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IMAGE DEFORMATION METHODS AND CURVED COUCH FOR RADIOTHERAPY
TREATMENT PLANNING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No.
62/743,953, filed October 10, 2018, the contents of which are entirely incorporated by

reference herein.

FIELD OF THE INVENTION

[0002] The present disclosure is related to processes for deforming

diagnostic images based on the radiotherapy equipment to be used and any desired

patient positioning for radiotherapy treatment.

BACKGROUND OF THE INVENTION

[0003] Since the earliest days of radiotherapy machines, radiotherapy
couches (tabletops) have been flat. The couches may be flat to position a patient for a
radiotherapy treatment, as a patient often needs to be moved and moving a patient on a
flat couch is easy and controllable. It is worth noting that if the whole couch top is
moved to reposition the patient, the flat shape of the couch is then less important.
However, since so many of the treatments in early days of radiotherapy relied on some
form of patient repositioning on the couch, rather than moving of the couch, it was likely
necessary to have flat couch tops. Radiotherapy techniques in the early days also
relied on simple beam arrangements with many treatments having only one to four
beams and generally involving radiation beams of lower energies. Radiation beams
traversing the couch are less attenuated if a “tennis racquet” like feature is employed
within the treatment couch and many of the older treatment machines had such feature.
With a tennis racquet insert, a radiation beam is mainly passing through air and beams
entering the patient through the tennis racquet part of the couch would be less
attenuated and would deliver less radiation to the patient’s skin as well. Imbedding a
tennis racquet into a couch is really only practical if the couch is flat. Through the years,

radiotherapy techniques evolved to include many more beams and this was especially
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accelerated with intensity modulated radiation therapy (IMRT) where typically seven or
more radiation beams are involved and very commonly an arc based delivery is used.
Over time, higher beam energies were also adopted and attenuation in the couch
became less important. Another development was introduction of carbon fiber based
couches where radiation traversing such couch is much less attenuated than couches
made of plastics and other composite materials. Other more radiolucent materials
similar to carbon fiber are available. With multi-beam delivery, higher beam energies,
and use of carbon fiber, couches evolved to not having the tennis racquet feature and
mainly being monolithic flat surfaces. Notches were imbedded in some couches which
allow precise registration\coupling with patient immobilization. These notches and
registration of patients to the treatment couch enable couches to be positioned in almost
the same position for each fraction of patient’s treatment. Precise couch positioning led
to automated couch positioning and electronic tracking of couch positions between
treatment fractions. Image guided radiation therapy (IGRT) further advanced to
automation of couch motions and robotic control of some couches. Despite these
advancements, the fundamental flat shape of the treatment couch has not changed. As
such, radiotherapy couches are completely flat today, regardless of other advances in
radiotherapy which could take advantage of non-flat couches.

[0004] Imaging in diagnostic radiology is typically performed on computed
tomography (CT), magnetic resonance imaging (MRI), positron emission tomography
(PET), and/or single photon emission computed tomography (SPECT) scanners, all
typically equipped with non-flat (curved) couch tops. These devices use non-flat couch
tops because curved couches are more compatible with their ring shape and non-flat
couches also increase the use of the available area of the imaging field of view (FOV).
Since the diagnostic images are acquired on couches with non-flat tops and
radiotherapy delivery is performed with flat couches, radiotherapy treatment planning
has historically required special treatment planning images acquired on patient imaging
devices equipped with flat couches. Such scanners are typically called radiotherapy
simulators and patients would undergo a radiotherapy simulation between diagnostic
imaging and the actual treatment delivery which inevitably always delays the treatment

and introduces additional medical procedures, costs, and risk to patients.
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[0005] Overall it is desirable to bypass the radiotherapy simulation and enable
a method where the number of steps between diagnosis and treatment are as few as
possible. Therefore, there is a need for systems and methods for synergizing the

diagnostic images and treatment planning for radiotherapy.

SUMMARY OF THE INVENTION

[0006] In an embodiment, diagnostic images are deformed\morphed based on
the consideration of treatment radiotherapy equipment with or without consideration for
desired patient positioning. In one embodiment, the deformation\morphing of images
can be based on the shape of the radiotherapy couch top. The deformed\morphed
images place patient diagnostic images in a position closer to the actual radiotherapy
treatment position to increase clinician’s confidence that a simulation scan can be
bypassed and patient can proceed directly to radiotherapy treatment based on
deformed\morphed diagnostic images and with treatment plans based on those images.
The treatment plans include calculation of radiation dose distributions on
deformed\morphed images as well as decisions\plans made by healthcare providers
(e.g. physicians) during patient treatment course. Such decisions\plans can be made in
tumor boards, multidisciplinary clinics, patient consultations, etc. The treatment plan
created based on deformed\morphed diagnostic images could be used as is on the first
day of treatment or could be modified (adapted) based on the images acquired in the
treatment room. Combining a decision to treat based on a plan created on
deformed\morphed diagnostic images and creating a brand new plan based on the
images acquired in the treatment room at the time of treatment is considered an
equivalent process. It is important to note that the deformation/morphing based on the
consideration of treatment radiotherapy equipment with or without consideration for
desired patient positioning creates images with changes in anatomy based on the
shape of the patient support structure. This is distinctly different from deforming a
patient image based on another image of the same patient. In an embodiment where
diagnostic images are deformed\morphed based on the consideration of treatment
radiotherapy equipment with or without consideration for desired patient positioning,

reference patient anatomy from another image does not exist and the images are
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deformed/morphed based on the shape of patient support on the radiotherapy
equipment, therefore creating a new set of images.

[0007] Provided herein is a streamlined radiotherapy process based on
deformed\morphed diagnostic images as illustrated in FIG. 1A. The proposed process is
not affected by variations in the imaging equipment (scanners and couch geometries)
and modalities (e.g. CT or MRI) and patient positioning as deformation\morphing can
account for changes in patient position as well. For example, the deformation\morphing
could be used to change position of patient’s extremities.

[0008] The method and system may enable treatment planning and treatment
decision during the initial consultation, tumor board, or during other decision points. The
method and system may enable more informed communication among multidisciplinary
physicians and with the patient. A successful implementation of such method and
system may increase the number of eligible patients receiving radiotherapy while
improving identification of ineligible patients at early stages of the treatment process.

[0009] The method and system may enable the treatment plan based on
deformation\morphing of images based on the geometry of the treatment machine to be
adapted on the first fraction of the patient’s treatment with modern planning and imaging
technique.

[0010] One embodiment includes a radiotherapy delivery system which
includes a volumetric imaging capability, a non-flat couch top, and a radiotherapy
treatment planning software capable of treatment planning and dose calculation with
volumetric images obtained on the delivery system. Such system would allow use of
treatment plans created with volumetric images based on the same or similar shape
couch top for guidance of treatment. Similar shape couch tops would have curvature
which does not change patient body position by more than a few centimeters.

