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DEVICES, SYSTEMS, AND METHODS FOR VIRTUAL STAINING

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. provisional patent
application Ser. No. 61/656,930, entitled DEVICES, SYSTEMS, AND METHODS FOR
VIRTUAL STAINING, filed June 7, 2012, and U.S. provisional patent application Ser.
No. 61/612,925, entitled DEVICES, SYSTEMS, AND METHODS FOR VIRTUAL
STAINING, filed March 19, 2012, each of which are hereby incorporated by reference in

their entireties.

BACKGROUND

Field

[0002] Embodiments relate to the field of imaging biological tissue, and, in
particular, to methods, systems, and devices for virtually staining biological tissue for
enhanced visualization without actually staining and/or tagging the tissue.
Description

[0003] With the development of new technologies, various stains and tags can
be attached to biological tissues to enhance contrast of tissue components and thereby
improve visibility. Different stains and tags can be used to contrast tissues, cell
populations, or organelles within individual cells and to visualize different tissue
components depending on the need. However, once a biological tissue is stained with a
particular stain or tag to visualize one tissue component, the same tissue generally cannot
be stained again with another dye or tag to visualize another tissue component. As such,
visualizing another tissue component by use of another dye or tag generally requires using
a new tissue sample and increased costs.

SUMMARY

[0004] Advancements in technology make it possible to use hyperspectral
imaging to virtually stain biological tissue for enhanced visualization without actually
staining and/or tagging as described herein. Because the tissue sample is not actually
stained, tagged, or otherwise altered, a single tissue sample can be virtually stained with
various dyes, tags, and/or other transformations to allow enhanced visualization of as

many tissue components as desired. In addition, images of the same biological tissue
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virtually stained with different dyes, tags, or other transformations can be viewed side-by-
side for a more comprehensive analysis. Also, virtual staining can be performed in vivo
as well. In certain embodiments, it is also possible to use hyperspectral imaging to
provide detailed and objective analysis of a biological tissue sample as described herein.

[0005] In one embodiment, a computer-implemented method for virtually
staining a tissue sample comprises directing by an electromagnetic radiation source
electromagnetic radiation within a bandwidth range on a tissue sample to be virtually
stained, detecting by at least one detection device electromagnetic radiation reflected or
transmitted from the tissue sample, receiving electronically by a computing system the
detected electromagnetic radiation from the at least one detection device, identifying by
the computing system a waveform signature associated with each input pixel of an input
image of the tissue sample, wherein the input image is generated based on the detected
electromagnetic radiation, receiving by the computing system instructions to virtually
stain the tissue sample with at least one virtual stain, assigning by the computing system
one or more output pixels to each input pixel according to a virtual staining transform,
wherein the virtual staining transform comprises mapping data for a virtual stain, wherein
the mapping data is used to assign the output pixel based on the waveform signature
associated with the input pixel, and generating by the computing system an output image
of the tissue sample based on the output pixels, wherein the computing system comprises
a computer processor and an electronic storage medium. In some embodiments, the
computing system in the above computer-implemented method for virtually staining a
tissue sample can comprise one or more computer systems.

[0006] In the above computer-implemented method for virtually staining a
tissue sample, the virtually stained image can be substantially identical to an image of the
tissue sample when treated with an actual stain that corresponds to the virtual stain. In
certain embodiments, the actual stain is a dye configured to color certain portions of the
tissue sample. In other embodiments, the actual stain is a tag or probe. In other
embodiments, the tag or probe is at least one of a group comprising an antibody, an
aptamer, and a fluorescent protein. The above computer-implemented method for
virtually staining a tissue sample can be performed in vivo. The above computer-
implemented method for virtually staining a tissue sample can also be performed in vitro.
In the above computer-implemented method for virtually staining a tissue sample, the at

least one detection device can be at least one of a group comprising multi-spectrum

R
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detector, ultrasound detector, X-ray detector, MRI detector, CT, PET, and PET-CT. In
the above computer-implemented method for virtually staining a tissue sample, the
computing system can be connected to the electromagnetic radiation source and the at
least one detection device over a computer network. Further, in the above computer-
implemented method for virtually staining a tissue sample, the electromagnetic radiation
source can direct at least one of a group comprising multi-spectrum electromagnetic
radiation, X-ray spectrum, ultrasound spectrum, infrared spectrum, MRI spectrum, PET
spectrum, and CT spectrum. In some embodiments, the above computer-implemented
method for virtually staining a tissue sample further comprises using the determined
waveform associated with each pixel to classify a particular disease according to certain
criteria. In other embodiments, the certain criteria can comprise whether the particular
disease is of a class of diseases that are susceptible to a certain treatment.

[0007] In one embodiment, a computer-implemented method of developing a
virtual staining transform comprises directing by an electromagnetic radiation source
electromagnetic radiation within a bandwidth range on a tissue sample, detecting by at
least one detection device electromagnetic radiation reflected or transmitted from the
tissue sample, generating by a computing system a first image from the detected
electromagnetic radiation from the tissue sample, wherein the first image comprises a
plurality of pixels, identifying by the computing system a waveform associated with each
one of the plurality of pixels forming the first image, modifying the tissue sample,
directing by a light source visible light on the modified tissue sample, detecting by the at
least one detection device visible light reflected or transmitted from the modified tissue
sample, generating by the computing system a second image from the detected visible
light from the modified tissue sample, wherein the second image comprises a plurality of
pixels, identifying by the computing system a color composition of each one of the
plurality of pixels forming the second image, generating by the computing system a
virtual staining transform based on the identified waveform associated with each one of
the plurality of pixels forming the first image and the identified color composition of each
one of the plurality of pixels forming the second image, and storing in the computing
system the virtual staining transform, wherein the computing system comprises a
computer processor and an electronic storage medium.

[0008] The computer-implemented method of developing a virtual staining

transform can further comprise repeating the method for a plurality of tissue samples and
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combining by the computing system the color composition identified from the second
image that corresponds to identical or substantially identical first waveforms according to
a pre-stored algorithm. In the above computer-implemented method of developing a
virtual staining transform, the modifying can comprise staining the tissue sample with a
stain in some embodiments. In other embodiments, the modifying can comprise attaching
at least one tag to the tissue sample. In certain embodiments, the tag can be at least one of
a group comprising an antibody, an aptamer, and a fluorescent protein. In the above
computer-implemented method of developing a virtual staining transform, the at least one
detection device can be at least one of a group comprising multi-spectrum detector,
ultrasound detector, X-ray detector, MRI detector, CT, PET, and PET-CT. Also in the
above computer-implemented method of developing a virtual staining transform, the
electromagnetic radiation source can direct at least one of a group comprising multi-
spectrum electromagnetic radiation, X-ray spectrum, ultrasound spectrum, infrared
spectrum, MRI spectrum, PET spectrum, and CT spectrum. In the above computer-
implemented method of developing a virtual staining transform, the computing system
can comprise one or more computer systems. Durther, in the above computer-
implemented method of developing a virtual staining transform, the computing system
can be connected to the electromagnetic radiation source and the at least one detection
device over a computer network.

[0009] In one embodiment, a computer- readable, non-transitory storage
medium has a computer program stored thereon for causing a suitably programmed
computer system to process by one or more computer processors computer-program code
by performing a method when the computer program is executed on the suitably
programmed computer system, wherein the method comprises directing by an
electromagnetic radiation source electromagnetic radiation within a bandwidth range on a
tissue sample to be virtually stained, detecting by at least one detection device
electromagnetic radiation reflected or transmitted from the tissue sample, receiving
electronically by a computing system the detected electromagnetic radiation from the at
least one detection device, identifying by the computing system a waveform signature
associated with each input pixel of an input image of the tissue sample, wherein the input
image is generated based on the detected electromagnetic radiation, receiving by the
computing system instructions to virtually stain the tissue sample with at least one virtual

stain, assigning by the computing system one or more output pixels to each input pixel
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according to a virtual staining transform, wherein the virtual staining transform comprises
mapping data for a virtual stain, wherein the mapping data is used to assign the output
pixel based on the waveform signature associated with the input pixel, and generating by
the computing system an output image of the tissue sample based on the output pixels,
wherein the computing system comprises a computer processor and an electronic storage
medium.

[0010] In one embodiment, a computer- readable, non-transitory storage
medium has a computer program stored thereon for causing a suitably programmed
computer system to process by one or more computer processors computer-program code
by performing a method when the computer program is executed on the suitably
programmed computer system, wherein the method comprises directing by an
electromagnetic radiation source electromagnetic radiation within a bandwidth range on a
tissue sample, detecting by at least one detection device electromagnetic radiation
reflected or transmitted from the tissue sample, generating by a computing system a first
image from the detected electromagnetic radiation from the tissue sample, wherein the
first image comprises a plurality of pixels, identifying by the computing system a
waveform associated with each one of the plurality of pixels forming the first image,
modifying the tissue sample, directing by a light source visible light on the modified
tissue sample, detecting by the at least one detection device visible light reflected or
transmitted from the modified tissue sample, generating by the computing system a
second image from the detected visible light from the modified tissue sample, wherein the
second image comprises a plurality of pixels, identifying by the computing system a color
composition of each one of the plurality of pixels forming the second image, generating
by the computing system a virtual staining transform based on the identified waveform
associated with each one of the plurality of pixels forming the first image and the
identified color composition of each one of the plurality of pixels forming the second
image, and storing in the computing system the virtual staining transform, wherein the
computing system comprises a computer processor and an electronic storage medium.

[0011] In one embodiment, a system for virtually staining a tissue sample
comprises an electromagnetic radiation source configured to direct electromagnetic
radiation within a bandwidth on a tissue sample to be virtually stained, at least one
detection device configured to detect electromagnetic radiation reflected or transmitted

from the tissue sample, and a storage computer system comprising a computer processor
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configured to execute modules comprising at least, a data receiving module configured to
receive electronically the detected electromagnetic radiation from the at least one
detection device, a pixel analysis module configured to identify a waveform signature
associated with each input pixel of an input image of the tissue sample, wherein the input
image is generated based on the detected electromagnetic radiation, a user instructions
module configured to receive instructions to virtually stain the tissue sample with at least
one virtual stain, a virtual transform module configured to assign one or more output
pixels to each input pixel according to a virtual staining transform, wherein the virtual
staining transform comprises mapping data for a virtual stain, wherein the mapping data is
used to assign the output pixel based on the waveform signature associated with the input
pixel, and an image generation module configured to generate an output image of the
tissue sample based on the output pixels.

[0012] In one embodiment, a system for developing a virtual staining
transform comprises an electromagnetic radiation source configured to direct
electromagnetic radiation within a bandwidth range on a tissue sample, at least one
detection device configured to detect electromagnetic radiation reflected or transmitted
from the tissue sample, a light source configured to direct visible light on a modified
tissue sample, at least one detection device configured to detect visible reflected or
transmitted from the modified tissue sample, and a storage computer system comprising a
computer processor configured to execute modules comprising at least an initial image
generation module configured to generate a first image from the detected electromagnetic
radiation from the tissue sample, wherein the first image comprises a plurality of pixels,
an initial pixel analysis module configured to identify a waveform associated with each
one of the plurality of pixels forming the first image, a final image generation module
configured to generate a second image from the detected visible from the modified tissue
sample, wherein the second image comprises a plurality of pixels, a final pixel analysis
module configured to identify a color composition of each one of the plurality of pixels
forming the second image, a virtual staining transform generation module configured to
generate a virtual staining transform based on the identified waveform associated with
each one of the plurality of pixels forming the first image and the identified color
composition of each one of the plurality of pixels forming the second image, and a virtual

staining transform storage module configured to store the virtual staining transform.
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[0013] In one embodiment, a computer-implemented method for virtually
staining a tissue sample comprises obtaining by a computing system an electronic image
of the tissue sample, determining by the computing system a vector signature or
waveform signature associated with each pixel in the electronic image, generating by the
computing system an output pixel for each pixel in the electronic image based on
inputting the determined vector signature or waveform signature into a virtual staining
transform, and outputting by the computing system a virtually stained image of the tissue
sample based on the generated output pixels, wherein the computing system comprises a
computer processor and an electronic storage medium. In some embodiments, the
computing system in the above computer-implemented method for virtually staining a
tissue sample can comprise one or more computer systems.

[0014] In the above computer-implemented method for virtually staining a
tissue sample, the virtually stained image can be substantially identical to an image of the
tissue sample when stained with an actual stain. In some embodiments, the actual stain
can be a dye configured to color certain portions of the tissue sample. In other
embodiments, the actual stain can be a tag or probe. In certain embodiments, the tag or
probe can be at least one of a group comprising an antibody, an aptamer, and a fluorescent
protein. The above computer-implemented method for virtually staining a tissue sample
can be performed in vivo. The above computer-implemented method for virtually staining
a tissue sample can also be performed irn vitro.

[0015] In one embodiment, a computer- readable, non-transitory storage
medium has a computer program stored thereon for causing a suitably programmed
computer system to process by one or more computer processors computer-program code
by performing a method when the computer program is executed on the suitably
programmed computer system, wherein the method comprises obtaining by a computing
system an electronic image of the tissue sample, determining by the computing system a
vector signature or waveform signature associated with each pixel in the electronic image,
generating by the computing system an output pixel for each pixel in the electronic image
based on inputting the determined vector signature or waveform signature into a virtual
staining transform, and outputting by the computing system a virtually stained image of
the tissue sample based on the generated output pixels, wherein the computing system

comprises a computer processor and an electronic storage medium.
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[0016] In one embodiment, a system for virtually staining a tissue sample
comprises a storage computer system comprising a computer processor configured to
execute modules comprising at least a data receiving module configured to obtain
electronically an electronic image of the tissue sample, a pixel analysis module configured
to determine a vector signature or waveform signature associated with each pixel in the
electronic image, a virtual transform module configured to generate an output pixel for
each pixel in the electronic image based on inputting the determined vector signature or
waveform signature into a virtual staining transform, and an output module configured to
output a virtually stained image of the tissue sample based on the generated output pixels.

[0017] For purposes of this summary, certain aspects, advantages, and novel
features are described herein. It is to be understood that not necessarily all such
advantages may be achieved in accordance with any particular embodiment. Thus, for
example, those skilled in the art will recognize that the invention may be embodied or
carried out in a manner that achieves one advantage or group of advantages as taught
herein without necessarily achieving other advantages as may be taught or suggested

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and other features, aspects and advantages are described
in detail below with reference to the drawings of various embodiments, which are
intended to illustrate and not to limit the disclosure. The drawings comprise the following
figures in which:

[0019] FIG. 1A is a block diagram depicting a high level overview of one
embodiment of a standalone system or software system for virtually staining biological
tissue.

[0020] FIG. 1B is a block diagram depicting a high level overview of one
embodiment of a system for virtually staining biological tissue remotely by providing
virtual staining services over a network.

[0021] FIG. 2 is a block diagram depicting one embodiment of a computer
hardware system configured to run software for implementing one or more embodiments

of the virtual staining system described herein.
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[0022] FIGS. 3A-3B are block diagrams depicting overviews of embodiments
of methods of collecting data and building a virtual staining transform for a particular
stain under different types of electromagnetic radiation.

[0023] FIGS. 4A-4F are block diagrams depicting overviews of embodiments
of methods of collecting data and building virtual staining transforms.

[0024] FIGS. 5A-5E are block diagrams depicting overviews of embodiments
of methods of virtually staining a sample imaged by various imaging techniques or
sources.

