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DESCRI PTI ON Radi ati on Therapy And Radi atiQn Surgery Treatnent System And
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5 directed radiation apparatus and radiation therapy and surgery
performed by the apparatus. The use of a conputerized conographic (CT)
scanner or a Magnetic Resonance Imaging (MRI) system has been gener- ally
used to aid in diagnostic procedureﬁégé&%g%@%p in 10 planning placenent
of a patient prior to the pat I ng radi ation. The patient
was then renmoved fromthe CT or MRl unit and radiation therapy was
performed on a seconda@eimfo%mratmg Gahhy RABIRUSH sﬁ&Q&&he scanni g
facility. The enpl oynent o secon gpﬁeéfgdus olag due . game

qyreatment % gstem An

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

5 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

10 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

15 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

20 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-

25 1ing either a Cobalt 60 radioactive 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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15 the fact that the radiation |levels necessary for radiation therapy were

I nconpatible with the levels required for diagnostic procedures. The
secondary radiation (scatter) fromthe treatnent systemrequired that it
be placed i ngg ate, shi el ded room Attenpting to successfully

20 reposition the patient in the secondary device, along WWEHUBSOME| al
physi ol ogi cal changes which nay occur in the patient, can cause
consi derable problems in insuring a successful outconme wth

m ni mal -danger to the patient. Radiatign therapy has generally been
practiced utiliz- 25 1ing either a Cobalt 60 radi oactive source (1.2 MeV
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typically f 0 10 20 MV, e tingradiation{:
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which is emitted from the device is typically controlled
5 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
10 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.
15 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
20 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
25 treatwents). 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
30 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
35 support the resulting high floor weight loadings.
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radiocactivity to a patient. The system provides lower
5 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

10 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.

15 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

20 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

25 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

30 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;

35 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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systens to determ ne patient |ocation prior to treatnent.

Thi s positioning

Is confirnmed and recorded by placing a tattoo on the patients skin. The

accuracy of this proce- dure requires that a treatnent

"mar gi n"

to 20 conpensate for the follown types of factors: a
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may take up to six weeks); and c) physiological novenent of the position of
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treatments) . Also, in treatnments to date patients are adm nistered
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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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The CT unit is located opposite of the RSBU, therxreby

providing for the ability to perform the necessary target

5 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

10 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

15 multiple swmall 1linear accelerators (LINACS) as 1its
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

20 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

25 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

30 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

35 adjacent healthy tissue.

The system incorporates a "radiation beam catcher®
which captures greater than 80% and preferably greater
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tissue is provided. A radi ati on beam catcher which is |ightweight and
absorbs at | east 80% and preferably at least 90% of the emtted radiation
is also provided. 15 Method of perform ng radiation surgery and radiation
t herapy on aopatlent utilizing the apparatus of the present invention
are al so proW 23364 he system conprises: a) a CT Unit, or iPCEUSIGH0SS -
native enbodi nent an MRl Unit. Commercially available CT 20 and MRT
units, as would be know to those in the art are suitable. Further, any
means allowng for the visualiza- tion of the interior and surface of a
patients body la patient 3 D mappi ng rregms) whi ch encodes the information

derived fromthg PR Ik M@,t gdaesegteg{r%f nmggf %{;alétul” her

utilized to contro nlstratlon radi a € SYS emto the
patient as woaf® EEQKWQQF%%S&PFC% @aéﬁr%ﬁkept abl e conponent of the
system Any r eTke encesatneratiablelrai svhs Upht pdd10pareang edeh as a CT

scanner shouldpg, Undey s{9oq,d 08, A1PLET €156 §IPQILIEAL, (i or
S5 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

10 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

15 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-

20 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

25 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

30 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

35 presently preferred embodiments of the invention.

Detailed Description of the Invention
The drawings will first briefly be described.



30 and not limting of the scope of the invention. A CT scanner is
preferably used to anal yze hard ti sq P o) e nmpLe one. An MRl unit is
preferably used to anal yze soft tissﬁzm‘ﬁfg%g%gﬁﬁﬁﬁgN [he liver; b) a .
treatnment table, such as a treatnen abl RERWACRDT our degrees_of novenent;
35 ¢) a rad2¥3ource beam assenbly (RSSA)Thcl udi ng EYURIASHN
source beamunit rotatable about the treatnent table; in a preferred

enbodi ment the RS3A conprises a Printed from M nbosa 08: 40: 25 WO 97/ 35641
PCT/ US96/ 04055 4 rotatable radiati on soupce support, such as a Carm
gantry, a radiation source beamunit (RSBU) affixed to the rotatable

radi ation soungR.g@pRort and rotatable about the treatnent table; d)
radiation shie I%&guggeiengﬁgkégtes the components of the system.
Figure 2 illustrates the interaction pattern of the

radiation source beams in the preferred embodiment with
5 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

10 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

15 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

20 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

25 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

30 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

35 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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5 Tungsten col limtor. I n anot her embodi ment, the RSBA conprises a
radi ati on source support in the formof a track, such as a circular shaped
track, a radiation source beamunit (RSBU) novable along the track such
that the source beamunit is rotatable about the treatnent table, 10 and

radiation s %?7@5?15. The track itself may be statioR€r/yswmndesay be
novabl e. The radi ati on source beam unit ( RSBU) may conprise a LINAC
(small linear accelerator), a cobalt radiation source or sources, or any

ot her radiation source as is known in the art. The CT or 15 MRl unit is
affi xed opposite the radi ati on source b&am unit, and e) a command and

control cent ahe YA thehke So0E G ag @ﬂtreégi ogessing unit (" CPU")
the CPU nmay he any conmerci all a\,/aléJT gﬁ%e, for. anrgclre, a penflﬁ]ﬁ‘f%hl p. Any
processi ng n@%‘i‘@s\z\hi the &ﬁPfa@Hinﬁﬁlla{leOE & KraiakiPoETce beamsert from a
patient visugidsaatibon 2eanshe f bniekahpbeing GF Uhiterssetasnt Gcophgol the
adm ni strati gueker ashatd 0N;i Pude PAld €Phe PY3d 28 S LE1 S5 S & c|>§é The CCC
5 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
10 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
15 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
20 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
25 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
30 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.
35 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



includes treatnment software which is comercially available, as would
be known to those in the art, or 25 alternatively specially nodified
software may be utilized. The CCC &, eonpr LagspRENCont rol  panel which

allows one to 6?.; g{iarrpl e, positl()nﬂt“ﬁeﬁpat,lnent on Lhe trea%ﬁa}syé‘%)gse
rea i neY  The—e

and to preset ment  exposur ¢ — posure t _
controlled by an FDA approved timer or 30 simlar neans as is known in the
art. The CCC al so conprises neans for displaying information, for
exanpl e, regarding the positioning of the treatnment table and the el apsed
time of treatment. A cathode ray tube or other display neans and a nouse
may al so be i ng$ udethas é&ﬂﬁcéﬁhdyaertB@l@gcthe|ﬁaé&béﬂﬁfﬂéﬁﬂdd&%e@ﬁqu{nEn:
the system furjhe r 2 q{esta cont simjl arp - treat ment -
room cont r ol n%gna'{sflci oca §g§t ?’E% é%gtai d?ﬂ ionf, gt the A 150
The rotational collimator 18 is depicted with the four
distinct beamports 48 for each radioactive source 24. In
5 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

10 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

15 2zone 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

20 the case of MRI, the treatment table must be congtructed
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-

25 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

30 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

35 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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pedestal controller is used to nove the treatnent table fromwthin the
treatment room The CT unit is |ocated opposite of the RSBU, thereby
provi di ng for, hg?ﬁ?l lity to performthe necessary target 5 |ocalization
procedure on ¥ i ent without any need for the patient t&@OFaSPEMBIFed
fromthe table. The treatnent software program processes the CT data,
provi des target localization data and allows a radiation treatnent
therapist to outline a target's margins.on-screen”. The 10 software
provides dose planning, and defines tr&gt ment pararreters The system