[0011] Another embodiment includes a radiotherapy delivery system which
includes a volumetric imaging capability, a non-flat couch top, and a radiotherapy
treatment planning software capable of treatment planning and dose calculation with
volumetric images obtained on the system and a deformable image registration
capability. Such system would allow use of treatment plans created with volumetric

images based on the same shape couch top or a different shape couch top for guidance
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of treatment. The different shape couch tops could change patient body position by
more than a few centimeters. It is important to note that in such embodiments, the
deformable image registration means that one image is deformed to match the shape of
another image, which is different than deforming/morphing images based on couch
shape. In such embodiments, the images obtained on the treatment machine may be
deformed to match images obtained during diagnosis or patient cancer care planning.
Images obtained during diagnosis or patient cancer care planning may also be
deformed to match the images obtained on the treatment machine. Alternatively, the
patient anatomy contours based on images obtained on the treatment machine may be
deformed based on images obtained during diagnosis or patient cancer care planning.
Patient anatomy contours based on images obtained during diagnosis or patient cancer
care planning may also be deformed based on the images obtained on the treatment
machine. Yet another alternative is for radiation dose distributions created based on
images obtained on the treatment machine may be deformed based on images
obtained during diagnosis or patient cancer care planning. Radiation dose distributions
created based on images obtained during diagnosis or patient cancer care planning
may also be deformed based on the images obtained on the treatment machine.

[0012] Yet another embodiment includes a radiotherapy delivery system
which includes a volumetric imaging capability, a non-flat couch top, and a radiotherapy
treatment planning software capable of deformable image registration. Such system
would allow use of treatment plans created with volumetric images based on the same
shape couch top or a different shape couch top for guidance of treatment. The different
shape couch tops could change patient body position by more than a few centimeters.
It is important to note that in such embodiments, the deformable image registration
means that one image is deformed to match the shape of another image, which is
different than deforming/morphing images based on couch shape. In such
embodiments, the images obtained on the treatment machine may be deformed to
match images obtained during diagnosis or patient cancer care planning. Images
obtained during diagnosis or patient cancer care planning may also be deformed to
match the images obtained on the treatment machine. Alternatively, the patient

anatomy contours based on images obtained on the treatment machine may be
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deformed based on images obtained during diagnosis or patient cancer care planning.
Patient anatomy contours based on images obtained during diagnosis or patient cancer
care planning may also be deformed based on the images obtained on the treatment
machine. It is important to note that the treatment planning software may also be known
as control console software, image registration software, or by other names all
representing the same software which consumes images acquired on the treatment
system and processes them in order to provide instructions to the system on what

settings should be used for patient treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The description will be more fully understood with reference to the
following figures and data graphs, which are presented as variations of the disclosure
and should not be construed as a complete recitation of the scope of the disclosure,
wherein:

[0014] FIG. 1A shows a radiotherapy method based on morphed/deformed
diagnostic, staging, work-up, etc. images based on the physical properties (e.g.
curvature) of the treatment machine couch.

[00156] FIG. 1B shows the same radiotherapy method as in FIG. 1A but with
an addition of conventional radiotherapy simulation and treatment planning steps.

[0016] FIG. 2A is an original CT image.

[0017] FIG. 2B is the image from FIG. 2A deformed based on couch curvature.

[0018] FIG. 3A, 3B, and 3C show a radiotherapy treatment plan created on an
original CT image.

[0019] FIGS. 4A, 4B, and 4C show a radiotherapy treatment plan created on a
deformed/morphed CT images based on flat couch top.

[0020] FIG. 5 is comparison of dose volume histograms (DVHSs) for a plan
originally made on diagnostic image with curved ouch (from FIGS. 3A-3C) and a plan
adapted from the original plan on deformed/morphed CT image based on flat couch
(FIGS. 4A-4C).

[0021] FIG. 6 shows an outline of the same radiotherapy beam from the two
plans from FIGS. 4A-4C and 5A-5C. Difference (highlighted in green) in one of the
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treatment portals at the same gantry angle is insignificant.

[0022] FIG. 7 is a diagram showing the main components of a radiotherapy
system with a curved couch, in one embodiment.

[0023] FIG. 8 is a flowchart showing a portion of patient’s radiotherapy
planning process with a radiotherapy machine with a curved couch, according to one
embodiment.

[0024] FIG. 9 is a flowchart showing expanded steps of element 223 from FIG.

[0025] FIG. 10A shows a curved couch mounted on a radiotherapy delivery
system and a volunteer positioned on the couch in one embodiment.

[0026] FIG. 10B shows a curved couch mounted on a radiotherapy delivery
system and a volunteer positioned on the couch in one embodiment.

[0027] FIG. 11Ais a front view of a curved couch top with a flat insert.

[0028] FIG. 11B is a front view of a curved couch top with a flat overlay.

[0029] FIG. 11C is a front view of a curved couch top as an overlay on a flat
couch top.

[0030] FIG. 11D is a front view of a curved couch top directly mounted on a
couch base.

[0031] FIG. 12 is a diagram illustrating an example of a computing system

which may be used in implementing various embodiments of the present disclosure.

DETAILED DESCRIPTION

[0032] The disclosure may be understood by reference to the following
detailed description, taken in conjunction with the drawings as described below. It is
noted that, for purposes of illustrative clarity, certain elements in various drawings may
not be drawn to scale.

[0033] Reference to “one embodiment”, “an embodiment”, or “some
embodiments” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
disclosure. The appearances of the phrase “in one embodiment” in various places in the

specification are not necessarily all referring to the same embodiment, nor are separate
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or alternative embodiments mutually exclusive of other embodiments. Moreover, various
features are described which may be exhibited by some embodiments and not by others.

[0034] As used herein, the terms “deform”, “deformation”, “morph” refer to
adjusting an image based on the shape of the couch the patient was on when acquiring
the image. These terms do not include adjusting an image based on the shape of a
second image.

[0035] The terms used in this specification generally have their ordinary
meanings in the art, within the context of the disclosure, and in the specific context
where each term is used. Alternative language and synonyms may be used for any one
or more of the terms discussed herein, and no special significance should be placed
upon whether or not a term is elaborated or discussed herein. In some cases,
synonyms for certain terms are provided. A recital of one or more synonyms does not
exclude the use of other synonyms.

[0036] Provided herein are methods of radiotherapy treatment planning by
deforming images based on treatment couch shape. In various embodiments, a
radiotherapy treatment plan may include diagnostic images, deformed diagnostic
images, radiation dosage calculations, tumor boards, multidisciplinary clinics, patient
consultations, or combinations thereof. The treatment plans may include a calculation of
radiation dose distributions on deformed\morphed images as well as decisions\plans
made by healthcare providers (e.g. physicians) during patient treatment course. Such
decisions\plans can be made in tumor boards, multidisciplinary clinics, patient
consultations, etc. The treatment plan may be used to define the calculation of radiation
dose distributions on patient images. The calculation can be of doses that are to be
delivered or recreation of doses that have been delivered. However, the treatment plan
may also include other decisions by healthcare providers (e.g. physicians) on how to
manage the treatment and treatment details of a radiotherapy patient and may not
always require dose distributions. Healthcare providers (e.g. physicians) can make
decisions about patient treatments without dose distributions and based on images
alone. The treatment plan created based on deformed\morphed diagnostic images may
be used as is on the first day of treatment or may be modified (adapted) based on the

images acquired in the treatment room. Combining a decision to treat based on a plan
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created on deformed\morphed diagnostic images and creating a brand new plan based
on the images acquired in the treatment room at the time of treatment is considered an
equivalent process.