[0025] FIGS. 6A-6B are block diagrams depicting overviews of embodiments
of methods of collecting data and building a virtual staining transform for a particular
stain under multiple electromagnetic radiation sources.

[0026] FIGS. 7A-7B are block diagrams depicting overviews of embodiments
of methods of collecting data and building virtual staining transforms for multiple stains
under multiple electromagnetic radiation sources.

[0027] FIGS. 8A-8B are block diagrams depicting overviews of embodiments
of methods of collecting data and building a three-dimensional virtual staining transform
for a particular stain.

[0028] FIGS. 9A-9B are block diagrams depicting overviews of embodiments
of methods of collecting data and building a virtual staining transform for a particular
stain with volume averaging.

[0029] FIG. 10 is a block diagram depicting an overview of one embodiment
of a method of virtually staining a tissue sample with different virtual stains and under
different electromagnetic radiation sources using a virtual staining transform.

[0030] FIG. 11 is a block diagram depicting an overview of some
embodiments of methods of virtually staining that generate more than one output pixel for
each input pixel.

[0031] FIGS. 12A-12B are block diagrams depicting overviews of
embodiments of methods of virtually staining a single tissue sample with multiple virtual
stains using a virtual staining transform.

[0032] FIG. 12C depicts an example of one embodiment of a screen view of a
single tissue sample virtually stained by multiple virtual stains.

[0033] FIGS. 13A-13D depict examples of virtually stained images in

comparison to an actually stained slide and spectral data of underlying pixels.
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[0034] FIG. 14 depicts an example of a virtually stained image.

[0035] FIGS. 15A and 15B depict examples of identification of biological
species using hyperspectral imaging.

[0036] FIG. 16 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to further classify a tissue(s) with colon
cancer.

[0037] FIG. 17 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to further classify moderately
differentiated colonic adenocarcinoma according to histopathologic classifications.

[0038] FIG. 18 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to profile specimens across a
microenvironment.

[0039] FIG. 19 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to further classify and compare different
tumor types.

[0040] FIG. 20 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to quantitatively grade a pathological
disease or condition.

[0041] FIG. 21 is a block diagram depicting an overview of one embodiment
of using vector signature analysis to analyze each pixel of a detected image of a tissue
sample.

[0042] FIG. 22 depicts an example medical probe into which a virtual staining
device may be incorporated.

[0043] FIG. 23 depicts another example medical probe into which a virtual

staining device may be incorporated.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0044] Embodiments will now be described with reference to the
accompanying figures. The terminology used in the description presented herein is not
intended to be interpreted in any limited or restrictive manner, simply because it is being
utilized in conjunction with a detailed description of certain specific embodiments.

Furthermore, embodiments may comprise several novel features, no single one of which

-10-
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is solely responsible for its desirable attributed or which is essential to practicing the
embodiments herein described.

" 13

[0045] As used herein, the terms ‘“sample,” “tissue sample,” “biological
sample,” and “specimen” may be used interchangeably, and the foregoing terms comprise
without limitation tissue samples, tissue specimen, bulk tissue, surgical site, site, bacteria,
cell, cell components, a substance on an agar plate, or any material or surface off of which
electromagnetic radiation can be reflected. A sample can be analyzed in vivo or in vitro.

M

[0040] As used herein, the terms ‘“‘camera,” ‘“camera device,” “detector,”

kRT3

“detector device,” “receiver,” and “receiver device” may be used interchangeably, and the
foregoing terms comprise without limitation a multi-spectrum detector, ultrasound
detector, X-ray detector, MRI detector, CT, PET, PET-CT, or any device capable of
detecting reflected or transmitted radiation of some sort.

[0047] As used herein, the terms “stain” and “staining” are broad terms and
can include without limitation staining with a dye or a stain, immunohistochemical
staining, aptamer staining, tagging, chemical staining, antibody staining, or any other
alteration to a tissue sample.

L

[0048] As used herein, the terms “pixel,” “group of pixels,” “unit of pixels” or
the like are broad terms and can include without limitation any individual unit of pixel or
pixels of an image. The term “pixel” as used herein is a broad term and can include
without limitation a point or area in an image. The term “pixel waveform™ as used herein
is a broad term and can include without limitation a waveform detected at a position of a
particular pixel. The waveform is a representation of the detected spectrum wavelength(s)
and amplitude(s) at a particular point in the image. They are not to be limited to refer to
any particular unit of pixel or pixels.

[0049] The disclosure herein provides methods, systems, and devices for
virtually staining biological tissue for enhanced visualization without use of an actual dye
or tag. In an embodiment, virtual staining is accomplished by detecting waveforms
associated with the position of each pixel of an unstained tissue sample and applying a
virtual staining transform to each of those pixels to generate an output image that is
substantially similar to an image of the tissue sample when stained with an actual stain or
other desired transform. A virtual staining transform can be developed by detecting

waveforms associated with the position of each pixel of an unstained tissue sample and
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the result of the same pixel after staining, tagging, or other transformation or alteration
when viewed under a particular type of light, such as visible light for example.

[0050] With the development of new technologies, biological tissues can be
stained with various dyes and/or attached with various tags to enhance contrast of tissue
components and thereby improve visibility. Different stains and/or tags can be used to
contrast bulk tissues, cell populations, and/or organelles within individual cells, and/or to
visualize different tissue components depending on the need. However, once a biological
tissue is stained with a particular dye and/or tag to visualize one tissue component, the
same tissue generally cannot be stained again with another dye and/or tag to visualize
another tissue component. As such, visualizing another tissue component by use of
another dye or tag generally requires using a new tissue sample, which may or may not
exhibit the same characteristics, or which may or may not be available.

[0051] By employing the methods, systems, and devices for virtually staining
biological tissue for enhanced visualization described herein, one can generate virtually
stained images of a biological tissue without actually staining or tagging the tissue.
Because the tissue sample is not actually stained with a dye and/or a tag, the same tissue
sample can be virtually stained with various dyes and tags to allow enhanced visualization
of as many tissue components as desired. In addition, images of the same biological
tissue virtually stained with different dyes and tags can be viewed side-by-side for a more
comprehensive analysis and/or for a direct one to one comparison of the tissue sample.
Furthermore, virtual staining can be performed in vivo as well, allowing examiners to
observe virtually stained tissue images without having to surgically extract or isolate the
sample to be examined from the surrounding tissue.

[0052] In some embodiments, electromagnetic radiation is directed at a tissue
sample. A detection device detects electromagnetic radiation that is transmitted, reflected,
or otherwise not absorbed by the tissue sample. In an embodiment, none of the spectrum
data is subtracted or otherwise discarded but rather the system is configured to analyze the
entire spectrum data available at each point of an image. The whole spectrum data is used
by an image generating device or system to generate an initial image and a computing
system analyzes the contents of the generated image pixel-by-pixel or according some
predetermined unit of pixels. The chemical properties of each pixel or group of pixels is
disclosed in the reflected, transmitted, or otherwise not absorbed light by the tissue

sample in the form of a waveform or waveform signature. Accordingly, using a pre-
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developed and pre-stored virtual staining transform, the computing system can apply the
transform to each pixel to obtain an output of each pixel or group of pixels after virtually
staining with a virtual stain, tag, or transform of choice.

[0053] The virtual staining transform comprises data that can map an input
pixel of a certain waveform to an output pixel and/or an associated output waveform. A
single input pixel of a certain waveform can be associated with more than one output
pixel, wherein each output pixel corresponds to the result of an input pixel after virtually
staining with a particular stain, dye, or the like. The output pixel can be of a particular
color or grayscale. Such output pixels are combined by the computing system to generate
a virtually stained image of the tissue sample. In other words, the computing system
pseudo-colors the initial detected image to produce a virtually stained image.

[0054] In an embodiment, the system disclosed herein is distinguishable from
other known methods and applications of imaging and hyperspectral imaging, such as
with quantum dots. For example, in some embodiments, the system can be configured to
analyze what would be considered background spectra for other imaging applications.
Other imaging applications in the life sciences, such as in connection with quantum dots,
are generally employed to search for specific components or irregularities in the sample
that are often tagged or labeled with reporter molecules. Because the purpose is to
specifically locate and image those tagged and/or probed components, background spectra
from the non-labeled portions of the sample are simply subtracted for various reasons,
such as for faster processing. However, in certain embodiments of the system illustrated
herein, the system can be configured to analyze only the background spectra, which would
have been subtracted by other hyperspectral imaging applications, as opposed to analyzing
the entire spectra. Alternatively, in other embodiments, the system can be configured to
analyze the entire spectra detected from the tissue sample. Because the systems illustrated
here focus on the background spectra, the entire spectrum, or portions thereof, the system
can be configured to better visualize different tissue or cellular characteristics and/or
overlapping features or entities, which can be observed at the same time. Such vast data
is subsequently analyzed to determine the waveform associated with each pixel, which is
in turn mapped according to the virtual staining transform.

[0055] FIGURE 1A is a block diagram illustrating a high level overview of
one embodiment of a standalone system or software system for virtually staining

biological tissue. In the depicted embodiment, a main computing system 110 is connected
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to at least one of a light source or electromagnetic radiation source or laser 102, a camera
device or detector device or receiver 104, a user interface 106, and a display for outputting
virtually stained images 126.

[0056] A user instructs the main computing system 110 via the user interface
106 to direct an electromagnetic radiation (EMR) source 102 at a sample. The detector
device 104 detects reflected, transmitted, or otherwise not absorbed radiation from the
sample and sends the detected data to the main computing system 110. A user instructs
the main computing system 110 via the user interface 106 to apply a particular virtual
stain, tag, or other transformation to the detected image. The main computing system 110
can be configured to generate a virtually stained image according to the user input, and
the virtually stained image can be displayed on a display for outputting virtually stained
images 126.

[0057] In certain embodiments, the main computing system 110, as depicted
in FIGURE 1A, comprises but is not limited to a billing module 112, an EMR source
selection module 114, a web server 116, a virtual staining module 118, an initial image
processing module 120, a final image generation module 122, a virtual staining
transformation database 124, and a user controlled adjustment virtual stain module 128.
In some embodiments, the main computing system 110 can be configured, for example,
among other things, to: communicate with the user interface 106; instruct the EMR source
102 to direct a certain electromagnetic radiation at a sample; receive detected image data
from the detector device 104; virtually stain or otherwise transform the detected image;
instruct a display for outputting virtually stained images 126 to display the virtually
stained or otherwise transformed image; and/or enable billing processes for each
transformation of images.

[0058] Upon receiving input from a user interface 106, the main computing
system 110 instructs the EMR source 102 to direct a particular EMR source to the sample.
In some embodiments, the EMR source selection module 114 of the main computing
system 110 is configured to instruct the EMR source 102 to direct a particular EMR
source to the sample. In certain embodiments, the EMR source can be configured to
direct multi-spectrum electromagnetic radiation, X-ray, ultrasound, infrared, other
electromagnetic radiation, MRI, CT, PET, PET-CT, or any combination thereof., After the

detector device 104 detects the transmitted or reflected radiation from the sample, such
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detected image data is analyzed by the main computing system 110 or the initial image
processing module 120 thereof in some embodiments.

[0059] In some embodiments, the received image data is analyzed pixel by
pixel, point by point, or area by area. In other embodiments, the received image data is
analyzed according to a preset group of pixels. In some embodiments, the image data
comprises waveform data associated with each pixel position in the image. For example,
for each pixel in an image, there is an associated waveform signature. The waveform
signature can represent the detected wavelengths and corresponding amplitudes that are
detected by the detector at each position in the tissue sample (for example, see waveform
signature 416 in Figure 4A). Each waveform corresponding to each pixel or group of
pixels is analyzed by the main computing system 110 or initial image processing module
120.

[0060] In certain embodiments, after the initial image is analyzed or
concurrently, the initial image is virtually stained or otherwise transformed by the main
computing system 110 or a virtual staining module 118 thereof. To do so, in some
embodiments, the virtual staining module 118 accesses a virtual staining transformation
database 124. The virtual staining transformation database 124 contains data related to
how a pixel or group of pixels associated with a particular waveform is transformed when
actually stained, when a tag is attached, or some other transform or alteration. In some
embodiments, such data can be updated periodically or in real-time.

[0061] In some embodiments, once the virtual staining module 118 virtually
stains or otherwise transforms each pixel or group of pixels of the initial image or
concurrently, the final image generation module 122 combines each transformed pixel or
group of pixels to generate a final transformed image. This virtually stained or otherwise
transformed image is displayed to the user on a display for outputting virtually stained
images 126.

[0062] A user can, in some embodiments, instruct the virtual staining module
118 to apply a particular stain or transformation to the initial image via the user interface
106. The user interface communicates the user’s instructions to the user controlled
adjustment virtual stain module 128. In some embodiments, the user controlled
adjustment virtual stain module 128 is further configured to receive user instructions from
the user interface 106 before or after a virtually stained image is generated to make slight

changes in the virtual staining. For example, the user can instruct the user controlled
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adjustment virtual stain module 128 to apply different virtual stains to different portions
of the initial image, to apply less or more of a certain virtual stain to a particular portion
of the initial image, or to enhance resolution of a particular portion of the virtually stained
image.

[0063] In some embodiments, the standalone device comprises the main
computing system, some or all of its components, and a user interface, which are
connected to a conventional light source, EMR source, or laser a camera device or a
detector, and a display. In other embodiments, the standalone device comprises all of the
above components or some subset thereof. In yet other embodiments, a software system
is configured to instruct and use conventional system components to obtain the functions
described above. In certain embodiments, the system components discussed above or a
subset thereof are conventional devices that are widely available.

[0064] FIGURE 1B is a block diagram illustrating a high level overview of
one embodiment of a system for virtually staining biological tissue by remotely providing
services over a network. For example, the main computing system 110 can be configured
to receive or access over an electronic network images of a tissue sample to be processed
and virtually stained by the computing system 110. In this embodiment, the images are
generated at a location remote or distinct from the computing system. The images can be
stored in a database that is remote from the computing system 110 or the images can be
transmitted to the computing system 110 through an electronic network. The computing
system 110 can be configured to transmit the virtually stained image to a remote location
or store the virtually stained image in a database located in a remote location.
Alternatively, as in the depicted embodiment, a main computing system 110 is connected,
directly or indirectly, to at least one detection device 104 and a user interface 106 over a
computer network 108. In some embodiments, at least one electromagnetic radiation
source 102 is also connected to the main computing system 110 via the computer network
108. In other embodiments, the at least one electromagnetic radiation source 102 is not
connected to the main computing system 110 over the computer network 108 and is
locally maintained and controlled. In yet other embodiments, the at least one
electromagnetic radiation source 102 is connected to the at least one detection device 104.

[0065] The network may comprise one or more internet connections, secure
peer-to-peer connections, secure socket layer (SSL.) connections over the internet, virtual

private network (VPN) connections over the internet, or other secure connections over the
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internet, private network connections, dedicated network connections (for example, IDSN,
T1, or the like), wireless or cellular connections, or the like or any combination of the
foregoing.

[0066] In some embodiments, a user can select using the user interface 106 a
particular electromagnetic radiation source 102 to be directed at a tissue sample. In other
embodiments, the particular electromagnetic radiation source 102 to be directed at a tissue
sample is selected locally via another user interface that is not in communication with the
main computing system 110.

[0067] The selected at least one electronic radiation source is directed at the
tissue sample. The at least one detection device 104 detects electromagnetic radiation that
is transmitted, reflected, or otherwise not absorbed by the tissue sample. Such detected
data is subsequently transmitted to the main computing system 110 over the computer
network.