I ncar por at s g\aH-drhdrhee: 'Mﬁfi&i{a' Adahi 0%03?9% €21, i‘otr%c' g:f &' ed
enbodi nent seven sour ces. an a terna | ve_enbodi_merit the
system may use® 1BFe 1% §’F?érF‘?nF'F' nEhe a’&f&eePét BeEier | afadaved iiss

radi ati on SOUiﬂse:éollOWEheN‘ Gravedf -t bE prefinsbdyallobeans; eyanaivglg offr om t he

radi ation soub£&fetdB18f SEEH SmhN@akB’ W8ide 300 mm total; Z Travel of
5 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
10 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
15 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-
20 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-
25 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.
30 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
35 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



at a specific point relative to the central source position, preferably
about 56 cmand initially contacts a 20 patient a point relative to the
central source position, preferabl heut..4Q _cm A source hol der assenbly

is secured in n and secur el Tﬁﬁ}ﬁ&es th ilati on so j
‘?ﬁ?#&ffg ; B’i %%ﬁ%zé/%g?sat i ng

position to el any focusing] erroRg: o,fu‘ir-l e rce beans

col li mator positions-the 25 desired bea— r the source beam
position. The collinmator novenment preferably is acconplished within 1,5
seconds. The resting sphere of radijgtion at the intersection of the
beanms is defined,as the "treatnent zone". This treatnment zone
enconmpasses SﬁabueScoQaf smonaagre@rmﬂmédawsmaldm e theSend o tpfeef erred

oor borat i no. RAPCEAPERFEE. oot Faprs afn P s 30 Pale Shhed TR BY
more intense r&dlb&tiﬂeﬂ af ebhherposisidrdef Pnegcondgene shice (Fﬁ“rﬂl?nl‘ﬁhg t he
radi ation receikuagebys %k@]a%@eﬂémﬁ@ﬁéé b theéStin. The CRD comprises
' 5 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
10 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
15 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
20 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
25 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
30 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.
35 The treatment plan, which has been determined in the
planning stage by a physician and radiation treatment
specialists, utilizing commercially available plann;ng_m o
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The system incorporates a "radiati on beam catcher” which captures greater
than 80% and prererably greater Printed from M nosa 08: 40: 25 WO
97/ 35641 PCT/ US96/ 04055 6 t han

90[err] of t rimary and scatter or penunbral radiation fromthe
ragioaLtive ggu&@@“ﬁagerial. The "treatnent table" is an i nPEYPEAOHIFt of
the system It can be controlled either by a joystick or 5 directly by the
treatment program software. Commercially available nultinodality and 3-D
pl anni ng and targeting software is suitf?le for this purpose. The joystick
may be controlled by a DC stepper notor.“1n another enbodi nent, the

autonmati ¢ posdddraired 9i11GedRa tf'xé%Menttapéfaﬁ%éérsalc%%c@&ﬂﬂx(gj:e for

" conf or mal e . .
co 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

5 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,

10 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

15 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

20 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-

25 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-

30 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

35 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-



therapy." By "conformal therapy” is nmeant the process wherein a target
which is larger than the treatnent zone of the radiation sphere will be

sequentially positioned until tﬂ:ﬁ:}« ;5 nit.‘h‘r«e r‘t\ get has received the
desi gnat ed dos ‘&0% A ?dl a- tioh 'inpar by T kadi ation sph?'
treat nent tabl Z "{f }aprogra . _ru,LLé.L.Lzﬁ he X, Y and coorofl nat e

positions so that the absolute table position relative to the radiation
sphere is known to a predeter- 20 mned accuracy, preferably of + 0.1 mm
The positioning of the table is verified {hrough two nodalities, a posi-
tion transducer, and a shaft encoder, simlar position verification neans

rmtyf be glt 1 fze%b&elagx%heueh& Spfefdrdty M%&bb@@% €o 3(:}&{ Q‘i@l@ﬁ;ﬁ}[bﬂegeﬁﬁ@” acy,
[l es for ¢ he (Pt REREZPRDIE ahioRSEIET D er APELE A HBILH c RERETFPhne may
be included as tteompyaryay obel |eprfied rawk obys GAFI/CaM poegthnseswbihchf or
exanpl e, brain 44 theB¥T or MRI data to machine language allowing
- 5 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
10 treatment 32zone 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
15 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
20 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-
25 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
30 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
35 Radiocactive Special Form sources, as defined in 49 CFR
173.398, fixed in position. Linear accelerators may also
be used as the radiation sources. The sources are
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"radi osurgery” or "radiosurgical" is neant the application 30 of radiation
to a patient in a single treatnent session. In contrast, "radiotherapy"” is
the adm nistration of radiation to a patient in nore than one treatnent
session. O her and further objects, features and advantages wi |l be
apparent froMQWE$4| | owi ng description of the 35 present|yPRTUBS/04SS
enbodi nents of the invention. Detail ed Description of the Invention The

drawings will first briefly be described. WO 97/ 35641
PCT/ US96/ 04055 7 Drawi ngs Figure 1 illuit,;rat es the conmponents of the
system Figure 2 illustrates the interacCtion pattern of the radiation

source beans aPrdhed’®f & h8H- PARLH BInnYekbnt, 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

S 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

10 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

15 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

20 treatment zone; 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

25 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

30 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

35 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



5 seven collinmted beans of radiant energy. Figure 3 illustrates the
treatnent table, depicting the four axis of novenent. Figure 4
illustrates the isodose profile. aof the radiant energy beans at 6.
mm col | i mati 8&% r 10 col | j TKGi SHEwWi iis epmliat e this geoppivsoaliidis’ € 5
is a bl ocks d%&&? ?Ilustratin t hepfborpwgf 1 nfgrmation and connangg

bet ween different conponents an the system Figure 6

0

illustrates the cross-sectional front view of 15 the RSBA. Figure 7
illustrates the cross-sectional side vieyof the RSSA. Turning in detail to
the drawngs, Figure 1 illus- trates a CI, MR unit or other patient

visual i zati on m&eitaR0collimsOivrai NENg. X- it tlheges cospantadd ezomeans 16
ey dierent HEN I ned 2 Gre. (PIP! BBLL1 ADWEeR GoBLER X1 S

12.. A radiation source beanrasse '
tumor, e.g., approximately six inches below the skin and

the surface of the patient will coincide with a point at
5 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-
10 200 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
15 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

20 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
25 through its 360 degree movement. An absolute encoder ox
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
30 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
35 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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13 containing a radiation source beam assenbly (RSBU) 24, which contains
radi oactive sources which emt beans of 25 radiation 23, intersecting to
forma treatnent zone 25, and which are captured within a radi ati on beam
cat cher Qh RSBA 13 includes a collimator 18. The RSBU 24 and

r adi atlon be UiPtler 27 are supported on a rotatabl e sour REVESHPHME neans
such as a CGarmgantry 19. A command 30 and control center (CCC) 14
receives information fromthe CT or MRl 11 processes this information and
in-turn controls the RSBA 13. In an ah ernative enbodi nent, a pedestal
controller 20 may be used to position t RSEA 13 fromw thin the treatnent

room | The pedsstale Afkiobk turibs 302080 NS AN IR A8 G0N SHtch 30

Fi gure 2 |II§Fﬁ%ates nor e_det ai eonet dlation Sour ce
beans 23 as ¥ R$RU Rapy §§BAPﬁ9ﬂt€6’lﬁr GHRem 1‘1%%%!'—‘-’(538 an: she

control console. The RSBU and RSBA will not operate until
all room interlocks are closed. These interlocks may

5 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

10 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

15 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

20 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

25 wunique 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

30 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

35 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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motion is provided for 34 and rotatjonal nmotion is 10 provided for
33. Figure 4 illustrates the isodose profile at 6.0 mmof collimation.
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the axis of notion of the treatnent table 12. Horizontal
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the 1ongest 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

i8R, Lhe SRLEIFEL B 5 ag. el taptodiogy oo on
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44. The 50% i sodose region is depicted by 45. Figure 5 illustrates in block
diagramformthe interactions between the conponents and subconponents of
the system The subconponents of the conmand and control 20 center 14,

14A, 14B and 14C are connected such that the nmulti-function conputer
processor or HPBA@Icontrols the output of the operator di SBCHYSIEAAMSSThe
operator control console 14B is controlled by the CPU 14C and send i nforma-
tion to the CPU 14C. The CT or MRl unit sends information 25 to the CPU
14C- The CPU 14C al so receives information fromsafety interlocks 21 which
are provided to avoid inadvertent r adi at #+8n exposure. The CPU 14C

controls a tap | . r..Sita | thon recarding and cretrieval means
22. The treat ng?l‘?ﬁfla I%ofé é|gsa 2%?1’%‘%% ‘{r{e% %é;taf'he ' %Oreiﬂé%naaﬁr g\?l des
i nformati on t oUE%HR EPUdeherning ctamprt 19-owtinl sthxiaagel | od mpvielen€PU 14C

and provides iaioinmt ixadicehekapEPU dAC rokhe pagdiat | OFo BIUMW-GR DaagLyni t
col i mator 18 iéafﬂéﬁ%é%%&f“%%é%%dﬂééﬁ?aé?%£n4§é%29g££8¥'g§§" switch
5 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
10 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
15 electronic timer fitted to the control panel. In a
preferred embodiment, this timer cannot be overridden and
is accurate to + 1 second, most preferably 0.6 seconds.
All patents and publications mentioned in this
specification are indicative of the 1levels of those
20 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
25 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
30 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.