[0037] Modern image deformation/morphing techniques enable deformation of
images based on specific landmarks. In an embodiment, patient diagnostic images
used for diagnosis/staging/work up of a patient may be deformed based on the physical
properties (e.g. curvature) of a couch where subsequent medical procedures (e.g.
radiation therapy treatment) will be performed. In this embodiment, the radiotherapy
simulation could then be bypassed and patient images acquired outside radiation
therapy department could be used for treatment planning.

[0038] Further provided herein are radiotherapy delivery systems with non-flat
couch tops. In an embodiment, curved couches may be used with radiotherapy
machines. Over the past 20 to 30 years, radiotherapy has seen many developments
which would make use of curved couches with treatment delivery machines desirable.
Despite this, flat couches have remained standard on present radiotherapy machines.
Most radiotherapy linear accelerators today are equipped with cone beam computed
tomography (CBCT) capability. A curved couch would lend itself to increased clearance
for CBCT scanning and increased usable scan field of view (FOV). Even with linacs
coupled with MRI or PET, curved couches would be beneficial. Similarly, many
treatment techniques have arc based treatment capabilities (e.g. volumetric modulated
arc therapy (VMAT)) and curved couch would again offer increased clearance and
reduced likelihood of collision. The cradle shape of curved couches uses gravity to
position the patient in the center of the table and reduce inter-fractional variability in
patient positioning. Flat couches do not offer a natural reference on how patient should
be centered on the couch. Curved couches are also generally less wide than flat
couches and as such should offer increased clearance for conventional treatments and
would increase the ability to place a radiation beam closer to the patient when close
proximity between the machine and patient is needed (e.g. particle beam therapy).
Many modern radiotherapy systems are ring shape and curved couches increase the
usable space of the ring (gantry) opening, improve the usable space of the FOV, and

again lend themselves to arc based treatments. Another example where curved couch
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would be more advantageous is use of robotic couches. With robotic radiotherapy
couches, the couch is used to robotically reposition the patient from millimeters with
some models to meters with other models. In either case, the cradling shape of the
couch top would offer increased patient stability and positional safety compared to a flat
couch.

[0039] However, the adoption of non-flat couch tops in radiotherapy is not
universally needed and there are procedures which benefit from flat couch tops.
Therefore, in instances where a flat couch top is preferred, the diagnostic images may
be deformed to fit the flat couch top such that a separate radiotherapy simulation is not
needed. The system and methods provided herein address the use of couches of
various shapes in radiotherapy treatment planning and treatment, including the flat and
curved couch tops, while eliminating a radiotherapy simulation scan. For example, the
system and methods provided herein provision the use of diagnostic images with couch
tops of any shape for radiotherapy planning without the need for special radiotherapy
simulation imaging.

[0040] In an embodiment, the system and methods provided herein may
deform patient images obtained with a couch of one set of physical properties (e.qg.
curvature) based on the physical properties (e.g. curvature) of a couch where
subsequent medical procedures (e.g. radiation therapy treatment) will be performed.

[0041] In another embodiment, the system and methods provided herein
combine a curved radiotherapy couch, a volumetric imaging device, image deformation,

online radiotherapy planning, and radiotherapy delivery.

l. Image deformation based on treatment couch shape

[0042] A description of a method for radiotherapy treatment planning using
image deformation based on treatment couch shape, as illustrated in FIG. 1A, is first
disclosed herein. A discussion of a method for radiotherapy treatment planning with
the addition of conventional radiotherapy simulation and treatment planning steps as
illustrated in FIG. 1B will then follow. These variations shall be described herein as the
various embodiments are set forth.

[0043] The methods shown in FIGS. 1A and 1B are provided by way of

10
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example, as there are a variety of ways to carry out the method. Additionally, while the
example methods are illustrated with a particular order of blocks, those of ordinary skill
in the art will appreciate that FIGS. 1A and 1B and the blocks shown therein can be
executed in any order that accomplishes the technical advantages of the present
disclosure and can include fewer or more blocks than illustrated. Each block shown in
FIGS. 1A and 1B represents one or more processes, methods or subroutines, carried
out in the example method.

[0044] The disclosure now turns to FIG. 1A. Fig. 1A shows the radiotherapy
workflow in an embodiment. The method can begin at step 100. Step 100 represents
diagnostic images from workup studies or other images available for the patient. These
images do not have to be of the same modality and there is no practical limit on how
many data sets can be used in this step. Non-limiting examples of diagnostic images
include CT images, MR images, PET images, or any other diagnostic image. In step
101, diagnostic\workup images selected from step 100 are deformed based on the
geometric properties of couch shape of the treatment machine. In this step, patient
images acquired on an imaging system with a couch with one set of physical properties
(e.g. curvature) are morphed/deformed based on the physical properties (e.g. curvature)
of the treatment machine couch. FIG. 2A shows images acquired with a CT scanner
equipped with a flat table top and FIG. 2B shows this image deformed based on a
couch with a curved table top. There are many morphing/deformation methods known in
the art that can be used in step 101. In one embodiment, a biomechanical deformation
model can be used for this step. Here, to model the change of patient anatomy from a
couch with one set of physical properties (e.g. curvature) to a couch with another set of
physical properties (e.g. curvature), a patient image is divided into a number of small
voxels. The large deformation is accumulated on a number of much smaller
displacement along the normal of the couch tops with known boundary conditions such
as curvature of the couch top. Yet in another embodiment, Artificial Intelligence can be
used in step 101. Here, for any new patient, an algorithm, based on either deep
machine learning or similarity checks such as cross correlation, dice coefficient and
mutual information, finds a good match in the database in terms of anatomy, diagnosis

and tumor location. Subtle change between the diagnostic scan of the new patient and

11
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the diagnostic scan of the matched patient from the database are calculated through
deformable image registration. The simulated scan of the matched patient is used as
the primary image for the new patient while fine adjustment based on the subtle change
obtained on diagnostic images is also applied.

[0045] In step 102, images deformed in step 101 are used to create a
radiotherapy treatment plan. The radiotherapy plan can employ any radiation modality
and any method of radiation delivery. Non-limiting examples of radiation modalities
include photons, electrons, and protons. Non-limiting examples of radiation delivery
include fixed opened beams, intensity modulated radiation therapy, and arc based
delivery techniques. The shape of the couch should not have an impact on the quality of
radiotherapy treatment plans where it would preclude patient from treatment. In an
embodiment, diagnostic images can be first deformed and then a treatment plan
created. In another embodiment, a treatment plan can be first created and then the
diagnostic images and doses can be deformed. FIGS. 3A-3C show a treatment plan
created on anatomy with a flat couch top. FIGS. 4A-4C show a treatment plan created
anatomy deformed to a curved couch top. The DVH comparison in FIG. 5 shows
minimal differences between the two plans. FIG. 6 shows outlines of the same
radiotherapy beam from the two plans and the minimal changes in the shape of the
beam. FIGS. 3A-6 demonstrate that, if desired, steps 101 and 102 could be reversed. A
plan made using a diagnostic image with curved couch can be easily adapted to plan
acceptable for treatment with flat couch.