[0068] In some embodiments, an initial image processing module 120 of the
main computing system 110 receives the data from the at least one detection device 104
and analyzes the received data in a similar manner as described above in relation to
FIGURE TA. In certain embodiments, once the initial image is analyzed by the initial
image processing module 120 or concurrently, the initial image is virtually stained or
otherwise transformed by a virtual staining module 118 in a similar manner as described
above in relation to FIGURE 1A.

[0069] In some embodiments, once the virtual staining module 118 virtually
stains or otherwise transforms each pixel or group of pixels of the initial image or
concurrently, the final image generation module 122 combines each transformed pixel or
group of pixels to generate a final transformed image. This virtually stained or otherwise
transformed image is transmitted to the user interface 106 over the computer network 108.
In other embodiments, the virtually stained or otherwise transformed image is transmitted
to another computing system or a mobile device of the user’s choice via the web server
116 and the computer network 108. The user interface, another computing system, or
mobile device can display the virtually stained or otherwise transformed images to the
user. In certain embodiments, a billing module 112 of the main computing system 110
generates a bill depending on the number of different virtual stains applied and/or the

number of different samples that were virtually stained or otherwise transformed.
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[0070] A user can, in an embodiment, instruct the virtual staining module 118
to apply a particular stain or transformation to the initial image via the user interface 106
and over the computer network. The user interface communicates the user’s such
instructions to the user controlled adjustment virtual stain module 128. In some
embodiments, the user controlled adjustment virtual stain module 128 is further
configured to receive user instructions from the user interface 106 before or after a
virtually stained image is generated to make slight changes in the virtual staining as
described above in relation to FIGURE 1A.

[0071] In some embodiments, as illustrated in FIGURE 1B, the main
computing system 110 is not physically connected to the electromagnetic radiation source
102 or the detection device 104. Rather they are connected over a network 108. In such
embodiments, a user need not purchase or locally store contents of the virtual staining
transformation database 124, but communicates with the main computing system 110
located at a third-party location for such purposes.

Computing System

[0072] In some embodiments, the computer clients and/or servers described
above take the form of a computing system 200 illustrated in FIGURE 2, which is a block
diagram of one embodiment of a computing system that is in communication with one or
more computing systems 110 and/or one or more data sources 115 via one or more
networks 210. The computing system 200 may be used to implement one or more of the
systems and methods described herein. In addition, in one embodiment, the computing
system 200 may be configured to virtually stain or otherwise transform a sample. While
FIGURE 2 illustrates one embodiment of a computing system 200, it is recognized that
the functionality provided for in the components and modules of computing system 200
may be combined into fewer components and modules or further separated into additional
components and modules.

Virtual Staining Module

[0073] In one embodiment, the system 200 comprises a virtual staining
module 206 that carries out the functions described herein with reference to transforming
an initial image received from a detection device 104 configured to detect reflected and
transmitted electromagnetic radiation off of a sample. The virtual staining module 206
may be executed on the computing system 200 by a central processing unit 204 discussed

further below.
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[0074] In general, the word “module,” as used herein, refers to logic embodied
in hardware or firmware, or to a collection of software instructions, possibly having entry
and exit points, written in a programming language, such as, for example, COBOL, CICS,
Java, Lua, C or C++. A software module may be compiled and linked into an executable
program, installed in a dynamic link library, or may be written in an interpreted
programming language such as, for example, BASIC, Perl, or Python. It will be
appreciated that software modules may be callable from other modules or from
themselves, and/or may be invoked in response to detected events or interrupts. Software
instructions may be embedded in firmware, such as an EPROM. It will be further
appreciated that hardware modules may be comprised of connected logic units, such as
gates and flip-flops, and/or may be comprised of programmable units, such as
programmable gate arrays or processors. The modules described herein are preferably
implemented as software modules, but may be represented in hardware or firmware.
Generally, the modules described herein refer to logical modules that may be combined
with other modules or divided into sub-modules despite their physical organization or
storage.

Computing System Components

[0075] In one embodiment, the computing system 200 also comprises a
mainframe computer suitable for controlling and/or conununicating with large databases,
performing high volume wransaction processing, and generating reports from large
databases, The computing system 200 also comprises a central processing unit (“CPU”)
204, which may comprise a conventional microprocessor. The computing system 200
further comprises a memory 205, such as random access memory (“RAM?”) for temporary
storage of information and/or a read only memory (“ROM”) for permanent storage of
information, and a mass storage device 201, such as a hard drive, diskette, or optical
media storage device. Typically, the modules of the computing system 200 are connected
to the computer using a standards based bus system. In different embodiments, the
standards based bus system could be Peripheral Component Interconnect (PCI),
Microchannel, SCSI, Industrial Standard Architecture (ISA) and Extended ISA (EISA)
architectures, for example.

[0076] The computing system 200 comprises one or more commonly available
input/output (I/O) devices and interfaces 203, such as a keyboard, mouse, touchpad, and

printer. In one embodiment, the I/O devices and interfaces 203 comprise one or more
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display devices, such as a monitor, that allows the visual presentation of data to a user.
More particularly, a display device provides for the presentation of GUISs, application
software data, and multimedia presentations, for example. In the embodiment of FIGURE
2, the I/O devices and interfaces 203 also provide a communications interface to various
external devices. The computing system 200 may also comprise one or more multimedia
devices 202, such as speakers, video cards, graphics accelerators, and microphones, for
example.

Computing System Device/Operating System

[0077] The computing system 200 may run on a variety of computing devices,
such as, for example, a server, a Windows server, an Structure Query Language server, a
Unix server, a personal computer, a mainframe computer, a laptop computer, a cell phone,
a personal digital assistant, a kiosk, an audio player, and so forth. The computing system
200 is generally controlled and coordinated by operating system software, such as z/OS,
Windows 95, Windows 98, Windows NT, Windows 2000, Windows XP, Windows Vista,
Windows 7, Linux, BSD, SunOS, Solaris, or other compatible operating systems. In
Macintosh systems, the operating system may be any available operating system, such as
MAC OS X. In other embodiments, the computing system 200 may be controlled by a
proprietary operating system. Conventional operating systems control and schedule
computer processes for execution, perform memory management, provide file system,
networking, and I/O services, and provide a user interface, such as a graphical user
interface (“GUI”), among other things.

Network

[0078] In the embodiment of FIGURE 2, the computing system 200 is coupled
to a network 108, such as a LAN, WAN, or the Internet, for example, via a wired,
wireless, or combination of wired and wireless, communication link 215. The network
108 communicates with various computing devices and/or other electronic devices via
wired or wireless communication links. In the embodiment of FIGURE 2, the network
108 is communicating with one or more computing systems 110 and/or one or more data
sources 115.

[0079]  Access to the virtual staining module 206 of the computer system 200
by computing systems 110 and/or by data sources 115 may be through a web-enabled user
access point such as the computing systems’ 110 or data source’s 115 personal computer,

cellular phone, laptop, or other device capable of connecting to the network 108. Such a
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device may have a browser module is implemented as a module that uses text, graphics,
audio, video, and other media to present data and to allow interaction with data via the
network 108.

[0080]  The browser module may be implemented as a combination of an all
points addressable display such as a cathode-ray tube (CRT), a liquid crystal display
(LCD), a plasma display, or other types and/or combinations of displays. In addition, the
browser module may be implemented to communicate with input devices 203 and may
also comprise software with the appropriate interfaces which allow a user to access data
through the use of stylized screen elements such as, for example, menus, windows, dialog
boxes, toolbars, and controls (for example, radio buttons, check boxes, sliding scales, and
so forth). Furthermore, the browser module may communicate with a set of input and
output devices to receive signals from the user.

[0081]  The input device(s) may comprise a keyboard, roller ball, pen and
stylus, mouse, trackball, voice recognition system, or pre-designated switches or buttons.
The output device(s) may comprise a speaker, a display screen, a printer, or a voice
synthesizer. In addition a touch screen may act as a hybrid input/output device. In
another embodiment, a user may interact with the system more directly such as through a
system terminal connected to the score generator without communications over the
Internet, a WAN, or LAN, or similar network.

[0082] In some embodiments, the system 200 may comprise a physical or
logical connection established between a remote microprocessor and a mainframe host
computer for the express purpose of uploading, downloading, or viewing interactive data
and databases on-line in real time. The remote microprocessor may be operated by an
entity operating the computer system 200, including the client server systems or the main
server system, an/or may be operated by one or more of the data sources 115 and/or one or
more of the computing systems. In some embodiments, terminal emulation software may
be used on the microprocessor for participating in the micro-mainframe link.

[0083] In some embodiments, computing systems 110 who are internal to an
entity operating the computer system 200 may access the virtual staining module 206
internally as an application or process run by the CPU 204.

User Access Point

[0084] In an embodiment, a user access point or user interface 106 comprises a

personal computer, a laptop computer, a cellular phone, a GPS system, a Blackberry®
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device, a portable computing device, a server, a computer workstation, a local area
network of individual computers, an interactive kiosk, a personal digital assistant, an
interactive wireless communications device, a handheld computer, an embedded
computing device, or the like.

Other Systems

[0085] In addition to the systems that are illustrated in FIGURE 2, the network
108 may communicate with other data sources or other computing devices. The
computing system 200 may also comprise one or more internal and/or external data
sources. In some embodiments, one or more of the data repositories and the data sources
may be implemented using a relational database, such as DB2, Sybase, Oracle, CodeBase
and Microsoft® SQL Server as well as other types of databases such as, for example, a
flat file database, an entity-relationship database, and object-oriented database, and/or a
record-based database.

Overview of Developing a Virtual Staining Transform

[0080] In some embodiments, as illustrated in FIGURES 3A-3B, data of

various tissue samples that are actually stained with various stains is collected and stored
in order to build a virtual staining transformation database. FIGURES 3A-3B are block
diagrams depicting overviews of embodiments of computer-implemented methods of
collecting data and building a virtual staining transform for a particular stain, tag, or other
transform. The computer-implemented method can be employed for one or more
different types of electromagnetic radiation. In some embodiments, the whole process or
selected blocks of FIGURES 3A-3B are repeated for different stains.

[0087] Specifically, at block 302, a particular electromagnetic radiation source
is selected, which is subsequently directed at an unstained tissue sample or other sample
at block 304. The particular electromagnetic radiation can be multi-spectrum
electromagnetic radiation, visible light, X-ray, ultrasound, infrared, MRI, PET and/or CT,
or any other imaging modality currently existing or to be developed in the future. For
example, the electromagnetic radiation can be of wavelengths from about 400 nm to about
900 nm or above or other light with a wavelength band of any other range. In some
embodiments, electromagnetic radiation that is transmitted, reflected, or otherwise not
absorbed by the sample is detected by at least one detection device at block 306. In
certain embodiments, more than one detection device can be utilized to reduce error in

detection or to collect three-dimensional data.
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[0088] Based on the detected data, an initial image is generated at block 308.
In some embodiments, each pixel or group of pixels in the initial image is associated with
a waveform signature detected based on the detected data. In some embodiments, a
computing system analyzes this initial image and detects the waveform associated with
each pixel or group of pixels at block 310. In some embodiments, the computing system
is configured to determine the chemical properties of tissue at a particular pixel point or
group of pixels. In certain embodiments, blocks 302 through 310 can be repeated to store
initial images and the associated waveform signature data of unstained tissue samples
under different types of electromagnetic radiation sources as depicted by 312.

[0089] In some embodiments, the sample is actually stained with a dye(s) or is
attached to a tag(s) at block 314, Further, in the embodiment illustrated in FIG. 3A, an
electromagnetic radiation source is selected at block 316, which is directed at the stained,
physically, chemically or otherwise transformed tissue at block 318. 'The transmitted,
reflected, or otherwise not absorbed electromagnetic radiation is detected by at least one
detection device at block 320. In some embodiments, more than one detection device can
be utilized to reduce error in detection or to collect three-dimensional data.

[0090] Based on the detected data, a final image is generated at block 322. In
some embodiments, each pixel or group of pixels in the final image is associated with a
waveform signature. A computing system analyzes this final image and detects the
waveform associated with each pixel or group of pixels at block 324. In other
embodiments, the computing system is configured to determine the chemical properties of
the stained or otherwise altered tissue at a particular point or area. In certain
embodiments, the blocks 316 through 324 can be repeated to store final images, and the
associated waveform signature data, of a stained or otherwise transformed tissue sample
under different types of electromagnetic radiation sources as depicted by 326.

[0091] In another embodiment, the unstained tissue sample is not actually
stained or tagged. Rather, the initial image itself is colored or is otherwise transformed
according to a user’s choice to generate a final image. For example, in embodiments
where a virtual staining transform is being developed for imaging modalities including
but not limited to X-ray, ultrasound, infrared, MRI, PET and/or CT, a user can selectively
color or otherwise transform the initial image to a final image that is more helpful to

understand or analyze.
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[0092] With both the initial image(s) of an unstained sample and the final
image(s) of an actually stained or otherwise transformed sample stored, the computing
system of an embodiment can identify how an input pixel of the unstained sample
associated with a particular waveform resulted in an output pixel associated with a
particular waveform after the staining or other transformation at block 328. To do so, in
some embodiments, the computing system identifies and stores the waveform signatures
associated with each corresponding pixel or group of pixels before and after the staining
or transformation. This process from block 302 through block 328 can be repeated in
some embodiments for different tissue samples to reduce error and/or to build a larger
database.

[0093] In some embodiments, the computing system may detect that an input
pixel or group of pixels associated with an identical or substantially similar waveform
signature is inconsistently converted to a pixel or group of pixels associated with different
waveform signatures in subsequent trials of data collection. In an embodiment, the
process from block 302 through block 328 or selected block(s) thereof can be repeated
until the discrepancy rate is lowered below a predetermined level. In another embodiment,
the different conversion results are averaged out at block 332 and stored as the output
waveform signature corresponding to the initial pixel or group of pixels associated with a
particular waveform. Such conversion data is aggregated and saved in the computing
system at block 334 as a virtual staining transform for a particular stain(s). In an
embodiment, the method described above is repeated for different stains and/or other
transformations or modification of the tissue sample. 'The individual virtual staining
transforms thus developed can be combined to develop a single virtual staining
transformation matrix containing all or some data related to the virtual transform of
multiple stains and/or modifications.

[0094] In the embodiment illustrated in FIG. 3B, visible light is directed at the
stained, physically, chemically or otherwise transformed tissue at block 336. Light that is
transmitted, reflected, or otherwise not absorbed by the stained tissue sample is detected
by at least one detection device at block 338. In some embodiments, more than one
detection device can be utilized to reduce error in detection or to collect three-dimensional
data. Based on the detected data, a final image is generated at block 340. In some
embodiments, the computing system identifies each pixel or group of pixels that comprise

the generated image according to color or other identifiable characteristics at block 342.
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[0095] In another embodiment, the unstained tissue sample is not actually
stained or tagged. Rather, the initial image itself is colored or is otherwise transformed
according to a user’s choice to generate a final image. For example, in embodiments
where a virtual staining transform is being developed for imaging modalities including
but not limited to X-ray, ultrasound, infrared, MRI, PET and/or CT, a user can selectively
color or otherwise transform the initial image to a final image that is more helpful to
understand or analyze.

