to a
patient 3-D mapping means and said radiation source beam
30 unit; e —
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performing a localization scan of the target area
relative to said treatment table;

positioning the target area in a treatment zone
of said reduction source beam unit; and

5 administering radiation to the patient, wherein

said adminigtration of radiation may vary based on a
treatment plan determined by a physician alone or in
concert with radiation therapy specialists.

22. A radiation beam catcher comprising a means for

10 capturing primary radiation from a source head wherein

said means further comprises (1) side walls and (2) a
bottom.

23. A system for administering radiation to a patient
comprising:
15 (a) a patient 3-D mapping means;
(b) a radiation source beam assembly, further
comprising
i) a radiation source support,
ii) a radiation source moveable along said
20 source support,
iii} radiation shielding; source.
(¢) a radiation beam catcher;
{d) a treatment table; and
(e) a command and control center.

25 24. The system of administering radiation to a
patient of claim 22 wherein said radiation shielding
comprises a rotating collimator which provides for the
selection of spheres of radiation of varying diameters.
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