[0046] In step 103, the treatment plan created in step 102 is used between
the healthcare providers (e.g. physicians) and\or healthcare providers and the patient to
decide on the course of the therapy. The availability of a treatment plan at this stage in
the treatment planning process makes decision making more informed.

[0047] Once the treatment decision is reached, a patient can go directly to
treatment in step 106. Alternatively, patient could go through conventional radiotherapy
simulation and treatment planning process, as seen in FIG. 1B in steps 104 and 105,
respectively. The treatment plan created in step 102 can be used to inform and guide
treatment imaging in step 104 and treatment planning in step 105. The flow of steps

106 through 111 is an exemplary embodiment and any combination of these steps and

12
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omission of some steps can achieve patient treatment. It should be also noted that the
radiotherapy system used for patient treatment can be any external beam radiotherapy
system. The radiotherapy system and may include, but is not limited to a C-shape linear
accelerator, an O-shape linear accelerator, a proton machine, a machine with electron
beams, a MR-linac, or a linear accelerator with a separate computed tomography
scanner, etc. This non-exhaustive list of radiotherapy machines which can be used in
this part of patient treatment demonstrates that the present invention is compatible with
any external beam radiotherapy machine. In step 106, the patient is imaged and the
patient’s position and\or couch position are optionally adjusted to place the patient
closer to the desired treatment position. If the treatment delivery system is
accompanied with an ability to modify the treatment plan (adaptation) based on the
images acquired on the treatment machine, this may be accomplished through steps
107 and 108 if there is a need for plan modification. Otherwise, once the desired
patient position is achieved in step 106 and/or an adaptive plan is created, the patient
may be treated in step 109. Steps 107 and 108 are optional and can include on-line
adaption. Other embodiments may include processes where the treatment plan is
adjusted off-line prior to the patient’s next treatment. The treatment process in steps
106 through 109 may be repeated for as many times (fractions) as prescribed for the
patient treatment. The combination of steps 106 through 109 and which steps are
performed may depend on patient’s daily anatomy and other decisions but not all of the
steps would need to be performed for each fraction. In one embodiment, the method for
radiotherapy treatment planning may include the steps 101, 102, and 103 and
deforming patient images obtained with a couch of one set of physical properties (e.qg.
curvature) based on the physical properties (e.g. curvature) of a couch where
subsequent medical procedures (e.g. Radiation therapy treatment) will be performed.
[0048] FIG. 12 is a block diagram illustrating an example of a computing
device or computer system which may be used in implementing the embodiments
disclosed above. The computer system (system) includes one or more processors. The
processors may include one or more internal levels of cache (not shown) and a bus
controller or bus interface unit to direct interaction with the processor bus. The

processor bus, also known as the host bus or the front side bus, may be used to couple
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the processors with the system interface. The system interface may be connected to the
processor bus or to interface other components of the system with the processor bus.
For example, the system interface may include a memory controller for interfacing a
main memory with the processor bus. The main memory typically includes one or more
memory cards and a control circuit (not shown). The system interface may also include
an input/output (I/0O) interface to interface one or more I/O bridges or I/0 devices with
the processor bus. One or more I/O controllers and/or I/O devices may be connected
with the 1/0 bus, such as the 1/0O controller and I/O device as illustrated.

[0049] The I/O device may also include an input device (not shown), such as
an alphanumeric input device, including alphanumeric and other keys for
communicating information and/or command selections to the processors. Another type
of user input device includes cursor control, such as a mouse, a trackball, or cursor
direction keys for communicating direction information and command selections to the
processors and for controlling cursor movement on the display device.

[0050] The system may include a dynamic storage device, referred to as main
memory, or a random access memory (RAM) or other computer-readable devices
coupled to the processor bus for storing information and instructions to be executed by
the processors. Main memory also may be used for storing temporary variables or other
intermediate information during execution of instructions by the processors. The system
may include a read only memory (ROM) and/or other static storage device coupled to
the processor bus for storing static information and instructions for the processors. The
system set forth in FIG. 12 is but one possible example of a computer system that may
employ or be configured in accordance with aspects of the present disclosure.

[0051] According to one embodiment, the above techniques may be
performed by the computer system in response to the processor executing one or more
sequences of one or more instructions contained in main memory. These instructions
may be read into main memory from another machine-readable medium, such as a
storage device. Execution of the sequences of instructions contained in main memory
may cause processors to perform the process steps described herein. In alternative
embodiments, circuitry, such as application specific integrated circuits (ASICs), may be

used in place of or in combination with the software instructions. Thus, embodiments of
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the present disclosure may include both hardware and software components.

[0052] A machine readable medium includes any mechanism for storing or
transmitting information in a form (e.g., software, processing application) readable by a
machine (e.g., a computer). Such media may take the form of, but is not limited to, non-
volatile media and volatile media. Non-volatile media includes optical or magnetic disks.
Volatile media includes dynamic memory, such as main memory. Common forms of
machine-readable medium may include, but is not limited to, magnetic storage medium
(e.g., floppy diskette); optical storage medium (e.g., CD-ROM); magneto-optical storage
medium; read only memory (ROM); random access memory (RAM); erasable
programmable memory (e.g., EPROM and EEPROM); flash memory; or other types of

medium suitable for storing electronic instructions.

Il. Non-flat table tops in radiotherapy systems

[0063] FIG. 7 shows components of a radiotherapy delivery system 210 in
one embodiment. The radiotherapy delivery system 210 may include a non-flat couch
top 200, an imaging component 202, a processor with a treatment planning software
component 204, and a therapeutic treatment beam delivery component 205. In this
embodiment, a couch with a non-flat top 200 supports a radiotherapy patient 201, the
imaging component 202 acquires volumetric images 203 of the patient 201, the
treatment planning software 204 uses volumetric images 203 to create a treatment plan
for instructions for delivery of the therapeutic treatment beam 205. The imaging
component 202 can be any imaging modality which generates volumetric images of a
patient. A non-exhaustive list of examples includes kV and/or MV computed
tomography imaging, magnetic resonance imaging, ultrasound imaging, multi-angle
planar x-ray imaging, optical surface imaging, mm-wave imaging, positron emission
computed tomography imaging, etc. The treatment planning software 204 component
can be integrated with the radiotherapy delivery system 210 or can be a standalone
system which can use volumetric images 203 to create a treatment plan for instructions
for delivery of the therapeutic treatment beam 205. When integrated with the
radiotherapy device, the treatment planning software 204 component can be an integral