[0096] With both the initial image(s) of an unstained sample and the final
image(s) of an actually stained or otherwise transformed sample stored, the computing
system of an embodiment can identify how an input pixel of the unstained sample
associated with a particular waveform transformed to an output pixel after the staining or
other transformation at block 344. To do so, in some embodiments, the computing
system identifies and stores the waveform signatures associated with each pixel or group
of pixels before the staining or transformation and the corresponding output pixel or color
thereof after the staining or transformation. This process from block 302 through block
344 can be repeated in some embodiments for different tissue samples to reduce error
and/or to build a larger database.

[0097]  In some embodiments, the computing system may detect that an input
pixel or group of pixels associated with an identical or substantially similar waveform
signature is inconsistently converted to a pixel or group of pixels with different colors or
other identifiable characteristics. In an embodiment, the process from block 302 through
block 344 or selected block(s) thereof can be repeated until the discrepancy rate is
lowered below a predetermined level. In another embodiment, the different conversion
results are averaged out at block 346 and stored as the output pixel or group of pixels
corresponding to the initial pixel or group of pixels associated with particular waveforms.
Such conversion data is aggregated and saved in the computing system at block 348 as a
virtual staining transform for a particular stain(s). In an embodiment, the method
described above is repeated for different stains and/or other transformations or
modification of the tissue sample. 'The individual virtual staining transforms thus
developed can be combined to develop a single virtual staining transformation matrix
containing all or some data related to the virtual transform of multiple stains and/or

modifications.
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Preparation for Developing a Virtual Staining Transform for a Particular Stain,

Tag, or Both
[0098] FIGURES 4A-4F are block diagrams depicting overviews of

embodiments of methods of collecting data and building virtual staining transforms.
FIGURES 4A and 4B illustrate overviews of embodiments of methods of collecting data
and building virtual staining transforms for particular stains. FIGURES 4C and 4D
illustrate overviews of embodiments of methods of collecting data and building virtual
staining transforms for particular stains when used together with particular tags.
FIGURES 4E and 4F illustrate overviews of embodiments of methods of collecting data
and building virtual staining transforms for particular tags when used alone without stains.

[0099]  The top portions of FIGURES 4A-4F depict analyzing an image of a
tissue sample before staining or other alteration. In an embodiment, multi-spectrum
electromagnetic radiation 402 is directed at an unstained tissue sample 404. The
unstained tissue sample 404 is not otherwise chemically altered from its natural state. In
certain embodiments, some of the multi-spectrum electromagnetic radiation 402 is
reflected, transmitted, or otherwise not absorbed 406 by the unstained tissue sample 404,
Such multi-spectrum electromagnetic radiation 402 that is reflected, transmitted, or
otherwise not absorbed 406 by the unstained tissue sample 404 is detected by a detector
device 104. In certain embodiments, the detector device 104 transmits or otherwise sends
the detected data 408 to an image generating system or device that generates an image 410
of the detected data. The generated image is made up of individual pixels or group of
pixels 412 that each has a specific waveform and/or waveform signature 414 associated
with the position of the pixel or group of pixels. Each waveform and/or waveform
signature 414 can be analyzed by determining wavelength amplitudes for specific
spectrum wavelengths. In some embodiments, a computer system is configured to graph
the wavelength amplitude per spectrum wavelength for each pixel or group of pixels.

Developing a Virtual Staining Transform for a Particular Stain Used Alone

[0100] The bottom portions of FIGURES 4A and 4B depict analyzing images
of tissue samples after staining with a particular stain or dye. In the depicted
embodiments, the tissue sample without staining 404 is subsequently stained with a
particular stain or dye. In the embodiment illustrated in FIGURE 4A, multi-spectrum
electromagnetic radiation 402 is directed at the stained tissue sample 416. In the

embodiment illustrated in FIGURE 4B, visible light 432 is directed at the stained tissue
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sample 416. In certain embodiments, some of the multi-spectrum electromagnetic
radiation or visible light is reflected, transmitted, or otherwise not absorbed 418, 434 by
the stained tissue sample 416. Such multi-spectrum electromagnetic radiation or visible
light that is reflected, transmitted, or otherwise not absorbed 418, 434 by the stained tissue
sample 416 is detected by a detector device 104. In certain embodiments, the detector
device 104 transmits or otherwise sends the detected data 420,436 to an image generating
system or device that generates an image 422, 438 of the detected data. The generated
image is made up of individual pixels or group of pixels 424, 440.

[0101] In the embodiment illustrated in FIGURE 4A, the computing system
further analyzes waveforms 426 associated with each pixel or group of pixels 424 in the
generated image 422. In certain embodiments, each waveform and/or waveform signature
426 can be analyzed by determining wavelength amplitudes for specific spectrum
wavelengths. In some embodiments, a computer system is configured to graph the
wavelength amplitude per spectrum wavelength for each waveform associated with each
pixel or group of pixels. In some embodiments, a computer system analyzes the
waveform and/or waveform signature of both the unstained tissue sample 404 and the
stained tissue sample 416 at block 428. The detected waveforms of the unstained tissue
sample 404 and the stained tissue sample 416 are identified and stored by the computer
system to determine how a pixel or group of pixels associated with a specific waveform or
waveform signature changed after the staining to a subsequent pixel or group of pixels
associated with a waveform or waveform signature. Such information about how each
pixel changed in waveform and/or waveform signature after the staining is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 430.

[0102] In the embodiment illustrated in FIGURE 4B, the computing system
analyzes each pixel or group of pixels 440 in the generated image 438 according to color
or some other identifiable characteristic at block 442. In some embodiments, the
computer system determines how an input pixel or group of pixels 412 associated with a
specific waveform 414 changed after staining to an output pixel or group of pixels 440 of
a particular color or other identifiable characteristic. Such information is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 444. Possible algorithms for developing virtual

staining transforms comprise but are not limited to an extended Markov blanket approach,
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outlier detection based on Kullback-Leibler divergence, SVM with multi-classification
algorithm, SVM-RFE and Markov blanket for high dimensional fluorescence data, or any
other algorithm suitable for such purposes that is either currently known or will be
developed in the future.

Developing a Virtual Staining Transform for a Particular Stain and Tag Used in

Combination

[0103] The bottom portions of FIGURES 4C and 4D depict analyzing images
of tissue samples after staining with a particular stain or dye and attaching a particular tag.
In the depicted embodiments, after analyzing the unstained tissue sample 404, the
unstained and untagged tissue sample 404 is subsequently stained 416 and tagged 446.
Tagging can be optional in some embodiments. A tag can comprise but is not limited to
antibodies and/or aptamers with or without a label or fluorescent protein. In some
embodiments, a tag can be configured to bind to specific receptors in the tissue sample.
In certain embodiments, the presence of the protein or tag can cause electromagnetic
radiation to be absorbed or reflected differently, which can help amplify and/or label the
tissue sample for better detection and/or identification. TFor example, use of a tag or
protein can be helpful in situations where different tissue, proteins, pixels or group of
pixels of the sample to be imaged are associated with similar waveforms or absorption
spectra.

[0104] In the embodiment illustrated in FIGURE 4C, multi-spectrum
electromagnetic radiation 402 is directed at the stained and tagged tissue sample 416, 446.
In the embodiment illustrated in FIGURE 4D, visible light 432 is directed at the stained
and tagged tissue sample 416, 446. As described above, some of the multi-spectrum
electromagnetic radiation or visible light is reflected, transmitted, or otherwise not
absorbed 448, 462 by the stained and tagged tissue sample 416, 446. Such multi-
spectrum electromagnetic radiation or visible light that is reflected, transmitted, or
otherwise not absorbed 448, 462 by the stained and tagged tissue sample 416, 446 is
detected by a detector device 104, In certain embodiments, the detector device 104
transmits or otherwise sends the detected data 450, 464 to an image generating system or
device that generates an image 452, 466 of the detected data. The generated image is
made up of individual pixels or group of pixels 454, 468.

[0105] In the embodiment illustrated in FIGURE 4C, the computing system

further analyzes waveforms 456 associated with each pixel or group of pixels 454 in the
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generated image 452. In certain embodiments, each waveform and/or waveform signature
456 can be analyzed by determining wavelength amplitudes for specific spectrum
wavelengths. In some embodiments, a computer system is configured to graph the
wavelength amplitude per spectrum wavelength for each waveform associated with each
pixel or group of pixels. In some embodiments, a computer system analyzes the
waveform and/or waveform signature of both the unstained and untagged tissue sample
404 and the stained and tagged tissue sample 416, 446 at block 458. The detected
waveforms of the unstained and untagged tissue sample 404 and the stained and tagged
tissue sample 416, 446 are identified and stored by the computer system to determine how
a pixel or group of pixels associated with a specific waveform or waveform signature
changed after the staining and/or tagging to a subsequent pixel or group of pixels
associated with a waveform or waveform signature. Such information about how each
pixel changed in waveform and/or waveform signature after the staining is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 460.

[0106] In the embodiment illustrated in FIGURE 4D, the computing system
analyzes each pixel or group of pixels 468 in the generated image 466 according to color
or some other identifiable characteristic at block 470. In some embodiments, the
computer system determines how an input pixel or group of pixels 412 associated with a
specific waveform 414 changed after staining to an output pixel or group of pixels 468 of
a particular color or other identifiable characteristic. Such information is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 472.

[0107]  Possible algorithms for developing virtual staining transforms comprise
but are not limited to an extended Markov blanket approach, outlier detection based on
Kullback-Leibler divergence, SVM with multi-classification algorithm, SVM-RFE and
Markov blanket for high dimensional fluorescence data, or any other algorithm suitable
for such purposes that is either currently known or will be developed in the future.

Developing a Virtual Staining Transform for a Particular Tag Used Alone

[0108] The bottom portions of FIGURES 4E and 4FF depict analyzing images

of tissue samples after attaching a particular tag to the tissue sample. In the depicted
embodiments, after analyzing the unstained tissue sample 404, the unstained and untagged

tissue sample 404 is subsequently tagged with a particular tag 446. A tag can comprise
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but is not limited to antibodies and/or aptamers with or without a label or fluorescent
protein. In some embodiments, a tag can be configured to bind to specific receptors in the
tissue sample. In certain embodiments, the presence of the protein or tag can cause
electromagnetic radiation to be absorbed or reflected differently, which can help amplify
and/or label the tissue sample for better detection and/or identification. For example, use
of a tag or protein can be helpful in situations where different tissue, proteins, pixels or
group of pixels of the sample to be imaged are associated with similar waveforms or
absorption spectra.

[0109] In the embodiment illustrated in FIGURE 4E, multi-spectrum
electromagnetic radiation 402 is directed at the tagged tissue sample 446. In the
embodiment illustrated in FIGURE 4F, visible light 432 is directed at the tagged tissue
sample 446. As described above, some of the multi-spectrum electromagnetic radiation
or visible light is reflected, transmitted, or otherwise not absorbed 474, 488 by the tagged
tissue sample 446. Such multi-spectrum electromagnetic radiation or visible light that is
reflected, transmitted, or otherwise not absorbed 474, 488 by the tagged tissue sample 446
is detected by a detector device 104, In certain embodiments, the detector device 104
transmits or otherwise sends the detected data 476, 490 to an image generating system or
device that generates an image 478, 492 of the detected data. The generated image is
made up of individual pixels or group of pixels 480, 494.

[0110] In the embodiment illustrated in FIGURE 4L, the computing system
further analyzes waveforms 482 associated with each pixel or group of pixels in the
generated image. In certain embodiments, each waveform and/or waveform signature 482
can be analyzed by determining wavelength amplitudes for specific spectrum wavelengths.
In some embodiments, a computer system is configured to graph the wavelength
amplitude per spectrum wavelength for each waveform associated with each pixel or
group of pixels. In some embodiments, a computer system analyzes the waveform and/or
waveform signature of both the untagged tissue sample 404 and the tagged tissue sample
446 at block 484. The detected waveforms of the untagged tissue sample 404 and the
tagged tissue sample 446 are identified and stored by the computer system to determine
how a pixel or group of pixels associated with a specific waveform or waveform signature
changed after the tagging to a subsequent pixel or group of pixels associated with a
waveform or waveform signature. Such information about how each pixel changed in

waveform and/or waveform signature after the tagging is stored and combined by the
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computer system in some embodiments to develop a virtual staining transform or
transformation function 486.

[0111] In the embodiment illustrated in FIGURE 4F, the computing system
analyzes each pixel or group of pixels 494 in the generated image 492 according to color
or some other identifiable characteristic at block 496. In some embodiments, the
computer system determines how an input pixel or group of pixels 412 associated with a
specific waveform 414 changed after staining to an output pixel or group of pixels 494 of
a particular color or other identifiable characteristic. Such information is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 498.

[0112] Possible algorithms for developing virtual staining transforms
comprise but are not limited to an extended Markov blanket approach, outlier detection
based on Kullback-I eibler divergence, SVM with multi-classification algorithm, SVM-
RFE and Markov blanket for high dimensional fluorescence data, or any other algorithm
suitable for such purposes that is either currently known or will be developed in the future.

Other Imaging Modalities

[0113] In some embodiments, a virtual staining transform can be developed
and applied for other imaging modalities, including but not limited to X-ray, ultrasound,
infrared, MRI, PET and/or CT, or any other imaging modality currently existing or to be
developed in the future. In some of such embodiments, information associated with the
tissue sample or other specimen to be observed is collected using one of such modalities
and is transformed or converted according to a unique virtual staining transform mapping
and is displayed to a user. FIGURES 5A-5E are block diagrams depicting overviews of
embodiments of methods of virtually transforming a tissue sample that is imaged by
various imaging techniques or modalities.

[0114] FIGURE 5A illustrates an overview of one embodiment of a method of
virtually transforming a tissue sample imaged under an X-ray spectrum. In an
embodiment, X-ray spectrum 502 comprising a wavelength of about 0.01 nm to about 10
nm is directed at a tissue sample 404, which absorbs some of the X-ray and reflects,
transmits, or otherwise does not absorb others. Such reflected, transmitted, or otherwise
not absorbed X-ray 504 is detected by a detector device 104. This detected data 506 is
transmitted or sent to an image generating system or device or computing system that is

configured to generate an initial image 508 using the detected data. The generated image
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is made up of individual pixels or group of pixels 510. In some embodiments, each pixel
or group of pixels 510 is associated with a Hounsfield unit measure or number. Each
Hounsfield unit measure or number corresponds to the CT density.

[0115] In certain embodiments, a computing system converts or transforms the
Hounsfield unit number associated with each pixel or group of pixels to an output unit or
output unit waveform. In some embodiments, the computing system transforms the
inputted Hounsfield unit number according to a pre-stored virtual staining transform 512,
which contains transformation algorithms or data for transforming an inputted Hounsfield
unit number to one or more output units or output unit waveforms. The output unit can be,
for example, in gray scale or color in some embodiments. In certain embodiments, the
computing system generates an output image 514 comprising pixels or group of pixels
associated with the output unit or output unit waveforms according to the virtual staining
transform.

[0116] FIGURE 5B illustrates an overview of one embodiment of a method of
virtually transforming a tissue sample imaged under an ultrasound spectrum. In an
embodiment, ultrasound spectrum 516 with a frequency range of above about 20 kHz is
directed at a tissue sample 404, and some of the ultrasound is reflected, transmitted, or is
otherwise not absorbed. Such reflected, transmitted, or otherwise not absorbed ultrasound
518 is detected by a detector device 104 in some embodiments. In certain embodiments,
this detected data 520 is transmitted or sent to an image generating system or device or
computing system that is configured to generate an initial image 522 using the detected
data. In some embodiments, the generated image is made up of individual pixels or group
of pixels 524. In certain embodiments, each pixel or group of pixels 524 is associated
with a Hertz unit.