details tHe fadto-"active sources 24 whi clig; ar en Jr;‘-pade into a source hoI der
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Thi s source hBPJPSeAbl ds the radioactive sources 24 in a fixe PN
t hroughout all notions of the RSBA 13. The rotational collinmator 18 is
depicted with the four distinct beanports 48 for each radi oactive source
24.- In 5 this enbodinent all four beapports are integrated into the
single rotational collimtor 18. Figure 7 illustrates the cross-sectional
side view of tdmsiReBA 13. This cross-sectional view depicts the radio-

active sources 24 Whlcﬁ 358 8f {lxeds .4 bé&HCQnHEJd%Emprising a

plurality of radiation sources non-radially arrayed

Lpgg;n?few“mm mum“\% o?St he RS @u'ﬁﬁ%{gf;t |hgnal Vi ew

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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10 46. m“m‘\ml‘ﬂm\MI limator 13 is shown with one of the four
beanports osition. A rotator 47 rotates the rotational
collimtor™ into alignment with the made SQHICES 24 to deliver
t he beans of rad| a- tion to the treatnﬁn1fm %@F%‘E\(ﬁ; T';\Lé 5i ze of the
treatment 15WCHBRE45 can be varied by lthe nd Uri“aing of (PEEUPIEO455 onal
collimator 18. The system operates in the follomﬁng manner. A patient is
pl aced on the treatnent table. The treatnent table is rotated so as to
encer the CT or MRl wunit. 1In 20 the ? se of MRI, the treatnent table
must be constructed of materials conpatfble with an MRI. Most generally,
thi s excl ude I f t tablg Wwhich
actual ly en?eéi%ﬂé%ﬁ ré@%{? CI)Pfeéwt SE?{eé ngt ectrePlg S |§§O{ﬁg %onéyconb
reinforced pl¥R{HIY Gt §6‘H’g $8Vik¥site materials such as plastic or
graphite conposites. In a preferred enbodinent, the dose

reduct i on/ scact tof coghi oLt hah tahe AMBYAIO] Sid e85 ehiefled 5% aS

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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scatter ratidtidn &onfri: bution from the t LEEQ
anot her pr ef odi nent, a heated table top rray i ncl ud ent
confort. Irraglﬂggféfng generat ed fromthe CT or MRl unit is ?ri::co ngd
transferred into the central 35 processing unit (CPU) of the CCC. The
CT or MRl unit is controlled fromthe control panel provided with the CT or
MRl "unit. The treatnent table provides feour axes of Printed from M nosa

08: 40: 25 W7/ 35641

PCT1/ US96/ 04055 1Qtawvament syMesn | Calr, admbibdterdiny zoallhdtiamd tlkot at i onal .

In preferred quhodi fends Hqn 3392081 wiBELPR Ofid 'AVBladi®n 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; R ——
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as follo preferably 1000 nm Y Travel of preferably 150 nmm
each si dw ﬂﬂ"ﬂ m Travel of 5 pref &Y. g E ot ati on of
pref erab e@rees. » Tlhese novenents can ﬁ' "csfgﬂ “ég @& a technician

t hr ough the edestal controller |ocated adjjcent 'Lﬁﬁﬁg treatinent table.

The patientVP QKB i oned on the treatment table with the 6@?”%??% area

| ocated so as to be accessible 10 to the RSBU. The patient is secured to
prevent shifting of the target area during the procedure. Patients under-
goi-ng stereotactic radi osurgical proce es of the head may be secured in a
head frame and the frame will be affix to a mating conponent on the

{reatment table. The SareoLhen IBche: ORISR nd Rardegr s qeceosary

to ‘prevent nmovement durin treat he patient Ts positioned
and secured &&i@kéVerkat ﬁéh‘? "E’éefﬂté“ené'— ttéE’Pte'nl CI an will actuate a "home"
switch on the pedest apogbticwinerthe dargetphekear iadacobedtment  zdhe s W | |

auto- 20 melircabby’ yBaubPlah Ssdlifed a6 hR0fegrges to position it

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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in the CT or MRl unit; b. center the

fahle. laterally in the CT or MRl unit

opening; c. vertically adjust the ta
wi thin a range of 0-200 nm preferabl

DITHIS QHENRLAEIBEENr eat ment table top is

coordi - 25 natﬁégggsﬁhhe CT or MRl uni
technician actuates a "CT center" sw

y 10Qzmomacbgl ow ¥ and Y centerline
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tch on the pedestal con

CCC. This noves the treatnent table to a preprogramred position within the

CT or MRl unit. The technician wll

then | eave the treatnent

room 30 The

treatnment table is enbedded with X (horizomfAal) and Z (lateral) reference
markers which are visible on the CT or MR display, fpr exanple, for the CT

a netal and for the MR,
material. A one slice

preferably alum numis used &s reference marker
Aimege is taken and tfHa 35 data is conpared
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WO 97/ 35641 PCT/ US96/ 04055 11
table to a second preprogramred positlon at the end of the table travel
The tabl e has identical reference mar ke edded:aeFépls posi tion.

second one Slbﬁ%ﬁﬁgﬁﬂ i mage i s tak n a T éd to thgggﬁp (Iﬂg CRL
conprises 5 a I'ce of each of two ence pDSLLLQﬂS t J%

initial manufacture of the system Agreenent between the two scans and the
CRD will validate and verify the four axes of novenent of the treatnent

table. The technician can then nove the bypat ment table to the desired
target 10 site and scan the patient untl{ adequate data is obtained to

determ ne target X, Y, and Z coordi nates. When this data accumul ation
task is conplete, the technician actu- tes the "home" switch on the
control panel. This brings kpe Aot C 5 S|t|on i dentified

above, as set 24 A\ \-
' 23

71T

FIG. 2
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15 forth in steps a-c . Miltiple lasers, preferally three, may be
nounted on the RSBA. The treatnent table has three reference points which
wll confirmlocation of the table rel tpﬁgsgggthﬁngﬁﬁmto a predeterm ned
accuracy, prefgho,ally of + 0.5 nm The technici an:may then enter the room
20 and confirmthe treatnent table |ociation-——JFhe—teehnicia /04
nove the treatnent table to the initial.X Y, and Z coordi nates, determ ned

by the planning software to define the tunor site. The technician may
utilize the pedestal controller for this k. Digital 25 readouts on the
pedestal controller confirmtreatnent tabl’e | ocation at the three points
to a predeterm ned accuracy, preferably of + 0.1 mm Preferably,the
pedestal controller display will also display the degree of rotathgn of the
treatnment table through its 360 degree 30 range of notion. The dest al
controller for safety purposes cannot operate/NTg® CI or RSBA_or BU.

The technician may then proceed to the CCC or

This Sheet Has Been Replaced
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the functions perforned at the pedestal controller_nmay have all been

performed at the CCC. 35 The tF a&nent planggmN|ch has been
determned in the planning stage by n hy?“‘lamiﬁ”1 .rgdi ation treatnment
speci al i sts, E@AH’J %Abn commer ci al | avalt 5bBYe” gladni ng Printed from
M nosa 08: 40: S 97/ 35641 PCT/US96/04055

PCT/ US96/ 04055 12 software, will detail the treatnent paraneters
concerning: 1. specific beamcollimation, and 2. type of therapy: a. static
therapy; b. rotational therapy; c. skip/scan therapy; or d. confornmal

t herapy. Each of these treatnent 5 paranet4f?7s provides for specific
treatnent options, and are defined as follows: 1. Beamcollimtion may be
vari ed based on the machining of the taper of the collimtors as

0 “ P

FIG. 4

Been Replaced
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I's known in the art. In a preferred enbodi ment, four different
collimation settings resulting in 6.0, 14.0, 10 18.0, or_30.0 nmradiation

spheres are provided. Therapeutic irradliThgan;faqmaqggm pf any size may

be acconplish gh the mani pul ationjo W ng Vari abl es:
Movenent of t H?%g{irrent tabl e through any nf thc ek e BCHNS9%/04955¢ i on,
and 360 degree rotation of 15 the radi ati on source and sel ection of the-
size of the treatnent zone. A conpl ete record of each individual

treatnment is part of the patient file Mth? I's avail abl e from conputer
menory. The different nethods of treat nent®&re defined as 20 fol | ows:
Static therapy - the treatnent table remains notionless and the RSBA does
not rotate while the patient is exposed to the radiation beans; rotational
therapy the treatnent table remains notionless and the RSBA rotates up to
360 degrees while the patient is exposed to the radia- 25 tion beans;

ski p/scan therapy - the treatnent table

/ZA 148
OPERATOR
OS,%%QL‘%R CONTROL
CONSOLE
1 /, /
% uw 38 % CT/NMRI UNIT
C
g [ =l
STATUS STATUS
MULTI-FUNCTION B
CONTROL COMPUTER PROCESSOR |  STATUS
- 21
f ; 1/
GAMMA UNIT = ) -
COLLIMATOR ,’?E = = INTERLOCKS
IS 318
13 GAMMA UNIT|— §
™1 ROTATION ) = \—————={ TAPE DRIVE
22
|