part of the control software of the system or a peripheral module enabled through
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manufacturer provided connection or through an interface for third party software. One
example of such interface would be Application Programming Interface (API). The
treatment planning software 204 is capable of calculating radiation dose distributions
delivered to the patient 201. The treatment planning software 204 can be capable of
deformable image registration where images of the patient 201 acquired at some earlier
point in time can be registered with volumetric images 203 to determine relative
positioning of the non-flat couch top 200 and the therapeutic treatment beam 205. The
deformed images do not all need to be of the same modality (CT, MR, PET, etc.) and
the treatment planning software can support use and deformation of multimodality
images as necessary and/or as available. The treatment planning software 204 can be
capable of both, calculating radiation dose distributions delivered to the patient 201 and
of deformable image registration where images of the patient 201 acquired at some
earlier point in time can be registered with volumetric images 203 to determine relative
positioning of the non-flat couch top 200 and the therapeutic treatment beam 205.
[0064] FIG. 8 shows a method of treatment with the embodiment of the
radiotherapy delivery system shown in FIG. 7. In this process, patient volumetric
images acquired for diagnosis or staging of diseases 220 or radiotherapy simulation
images 220 are used in radiotherapy planning process 221 to create a radiotherapy
treatment plan 222 for radiotherapy treatment delivery 223 with the radiotherapy
delivery system 210 shown in FIG. 7. The radiotherapy planning process includes
potentially all steps involved in management of radiotherapy patient, including tumor
boards, patient consultation, decisions to treat, selection of therapy options, creation of
radiotherapy beam information for use on the treatment machine, etc. The software
used in the radiotherapy planning process 221 can be the same treatment planning
software 204 as shown in FIG. 7 or completely different software capable of generating
a treatment plan with instructions for use with the radiotherapy delivery system 210.
The software can also be a collection of different software packages, all used for
processing of patient information in preparation for treatment. In such case, these
different software packages can still be considered together as treatment planning
software 204. The software alternatively can include features to assist healthcare

providers, like physicians, in selecting options for patient treatment and management.

16



WO 2020/077142 PCT/US2019/055709

The present invention, as illustrated in this embodiment, enables the treatment delivery
system 210 to consume images and treatment plans from any combination of volumetric
imaging devices and treatment planning systems. This enablement is provided through
use of a curved couch which should minimize the difference in patient positioning
between the planning scan and treatment position and combination of the couch top
with therapeutic treatment beam, volumetric imaging, and treatment planning software.
Similarly, it should be noted that steps 220, 221, and 222 are optional and that patient’s
condition can be evaluated directly with volumetric images 203 obtained with the
treatment system and treatment planning software 204 can prepare a treatment plan for
delivery with the therapeutic treatment beam 205.

[0065] FIG. 9 shows a more detail description of the step 223 from FIG. 8. In
step 230, patient information available from diagnosis and staging and treatment
planning, including prior patient images and corresponding radiotherapy treatment plans
are imported for use with the radiotherapy delivery system 210. The radiotherapy
treatment plan information can range from information describing the intent to treat and
potentially a treatment prescription to a full set of machine settings for radiation delivery.
It is worth noting that radiotherapy machines equipped with radiotherapy dose
calculation capabilities require as little information as components of patient personal
information to full radiotherapy treatment information available through Digital Imaging
and Communications in Medicine (DICOM) radiotherapy standards (DICOM-RT). Some
radiotherapy systems use proprietary radiotherapy plan and delivery information formats.
For the purposes of present information, use of data compliant with DICOM-RT
standard or data in proprietary formats does not make a difference and in certain
situations use of data in proprietary formats can improve efficiency and capabilities of
the radiotherapy delivery system 210. In step 231, patient 201 is placed on treatment
table 200 in a position for treatment. The position for treatment can be the same as was
used for prior patient imaging during diagnostic or radiotherapy simulation imaging or
can be a new position more conducive to patient treatment. Similarly, patient
positioning can be aided with immobilization devices like body molds, face masks,
breast boards, belly boards, wing boards, etc. As the radiotherapy delivery system 210

contains imaging 202 and planning capabilities 204, the system can accommodate
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changes in patient positioning and/or use of different immobilization devices. In step
232, volumetric imaging system 202 is used to optionally acquire images of patient 201
for purposes of patient positioning and/or creating a radiotherapy treatment plan. In
step 233, patient images 203 can be used to create a new treatment plan based on
patient’s anatomy of the day, adapt an existing treatment plan to the anatomy of the day,
select from a library of available treatment plans, perform deformable image registration,
determine patient and/or treatment table position for treatment, and/or make other
decisions about patient treatment. Radiotherapy treatment planning is a diverse and
complex process and the examples provided above are a non-exhaustive list of uses of
patient images 203 in the treatment planning and guidance step 233. The outcomes of
step 233 may require additional imaging and/or repositioning of patient 201 in step 234.
The additional imaging and/or repositioning of patient 201 in the step 234 may also be
due to any potential movement and/or changes in patient 201 anatomy during the
performance of step 233. In some cases, patient imaging in step 234 is performed as
an additional verification that patient has not moved or has not had significant changes
in anatomy which would require additional planning or patient positioning. Once an
acceptable patient position and treatment plan are obtained and\or verified in step 234,
treatment delivery is initiated in step 235. Alternatively, if unacceptable changes in
patient position and/or anatomy are seen during the step 234, the process can go back
to step 233 and the process in steps 233 and/or step 234 can be repeated as needed
until acceptable results are obtained to proceed to patient treatment step 235. The
purpose of using curved couch is to reduce the odds going back to step 233.

[00566] In an embodiment, the non-flat couch top is a curved couch top. FIGS.
10A and 10B show an example curved couch with 1/30 cm™ in curvature mounted on a
radiotherapy delivery system and a volunteer positioned on the couch. In an
embodiment, the curved couch top that can be used in radiotherapy may have a range
of curvature between 0 and 1/10 cm™.

[0057] It will be recognized by those skilled in the art that there are numerous
alternative paths to placing and\or attaching a non-flat couch top or a combination of a
flat couch top and a non-flat couch top to a radiotherapy delivery device in order to

enable method and system described in FIG. 7.
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[0058] In an embodiment, a flat insert or a flat overlay may be mounted to the
non-flat couch top, therefore enabling conversion from a radiotherapy machine with a
non-flat couch top to a machine with a flat couch top. In an example, as seen in FIG.
11A, a radiotherapy delivery system with a non-flat couch top 302 may further include a
curved insert 303 shaped to fit within the curvature of the non-flat couch top 302 to
provide a flat surface on top of the insert 303. In another example, as seen in FIG. 11B,
a radiotherapy delivery system with a non-flat couch top 302 may further include a flat
overlay 305 with a width larger than the diameter of the curvature of the non-flat couch
top 302 to provide a flat surface on top of the insert 303. In these embodiments, the flat
couch top may be indexable.

[0059] In an embodiment, the non-flat couch top 302 is overlayed on top of a
flat couch 310, as seen in FIGS. 10A-10B and 11C. The flat couch top 310 may remain
attached to the base 308 infrastructure through supporting bars 304 and a curved couch
overlay 306 may rest on the surface of the flat couch top 310 and cradle the non-flat
couch top 302. The non-flat couch top may be optionally indexed on a flat couch top.
This embodiment allows conversion of a conventional flat couch top to a non-flat couch
top.