[0117] In certain embodiments, a computing system converts or transforms the
Hertz unit associated with each pixel or group of pixels to an output unit or output unit
waveform. In some embodiments, the computing system transforms the inputted Hertz
unit according to a pre-stored virtual staining transform 526, which contains
transformation algorithms or data for transforming an inputted Hertz unit to one or more
output units or output unit waveforms. The output unit can be, for example, in gray scale
or color in some embodiments. In certain embodiments, the computing system generates
an output image 514 comprising pixels or group of pixels associated with the output unit

or output unit waveforms according to the virtual staining transform.
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[0118] FIGURE 5C illustrates an overview of one embodiment of a method of
virtually transforming a tissue sample imaged under an infrared spectrum. In an
embodiment, infrared spectrum 530 with a wavelength of greater than about 740 nm is
directed at a tissue sample 404, which absorbs some of the infrared and reflects, transmits,
or otherwise does not absorb others. Such reflected, transmitted, or otherwise not
absorbed infrared 532 is detected by a detector device 104 in some embodiments. In
certain embodiments, this detected data 534 is transmitted or sent to an image generating
system or device or computing system that is configured to generate an initial image 536
using the detected data. In some embodiments, the generated image is made up of
individual pixels or group of pixels 538. In certain embodiments, each pixel or group of
pixels 538 is associated with a waveform signature. Each waveform signature can
represent the detected wavelength and corresponding amplitudes that are detected by the
detector at each position in the tissue sample.

[0119] In certain embodiments, a computing system converts or transforms the
waveform associated with each pixel or group of pixels to an output unit or output unit
waveform. In some embodiments, the computing system transforms the inputted
waveform according to a pre-stored virtual staining transform 540, which contains
transformation algorithms or data for transforming an inputted waveform to one or more
output units or output unit waveforms. The output unit can be, for example, in gray scale
or color in some embodiments. In certain embodiments, the computing system generates
an output image 542 comprising pixels or group of pixels associated with the output unit
or output unit waveforms according to the virtual staining transform.

[0120] FIGURE 5D illustrates an overview of one embodiment of a method of
virtually transforming a tissue sample imaged under an MRI spectrum. In an embodiment,
MRI spectrum 544 is directed at a tissue sample 404, which absorbs some of the MRI
spectrum and reflects, transmits, or otherwise does not absorb others. Such reflected,
transmitted, or otherwise not absorbed MRI spectrum 546 is detected by a detector device
104 in some embodiments. In certain embodiments, this detected data 548 is transmitted
or sent to an image generating system or device or computing system that is configured to
generate an initial image 550 using the detected data. In some embodiments, the
generated image is made up of individual pixels or group of pixels 552. In certain

embodiments, each pixel or group of pixels 552 is associated with a Tesla unit.
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[0121] In certain embodiments, a computing system converts or transforms the
Tesla unit associated with each pixel or group of pixels to an output unit or output unit
waveform. In some embodiments, the computing system transforms the inputted Tesla
unit according to a pre-stored virtual staining transform 554, which contains
transformation algorithms or data for transforming an inputted Tesla unit to one or more
output units or output unit waveforms. The output unit can be, for example, in gray scale
or color scale in some embodiments. In certain embodiments, the computing system
generates an output image 556 comprising pixels or group of pixels associated with the
output unit or output unit waveforms according to the virtual staining transform.

[0122] FIGURE S5E illustrates an overview of one embodiment of a method of
virtually transforming a tissue sample imaged under PET and/or CT spectrum. In an
embodiment, PET and/or CT spectrum 558 is directed at a tissue sample 404, which
absorbs some of the PET and/or CT spectrum and reflects, transmits, or otherwise does
not absorb others. Such reflected, transmitted, or otherwise not absorbed PET and/or CT
spectrum 560 is detected by a detector device 104 in some embodiments. In certain
embodiments, this detected data 562 is transmitted or sent to an image generating system
or device or computing system that is configured to generate an initial image 564 using
the detected data. In some embodiments, the generated image is made up of individual
pixels or group of pixels 566. In certain embodiments, each pixel or group of pixels 566
is associated with a Hounsfield and/or Counts unit.

[0123]  In certain embodiments, a computing system converts or transforms the
measured Hounsfield and/or Counts unit associated with of each pixel or group of pixels
to an output unit or output unit waveform. In some embodiments, the computing system
transforms the inputted Hounsfield and/or Counts unit according to a pre-stored virtual
staining transform 568, which contains transformation algorithms or data for transforming
an inputted Hounsfield and/or Counts unit to one or more an output units or output unit
waveforms. The output unit can be, for example, in gray scale or color in some
embodiments. In certain embodiments, the computing system generates an output image
570 using the comprising pixels or group of pixels associated with the output unit or
output unit waveforms according to the virtual staining transform.

Developing a Virtual Staining Transform for a Particular Stain Under Multiple

Electromagnetic Radiation Sources
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[0124] FIGURES 6A and 6B illustrate overviews of embodiments of methods
of collecting data and building virtual staining transforms for a particular stain viewed
under multiple electromagnetic radiation sources. The top portions of FIGURES 6A and
6B depict analyzing an image of a tissue sample without staining under a plurality of
electromagnetic radiation sources. In an embodiment, a plurality of electromagnetic
radiation sources 602 is directed at a plurality of unstained tissue samples 604. In some
embodiments, each of the plurality of electromagnetic radiation sources 602 is
individually directed at the plurality of unstained tissue samples 604 in turn. After
directing a first electromagnetic radiation source 602 at the unstained tissue sample 604, a
detector device 104 detects first electromagnetic radiation 602 that is reflected,
transmitted, or otherwise not absorbed 606 by the unstained tissue samples 604 in a
similar manner as described above. In certain embodiments, the detector device 104
transmits or otherwise sends the detected data 608 to an image generating system or
device that generates an initial image 610 of the detected data. In some embodiments, a
computer system is configured to analyze the waveform associated with each pixel 612 in
a similar manner as described above. In the depicted embodiment, this process is
repeated for the same tissue sample but under different electromagnetic radiation sources
602. This process can be repeated for different tissue samples as well.

[0125] In the depicted embodiments, the plurality of tissue samples without
staining 604 are subsequently stained with a particular stain. In the embodiment
illustrated in FIGURE 6A, the plurality of electromagnetic radiation 602 is directed at the
stained tissue samples 616. As described above, in some embodiments, each of the
plurality of electromagnetic radiation sources 602 is individually directed at the plurality
of unstained tissue samples 604 in turn. In the embodiment illustrated in FIGURE 6B,
visible light 634 is directed at the stained tissue samples 616. In some embodiments,
electromagnetic radiation or visible light that is reflected, transmitted, or otherwise not
absorbed 618, 636 by the stained tissue samples 616 is detected by a detector device 104.
In certain embodiments, the detector device 104 transmits or otherwise sends the detected
data 620, 638 to an image generating system or device that generates an image 622, 638
of the detected data. The generated image is made up of individual pixels or group of
pixels 624, 640.

[0126] In the embodiment illustrated in FIGURE 6A, the computing system

further analyzes waveforms 626 associated with each pixel or group of pixels 624 in the
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generated image in a similar manner as described above. In some embodiments, these
steps can be repeated for the same tissue sample but under different electromagnetic
radiation sources 602. These steps can be repeated for different tissue samples as well. In
some embodiments, a computer system analyzes the waveforms and/or waveform
signatures associated with pixels of both the unstained plurality of tissue samples 604 and
the stained plurality of tissue samples 616 at block 628. The detected waveforms
associated with pixels of the unstained tissue samples 604 and the stained tissue samples
616 are identified and stored by the computer system to determine how a pixel or group of
pixels associated with a specific waveform or waveform signature changed after the
staining to a subsequent pixel or group of pixels associated with a waveform or waveform
signature.

[0127] In the embodiment illustrated in FIGURE 6B, the computing system
analyzes each pixel or group of pixels 640 in the generated image 638 according to color
or some other identifiable characteristic. In some embodiments, the computer system
determines how an input pixel or group of pixels 612 associated with a specific waveform
614 changed after staining to an output pixel or group of pixels 640 of a particular color
or other identifiable characteristic.

[0128] In some embodiments, the computer system may detect that inputted
pixels or group of pixels associated with an identical or substantially identical input
waveform are inconsistently transformed after staining to output pixels associated with
different waveforms and/or different colors or other identifiable characteristics. When
there are discrepancies in the detected data of how a single input waveform is transformed
after staining with the same particular stain, the computer system in some embodiments
determines an average output waveform and/or an average output color or other
characteristic after the staining at block 628 or 642. In certain embodiments, the average
output waveform and/or average output color or other characteristic associated with each
pixel of the images of stained tissue samples is stored and combined by the computer
system to develop a virtual staining transform or transformation function 632, 646. In
certain embodiments, virtual staining transforms 632 for a particular stain can be
developed in the general manner described above for each of the plurality of
electromagnetic radiation sources 602 to obtain a more comprehensive virtual staining

transform for that particular stain.
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[0129]  Possible algorithms for developing virtual staining transforms comprise
but are not limited to an extended Markov blanket approach, outlier detection based on
Kullback-Leibler divergence, SVM with multi-classification algorithm, SVM-RFE and
Markov blanket for high dimensional fluorescence data, or any other algorithm suitable
for such purposes that is either currently known or will be developed in the future.

Developing a Virtual Staining Transform for Multiple Stains Under Multiple
Electromagnetic Radiation Sources

[0130] FIGURES 7A and 7B illustrate overviews of embodiments of methods

of collecting data and building virtual staining transforms for multiple stains viewed
under multiple electromagnetic radiation sources.

[0131] In the depicted embodiments, a plurality of electromagnetic radiation
sources 602 are directed at an unstained tissue sample 404, In some embodiments, each
of the plurality of electromagnetic radiation sources 602 is individually directed at the
unstained tissue sample 404 in turn. After directing a first electromagnetic radiation
source 602 at the unstained tissue sample 404, a detector device 104 detects
electromagnetic radiation 602 that is reflected, transmitted, or otherwise not absorbed 702
by the unstained tissue sample 404 in a similar manner as described above. In certain
embodiments, the detector device 104 transmits or otherwise sends the detected data 704
to an image generating system or device that generates an initial image 706 of the detected
data. In some embodiments, a computer system is configured to analyze the waveform
associated with each pixel 708 in a similar manner as described above. In the depicted
embodiments, these steps can be repeated for the same tissue sample under different
electromagnetic radiation sources 602.

[0132] In the depicted embodiments, the unstained tissue sample 404 or a
section thereof is subsequently stained with Stain X 710. In the embodiment illustrated in
FIGURE 7A, the plurality of electromagnetic radiation 602 is directed at the tissue sample
stained with Stain X 710. In the embodiment illustrated in FIGURE 7B, visible light 634
is directed at the tissue sample stained with Stain X 710. Some of the electromagnetic
radiation or visible light is reflected, transmitted, or otherwise not absorbed 712, 734 by
the tissue sample stained with Stain X 710. In some embodiments, such electromagnetic
radiation or visible light that is reflected, transmitted, or otherwise not absorbed 712, 734
by the tissue sample stained with Stain X 710 is detected by a detector device 104. In

certain embodiments, the detector device 104 transmits or otherwise sends the detected
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data 714, 736 to an image generating system or device that generates an image 716, 738
of the detected data. The generated image is made up of individual pixels or group of
pixels 718, 740. In the embodiment illustrated in FIGURE 7A, each pixel or group of
pixels can be associated with a particular waveform.

[0133] In some embodiments, the unstained tissue sample 404 or a section
thereof is stained with Stain Y 720. In the embodiment illustrated in FIGURE 7A, the
plurality of electromagnetic radiation 602 is directed at the tissue sample stained with
Stain Y 720. In the embodiment illustrated in FIGURE 7B, visible light 634 is directed at
the tissue sample stained with Stain Y 720. Some of the electromagnetic radiation or
visible light is reflected, transmitted, or otherwise not absorbed 722, 742 by the tissue
sample stained with Stain Y 720. Such electromagnetic radiation or visible light that is
reflected, transmitted, or otherwise not absorbed 722, 742 by the tissue sample stained
with Stain Y 722 is detected by a detector device 104. In certain embodiments, the
detector device 104 transmits or otherwise sends the detected data 724, 744 to an image
generating system or device that generates an image 726 of the detected data. The
generated image is made up of individual pixels or group of pixels 728, 748. In the
embodiment illustrated in FIGURE 7A, each pixel or group of pixels can be associated
with a particular waveform. In certain embodiments, the general method described above
can be repeated for any number of different stains.

[0134] In the embodiment illustrated in FIGURE 7A, a computer system
further analyzes the waveforms and/or waveform signatures associated with each pixel or
group of pixels of the unstained tissue sample 404, the tissue sample stained with Stain X
710, the tissue sample stained with Stain Y 720, and any other tissue samples stained with
any other stain at block 730. The detected waveforms of the tissue samples stained with
Stain X 710, Stain Y 720, and any other stain along with waveforms of the unstained
tissue sample 404 are identified and stored by the computer system to determine how an
unstained pixel or group of pixels associated with a specific waveform or waveform
signature changed after each staining to a subsequent pixel associated with a waveform or
waveform signature. Such information about how each waveform associated with each
pixel changed in waveform and/or waveform signature after staining with each particular
type of stain is stored and combined by the computer system in some embodiments to

develop a virtual staining transform or transformation function 732.
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[0135] In the embodiment illustrated in FIGURE 7B, the computing system
analyzes each pixel of images of the tissue sample stained with Stain X 710, the tissue
sample stained with Stain Y 720, and any other stained tissue sample at block 750
according to color or some other identifiable characteristic. In some embodiments, the
computer system determines how an input pixel or group of pixels 708 associated with a
specific waveform changed after staining to an output pixel or group of pixels 740, 748 of
a particular color or other identifiable characteristic. Such information is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 752.

[0136] By employing the general methods of the embodiments described in
connection to FIGURES 7A and 7B, comprehensive virtual staining transforms that
comprise transformation data of more than one stain can be developed. Also, in certain
embodiments, virtual staining transforms 732, 752 for each particular stain can be
developed in the general manner described above for each of the plurality of
electromagnetic radiation sources 602 to obtain an even more comprehensive virtual
staining transform.

[0137]  Possible algorithms for developing virtual staining transforms comprise
but are not limited to an extended Markov blanket approach, outlier detection based on
Kullback-Leibler divergence, SVM with multi-classification algorithm, SVM-RFE and
Markov blanket for high dimensional fluorescence data, or any other algorithm suitable
for such purposes that is either currently known or will be developed in the future.

Developing a Three-Dimensional Virtual Staining Transform for a Particular Stain

[0138] FIGURES 8A and 8B illustrate overviews of embodiments of methods

of collecting data and building a three-dimensional virtual staining transform for a
particular stain viewed under multi-spectrum electromagnetic radiation. In some
embodiments, a three-dimensional virtual staining transform can be developed in the
same general manner as described below. In other embodiments, three dimensional
virtual staining transforms for different electromagnetic radiation sources or for different
stains can be developed by combining the methods described below with other
embodiments described herein.