TREATMENT TABLE
X, Y, Z MOVEMENT
ROTATION ——1Z

FIG. 5
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remai ns notionless during each irradiation sequence of the RSBU The RSBA
rotates the source beamunit up to 360 degrees with the collinmation being
changed or turned off during a porti “{;ﬁagfc,;,h; glg;{p\l g% . This portion is
deter- 30 mn ' t he pl anni ng |stiage®’ by’ t'He’ §)§i cian a r
radi ation thefg’;())??yé%dégi alists, utililzing Bénwerd ally|avai l aw‘éﬂ?‘?ﬁg
sof t war e. After conpletion of one Trradi ation sequence, the treatnent
tabl e can then posi- tion an additional target, which nay be a separate
tunmor 35 or another location of the sane tunor, in the treatnent zone, and
t he RSBA perforns anot her sequence; conf@famal therapy - during this
procedure all paraneters are vari - WO 97/ 35641

PCT/ US96/ 04055 13 able while the patient is exposed to the radiati on beans.

Not considered for PCT procedure
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The control of the treatnent table during conformal therapy nmay be
carried out by CAD/ CAOM prograns which convert.the-Gf or MRl data to
machi ne | anguage allowing 5 aut onatj tHinat:gelli ngf 8EEMHe RSBA. Conf or nal
therapy allo treatment of |rreguartycshaped tunor nb?

m ni mum of r\gg\lvé??%gr?gﬁel ivered to skroundrng—heatthy ti ssu}.‘élid F’ﬁﬁ"ﬁ ng
CAD/ CAM prograns, as are cchrmercially available, the collimtion and hence
the size of the 10 treatnment zone can be varied, preferably wthin
0.5 seconds, thereby allow ng for accuraig follow ng or the contours of a
tunor and not surrounding healthy tissue. Further; by noving the patient
and.not the radi ati on beans, better access to tunors and better ability to
treat irregularly shaped tunors is provided. The CPU on the control
consol e preprograns all novenents prior to ini- tiation of treatnent.
Uilizing this treatnent nodality, any size or shape target can be
irradiated to therapeutic level with mniml radiobiclogical effects to
surroundi ng

e Not considered for PCT procedure
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20 healthy tissue. The rotational
nmay be | ocked out during all treatnents to prevent

tabl e RSPA collision. The RSBA conprises a rotatable support neans’

capability of the treat- nent. table
i nadvertent treafnent

preferably a Carmtype gantry which rotates cl ockwi se or counter-

cl ockwi se in a 36Qvslegkae range of novenent.
poi nts of maxi mal intersection of the radiation_beans,

The depth of t@gﬁg arn1to t he

nent

zone should allow for easy accessibility of the treatnent zone to regions

of the patient when the treatnment table is noved.
Meter depth of the c-armgantry arns to beam center-

Preferably a 30 .1.0
line will. provide for

good patient ~accessibility. An RSBU of EI3¢>TRIBA incorporates nultiple

radi ati on sources,
1200 curi.es, nost preferahtx eagplLk
Speci al Form sources, ag define

Li near accel erators may

sour ces

‘are

wn

1s

20

' CesS.

Backaxzund of the Inventicn

This inventicn relates in gersral tO an apparatus and
metheds for contrsolling the administration of radiation
a patient, and more particularly, to ster @otactical
directed radiation apparatus and radiation therapy and

surgery pexformed by the apparatus.

a Magnetic Resonance Imaging (MRI) system has bsen cgener-

ally used to aid in diagno

a a
the CT or MRI unit and radiation therapy was perfcormed on
& secondary system physically removed frem the scanning

faci.ity. The amployment of a second apparatus was due to

tne Zact thac the radiation levels naecessary for radiation

separate, shielded room. attempting to successfully
reposition the patient in the secondary device, along with

LTiie o

potential physiclogical chaznges wihlich

? Radiation.therapy has generally been practiced utiliz-
ing either a Cﬂbalt 60 radioactive source (1.2 MeV enargy)

‘cr a linear acce’erator with electron energies ranging

typically from 4.0 to 20 Mev. Most existing radiation
uheraoy technology provides radiation from a single focal
point Custom shielding bklocks, and beam shapers are

preferably seven radiation sources, oreferably each
_balt 60 35_ Radioactive

fn position.

The
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Printed from M nosa 08: 40: 25 WO 97/ 35641

PCT/ US96/ 04055 14 arranged in a non-radi al arrangenment, that.i-s 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-di nensional pattern, nost
preferably in a | {\geasssna arrangenent. A collimtor, preferably
tungsten, for exanple HD 17 tungsten, incorporating nultlplécnﬁ$@?@¥ably
four each collimtor openings as designed to deliver a range of dianeter of
radi ati on beans, preferably 6.0, 14.0, 18.0 and 30 nm beans of radiation
fromeach source 10 is provided. These bea&ms intersect at a point a
particu- |ar dlstance fronlthe central source (lsocenter), in one

enbodi nent of t hi 3F} . ance is 56 cm and

ures a stersctactically directabl

system (the system) for administering

pacient. The system provides lower

5 skin doses cof radiatiorn and improved. targeting localiza-
tion cf the primary radiaticn dose to a patiant. Th
systam is desicried to be fully integrated so as te provids

a2 high degree of interface between the diagnostic, plan-
ning, and treazmen: phases. A radiaticn scurce ream unic

10 which allows for increased radiation delivered to a tumer

E while decreasing the radiation received by surrcunding
tissue is provided A radiation beam catcher which is
lightweight and absorbs at laast 80% and preifarably ac

~= o : - P - e =3~
32 perizmming radizticn cuoygery an adizzicn

s
w

The system comprises: a) a T Unit, or in an alter-
native embcdiment an MRI Unit. Commercially availabls C

20 and MRI units, as wculd be known tc these in the art are

tion o©f zhe intericr and surfaces of a patisnts kody ia

25 further urilized to control the administraticn <f radia-
< - tion by zhe system .z¢ the gatienz, as wculd ze xnown in
the art, is an acceptable componenz of the sysztem. Any

eferences to particular visualization means such as a CT

N

=

- scanner should be understocd to be a prefsrred smbodiment

¥

the scope of the invention. A CT

[

30 ,and not limiting o
scanner is preferadbly used toc analyze hard tissue,. fo2

8

example,  bone. An MRI unit is preferably used to analyze

soft tissue, for exampls; the liver; b) a treatmen: table,
such as a treatment table with four degrees of movement;
35 c¢) a xradiation scurce beam assembly (RSBA) including a
radiatior; source beam unit rotatables about the trazatment

table; in a praferred esmbodiment rhe RSBA comprises a

Printed from Mimosa 08:40:25
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the point of initial intersection of the beans is 40 CM This infégsection
is defined as the treatnent zone. The 15 dose rate provided thereby:is 400

Tgentgen at the treat- nent zone. The particul ar point of intersection,
and hence the treatnent zone may vary but could be determ ned by one of
ordinary skill in t taking into account the follow ng [S; The
desi red dose ratewép%? ¢ 20 treat nent zone; the nininun1c|ea%g§$§?%ﬁ%e

requi red between the patient and the RSBU, the anmpunt of shiel ding needed,
typically based on Federal regulations setting forth perm ssible radiation
exposures; the desire to |ocate the radi atson sources as cl ose as possible
to the 25 treatnent zone; the strength of each source to be used; the
nunber of sources APSEEtahdCAHECYE ST difc 8SBét W efPeh & RS0 OF e enBy t&klreyi ng

t hese paraneters, @asmwitxihenrknowackenoreonaf ordinary skill in the art,
the point of inter- section of.the heapsy My be.yald @, EﬁﬁioEﬁeéﬁﬁh as

cost 30 of sources an he wei ght of resulti system may al so
provgdgng for g&e agilfky co peréggm gﬁe necesggry target

5 localization procedure cn the patient without any nesd for
cthe patient tc be removed from the table. The treatment
software program processes the CT data, provides target
localization data and iilows a radiaticn treatment

St to cutline a target’'s margins "on-scresen

10 sofcware provides dose planning, and defines cresatment

The system incorporates multiple indiwvidual radiazion

sources, in a preferred embodiment sewvan’  Cokal: &0
sources. In an alternative embodiment the system may use
L3 muitipls small linear acgelaratsys {LINACSY as  izs
radiaticn scurces. The focus c¢f the individual beams

n
cr
o
1
Y
v
i
9]
o
ot

emanating from the radiation sources intaxrsact

at a specific point xelative &to the gentral scuxce

vosition, prefsrably about 55 cm and initially contacts a

“

tive toO the central source positicn,

20 patient a point rela
preferably about 40 cm. .A source. hclder assembly .is
secured in pesition and sacuraly affixes :the radiation
scurces in position.tc eliminace any focusing errcrs of
the scurce beams. A rotating collimator positions - the
25 desired beam przsiile Zor the souxce beam positicn. Ths
3;: collimator movement preferably is accomplighad within 1.3
‘seconds. .The vresulting sphere ©of =zadiaticn =at the

intersection of the beams is defined ,as the “treatment
zone®. -~ This treatment  zone encompasses stheres of
radiation of varying diameters. In a prefarred embcdiment
these diameters are §.0, 14.0, 18.0 and 30.0 millimeters.