[0060] In another embodiment, the non-flat couch top 302 is directly mounted
to the base 308 infrastructure of the flat couch, without the flat couch top, as seen in
FIGS. 10C and 11D. Supporting bars 304 may be used to assist in mounting the non-
flat couch top 302 to the base 308. In this embodiment, the mounting of the couch
resembles closer to the mounting of couch as in conventional diagnostic imaging
devices (CT, MR, PET, SPECT, etc.).

[0061] In an embodiment, the non-flat couch is indexable. For example, the
non-flat couch may include notches, holes, or screws to index an immobilization device
on the couch. In an embodiment, the non-flat couch may have a width between about
20 cm and about 60 cm. The non-flat couch width may be optimized for each
radiotherapy delivery system.

[0062] In some embodiments, a curved couch top may aid in immobilization
and setup reproducibility. Without being limited to a particular theory, gravity helps with

positioning a patient in the middle of a curved couch and can help pull a patient back to
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the midline of the couch when the patient moves. Improved patient positioning can lead
to improved radiation dose distributions. In some embodiments, a curved couch may
bring patients closer to a circular center and minimize extensions available for collision.

[0063] Having described several variations, it will be recognized by those
skilled in the art that various modifications, alternative constructions, and equivalents
may be used without departing from the spirit of the invention. Additionally, a number of
well-known processes and elements have not been described in order to avoid
unnecessarily obscuring the present invention. Accordingly, the above description
should not be taken as limiting the scope of the invention.

[0064] Those skilled in the art will appreciate that the presently disclosed
variations teach by way of example and not by limitation. Therefore, the matter
contained in the above description or shown in the accompanying drawings should be
interpreted as illustrative and not in a limiting sense. The following claims are intended
to cover all generic and specific features described herein, as well as all statements of
the scope of the present method and system, which, as a matter of language, might be
said to fall therebetween.

[0065] Numerous examples are provided herein to enhance the understanding of
the present disclosure. A specific set of statements are provided as follows.

[0066] Statement 1: A method for radiotherapy treatment planning comprising:
identifying a diagnostic couch top shape of a diagnostic imaging modality; identifying a
radiotherapy couch top shape of a radiotherapy system; and deforming at least one
diagnostic image of a patient acquired from the diagnostic imaging modality based on
the radiotherapy couch top shape.

[0067] Statement 2: The method of Statement 1 further comprising: creating a
treatment plan for the patient based on the at least one deformed diagnostic image; and
bypassing a radiotherapy simulation scan.

[0068] Statement 3: The method of Statement 1, wherein deforming the at
least one diagnostic image comprises using a biomechanical deformation model.

[0069] Statement 4: The method of Statement 1, wherein deforming the at
least diagnostic image comprises using artificial intelligence.

[0070] Statement 5: The method of Statement 1, wherein the at least one
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deformed diagnostic image is close to the actual radiotherapy treatment position.

[0071] Statement 6: The method of Statement 1, wherein the treatment plan
comprises a calculation of a radiation dose distribution on the at least one deformed
diagnostic image.

[0072] Statement 7: The method of Statement 1, wherein the treatment plan
comprises a physician decision plan made in tumor boards, multidisciplinary clinics,
patient consultations, or combinations thereof.

[0073] Statement 8: The method of Statement 1, wherein the treatment plan
created based on the at least one deformed diagnostic image is used as is on the first
day of treatment.

[0074] Statement 9: The method of Statement 1, wherein the treatment plan
created based on the at least one deformed diagnostic image is modified based on an
image acquired in a radiotherapy treatment room.

[0075] Statement 10: The method of Statement 1, wherein the deforming of
the at least one diagnostic image is also based on changes to the patient’s position.

[0076] Statement 11: The method of Statement 1, wherein the diagnostic
imaging modality is selected from the group consisting of CT, MRI, PET, and
combinations thereof.

[0077] Statement 12: The method of Statement 1, wherein the treatment plan
based on the at least one deformed diagnostic image based on the geometry of the
treatment machine is adapted at a time of the patient’s treatment.

[0078] Statement 13: At least one non-transitory computer readable medium
storing instructions which when executed by at least one processor, cause the at least
one processor to: identify a diagnostic couch top shape of a diagnostic imaging modality;
identify a radiotherapy couch top shape of a radiotherapy system; and deform at least
one image of a patient acquired from the diagnostic imaging modality based on the
radiotherapy couch top shape.

[0079] Statement 14: The at least one non-transitory computer readable
medium of Statement 13, wherein the instructions which when executed by at least one
processor, cause the at least one processor to further: create a treatment plan for the

patient based on the at least one deformed diagnostic image; and bypass a
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radiotherapy simulation scan.

[0080] Statement 15: The at least one non-transitory computer readable
medium of Statement 13, wherein deforming the at least one diagnostic image
comprises using a biomechanical deformation model.

[0081] Statement 16: The at least one non-transitory computer readable
medium of Statement 13, wherein deforming the at least diagnostic image comprises
using artificial intelligence.

[0082] Statement 17: The at least one non-transitory computer readable
medium of claim 14, wherein the treatment plan comprises a calculation of a radiation
dose distribution on the at least one deformed diagnostic image.

[0083] Statement 18: A radiotherapy delivery system comprising: a volumetric
imaging system for acquiring volumetric images of a patient; a non-flat couch top for
positioning the patient; and a processor operable to perform deformable image
registration.

[0084] Statement 19: The system of Statement 18, wherein the processor
further utilizes a treatment plan created with diagnostic images from a diagnostic
imaging modality.

[0085] Statement 20: The system of Statement 19, wherein the treatment plan
is created with diagnostic images from the imaging modality with a couch top that has a
similar shape as the non-flat couch top.

[0086] Statement 21: The system of Statement 20, wherein the patient’s body
position does not change by more than 5 cm between the imaging modality couch top
and the non-flat couch top.

[0087] Statement 22: The system of Statement 19, wherein the treatment plan
is created with diagnostic images from the imaging modality with a couch top that has a
different shape than the non-flat couch top.

[0088] Statement 23: The system of Statement 22, wherein the patient’s body
position changes position by more than 5 cm.

[0089] Statement 24: The system of Statement 19, wherein the treatment plan
does not utilize a radiotherapy simulation scan.

[0090] Statement 25: The system of Statement 18, wherein the non-flat couch
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top is curved.

[0091] Statement 26: A radiotherapy delivery system comprising: a volumetric
imaging system for acquiring volumetric images of a patient; a non-flat couch top for
positioning the patient; and a processor operable to utilize a treatment plan and
determining a radiation dosage with the volumetric images obtained on the delivery
system.

[0092] Statement 27: The system of Statement 26, wherein the non-flat couch
top is curved.

[0093] Statement 28: The system of Statement 26, wherein the processor
further utilizes a treatment plan created with images from a diagnostic imaging modality.

[0094] Statement 29: The system of Statement 28, wherein the processor
utilizes a treatment plan created with deformed images from an imaging modality with a
couch top that has a similar shape as the non-flat couch top.