[0139] In the depicted embodiments, multi-spectrum electromagnetic radiation
402 is directed at an unstained tissue sample 404. In some embodiments, multi-spectrum

electromagnetic radiation 402 is directed at the unstained tissue sample 404 from a
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plurality of directions surrounding the unstained tissue sample 404. In certain
embodiments, the unstained tissue sample 404 is not otherwise chemically altered from its
natural state. Some of the multi-spectrum electromagnetic radiation 402 is reflected,
transmitted, or otherwise not absorbed 802 by the unstained tissue sample 404. Such
electromagnetic radiation that is reflected, transmitted, or otherwise not absorbed 802 by
the unstained tissue sample 404 is detected by a detector device 104. In some
embodiments, the detector 104 is configured to capture video data of the electromagnetic
radiation that is reflected, transmitted, or otherwise not absorbed 802 by the unstained
tissue sample 404. In other embodiments, the detector or a plurality of detectors are
positioned and configured to detect electromagnetic radiation that is reflected, transmitted,
or otherwise not absorbed 802 by the unstained tissue sample 404 to allow generation of a
three-dimensional image or space. In yet other embodiments, the detector or a plurality of
detectors 104 are configured to capture three-dimensional video data of the
electromagnetic radiation that is reflected, transmitted, or otherwise not absorbed 802 by
the unstained tissue sample 404. For example, the detector can be configured to obtain
two-dimensional images of the tissue sample on the xy plane at varying z depths by
changing the focal depth of the detector. In some embodiments, the detector does not
change its zoom but merely changes the focal depth to obtain xy images at different z
depths. By changing the z depth, the detector generally gains or loses certain information,
which can be processed according to a predetermined algorithm.

[0140] The detector device 104 transmits or otherwise sends the detected data
804 to an image generating system or device that generates an initial image or video 806
of the detected data. In certain embodiments, the initial image or video 806 is three-
dimensional. The generated image or video is made up of individual pixels or group of
pixels 808. Each pixel or group of pixels can be associated with a particular waveform
810. Each waveform signature can represent the detected wavelength and corresponding
amplitudes that are detected by the detector at each position in the tissue sample. In some
embodiments, a computer system is configured to graph the wavelength amplitude per
spectrum wavelength for each waveform associated with each pixel or group of pixels.

[0141] In the depicted embodiments, the unstained tissue sample 404 or a
section thereof is subsequently stained or tagged or is otherwise transformed 812. In the
embodiment illustrated in FIGURE 8A, multi-spectrum electromagnetic radiation 402 is

directed at the stained tissue sample 812, In the embodiment illustrated in FIGURE 8B,
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visible light 432 is directed at the stained tissue sample 812. In certain embodiments,
some of the multi-spectrum electromagnetic radiation or visible light is reflected,
transmitted, or otherwise not absorbed 814, 828 by the stained tissue sample 812. Such
multi-spectrum electromagnetic radiation or visible light that is reflected, transmitted, or
otherwise not absorbed 814, 828 by the stained tissue sample 814 is detected by a detector
device 104. In some embodiments, the detector 104 is configured to capture video data of
the electromagnetic radiation or visible light that is reflected, transmitted, or otherwise not
absorbed 814, 828 by the stained tissue sample 812. In other embodiments, the detector
or a plurality of detectors are positioned and configured to detect electromagnetic
radiation or visible light that is reflected, transmitted, or otherwise not absorbed 814, 828
by the stained tissue sample 812 to allow generation of a three-dimensional image or
space. In yet other embodiments, the detector or a plurality of detectors 104 are
configured to capture three-dimensional video data of the electromagnetic radiation or
visible light that is reflected, transmitted, or otherwise not absorbed 814, 828 by the
stained tissue sample 812. For example, the detector can be configured to obtain two-
dimensional xy images of the tissue sample at varying z depths by changing the focal
depth of the detector.

[0142] The detector device 104 transmits or otherwise sends the detected data
816, 830 to an image generating system or device that generates an image or video 818,
832 of the detected data. In some embodiments, the image or video 818, 832 is three-
dimensional. The generated image or video is made up of individual pixels or group of
pixels 820, 834.

[0143] In the embodiment illustrated in FIGURE 8A, each pixel or group of
pixels can be associated with a particular waveform 810. Each waveform signature can
represent the detected wavelength and corresponding amplitudes that are detected by the
detector at each position in the tissue sample. In some embodiments, a computer system
is configured to graph the wavelength amplitude per spectrum wavelength for each
waveform associated with each pixel or group of pixels. Further, a computer system can
be configured to analyze the waveforms and/or waveform signatures of the unstained
tissue sample 404 and the stained tissue sample 812 at block 824. In some embodiments,
the detected waveforms of the unstained tissue sample 404 and the stained tissue sample
812 are identified and stored by the computer system to determine how an unstained pixel

or group of pixels associated with a specific waveform or waveform signature changed
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after staining to a subsequent waveform or waveform signature. Such information about
how each pixel changed in waveform and/or waveform signature after staining with each
particular type of stain is stored and combined by the computer system in some
embodiments to develop a virtual staining transform or transformation function §26.

[0144] In the embodiment illustrated in FIGURE 8B, the computing system
can be configured to further analyze each pixel 834 of images of the stained tissue sample
812 according to color or some other identifiable characteristic. In some embodiments,
the computer system determines how an input pixel or group of pixels 808 associated with
a specific waveform changed after staining to an output pixel or group of pixels 834 of a
particular color or other identifiable characteristic. Such information is stored and
combined by the computer system in some embodiments to develop a virtual staining
transform or transformation function 838.

[0145] In embodiments where three-dimensional data is detected by the
detector device 104, the computer system can be configured to develop a virtual staining
transform 826, 838 that comprises three-dimensional transformation data of pixels or
groups of pixels after the staining. Similarly, in embodiments where video data is
detected by the detector device 104, the computer system can be configured to develop a
virtual staining transform 826, 838 that comprises video data or time-sensitive
transformation data of pixels or groups of pixels after the staining.

[0146]  Possible algorithms for developing virtual staining transforms comprise
but are not limited to an extended Markov blanket approach, outlier detection based on
Kullback-Leibler divergence, SVM with multi-classification algorithm, SVM-RFE and
Markov blanket for high dimensional fluorescence data, or any other algorithm suitable
for such purposes that is either currently known or will be developed in the future.

Developing a Virtual Staining Transform for a Particular Stain with Volume

Averaging
[0147] FIGURES 9A and 9B illustrate overviews of embodiments of methods

of collecting data and building a virtual staining transform for a particular stain using
volume averaging. The embodiments depicted in FIGURES 9A and 9B follow the same
methods of developing a virtual staining transform as described above.

[0148] In some instances, the waveform and/or waveform signature 416
associated with a pixel or a group of pixels of an unstained tissue sample’s image can be

the product of more than one substances that exist within the pixel area on the tissue
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sample. In such cases, the detected waveform and/or waveform signature 416 is a
combination or a volume average of two or more waveform signatures that correspond to
each of the multiple substances within the pixel area. For example, the detected
waveform 416 can be a combination of the waveform associated with Substance A 902
and the waveform associated with Substance B 904. In an embodiment, the computer
system is configured to identify that a waveform associated with a particular pixel or
group of pixels comprises one or more waveforms.

[0149]  In the embodiment illustrated in FIGURE 9A, the computer system is
further configured to identify each of the one or more waveforms that comprise a single
waveform associated with an input pixel and to match each of the one or more waveforms
with one or more output waveforms according to a virtual staining transform. In other
embodiments, the computer system is further configured to utilize volume averaging to
determine a single output waveform for the input waveform that comprises one or more
waveforms.

[0150] In the embodiment illustrated in FIGURE 9B, the computer system is
further configured to identify each of the one or more waveforms that comprise a single
waveform associated with an input pixel and to match each of the one or more waveforms
with one or more output pixels with particular colors and/or other identifiable
characteristic according to a virtual staining transform. In other embodiments, the
computer system is further configured to utilize volume averaging to determine a single
output pixel with a particular color and/or other identifiable characteristic for the input
waveform that comprises one or more waveforms.

Overview of Virtually Staining a Tissue Sample

[0151] FIGURE 10 illustrates an overview of one embodiment of a method of
using a virtual staining transform to virtually stain a tissue sample with different virtual
stains, tags, or other transforms and under different electromagnetic radiation sources. In
some embodiments, the whole process or selected steps of FIGURE 10 are repeated for
different stains and/or for different electromagnetic radiation sources.

[0152] At block 1002, a particular electromagnetic radiation source is selected,
which is subsequently directed at a an unstained tissue sample at block 1004.
Electromagnetic radiation that is transmitted, reflected, or otherwise not absorbed by the

sample is received by at least one detection device at block 1106. In certain embodiments,
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more than one detection device can be utilized to reduce error in detection or to collect
three-dimensional data.

[0153] Based on the detected data, an initial image is generated and stored as
input at block 1108. A computing system analyzes this initial image at block 1010. The
initial image comprises pixels or group of pixels. In some embodiments, each pixel or
group of pixels is associated with a particular waveform 810. Each waveform signature
can represent the detected wavelength and corresponding amplitudes that are detected by
the detector at each position in the tissue sample. In certain embodiments, the computing
system is configured to determine the chemical properties of each pixel or group of pixels
based on the detected waveform associated with the pixel or group of pixels. In certain
embodiments, the steps of blocks 1002 through 1010 can be repeated to store initial
images and waveforms associated with each pixel or group of pixels of images of
unstained tissue samples under different types of electromagnetic radiation sources as
depicted by 1012.

[0154] In the depicted embodiment, a user selects a virtual stain, tag, or other
transform to apply to the tissue sample at block 1014. In some embodiments, the
computer system applies the appropriate virtual stain transform corresponding to the
selected transformation, stain, or tag to each pixel or group of pixels of the initial image at
block 1016. In certain embodiments, each pixel associated with an identified waveform is
transformed to an output pixel according to the virtual stain transform. For example, the
system can be configured to match or to substantially match a pixel associated with an
identified waveform to one or more output pixels associated with particular waveforms
pre-stored in the database. In other embodiments, each pixel associated with an identified
waveform is transformed to an output pixel of a particular color or other identifiable
characteristic according to the virtual stain transform. For example, the system can be
configured to match or to substantially match a pixel associated with an identified
waveform to one or more output pixels with particular colors.

[0155]  If there is a match or a substantial match, the system can be configured
to identify an output pixel. In some embodiments, the matching comprises categorizing a
detected waveform according to particular compartments, ranges, and/or bands of
waveforms that are pre-determined and stored in the database. For example, if a detected
waveform is within a particular compartment, range, and/or band of pre-stored waveforms,

the system can be configured to match the detected waveform with that pre-stored
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compartment, range, and/or band and identify an output pixel associated with the
compartment, range, and/or band. The system can be further configured to map the
output pixel(s) to the virtually stained image. In certain embodiments, output pixels are in
color or grayscale.

[0156]  The computer system generates a virtually stained image at block 1018.
In certain embodiments, the steps of blocks 1014 through 1018 can be repeated to
generate more than one virtually stained image by applying different stains, tags, or other
transforms to the initial image. The results can be stored in the computer system at block
1022. In some embodiments, the user can view and/or compare selected images among
the initial image and any generated images at block 1024.

Generation of Multiple Output Pixels Per Input Pixel

[0157] In some embodiments, the virtual staining systems and methods
described herein produce one output pixel for each input pixel. In other embodiments, the
virtual staining systems and methods described herein produce more than one output pixel
for each input pixel. FIGURE 11 illustrates an overview of some embodiments of
methods of virtually staining that generate more than one output pixel for each input pixel.

[0158]  In an embodiment, the virtual staining process comprises determining a
single output pixel for each input pixel according to the appropriate virtual staining
transform. Dor example, if the virtual staining transform of a particular virtual stain, tag,
or other transformation transforms an input pixel A 1104 associated with an input
waveform X to an output pixel B 1108 associated with an output waveform Y, each
instance of input pixel A 1104 in the initial image is mapped as a single output pixel B
1108 in the virtually stained image 1106. In other words, the virtual staining process
maps a single input pixel to a single output pixel according to the pre-stored virtual
staining transform that corresponds to the selected virtual stain, tag, or other
transformation. In some embodiments, an output pixel associated with an input pixel
1104 located on a two-dimensional initial image 1102 is mapped to a two-dimensional
virtually stained image 1106 at the same xy position. In other embodiments, an output
pixel associated with an input pixel located on a three-dimensional initial image or space
is mapped to a three-dimensional virtually stained image or space at the same xyz position.
In certain embodiments, an output pixel associated with an input pixel located on a three-
dimensional initial image or space is mapped to a two-dimensional virtually stained image

at the same xy position. In other embodiments, an output pixel associated with an input
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pixel located on a two-dimensional initial image is mapped to a three-dimensional
virtually stained image or space at the same Xy position and an appropriate z position.

[0159] In other embodiments, the system is configured to determine and/or
generate more than one pixel per each input pixel. In some embodiments, one input pixel
1104 can be mapped to four output pixels 1114 to generate an output image with twice the
number of pixels in length and in width. In certain embodiments, one input pixel 1104
can be mapped to nine output pixels 1120 to generate an output image with three times
the number of pixels in length and in width. In other embodiments, one input pixel 1104
can be mapped to multiple output pixels 1126 that are stacked or layered on top of each
other. The additional pixels 1114, 1120, 1126 can be smaller, larger, or of the same size
as the single output pixel 1108 associated with the input pixel 1104.

[0160] In some embodiments, the additional output pixels are obtained by
further analyzing the waveform associated with the input pixel. For example, in some
embodiments, an input pixel can be associated with two or more waveforms pre-stored in
the database. A first portion of a waveform associated with an input pixel can correspond
to a first pre-stored waveform, and a second portion of the waveform associated with the
input pixel can correspond to a second pre-stored waveform. Further, a virtual staining
transform can comprise different output pixels, waveforms, and/or colors for each of these
pre-stored waveforms. In embodiments where only one output pixel is generated per each
input pixel, the plurality of output pixels for pre-stored waveforms that are all associated
with a single input pixel can be averaged or combined according to some predetermined
algorithm to generate a single output pixel. However, in embodiments where more than
one output pixel is generated per each input pixel, all or a subgroup of the plurality of
output pixels for the pre-stored waveforms that are all associated with the single input
pixel can be mapped. In certain embodiments, the additional pixels comprise output
pixels obtained from directing different electromagnetic radiation, applying different
stains, or information obtained by imaging under different modalities, such as X-ray,
ultrasound, infrared, MRI, PET and/or CT for example. In other embodiments, the
additional pixels comprise output pixels obtained from interpolating output pixels
obtained from a virtual staining transform.

[0161] In some embodiments, these additional pixels are mapped in a random
or arbitrary order or position. In certain embodiments, the additional pixels are mapped

onto locations on the virtually stained image 1110, 1116, 1122 in order of intensity or
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concentration. In other embodiments, the additional pixels are mapped onto locations on
the virtually stained image 1110, 1115, 1122 according to some other pre-determined
order or algorithm.

[0162] In some embodiments, the additional pixels are displayed natively. For
example, if the system is configured to generate four output pixels per input pixel, the
system in some embodiments can immediately display a virtually stained image
comprising all or a subgroup of the four output pixels per input pixel. In other
embodiments, the additional pixels are not initially displayed but can be displayed upon
receiving further instructions from the user. For example, the system can first display a
single output pixel 1112 per input pixel 1104. However, once a user double clicks on a
single output pixel 1112, zooms-in on the virtually stained image, or performs some other
pre-determined instruction, the system can display all or a subgroup of the four output
pixels 1114 per input pixel. A system configured to generate nine output pixels 1120 per
input pixel 1104 can also either natively display all or a subgroup of nine pixels 1120.
Alternatively, the system can display all or a subgroup of the nine pixels 1120 upon
receiving further instructions from a user.