30

By incorporating multiple intersecting radiation beams the
system delivers & more intense radiation treatment to a
defired target, while minimizing the radiation received by
35 adjacent healthy tissue.

The system incorporates a "radiation beam catcher®

which captures grsatsr than 30% and preferably greater

Printed from Mimosa 08:40:25
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be considered in designing the system For exanple small
accel erators nmay be substituted as the sources. .
treatnment zone could remain the same while a variation of the other

Al ternatively,

i near - -
-the-

of

paranmeters would allow for 35 differences in,

for exanpl e,

t he nunber

radi ati on sources used and their

spaci ng.

In a preferred enbodi nent the

above-|isted paraff8

PE*%*lare arranged so that,

at the

WO OFFHG8HOH0SS

PCT/ US96/ 04055 15 maxi nmal

collimation, e.

g., the largest treatnent zone

the treatnent zone wll

coincide with a deep tunor, e.g.

di aneter,
approximately six inches below the skin ang the surface of the patient wll
coincide with a point at 5 which the radiation beans initially intersect.
(See Fig. 2). Thlﬂ_aﬂzangenent of the beans orovides for decreased

i i the conmponencs of the systam.

the Interacticn gattern

radiatlion scurce beams in the preferre
seven collimated zeams of
3 111. [wba

movemant.

5

Figure
axis of
4

rgy Dde

fcur
Figurs
ene

the

illustcrate isocdose proiile of

radiant ‘mm collimation.

190 collimation will =2mu geometxry.

5 is a bleck diagram illustrating the flow cf

tion and commands betwesn cifferenc

Figure
ccmponents and

~n

informa

subcomponents o the system.

& illustrates the ¢cross-secticnal front view of

fot
ut

7 iilustratss the cross-sectional side view of

ne
aat

the dr

cxr other patient

awings,
visu

tubes or comparabls

treatment table, rotatab

A radiation source beam assenm

-
rce

radiation sour

3

ez

13 containing a

which . contains radicactive - scurcsas

to form

v

radiation 23,
ion Deawm carcnax
The
supported on a
gantry 19.
informaticn

and wnict

The RSBU 24..

v

RSBA
rotataplse

source support means such as a C-arm A command

(CCC) 14 receives from the

.and control centex
CT or MRI
controls the RSEA 13.
pedeatal controller 20 may be used to pos
from within the treatment rcom. The nedesba‘

20
20

information and "in turn

alte

11 processes this
rnative embodiment, a

RSEA 13

In an

I
- v

cn the

contrcllar

35 contains an emergancy oiff icch

c,_ 11

the geometry of

RSDU 24.

Figure 2 iliustrates in mor

M?S’

-

-k

che radiacion scurce beams 23 as emi
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radi ati on exposure to healthy tissue.- For exanple, in a typical Cobalt 60
device a source may be located 80-100 cmfromthe tunor,: utili-zing (7000
curies)in the sources, (150- 10 200 Roentgenu nminute is deliveree: to-the
tumor and at the patient's surface is exposed to the full 7000 curies of
radi oactivity.| ”WCOOQ%!;&?L this invention provides for, in a specific
ernbodi ment, a separation of 56 cm between the tunor and dGYPrgess
utilizing (7000 curies) in tne 15 source (40 Roentgen/mnute is
del i vered however only (1000 curies)are delivered to the skin, although
because of the closer source distance thesnom nal decrease in dosage with
the system of the present invention is 25% and not one seventh of that
provi ded by a typittal T68HaFfIur68 39iHcEer2PAs Hhpt radimpcpdss ticmcen Ihe outer
surface of the sphepefbdiecr adsativancitdeathes: ptdducednsidt the tsrgaiyent zone,
shoul d Ot vary i4:eDQsicki08hdin RAY:fldeCliz00 s by JRES A NAR, 1 QM and
preferably by nore thgg: Q.5 mm agatp,g I§§CB§\ i t_.g’ggs‘."e coux L.

2 r X TiV urce 24. In

cistinct Deamports £or
5 this embodiment.all four beamports ars integrated inco the
sipgle rotaticnal collimator 13. .
Figurs 7 iilustratss the cross-sectional side view cf
“he RSBA 13. This cross-sectional viaw dericts zthe radio-
active scurces 24 which are affixed in the source hcelder

ational collimator 18 is shcocwn with one of the
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he rotational collimazor 13 ints alignment with
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racdiocactive scurcas 24 t©o deliver the beams of xradia-

e
tion Lo the treatment zone 25. The size of the treactmen:
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The system operates in the following manner. A
atient is placed cn the treatment table. The tresarment
able is rotated so as to enter the CT or MRI uniz. " In
20 the case of MRI, che treatment tabls mus:t be conscructed

of materials. compatible with an MRI. Most generaily, this

excludes the use oI metal for that part of

table which acrzually enters the MRI unic. Suizablie

materials include heneycomb reinfcrced plastics or com-

25 posite materials such as plastic or graphits compoesites.

&

n a preferraed =mbodiment, the dose rsducticn/scacter
coefficient for table attenuation is less than 1.5% .as
compare to the industry standard of 8%. This feature more
readily allows for txeatments utilizing a 350 degree

30 .rotation of the RSBA and reduces scaktter radiation contri--
bution from the table toc the room by  20% In ancther
preferred embodiment, a heated table top may included for
cacient ccomfort. Imaging data generatad Zrom the CT or
MRI unit is encoded and transferred inzo the cen<ral

35 processing unic (CPU) of the CCC. The CT or MRI unit is

controlled f£rom the control panel provided with the CT ox
MRI uni-c. The Ctr=atment rable providss Zfour axss of

Printed from Mimosa 08:40:25
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25 through its 360 degree novenent. - An absol ute encoder or simlar device
as . is known in the art, will sense RSBA rotation to an accuracy of i+ .
0..1-0.5 degrees, preferably + 0.25 degrees. - All our collimted- beans for
each of the nultiple radiation sources will focus the radiation about 30
the same point in @ Pacs., | N one enbodi ment, beamtrinmers nmey-rRgssREQYi ded
at "about 30 cm from source isocenter to nore precisely focus the radiation
and create a sharper beam profile. The beamtrimers may be renovabl e.
The beamtrimers nmount to the face of the RSBA, specificallv 35 the RSBU
Preferably the beam tri mrer is of tungsteniand contains machined holes to

direct the raciation beam as nown in the art,  .Beamtrinmers are
general |y only usedPr nPel SFF% PF RS 880D P81 CLoR)AF 923883 T the
PCT/ US96/ 04055 table travel. The table has identical reference markars

embedded at this pesition. A second one slice CT or MRE
image is taken and ccmpared to the €RD.  The CRU comprises

13 f each of two refasrence positions . taken upon

wn
o

0
]
7

I

l,_l
0

®

0
r

10 site an:

d scan the patient until adequate data is cpbtained
toc datermine carget X, Y, and Z coordinates. -When this

lo b e

"' data accumulatlion task is complete, the technician actu-
actes the "home”" swizch on the control panel. This bxings
the table back to the position identified above, as se

in szeps a-c. Multiple lasexrs, presifsrai.iv chres,

§ot
m
h
O
A
o
)

may be mounted on the RSBA. The treatment table has zhree
ferance poiznts which will confirm location oI the ctabls

a
Dly of = 0.5 mm. The technician may then entexr the room

ao nan
2C¢ and confirm the treatment:tabls leccaticn. The technician
will then move the..treatment:. ctable to the .initial. X, Y,
and Z cgordinartes,. decermined. by the treatmen- planning
software to define the tumcr site. The technician may
utilize the pedegstal controller for this task. Digital
25 readouts on thke pedestal controller confirm” .treatment
o taclie locatiocn at trza thrse peints o a gpredetermined
accuracy, . praferably of =+ 0.1 mm. ‘Preferabnly the

¥
pedestal controller display will also display the degree
of. rotation cf the treatment table through its 350 degree

30 . range of motion. The pedestal controller for safety
purposes cannct operate the CT or RSBA or RSBU. The
technician may then procesed to the CCC oxr alternatively,
the functions periormed at the ‘pedestal  contrcller may
have all been periormed at the CCC.