[0095] Statement 30: The system of Statement 28, wherein the patient’s body
position is deformed from the imaging modality couch top to the non-flat couch top.

[0096] Statement 31: The system of Statement 26, wherein the processor is
further operable to deform at least one of the volumetric images of the patient based on
the non-flat couch top shape.

[0097] Statement 32: The system of Statement 30, wherein the treatment plan
is created with images from the imaging modality with a couch top that has a different
shape than the non-flat couch top.

[0098] Statement 33: The system of Statement 32, wherein the patient’s body
position changes position by more than 5 cm.

[0099] Statement 34: The system of Statement 26, wherein the treatment plan
does not utilize a radiotherapy simulation scan.

[00100] Statement 35: The system of Statement 26 further comprising a flat
couch top operable to be inserted or overlaid over the non-flat couch top.

[00101] Statement 36: A method of treating a patient with radiation therapy
comprising: acquiring volumetric images of a patient using a volumetric imaging system;
positioning the patient on a non-flat couch top of a radiotherapy delivery system; and

creating a radiotherapy treatment plan determining a radiation dosage for the patient
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with the volumetric images.

[00102] Statement 37: The method of Statement 36, wherein creating the
radiotherapy treatment plan further comprises using images from a diagnostic imaging
modality.

[00103] Statement 38: The method of Statement 36 further comprising
deforming at least one of the volumetric images of the patient based on the non-flat
couch top shape.

[00104] Statement 39: The method of Statement 36, wherein a flat couch top is

inserted or overlaid over the non-flat couch top.
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CLAIMS

1. A method for radiotherapy treatment planning comprising:
identifying a diagnostic couch top shape of a diagnostic imaging modality;
identifying a radiotherapy couch top shape of a radiotherapy system; and
deforming at least one diagnostic image of a patient acquired from the

diagnostic imaging modality based on the radiotherapy couch top shape.

2. The method of claim 1 further comprising:
creating a treatment plan for the patient based on the at least one deformed
diagnostic image; and

bypassing a radiotherapy simulation scan.

3. The method of claim 1, wherein deforming the at least one diagnostic image

comprises using a biomechanical deformation model.

4. The method of claim 1, wherein deforming the at least diagnostic image comprises

using artificial intelligence.

5. The method of claim 1, wherein the at least one deformed diagnostic image is close

to the actual radiotherapy treatment position.

6. The method of claim 1, wherein the treatment plan comprises a calculation of a

radiation dose distribution on the at least one deformed diagnostic image.

7. The method of claim 1, wherein the treatment plan comprises a physician decision
plan made in tumor boards, multidisciplinary clinics, patient consultations, or

combinations thereof.

8. The method of claim 1, wherein the treatment plan created based on the at least one

deformed diagnostic image is used as is on the first day of treatment.
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9. The method of claim 1, wherein the treatment plan created based on the at least one
deformed diagnostic image is modified based on an image acquired in a

radiotherapy treatment room.

10. The method of claim 1, wherein the deforming of the at least one diagnostic image is

also based on changes to the patient’s position.

11. The method of claim 1, wherein the diagnostic imaging modality is selected from the

group consisting of CT, MRI, PET, and combinations thereof.

12. The method of claim 1, wherein the treatment plan based on the at least one
deformed diagnostic image based on the geometry of the treatment machine is

adapted at a time of the patient’s treatment.

13. At least one non-transitory computer readable medium storing instructions which
when executed by at least one processor, cause the at least one processor to:
identify a diagnostic couch top shape of a diagnostic imaging modality;
identify a radiotherapy couch top shape of a radiotherapy system; and
deform at least one image of a patient acquired from the diagnostic imaging

modality based on the radiotherapy couch top shape.

14. The at least one non-transitory computer readable medium of claim 13, wherein the
instructions which when executed by at least one processor, cause the at least one
processor to further:

create a treatment plan for the patient based on the at least one deformed
diagnostic image; and

bypass a radiotherapy simulation scan.

15. The at least one non-transitory computer readable medium of claim 13, wherein
deforming the at least one diagnostic image comprises using a biomechanical

deformation model.

16. The at least one non-transitory computer readable medium of claim 13, wherein

deforming the at least diagnostic image comprises using artificial intelligence.
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17.The at least one non-transitory computer readable medium of claim 14, wherein the
treatment plan comprises a calculation of a radiation dose distribution on the at least

one deformed diagnostic image.

18. A radiotherapy delivery system comprising:
a volumetric imaging system for acquiring volumetric images of a patient;
a non-flat couch top for positioning the patient, and

a processor operable to perform deformable image registration.

19. The system of claim 18, wherein the processor further utilizes a treatment plan

created with diagnostic images from a diagnostic imaging modality.

20.The system of claim 19, wherein the treatment plan is created with diagnostic
images from the imaging modality with a couch top that has a similar shape as the

non-flat couch top.

21.The system of claim 20, wherein the patient’s body position does not change by

more than 5 cm between the imaging modality couch top and the non-flat couch top.

22.The system of claim 19, wherein the treatment plan is created with diagnostic
images from the imaging modality with a couch top that has a different shape than

the non-flat couch top.

23.The system of claim 22, wherein the patient’s body position changes position by

more than 5 cm.

24.The system of claim 19, wherein the treatment plan does not utilize a radiotherapy

simulation scan.

25.The system of claim 18, wherein the non-flat couch top is curved.

26. A radiotherapy delivery system comprising:

a volumetric imaging system for acquiring volumetric images of a patient;
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a non-flat couch top for positioning the patient, and
a processor operable to utilize a treatment plan and determining a radiation

dosage with the volumetric images obtained on the delivery system.

27.The system of claim 26, wherein the non-flat couch top is curved.

28.The system of claim 26, wherein the processor further utilizes a treatment plan

created with images from a diagnostic imaging modality.

29. The system of claim 28, wherein the processor utilizes a treatment plan created with
deformed images from an imaging modality with a couch top that has a similar

shape as the non-flat couch top.

30. The system of claim 28, wherein the patient’s body position is deformed from the

imaging modality couch top to the non-flat couch top.

31.The system of claim 26, wherein the processor is further operable to deform at least

one of the volumetric images of the patient based on the non-flat couch top shape.

32.The system of claim 30, wherein the treatment plan is created with images from the
imaging modality with a couch top that has a different shape than the non-flat couch

top.

33. The system of claim 32, wherein the patient’s body position changes position by

more than 5 cm.

34.The system of claim 26, wherein the treatment plan does not utilize a radiotherapy

simulation scan.

35. The system of claim 26 further comprising a flat couch top operable to be inserted or

overlaid over the non-flat couch top.
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36. A method of treating a patient with radiation therapy comprising:
acquiring volumetric images of a patient using a volumetric imaging system;
positioning the patient on a non-flat couch top of a radiotherapy delivery
system; and
creating a radiotherapy treatment plan determining a radiation dosage for the

patient with the volumetric images.
37.The method of claim 36, wherein creating the radiotherapy treatment plan further
comprises using images from a diagnostic imaging modality.