[0163] In an embodiment, the additional pixels are not mapped or placed next
to each other but are stacked or layered on top of each other. In some embodiments, the
system can be configured to initially display only one output pixel 1124 per input pixel
1104. However, additional output pixels 1126 corresponding to the same input pixel
1104 are in fact determined by the system and stored in a “stack” in the background.
Upon receiving further instructions from a user, the system can be configured to “toggle”
between different output pixels 1126 and display the different output pixels 1126. In
other embodiments, the system can be configured to overlay and display output pixels
associated with more than one imaging modality, stain, tag, or other transform together
such that a plurality of output pixels can be viewed as a single output pixel.

[0164] If both the initial image or space and the virtually stained image or
space are three-dimensional, the virtually stained image or space can be twice the size or
more in length, width, and depth as the initial image or space. In some embodiments, one
input pixel can correspond to eight output pixels to generate an output image with twice
the number of pixels in length, width, and depth. In other embodiments, one input pixel
can correspond to 27 output pixels to generate an output image with three times the

number of pixels in length, width, and depth. The additional pixels can comprise any of
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those described above in relation to two-dimensional images. Further, the manner in
which these additional pixels are displayed can further follow any of those described
above.

Multiple Virtual Stains Applied to a Single Tissue Sample

[0165] As described above, more than one virtual stain, tag, or other transform
can be applied to a single tissue sample according to some embodiments. FIGURES 12A
and 12B illustrate embodiments of methods of virtually staining a single tissue sample
with multiple virtual stains, tags, or other transforms.

[0166] The same general method of analyzing a tissue sample by pixel or
group of pixels under an electromagnetic radiation source as described above applies to
the embodiments illustrated in FIGURES 12A and 12B. After each pixel or group of
pixels of the initial image is analyzed and associated waveforms and/or waveform
signatures 416 are determined, a computer system in some embodiments applies multiple
virtual stains to the input waveforms detected from an initial image of the tissue sample to
produce output images that are virtually stained, tagged, or otherwise transformed at block
1202. For example, the computer system can generate images of the tissue sample
virtually stained with Stain A 1204, Stain B 1210, Stain C 1216, Stain D 1222, and/or any
other stain as selected by the user and available in the database.

[0167]  Each generated image 1204, 1210, 1216, 1222 corresponding to each
virtual stain, tag, or other transform comprises pixels or groups of pixels 1206, 1212,
1218, 1224. In the depicted embodiments, each pixel or group of pixels is associated with
a waveform 1208, 1214, 1220, 1226 (as illustrated in FIGURE 12A) or a particular color
or other identifiable characteristic. The computer system maps each input pixel
associated with a particular waveform 416 to an output pixel according to the selected
particular stain, tag, or other transform. For example, if a user instructed the computer
system to virtually stain the tissue sample with Stain A, the computer system maps an
input pixel of the initial image 416 associated with a particular waveform to an output
pixel 1206 according to a virtual transform for Stain A that is stored in the computer
database. If the user instructed the computer system to virtually stain the tissue sample
with Stain B, the computer system maps the same input pixel associated with the
particular waveform to an output pixel 1212 according to a virtual transform for Stain B
that is stored in the computer database. The same process can be applied to any number

of virtual stains as selected by the user.
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Side-By-Side Display of a Single Tissue Sample Virtually Stained with Multiple

Stains

[0168] In some embodiments, images of a tissue sample virtually stained with
multiple virtual stains can be viewed side-by-side on a display. FIGURE 12C illustrates
one embodiment of a screen view of a single tissue sample virtually stained by multiple
virtual stains. It is understood that this is not the only embodiment of such screen view
and that other designs or configurations are possible.

[0169] In the embodiment as illustrated in FIGURE 12C, the initial image of
the unstained tissue sample 1228 is displayed side-by-side with a generated image of the
tissue sample virtually stained with Stain A 1232 and a generated image of the tissue
sample virtually stained with Stain B 1236. Turther, close-up views of a single area
within these images 1230, 1234, 1238 can be compared side-by-side in some
embodiments.

Examples of Virtual Staining

[0170] FIGURE 13 illustrates an example of virtually staining as conducted by
an embodiment. FIGURE 13A depicts an example of a digitally or virtually stained result
of a slide using an embodiment disclosed herein. FIGURE 13B is an image of the same
slide when actually stained with H&E stain. As seen from comparing FIGURES 13A and
13B, the virtually or digitally stained result appears substantially similar to the actually
stained slide.

[0171] The four images of FIGURE 13C each correspond to which pixels of
the original image reflect a particular color, for example red, green, blue, and yellow. The
four graphs of FIGURE 13D represent the actual underlying data of each pixel of
FIGURE 13C. Each of these four graphs represents the intensity of certain wavelengths
of each pixel as detected by the detection device. The data of a single pixel corresponds
to a single line or single waveform in FIGURE 13D.

[0172] FIGURE 14 illustrates another example of a virtually or digitally
stained tissue sample. In the depicted embodiment, each detected pixel from the initial
detection is assigned a color according to the detected waveform associated with each
pixel. Accordingly, the output as illustrated in FIGURE 14 is a pseudo-colored version of
an unstained slide.

Hyperspectral Imaging and Identifying Species
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[0173]  Current methods of identifying microorganisms generally involve
manually analyzing a single plate on which the microorganism specimen is located by
mass spectroscopy. A person or automated machine generally carries out such methods
by shining infrared light at each plate of microorganisms to determine whether there is
growth or not. Further, human interaction is generally required to determine the identity
of the microorganism species in such methods.

[0174] However, in an embodiment, the methods of virtual staining and
hyperspectral imaging described above can be used to automatically identify the species
of a biological sample or microorganism. In many instances, a microorganism will have
one type of waveform signature under hyperspectral imaging. Waveforms of different
microorganisms may have one or more peaks, where each peak correlates to some protein
of the microorganism. The identity of such protein, however, is not necessary to
determine the identity of the microorganism, because the whole waveform itself can be
used to identify the microorganism using the hyperspectral imaging methods described
above.

[0175] In an embodiment, the system has a pre-stored database of waveform
signatures associated with different microorganisms. Such database can be developed
using the general methods described above. Such database can be used to match the
detected waveform(s) of an unknown microorganism sample to a known waveform(s) to
identify the microorganism sample. In some situations, the detected waveform(s) of an
unknown microorganism is not completely identical to any of the pre-stored waveforms.
In some embodiments, the system identifies a pre-stored waveform(s) that is most similar
to the detected waveform and calculates a similarity score. For example, the system can
report to a user that there is an 80% chance that the unknown sample is E. Coli. In other
situations, different portions of a detected waveform(s) of an unknown microorganism
can correspond to different pre-stored waveforms corresponding to different
microorganisms. In certain embodiments, the system can determine what portion of the
unknown sample corresponds to a first microorganism and what portion corresponds to a
second microorganism. For example, the system can report to a user that the unknown
plate of microorganisms is 30% E. Coli and 70% Bacillus atrophaeus.

[0176] In an embodiment, a user can instruct the system to identify those pre-
stored waveforms and corresponding microorganisms when the similarity is above a

certain threshold level. This threshold level can be, for example, about 50%, about 60%,

-50-



WO 2013/142366 PCT/US2013/032389

about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, about 100%, or any other value.

[0177] In an embodiment, the system is configured to compare a detected
waveform(s) to one or more compartments, ranges, and/or bands of waveforms. For
example, the system can have pre-stored different compartments, ranges, and/or bands of
waveforms that are each associated with a particular organisms or microorganism. In
some embodiments, the compartments, ranges, and/or bands can be developed from
multiple trials of detecting the waveform(s) of samples of the same or similar organisms
or microorganisms and aggregating the detected waveform(s). In certain embodiments,
the system can determine whether a detected waveform(s) fits within or substantially fits
within one or more of these compartments, ranges, and/or waveforms and further identify
the organism or microorganism associated with the one or more compartments, ranges,
and/or waveforms.

[0178] The methods described above of using hyperspectral imaging to
identify microorganisms or biological species greatly reduces the time and cost associated
with performing such functions. For example, by using hyperspectral imaging to identify
microorganisms, the whole identification process or a substantial portion thereof can be
automated. Further, such methods can allow for analysis of multiple samples of
microorganisms at once. In addition, once the identity of the unknown microorganism is
determined, the system can further determine and report certain characteristics of that
microorganism to the user. For example, such characteristics can comprise what the
particular microorganism responds to or does not respond to. This can further reduce the
cost and time associated with determining how to treat an unknown sample of
microorganism.

[0179] FIGURES 15A and 15B illustrate one embodiment of how
hyperspectral imaging can be used to determine the identity of microorganisms.

Hyperspectral Imaging and Virtual Staining for Clinical Diagnostics

[0180] The general methods of virtual staining using hyperspectral imaging as
described above can also be applied in clinical diagnostics. Because hyperspectral
imaging generally allows for analysis of more data and more content, better quality
control and assurance of a specimen is possible for biobanking and downstream molecular
diagnostics. In addition, inter/intra-specimen similarity score analysis is possible using

hyperspectral imaging for biomarker discovery, validation, and development.
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[0181] By employing the hyperspectral imaging methods described above, it is
possible to analyze an image of a tissue sample according to each pixel or group of pixels
and determine the particular waveform associated with each pixel or group of pixels. In
an embodiment, multi-spectrum electromagnetic radiation or other imaging modality
radiation is directed at a tissue sample of a known disease, condition, subtype thereof, or
tissue that is susceptible or responsive to a particular treatment. Other types of radiation
can include fluorescence, X-ray, ultrasound, infrared, MRI, PET, and/or CT spectrums.
Electromagnetic radiation that is transmitted, reflected, or otherwise not absorbed by the
tissue sample is detected by a detection device. The detected data is analyzed according
to each pixel or group of pixels by a computer system to identify particular waveforms
associated with each pixel or group of pixels. The detected waveforms are stored in the
computer system as data correlating to the tissue sample of the known particular disease,
condition, subtype(s) thereof, tissue that is susceptible or responsive to a particular
treatment, or pathology. These steps can be repeated for a number of tissues of a number
of diseases, conditions, subtypes thereof, tissues that are susceptible or responsive to a
number of treatments, or pathology to develop a more comprehensive database.
Meanwhile, waveform data of image pixels of healthy corresponding tissues can also be
stored in the computer system as reference data.

[0182] In an embodiment, multi-spectrum electromagnetic radiation or other
imaging modality radiation is directed at a tissue sample or specimen to be tested. Other
types of radiation can comprise fluorescence, X-ray, ultrasound, infrared, MRI, PET,
and/or CT spectrums. The electromagnetic radiation that is transmitted, reflected, or
otherwise not absorbed by the tissue specimen is detected by a detection device. The
detected data is subsequently analyzed according to each pixel or group of pixels by a
computer system to determine the waveform associated with each pixel or group of pixels.
The computer system compares the detected pixel waveforms to the pre-stored database
of waveforms associated with various tissue samples described above for classification,
whether it be primary diagnosis or ancillary diagnosis. For example, if a particular
waveform obtained from the tissue specimen is sufficiently similar to a pre-stored
waveform of a tissue sample with a particular disease, condition, pathology, or subtypes
thereof, then the corresponding portion of the tissue specimen is diagnosed with that
particular disease, condition, pathology, or subtypes thereof. In some embodiments,

waveform data obtained from the tissue specimen can be compared to multiple
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waveforms stored in a database to determine whether that tissue specimen is suffering
from any number of diseases, conditions, pathology, or subtypes thereof.

[0183] In certain embodiments, the computer system is configured to diagnose
a particular pixel waveform as degraded with a particular disease, condition, pathology, or
subtypes thereof when the similarity in waveforms is above a certain percentage. TFor
example, in some embodiments, the computer system will identify a particular waveform
of a tissue specimen with a particular disease or subtype of disease when the waveform’s
similarity to a known waveform of a particular disease or subtype of disease is at about
90% or above. In other embodiments, this threshold value is about 50%, about 60%,
about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, about 100%, or any other value.

[0184] In an embodiment, the system is configured to compare a detected
waveform(s) to one or more compartments, ranges, and/or bands of waveforms. For
example, the system can have pre-stored different compartments, ranges, and/or bands of
waveforms that are each associated with a particular disease, condition, pathology, or
subtypes thereof. In some embodiments, the compartments, ranges, and/or bands can be
developed from multiple trials of detecting the waveform(s) of samples with the same or
similar disease, condition, pathology, or subtypes thereof and aggregating the detected
waveform(s). In certain embodiments, the system can determine whether a detected
waveform(s) fits within or substantially fits within one or more of these compartments,
ranges, and/or waveforms and further identify the disease, condition, pathology, or
subtype thereof associated with the one or more compartments, ranges, and/or waveforms.

[0185] In some embodiments, the computer system further pseudo-colors each
pixel of the tissue specimen image according to a pre-stored database. For example,
pixels associated with waveforms that correspond to those of healthy tissue are colored
blue, while pixels associated with waveforms that correspond to those of diseased tissues
are colored red. In other embodiments, the transform does not pseudo-color every pixel,
but colors those pixels associated with waveforms that correspond to degraded tissues. In
yet other embodiments, the output pixels of the virtual transform are not colored but are in
grayscale. 'The output pixels are combined by a computer system to generate an output
image of the tissue specimen that facilitates analysis or diagnosis of the tissue specimen.

In other embodiments, the computer system does not pseudo-color or assign a particular
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grayscale shade to each pixel, but simply alerts a user in some manner of pixels associated
with waveforms that correspond to degraded, unhealthy, or otherwise undesirable tissue.

[0186] In an embodiment, the system can also be configured to determine and
suggest to a user a particular treatment for the tested tissue sample. For example, in some
embodiments, the system can be configured to compare the detected waveforms from the
tissue sample to known waveforms that correspond to tissue that are susceptible or
responsive to certain treatments. Based on the comparison, the system can suggest a
particular treatment for the tested tissue sample. Such treatments can include, for
example, a particular drug, therapy, chemotherapy, radiation therapy, drug delivery
method, among others. The system can be configured to suggest a particular treatment
when the detected waveform is sufficiently similar to a pre-stored waveform of a tissue
that is susceptible or responsive to a particular treatment. Such threshold value can be,
for example, about 50%, about 60%, about 70%, about 80%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
99%, about 100%, or any other value.

[0187] In an embodiment, the system is configured to compare a detected
waveform(s) to one or more compartments, ranges, and/or bands of waveforms. For
example, the system can have pre-stored different compartments, ranges, and/or bands of
waveforms that are each associated with samples that are susceptible or responsive to a
particular treatment(s) or drug(s). In some embodiments, the compartments, ranges,
and/or bands can be developed from multiple trials of detecting the waveform(s) of
samples that are susceptible or responsive to the same or similar treatment(s) or drug(s)
and aggregating the detected waveform(s). In certain embodiments, the system can
determine whether a detected waveform(s) associated with a sample fits within or
substantially fits within one or more of these compartments, ranges, and/or waveforms
and further identify a particular treatment(s) or drug(s) that the sample is likely to be
susceptible or responsive to. In an embodiment, the system can be configured to first
determine the identity of a disease or subtype of a disease of the tissue sample according
to the methods described above. The system can suggest a particular treatment based on a
pre-stored database of treatments that are known to be effective to the identified disease
or subtype of disease. For example, in some embodiments, a radiologist or other medical
professional makes a primary diagnosis of a diseased tissue. The system can be employed

to make an ancillary diagnosis or further classify the tissue sample according to a
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classification system or categorization within that disease and/or further suggest a
particular treatment that is known to be effective for that category of the identified disease.
In other embodiments, the system can be employed to make the primary diagnosis as well
using the methods described above.