35 The treatment plan,.which nas been determined in the

planning suaqn by a physician and radiation =creatment

specialists, urzilizing commercinally available planning

Printed from Mimosa 08:40:25
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16 for treatnent of tunors |located in the head and not. in the baody. Al l
RSBU and RSBA controls are |ocated on the control console. The RSBU.and
RSBA wi || not operate until all roominterlocks are closed. These
interl ocks may 5 consist of a safety/lockout switch | ocated on the RSBA, a
keyed enabl e circyidfo, )ﬁ gc¢cated on the treatnent roomwall, andardQe

i nterl ock switch V\/m ch senses the position of the access door (openﬁ:l osed)
to the treatment room Miushroom style or other suitable "panic" swtches
may be 10 |ocated on sonme or all treatnment roomwalls. The keyed enable
switch can al so be used as the systemactiy®e switch on the control console.
Rot ational, conformal and skip/scan therapy nmay al so use an RSBA conprising
a track and a radi®RioNPEHuICE PEERPISS GiPPS i“OhSADVVES AT Hiig PeR@S t r ack.
The track nmay be rmérwy shaped aofl ooy beeabyvalyl ecanlastdtxisgargpnfbanane
preferred enbodi neiarabe ~SQUILGE JABYESI abONOLR BAS LHhArpidsaeks alouay

convert the CT cor MRI data tc machine language allowing

-pan

auctomatic targeting of the RSBA. Conformal therapy allcws

91]

for the &treatment cf irregularly shaped tumors_with a

"J'
<

minimum c©f radiation deliversed tc surrounding healt
tissue. Utilizing CAD/CAM prcgrams, as are ccmmerxcialls
h

<l

(ll

avallakble, the ccllimaticn and hence the sizs of

jos
o

ot
treatment zone can be varied, prefarably within 0.
th

e}

(D

seconds, thersby allowing fcr accurate fol;ow1ng o

-
-

contours of a tumor and not surrounding healthy i

U)
n
(1]

ilo

o
fu
r1

3

Further, by moving the  patient and nct’ the ra

(T
2]
1]
1

beams, better access to tumors and better ability tc a

—~

2
-71
=z QOn

-
-
~
~

3
1]

(1

Y N - 1 err HaA heal
snarec tumers 135 provided, Tha

ot

4]

control console preprograms &all movements prior to ini-
tion of treatmenz. Utilizing this treatment modalizy,

size cxr shape targez can be irradiated to therapeutic
]

e
20 healzhy tissue. The_ro:a:ionai capability of the treat--
prevant inadvertent.trysatment tab
2SBA comprises a rotatadble support means, preferably a
C-arm type gantry which xotates clockwise’ or counter-
25 clockwise in a 350 degreze range of movement. The depth c

e C-arm to the poinzt o¢f maximal intersection cf 1

)
'

(i
I’_

easgy accsessibility of the treatment zone to ragions of the
pacient.when the treatment takle is moved. Preferably a
1.0 Meter depth cf the c-arm gantry arms to beam center-
line will provide fcor gocd patient accessibility. An RSBU

30

G-€0

of the RSBA incorpcrates ~multiple radiation souxces, 4%3
preferably seven radiation sources, oriwsﬁgnly eacthdO— ?
P

2 - .
QG—Q.{d(E% 1200 curieQ, most pre:eranly each 1,000 &Gkie Cobalt 60
A G
35 Radicactive Special Fcrm sources, as defined in 439 CFR
173.398, fixed irn pesition. Linear accelsrators may also

P

]
[{1]

be used as the radiaticn sources. The sourcses’
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the treatnent table while the track itself remains stationary. In this way,
novenent of the source beamunit 20 :independent of the notion of ‘the
entire RSBA provides the source rotation necessary for skip/scan, -
rotational and conformal therapy. Secondary "scatter"” radiation resulting
fromthe primry | .0pinging a surface is dealt with in a | gue
way. Typical " begvﬁqggd(g%}éers" are i mense sl abs of Iead/steel&ﬁ#@ﬁgére

| arge enough to deflect the largest collimation froma standard tel et herapy
unit which is approximately 35 cmx 35 cmat 80 cmfromthe source
centerline. The convex surface of these heam stoppers 30 attenpts to
defl ect the scatter radiation back to the source head. The radiation beam
catcher of the pre8eft"dnventidacstt-uat 19y captur'ésseRe SFRAERtr &adirat i on
beans fromthe souldterndad and toeisestt henscatlleredaradk ati-on anidshbn t he
35 radiation beamggrtcher gCaviddboxiddteiadi atiRmebe8MEALEDCL i ang

the surface of the patient will coincide with a peint a:s

which the radiation beams initially intersect. (See Fig.

wn

n
[A]
19
]
u
(]
n

2). This arrangement of the beams provides _for de

radiation exposure to healthy tissue. For exampls, i

typical Cobalt 60 device souxce may be located $§ 29

YP ?Sc-nfG’(‘zJSqY O,

from the tumcr, utilizing/76G¢0 curlegjin the sources,(1
ces4s

/o N\, . . . .
10 200 Roen:gegymlnu:e is deliversd to the tumer a:% ar the

patient’'s surface is exposed to the £full/73¢

- radicactivicy. Iz contrast, this invention provides for,
in a specific embodiment, a separacbgs‘géd%f-cm cetwean

the tumor and source, utilizing (7000 cuxies) in cthe
C/Cg /'<0\ . . . .

scurcs 400 Roenzgern/minute Is deliverad, nowavar cnly

BT 0T RN S !

1600 curie§>are delivered to the skin, althcugh becauss of

n
}
1
b]
v
n

(3

the closer source distance the nowminal decrease in dosage

a2 o

with the system cf the presant invention 1is 25%
1

fn
e}
‘<
i)
1
o
t
|
0
i

one seventh ¢f that provided 1

20- unit.
Any vositiocn cn the outer surface of the sphere of
radiation trat ig procduced, in the treatment zona, should
not vary in positicn in any cdirection by meres than 1.0 m
and prefarably by more than 0.5 mm, as the RSBA rotates
2S5 thrcugh its 3890 degre= movemen:t. An absoluts enccdex or

-

i similar devize as is knewn in the arz, will sense ES3A
i

rotation to an accuracy of *+ 0.1-0.5 degrees, preferably
* 0.25 degrees. AlL Iour collimated beams for each of th
multiple radiation scuxces wiil focus the radiation about

30 . the same point in space. In one embodiment, beam trimmers -

may be provided at about 30 cm from scurce isocenter to
more pracisely focus the radiation and create a shaxper
beam profile.” The beam trimmers may be remcvacle. The
beam trimmers mount to the face of the RSBA, specifically
35 the RSBU. Preferably the beam trimmer is of tungsten an
ceontains machined holes to direct the racdiaticn beam as is

known in-the arz. Beam trimmers ars genexally cnly used

Printed from Mimosa 08:40:25
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conprises side walls and a bottom which define a cavity of the beam
catcher. The size of the cavity is a nultiple of WO 97/ 35641 .
PCT/ US96/ 04055 17 the wi dest radiation source beamw dth, e.g., in"a pre-
ferred enbodi ment the collimation at 30 cmnultiplied by the | ongest beam

|l ength plus 5-20 ¢@ermssk) @ preferred enbodi ment, the size of the cavity is
1.75 tines the 5 widest beamwi dth in the |ateral dinension®HiPPFp%ed by

t he | ongest beamlength plus 10 cm The depth of the cavity is preferably
at | east 15 cm deep. The walls of the radiation beam catcher match
the radiation beamprofile angle of the iargest collimted beam of the
RSBU. 10 The base_ .of the cavity resenbles an inverted pyram d. The angle,

of declination of tHe “&FFS TIFRET MAYFERIPRYT ariiddh, e.9.. in a pre-

ferred embodiment the collimation at 30 cm multiplied by

the longest beam length plus 5-20 cm.
empodiment, the size cf the cavity is 1.75

5 widest beam width in the lateral dimension multiplied by

the longest beam length plus 10 “em-—— The depth of th;

cavity is preferably at least 15 cm deep. The walls of

the radiation beam catcher match the radiaticon beam

10 The base of the cavity resembles an inverted pyramid.

angle c<f declination of the walls of thes invertad cyramid

The lowest point of the pyramid is located ar the centexr

Cf th2 opening of the cavity. The inverted pyramidal
135 D1V oy ~on ey 5 o e B - ' = = L
=2 Surlace contains muliiiple pyramids of a dainsd reizhr

maximize the amount of radiation captured within the beam

n
(¢}
]
81
[
o}
Y]
B
AN

20 catcher, as could easily ke determined by one o
s s . - - . .
skill in the art. These baffles within the radiaticn bean
|
1Y