38. The method of claim 36 further comprising deforming at least one of the volumetric

images of the patient based on the non-flat couch top shape.

39. The method of claim 36, wherein a flat couch top is inserted or overlaid over the

non-flat couch top.

29



PCT/US2019/055709

WO 2020/077142
1/14

100

Diagnostic Images
(CTMR,.}

101

Deformation\
XN

morphing

\ 103

7

| |

J o)
» ‘

%
"y,

=

W

-

N

%,

4

7
“n,
Gy

102
Consultation

Treatment

iy
i)
5,

‘//////

R

w

Planning N

S

Yt

§ Treat?

106
\i Pre-treatinient Vs \\\\\\\\\\\%

% Imaging and
&; Localization

&

#
S
N \
N { 107
N R
T Yes Planning:
Adation? e . .
\ aption Online/Offline
\ 108
1 No
Treat ,'\
109

111
\} Completion of
Therapy

FIG. 1A



PCT/US2019/055709

WO 2020/077142
2/14
100
Diagnostic images
\ {CT,MR,.)
101 S ,
\ Deformation \\\\\\\\\\\\\
morphing §\ \\
N\ « Y
X N
102 P
Treatment Consultation  § \ °
FEBLTNL L s § p¥§\e§t
Planning \*\*\\\\\\\\\\\\
\ \
. 7\
104 \ y §TTBGE-§
&s _
Simulation s \\\\\\\\\\\
105 103
\ Treatment
Planning
106 ;
\\ Pre-treatment
Imaging and
§ LacalifatiunJ— 107
AN Yes ing:
Repeat for Adaption? PR P.iannmg.
All Fractions| . Online/Offline
e \108
110 No
Treat o
\109
111

Completion of
Therapy

FIG. 1B



WO 2020/077142 PCT/US2019/055709

3/14

FIG. 2A FIG. 2B



PCT/US2019/055709

WO 2020/077142

4/14

.3A

FIG

.3C

FIG



PCT/US2019/055709

WO 2020/077142

5/14

. 4A

FIG

.4B

FIG

. 4C

FIG



PCT/US2019/055709

WO 2020/077142

6/14

S 'Ol




WO 2020/077142 PCT/US2019/055709

714

%Curved Couch Plan
~=[|at Couch Plan

Leaf Position ( cm)

A0 w0 6o
Leaf Sequence

FIG. 6



WO 2020/077142 PCT/US2019/055709

8/14

205

' S,S// -

£,
e ¢ ] \
-,‘
0’ ® ‘

201
203

202

210

FIG. 7




WO 2020/077142 PCT/US2019/055709

9/14

Diagnostic
images and/or
radiotherapy
simulation
images

220

N
Radiotherapy
Planning

221

N
Radiotherapy
Treatment Plan

222

Radiotherapy
Treatment

A

223

FIG. 8



WO 2020/077142 PCT/US2019/055709

10/14

Import any prior
planning
information,
images, treatment
plans, and/or
patient information

230

y
Position patient for
treatment

231

Volumetric patient
image

232

N\
Treatment planning
and/or deformable
image registration

233

Re-image and/or
re-position the
patient

234

Deliver treatment
plan

R

235
FIG. 9



PCT/US2019/055709

WO 2020/077142

11/14

FIG. 10C



WO 2020/077142 PCT/US2019/055709

12/14

s,
“,
", 2,
%,

302

303

FIG. 11A

SRS RIS SRR S S S
SRS SR S SFF TP F
S S S & W e S W
S S 8 SISO A

\ N\
N g
302 N\\\\\Nm\\\\ %\\\\\%\\\

305

FIG. 11B



WO 2020/077142 PCT/US2019/055709

306

ey

T
S

S

302

N
\\\
N\
"
w\\\\\ )

FIG. 11D



¢T 'Ol

PCT/US2019/055709

WELEAS ML GNOT

HATHOHLNOD

SR Of

Y

S8 Ol

}

AR OA

ERLE BRI L ER AN

14/14

HAVIL LMD
AN

AT AUA MO

Sng

HIATIOE L WNOT

ARICWEN NIV |

WO 2020/077142

€ UOSSEOCH

RS

£ HOSSHO0N |

| HOSSI00N




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/055709

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AG1N 5/10; A61B 6/00; A61B 6/03; A61B 6/04
CPC -

(2020.01)

AB1N 5/1049; A61B 6/032; A61N 5/103; A61N 5/1065; A61N 5/1069 (2020.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 378/65; 378/206; 378/209; 382/131; 600/415; 600/427 (keyword delimited)

Electronic data base consulted during the intemational search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0019889 A1 (GERING et al) 27 January 2011 (27.01.2011) entire document 1,3,5-13,15
;- :2"4 14, 16, 17
Y US 2012/0043475 A1 (AHN) 23 February 2012 (23.02.2012) entire document 2,14,17
Y WO 2018/048507 A1 (HAN) 15 March 2018 (15.03.2018) entire document 4,16
A US 2006/0020195 A1 (FALCO et al) 26 January 2006 (26.01.2006) entire document 117
A US 2015/0360054 A1 (INFINITT HEALTHCARE CO LTD) 17 December 2015 (17.12.2015) 1-17

entire document
A US 2013/0289332 A1 (PURDIE et al) 31 October 2013 (31.10.2013) entire document 1-17
A (L,JS 2013/:)217948 A1 (RHODE ISLAND HOSPITAL) 22 August 2013 (22.08.2013) entire 1-17
ocumen

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E" earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

30 January 2020

Date of mailing of the international search report

1.1FEB 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2019/055709

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. L____I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

117

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2019/055709

Continued from Box No. lll Observations where unity of invention is lacking

This application contains the foliowing inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-17, drawn to a method for radiotherapy treatment planning comprising: identifying a diagnostic couch top shape of a
diagnostic imaging modality. .

Group Il, claims 18-39, drawn to a radiotherapy delivery system comprising: a volumetric imaging system for acquiring volumetric
images of a patient.

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
| invention: radiotherapy treatment planning comprising: identifying a diagnostic couch top shape of a diagnostic imaging modality;
identifying a radiotherapy couch top shape of a radiotherapy system; and deforming at least one diagnostic image of a patient acquired
from the diagnostic imaging modality based on the radiotherapy couch top shape as claimed therein is not present in the invention of
Group Il. The special technical feature of the Group Il invention: a radiotherapy delivery system comprising: a volumetric imaging system
for acquiring volumetric images of a patient; a non-flat couch top for positioning the patient; and a processor operable to perform
deformable image registration and to utilize a treatment plan and determining a radiation dosage with the volumetric images obtained on
the delivery system as claimed therein is not present in the invention of Group I.

Groups | and Il lack unity of invention because even though the inventions of these groups require the technical feature of a radiotherapy
treatment plan, this technical feature is not a special technical feature as it does not make a contribution over the prior art.

Specifically, US 2013/0217948 to Rhode Island Hospital teaches a radiotherapy treatment plan (para. [0006), [0075), [0076])).

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invention
is lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report