=X capturs the primary beam, and focus the L-atrer

witnin the radiation beam catcher. In a preferred
embodiment, the radiation beam catcher further inclides  at’
25 the ctop of the walls defining the cavity, runcsten

L5 P :
o elsments o project any scatzar emitrad Zrom the radidtion
her back to the RSBU. ungstsn

pPeam catc d
may be recta?gu1ar. Preferably, they aré@g§;=ﬁak£—fﬁ€h>41

o Z5Y2 (A il i : R

. width and eme—i&sh in’ height. The radiation beam catcher
30 xhus reduces the necessary treatment room snielding and

allows placement of the imaging unit, CT or MRI in close

]

proximity to the RSBA.
Tae CCC performs multiple functionms: a. Tt will
brocess 2-D imaging data into a 3-D imaging fcrmat for

w
n
ot
o
1)
X
fu
o]

L<

planning use; b. It will contxcl che imaging unic,
Creatment table, and RSBA and RSBU. This control can be

eitner manual cr aucomatic; <. Ir will record all
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)

may vary from 20-45 degrees, preferably it is 25 degreeSf“Tﬁé“rémESt“point~~
of the pyramd is located at the center of the opening of
inverted pyram dal 15 surface contains multiple pyram dsm m@z M’”

e

hei ght preferably -&m These pyram ds arge irregularly spae
surface of the invd g(e&m@@'t#r and spaci ng of such
pyram ds may be det ' e anount of radiation

captured mnthln t he bean120 catcher, as could easily be determ ned by one
of ordinar$ledf@s in the art. These baffles within the radiation beam
catcher capture primary beam and focus the scatter wwthin the

radi ati on beam catcher. In a preferred enbodi nent, the radiation

beam cat cher furgther A nelaides @t s38rckh@eatOpni@f (2tahecwaablr$s1d§fam ng the
cavity, tlngsteen elenmentis to project any scatter emtied fromthe

radi at iSon peamaddttonat adk atoonheoR8BEs These tungsten el ennents nmay be
rectagul ar. Preferably, they are 1. %7cn1|n width and 2.54cmin height. The
radi ati on beam c&téfécterized in

the plurality of radiation sources is non-radially
arrayed,
radiation beams (23) emitted from said scurces initially
10 intersect at a first position in space and maximally intersect
at a second position in space, said first position in space
being intermediate between said radiation sources and said
second position in space, and

a rotating collimator (18) provides for the selection

15 of a treatment zone of varying resulting diameters.

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

20
3. The radiaticn scurce beam unit of claim 2, wherein said

—

first position in space is located 40 centimeters E£rom a
central position of said radiation sources and said second
position in space is located 56 centimeters from a central

25 position of said radiation sources.

4. A radiation beam catcher (27) comprising side walls
and a bottom defining a cavity wherein the size c¢f the cavity
is defined in part by a multiple of the width of the widest

30 radiation source beam to be caught such that scatter radiation

from said source beam is captured by said beam catcher.

This Sheet Has Been Replaced
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thus reduces the necessary treatnent room shielding and al | ows

.P' acemﬂm ﬂ Inmmnmllng unit, CT or MRl in close proxinmty to the \RSBA
The a |tiple functions: a rt wll process 2-D i naging
data intofa 3- nmagi'ng format for 35 thepapy planning use; b. It will
~control the |mag| ng unit, treatnent table, and RSBA and RSBU. This control
can be either magual TPk AUiQRBbLCheak: catbneW bk cgeQrd, ghl-Erinieds
from M nosa 08: 40: 25 WD 97/ 35641 '
PCT/ US96/ 04658<el18alldsalticrati sp andtbreatabnthdatadiatTheskeaecordsitan be
used to deternine tar rowth, shrinkage, or noyenent during ,
radlotherapy“gor Pér %ﬁtl ﬁﬁ“ﬁ&lFDmFupaa?@erp?ﬁdPesarﬁ?eaf  PPOCERFER TR
An "emergengy; ofﬁ §mntch

5
6. The radiation beam catcher of claim 4, wherein said
bottom of said radiation beam catcher (27) forms an inverted
pyramid and wherein the minimum point of said inverted pyramid
cecrresponds to a central point of an opening of said cavity.
10
7. The radiation beam catcher of claim 6 further
comprising a plurality of pyramids irregularly spaced on said
inverted pyramidal bottom.
15 8. The radiation beam catcher of claim 4, wherein said

multiple of said radiation source beam at its widest width is

1,75.

2. The radiation beam catcher of claim 6 wherein
20 the walls forming said inverted pyramid taper at an angle

= o Nal =
22 23 to 45 degreses.

LTS

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

25 degreés.

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

pyramids are 1.3 cm high.

30 12. The radiation beam catcher of claim 4 further
comprising tungsten elements affixed to the top of the walls

defining the cavity of said radiation beam catcher (27).
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4 e e

5 whi shuts down the RSBU within a specified tine perlod
pref eﬂm !%ﬁm . The CCC may provide on-screen treatnent .

si mul e phy5| cian to review a treatnent ‘and detern1ne al
dose | evels dellvered to both the target apd adjacent tissue. This 10

process can be repeated and varied until the physician has optim zed the

treatnment. This sinu | DRt S ~ibie
b MULALT PR §t%&%@é&m§:§€% O egr Al {‘ly.\.%%%

data with treatnent plannlng sof tware IS comrercla aval f.
Act ual treata@bationebésmcoatciobt e by @ dhiieapprosechdb, gﬁéxﬁdﬁNUKadlnEr
fitted to the control panel. In a preferred enbodi nent, this timer cannot
be overri ddeP® apfl FECaRELFAFE 200 +SAZERBIRE ?ﬁﬁﬂWQNQ#eH%ﬂﬂib{pT}seconds
Al'l patents and publications nentioned in this specification are indicative
of the levels of those 20 skilled in the art to which the invention

pertains. Al patentsaaggspehl £6Ald@REn Bt MBI Fad LOIREral ed - irgfer ence
to the sane extent as if each individual

comprising:

(a) a patient 3-D mapping means (11);

(b) a treatment table (12);

{(c) a radiation source beam assembly (13) including

10 a radiation source beam unit (24) rotatable abocut said
treatment table (12);
(d) radiation shielding;

(e) a radiaticn beam catcher (27); and

(£) a command and control center (14) .

th

15. The system for administering radiation tc a patient o
claim 14 for wherein said radiation shielding comprises a
rotating collimator (18) which provides for the selection of a
treatment zone of varying resulting diameters.
20
atient ci

5. The S/stem for administering radiation ¢ 2

porj

[

'

claim 14 furuner comDrlslng an in-treatmentrocm contrcl means

(20) .

25 17. The system for administering radiation to a
patient of claim 14, wherein said patient 3-D mapping

means is (11) a CT scanner.

18. The system for administering radiation to a
30 patient of clalm 14, wherein said patient 3-D mapping

means {(11) is an MRI unit.

T ,h.\e,chn,‘s._t Bome
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publ Lﬁﬂ’"ﬁm ically and individually indicated to be incorporated
by r ﬂm led in the art will 25 readily appreciate that the
‘pr esent i‘nvént Fons i s+ wel | adapted to carry out the objects and obtain-the

ends and advantages nentioned, as well as fhose inherent therein. The
met hods, procedures, treatnments, and apparatus descri bed herein are

presently represegt ati,ue o ggtgﬁ\efcg}%rggwﬁ,g gg@gghgﬁpg&ag{ nexgnplary and are

not intended as [imtatio scope of invention. Changes

therei n andpathentus€s cdibih QQCUWhéﬁeih0§§1@kréﬁegti@ntﬁ@i$ phdEhuaie ig
encorrpassed within the spirit of the invention as defined by the scope of
the cl ai ms. said- radigtion AopzdeaPbeen soOuFcé2peanfunizif24) conprising a

plurality of radiation sources

5 20. The system for administering racdiation to a
patient of claim 14, wherein said radiation beam catcher

is said radiation beam catcher (27) of claim 4.

21. The system for administering radiation to a
10 patient of claim 14, wherein said treatment table (12) has a
dose reduction/scatter coefficient for table attenuatiocn less

than 1.5%.

22. The system fér administering radiation to a patient of
15 claim 14 wherein the radiation source beam assembly (13)
further comprises:
i) a radiation source support;
ii} a radiation source moveable along said source

support; and

A8
(@]

1ii) a radiation source shielding.
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" characterized in that the plurality of radiation sources_is non-radially

arrayed, radiation beans (23) enitted fromsaid source5|wmmnqu

~at a first position in space and maxi mally intersect at

se

in space, said first position in space being |nterned|atv bel

radi ation sources and said second position in space, and a rotating

y;}
é,@B

”§¢ T

collimator (18) having multiple openings each consisting of one beanport
(48) for each radioactive source (24)_prOV|des for the selection of a

treatment zone of varying resultlng 0

radi ati on source (24) 2. The fadiati on source beam unit\of claim1l1, wherein

said plurality of radiation gources nunber seven and sai\d non-

FIG. 6

This Sheet Has Been Rep

T

13 he selection is
for one desired
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radially arrayed sources are |linearly arrayed 3. The radiation source beam
unit of claim 2, - ..“TQJ%R osition in space is |ocated 40
centineters from aﬁ@@ mﬂﬁﬁi' -t | oprf f said radiat IREPENGEMENTSS&ﬂ_ T
second position inispace is I% @ 6 t®nrtimeters froma central- pes4t|on
of said radigtion $olrc@&. JUll ZWéA falli ali on beam catcher (27)

side walls bqt fom def i nin ajc vity wherein the size ofL@ﬁ "m u,,ﬂ”m
defined in part by TTTple of thepw gth of the w dest radi

beam to be caught syph t hat..scatt.ee-&adi ati on from said source beamis

captured by sal d bearh cadifadrion soRrbe Hedheunbli 634 )orcumyrhedaisciter of

claim4, wh . 0 as to match the kadi ati on beam
WL Y uRenh HOfREeR A

profile and? beam of a radi ati on source beam

characterized in that

the plurality of radiation sources is non-radially
arrayed, '

radiation beams (23) emitted from said sources initially
intersect at a first position in space and maximally intersect
at a second position in space, said first position in . space
being intermediate between said radiation sources and said
second positiqn in space, and )

a rotating collimator (18) having multiple openings

each consisting of one beamport (48) for each radioactive

source (24) provides for the selection of a treatment zone of
varying resulting diameters, wherein the gelection is carried

out by rotating the collimator (18) such that for one desired

treatment zone one of the openings is brought into the fon"

position thereby anligning one respective beamport (48) with
one regpective radiation source {(24) ' '

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

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

4, A radiation beam éatcﬁer'(27) comprising side walls
-and a bottom defining a cavity wherein the size of the cavity
is defined in-part by a multiple of the width of the widest

radiation source beam to be caught such that scatter radiation
from said source beam is captured by said beam catcher.



unit (24). 6. The radiation beam catcher of claim4, wherein said bottom of
sai d radi ati on beam catcher (27) fornms an inverted % am d and wherein the

m ni nrum poi nt of said inverted pyram d corresponds P ' n
opening or said cavity. 10 7. The radi ati on beam catcherLcAg)EcmmgHgazr
conprising a plurality of pyramds irregularly spaced on said inverted
pyram dal bottom 15 8. The radi ati on beam catcher of claim 4,
wherein said nultiple of said radiation source beamat its widest width is

1,75. 9. The radiati on beam catcher of claif 6 wherein 20 the walls
form ng said inverted pyram d taper at an angle of 2Q to 45 degrees. 10.

11
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0
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11. The radiation beam catcher of claim8, wherein said pyramds are 1.3 _cm

fi gh. 30 12. The radi ati on beam catcher of claim4 fur [ EET
conprising tungsten elenents affixed to the top of REW@%@m‘Xl%\éthe
cavity of said radiation beam catcher (27). 3 13'*The radi ati on beam

.catcher of claim4 wherein the radiati on beam catcher (27) captures
preferably greater than 90% of the primary and scatter or penunbral

radi ation. 5 14. A systemfor administering radiation to a patient
conprising: (a) a patient 3-D mapping me&nd (11); (b) a treatnent table
(12); (c) a radiation source beam assenbly (13) including 10 a radiation
source beamunit (24) rotatable about said -

24 24 \ 4-—‘%\‘ —M&'——%Z"]ﬁ |
N\&' \‘ ?‘\\23\! -/}?“23 / 23\%

FIG. 2
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treatnent table (12); (d) radiation shielding; (e) a radiation beam
catcher (27); and (f) a command and control center (14). 15 15. The system
for administering radiation to a patient of clainlQQF¥B¥ﬁ&QEﬂﬁEﬂﬂ§éSHﬁEET'
radi ati on shielding conprises a rotating collimator 8 I ch provides for
the selection of a treatnment zone of varying resulting dianmeters. 20 16.
The systemfor admnistering radiation to a patient of claim14 further
conprising an in-treatnmentroom control neang/¢ 20). 25 17. The system
for adm nistering radiation to a patient of claim 14, wherein said patient
3-D mapping neans is (11) a CT scanner. 18. The system for adm nistering
radiation to a 30 patient of claim 14, wherein said patient 3-D mapping

b

B
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means (11) is an MRl unit. 4 19. The systemfor admnistering radiation
to a patient of claim14, wherein said radiation source beanlunrt is said
radi ati on source beamunit (24) of claim1. 5 MEMHE‘ET
adm nistering radiation to a patient of claim 14, mherern sal

beam catcher is said radiation beam catcher (27) of claim4. 21. The system
for admnistering radiation to a 10 patient of claim 14, wherein said
treatment table (12) has a dose reduction/ g ? gtter coefficient for table
attenuation |less than 1.5% 22. The systemfor adm nistering radiation to a
patient of 15 claim 14 wherein the radiation source beam assenbly (13)
further conpri ses:

FIG. 4

- SUBSTITUTE SHEET (RULE 26) -

e R

REPLACEMENT STy
26 JUN 205 |

o



i) a radiaton source support; ii)'a radi ati on source noveabl e al ong said

source support; and 20 iii) a radiation source shielding.
R_EP-LACEMENT SHEET
5/6
14A 148
§ (
OPERATOR
FERAR CONTROL
CONSOLE
| 1
gl m glg CT/NMRI UNIT
= =
s [ EiB
STATUS STATUS
' MULTI-FUNCTION '
CONTROL COMPUTER PROCESSOR STATUS
' z21!
f — )
—| GAMMA UNIT wl= SAFETY
18~ COLLIMATOR 2|E 2|2 INTERLOCKS
=iz =Zzl=
|3 8i8
[Ze}
S =
13 ~§ GAMMA UNIT = \ -
. ROTATION J 5 TAPE DRIVZ
24
\

TREATMENT TABLE
X. Y. Z MOVEMENT
ROTATION 4

FIG. 5

26 JUN 2000

SUBSTITUTE SHEET (RULE 26)




REPLACEMENT SHEET

6/6

13

46

Gi—z:t |

FIG. 6 " -

/ N L —13

X




PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intemational Bureau
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Publication Number: WO 97!3;641
AGIN 510 Al (43) International Publication Date: 2 Octobg 1997 (02.10.97)
v v
{(21) International Application Number: PCT/US96/04055 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,

(22) International Filing Date: 26 March 1996 (26.03.96)

(71)(72) Applicants and Inventors: SHEPHERD, Jom S.
[US/US}); 2004 Le Droit
(US). RAND, Robert, W, [US/USL 521 N. Bristol, Los

Angeles, CA 90049 (US). v

(74) Agents: SOKOL, Brent, D. et al; Lyon & Lyon, First
Interstate World Center, 47th floor, 633 West Fifth Street,
Los Angeles, CA 90071-2066 (US).

ive, South Pasadena, CA 9103Q,1

CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS,
JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
SE,§B)SL, 8K, TJ, TM, TR, TT, UA, UG, UZ, VN, ARIPO
patent (KE, LS, MW, SD, SZ, UG), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
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(57) Abstract

A radiosurgery and radiotherapy system to provide diagnostic imaging and target localization via a patient 3-D mapping means
such as a CT scanner or MRI, patient positioning via a four degree of freedom of motion table, and a stereotactic Cobalt 60 therapy
unit incorporating multiple sources to therapeutically irradiate a target is provided. Methods of radiosurgery and radiotherapy utilizing
the system are also provided. A combination of radiation source configuration, 360 degree rotational characteristics of the therapy unit,
and table movement will allow any size and shape of target to be irradiated to therapeutic levels while decreasing radiation exposure to
surrounding healthy tissue. A radiation beam catcher which captures greater than 80 % and preferably greater than 90 % of the radiation

from the radiation sources is also provided.
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