[0188] FIGURE 16 depicts an example of one embodiment of a method of
using hyperspectral imaging and detected waveforms to further sub-classify a tissue(s)
with colon cancer. In the depicted embodiment, fluorescence light is directed at a tissue
specimen with colon cancer. The detected fluorescence light that is transmitted, reflected,
or otherwise not absorbed by the tissue specimen is analyzed according to each pixel or
group of pixels of an initial image generated from the detected fluorescence. Each pixel
or group of pixels can be associated with a particular waveform. In other embodiments,
any other type of radiation, including multi-spectrum electromagnetic radiation, X-ray,
ultrasound, infrared, MRI, PET, and/or CT spectrum can be directed at the sample. These
waveforms are compared to a pre-stored database to determine whether a portion of the
tissue specimen corresponding to each pixel is of a particular type of colon cancer.

[0189] In the depicted embodiment, waveforms associated with each pixel of
an initial image of a tissue specimen or multiple tissue specimen are compared to a pre-
stored database of waveforms associated with various types of colon cancer for ancillary
diagnosis. Colon cancer, or any type of cancer in general, can be further classified as
well-differentiated, moderately differentiated, or poorly differentiated. The system and
methods described herein can provide means to easily classify a particular tissue or region
of a tissue with cancer as well-differentiated, moderately differentiated, or poorly
differentiated. In other embodiments, the system and methods described herein can also
be used to make the primary diagnosis whether a patient has cancer or a particular type of
cancer, such as colon cancer, as well.

[0190]  In the depicted embodiment, once waveforms of a tissue specimen with
colon cancer are identified, they are compared to a database containing waveforms
associated with well-differentiated, poorly differentiated, and moderately differentiated
colon cancers. In other embodiments, a colon cancer specimen or other tissue sample can
be sub-classified according to any other classification or category. For example, the
system can be configured to classify the tissue sample or regions within the tissue sample
according to a disease type, a subtype of a disease, whether the region of the tissue will

respond to a certain treatment or whether it is susceptible to a certain treatment, whether
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the region of the tissue is degraded or is healthy, among others. If there is a match or a
sufficiently close match between the detected waveform(s) and the waveforms in the
stored database, the system classifies the waveform accordingly and reports to a user. The
similarity threshold for matching a detected waveform to a pre-stored waveform can be
set at various levels. For example, the similarity threshold can be set to about 50%, about
60%, about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, about 100%, or any other
value.

[0191] In the depicted example, a first waveform 1602 corresponds to a stored
waveform associated with well-differentiated colon cancer or a good tissue. The pixel
with this waveform can further be pseudo-colored as blue, or any other color, by the
system for convenience of the user. On the other hand, a second waveform 1604
corresponds to the waveform associated with a poorly differentiated colon cancer or
degraded tissue. The pixel with this waveform can further be pseudo-colored as red, or
any other color, by the system for convenience of the user. If the system is configured to
pseudo-color each pixel according to its waveform, as described above, these pixels can
be combined by the system to output a single image that is colored accordingly so that a
user can easily see which parts of the tissue has well differentiated or poorly differentiated
colon cancer.

[0192] In an embodiment, once a tumor specimen is sub-classified using the
methods described above, the system can be further configured to identify an appropriate
treatment for that tissue or patient. For example, the system can comprise pre-stored data
of what type of treatment(s) each particular type of cancer or subtype of cancer (or any
other disease) responds to. Once the system identifies, classifies, or sub-classifies a tissue
specimen according to certain categories, the system can suggest a particular treatment(s)
to the user depending on such categorization. For example, the system can be configured
to determine and report whether the patient or particular tissue of the patient will respond
to chemotherapy, a particular type of chemotherapy, radiation treatment. The system can
further be configured to determine and report whether the patient or a particular tissue of
the patient will like be susceptible or resistant to a particular treatment(s), such as
chemotherapy, a certain type of chemotherapy or radiation treatment.

[0193] FIGURE 17 depicts an example of one embodiment of a method of

using hyperspectral imaging and detected waveforms to further classify moderately
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differentiated colonic adenocarcinoma according to histopathologic classifications. In the
depicted embodiment, electromagnetic radiation is directed at multiple tissue samples
with moderately differentiated colonic adenocarcinoma. Given that 90% of colon tumors
fall into this category, further classification can be useful. Once the waveforms associated
with pixels of initial images of these samples are identified by the methods described
above, the detected waveforms can be compared to known, pre-stored waveforms
associated with various kinds of tissues. These pre-stored waveforms can comprise those
associated with tissues with tumor or necrosis, with varying levels of protein/DNA
integrity, those that are acceptable for clinical trials or molecular diagnosis, or those that
are responsive or susceptible to a particular treatment, among others. The system can be
configured to match the detected waveforms to one or more of the aforementioned pre-
stored waveforms when the waveforms are sufficiently similar. For example, this
threshold level can be set at about 50%, about 60%, about 70%, about 80%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99%, about 100%, or any other value.

[0194] In an embodiment, the system can be further configured to calculate
and report a numerical similarity score of the detected waveform to one or more pre-
stored waveforms. Depending on the type of pre-stored waveform used as a point of
comparison, the system can sub-classify or characterize the tissue sample according to a
number of metrics. For example, the system can determine the percentage of tumor or
necrosis present in the tissue sample by comparing the detected waveforms to waveforms
associated with tumor or necrosis. In addition, the system can determine whether the
tissue sample is appropriate for clinical trial or molecular diagnosis by comparing the
detected waveforms to waveforms associated with tissues that are known to be
appropriate for a particular clinical trial or molecular diagnosis. TFurther, the system can
determine the protein/DNA integrity of the tissue sample by comparing its waveforms to
those associated with differing protein/DNA integrity. Using such further
characterization or classification of the tissue sample, either the system or a medical
professional can determine an appropriate treatment.

[0195] FIG. 18 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to profile specimens across a
microenvironment, In the depicted embodiment, waveforms associated with different

regions of a single tissue sample are compared to pre-stored waveforms associated with
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tissues with in-situ diseases, invasive diseases, and host stromal responses. The system
can be further configured to calculate a numerical similarity score based on each of the
aforementioned comparisons. Depending on the calculated similarity score, a medical
professional or the system can further determine an appropriate treatment or further
testing.

[0196] FIG. 19 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to further classify and compare different
tumor types. Tissues with certain types of diseases can have similar associated
waveforms with tissues of different types of diseases. For example, tissues with certain
types of pancreatic cancers can have similar associated waveforms with tissues with
certain types of colon cancer. Tissues with these types of pancreatic cancers can be
responsive to the same type of treatment or should be included in the same clinical trials
as tissues with these types of colon cancer. The systems and methods described herein
can be employed to determine which types of pancreatic cancer are associated with
similar waveforms to colon cancer and thus should be treated with the same means or
included in the same clinical trials.

[0197] In the depicted example, waveform signatures associated with a tissue
sample with a particular disease or type of cancer are identified. The detected waveforms
are compared to pre-stored waveforms associated with different tumor types, including
benign, premalignant, and stromal response. In some embodiments, the system is further
configured to calculate a numerical similarity score based on the comparison. For
example, the waveform associated with a tissue with type 1 of cancer A can have a
similarity score of 90 when compared to the waveform associated with a tissue with type
2 of cancer B. If a similarity score of 90 is above a set threshold, the system can further
be configured to put type 1 of cancer A and type 2 of cancer B in the same category for
clinical trials or for a particular treatment. This threshold value can be set at about 50%,
about 60%, about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, about 99%, about 100%, or any
other value.

[0198] FIG. 20 depicts an example of one embodiment of a method of using
hyperspectral imaging and detected waveforms to quantitatively grade a pathological
disease or condition. [Existing methods of grading or diagnosing the severity or

procedural state of a particular disease, condition, or subtypes thereof, such as the grading
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system for hepatitis, are generally subjective. Different medical professionals can have
different opinions as to the severity or procedural state of a tissue sample diagnosed with
a particular disease, condition, or subtypes thereof. The methods and systems described
herein can provide a uniform system of assigning a numerical value to the severity or
procedural state of a particular disease, condition, or subtypes thereof. The disease,
condition, or subtype thereof can be anything, including necrosis, fibrosis, inflammation,
fat, or iron.

[0199] In an embodiment, waveforms associated with tissue samples with
varying stages or severity of a particular disease, condition, or subtype thereof can be
identified and stored in a database. 'These pre-stored waveforms can be used as
milestones for determining the severity or procedural stage of a tissue with a disease,
condition, or subtype thereof to be examined. For example, the waveform associated with
a healthy or normal tissue can be identified and stored. The waveform associated with a
tissue with the worst known case of a particular disease, condition, or subtype thereof can
also be identified and stored as a standard for the worst case. The waveforms associated
with any number of tissues with the same disease, condition, or subtype thereof but in
different stages or severity can also be identified and stored based on the need. Such
stored waveforms can act as points of comparison for the tissue sample to be tested. or
example, a waveform associated the tissue sample to be tested can be detected and
compared to one or more of such standard pre-stored waveforms. Based on the similarity
of the detected waveform(s) to the pre-stored standard waveforms, the system can be
configured to calculate a numerical score for the tissue sample, which can be used to
determine the severity or procedural stage of the particular disease, condition, or subtype
thereof of the tissue sample. The method described above can be applied to any disease,

[0200] In the depicted embodiment, one end of the grading spectrum is a
waveform associated with a normal tissue. The other end of the grading spectrum is a
waveform associated with a tissue with the worst known case of fibrosis. Waveforms
associated with a tissue sample to be examined are obtained and are compared to these
two standard waveforms. In other embodiments, the detected waveforms are compared to
additional standard waveforms associated with tissues with less severe fibrosis as well.
Based on such comparisons, the system calculates a numerical score of the severity of
fibrosis in the tissue sample according to a pre-determined algorithm. For example, in the

depicted embodiment, the tested tissue sample was determined to have a numerical score
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of 33.567. A medical professional can use this numerical score to objectively diagnose
the state of the pathological disease, condition, or subtype thereof of the tested tissue
sample. In some embodiments, the system or a medical professional can use this
numerical score to determine an appropriate treatment or drug for the patient as well. In
certain embodiments, the system comprises a database with appropriate treatments and
drugs according to the severity or procedural stage of a particular disease, condition, or
subtype thereof. In some embodiments, the same treatment or drug can correspond to a
range of numerical scores obtained by the methods described above. FFrom this database,
the system can suggest a particular drug or treatment to the user.

Vector Signature Analysis

[0201] The methods discussed above, including but not limited to developing
a virtual staining transform, virtually staining a sample, and using hyperspectral imaging
for clinical diagnostics, generally involved analyzing waveform signatures associated with
each pixel or group of pixels. In an embodiment, vector signature analysis can be used,
either concurrently or as an alternative to waveform signature analysis, to analyze a tissue
sample or other sample. Vector signature analysis can provide faster processing and/or a
reduced data set while maintaining similar accuracy to waveform signature analysis.
Vector signature can further allow representation of a large amount of data for complex
calculations and can achieve economies of scale in computation. FIGURE 21 is a block
diagram depicting an overview of one embodiment of using vector signature analysis to
analyze each pixel of a detected image of a tissue sample.

[0202] In the depicted embodiment, an image 2102 obtained from a tissue
sample to be analyzed comprises a plurality of pixels 2104. Each pixel further comprises
a plurality of variables 2106. Such variables 2106 can comprise but is not limited to the x
position, y position, z position, pixel intensity, wavelength of the pixel, waveform,
complex waveform, frequency deconvolution, waveform deconvolution, among others.
Any number of such variables can be mapped to a vector to create a vector signature 2108
for each pixel position or pixel 2104. For example, the vector 2108 of a particular pixel
can comprise a first component 2110 that corresponds to the pixel’s x position, a second
component 2112 that corresponds to the pixel’s y position, a third component 2114 that
corresponds to the pixel’s z position, a fourth component 2116 that corresponds to the

pixel’s intensity level, and a fifth component that corresponds to the pixel’s wavelength.
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In other embodiments, a vector 2108 associated with each pixel 2104 can comprise a
subset of these variables 2106 or can comprise additional variables as well.

[0203] In an embodiment, vector signatures associated with pixels obtained
from images of tissue samples to be used as standards 2120 can be determined and stored
in a normative database 2118. For example, when developing a virtual staining transform,
vector signatures associated with pixels comprising images of unstained and stained tissue
samples 2120 can be determined and stored in the database 2118. Data of vector
signatures associated with different stain values can be used to determine how pixels
obtained from an image of another tissue sample are to be transformed to output pixels
after virtually staining the tissue sample. Also, vector signatures associated with pixels
obtained from images of normal or healthy tissue samples or those with particular
diseases, conditions, physiology, pathology, morphology, subtypes thereof, or of a
particular stage or severity can be determined and stored in the database as well. These
vector signatures can be used by the system as points of comparison to match or
substantially match vector signatures obtained from another tissue sample 2108 to classify,
sub-classify, or diagnose the another tissue sample. The system can also determine a level
of similarity between vector signatures obtained from another tissue sample 2108 and one
or more stored vector signatures 2120. For example, the system can identify that a
detected vector signature of a tissue sample matches or is sufficiently similar to a vector
signature linked to immature teratomas, lung carcinoma, or any other disease, condition,
physiology, pathology, or morphology, among others.

in vivo Applications of Virtual Staining

[0204] As described herein, in some embodiments, virtual staining can be
performed on a target biological tissue sample in vivo. A device having virtual staining
capability may be used in vivo as part of an exploratory and/or surgical procedure. A
virtual staining device can be delivered into a human or other body to facilitate use of
hyperspectral imaging in vivo to provide objective analysis of biological tissue without
surgical removal and/or isolation of the tissue. In some embodiments, virtual staining can
be advantageously applied in vivo to facilitate real-time delivery of appropriate medical
treatment to target sites within the human body.

[0205] Referring to Figure 22, in some embodiments, a virtual staining
capability can be provided to a tissue sample within a human body by integrating a virtual

staining device 2202 into a medical probe 2200 which can be inserted into the human
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body. Figure 22 shows a portion of an example medical probe 2200 into which a virtual
staining device 2202 can be integrated. The medical probe 2200 can have a proximal
portion 2204 and a distal portion 2206. In some embodiments, the virtual staining device
2202 can be integrated into a distal portion 2206 of the medical probe 2200, for example
to facilitate positioning of the virtual staining device 2202 at or near a target tissue sample
within the human body. The virtual staining device 2202 may include an electromagnetic
radiation emitting source and an electromagnetic radiation detector, and/or any other
suitable component, to facilitate directing of an electromagnetic radiation having a
bandwidth within desired ranges at a tissue sample to be virtually stained and detecting
electromagnetic radiation reflected and/or transmitted from the tissue sample. Exposure
of examined tissue to an electromagnetic radiation source and/or an electromagnetic
radiation detector may be at a distal surface 2208 of the probe 2200. In some
embodiments, the probe could be part of an endoscope, laparoscope, or other medical
instrument. An electromagnetic radiation source and/or detector may be exposed to
investigated tissue along other surfaces of the distal portion 2206, and/or other portions of
the medical probe 2200. Hyperspectral imaging information gathered by the virtual
staining device 2202 may be provided to a computing system for analysis, including real-
time analysis of the information.

[0206] In some embodiments, the probe may be adapted for direct access to a
target site, without the use of a distinct tubular access catheter. In general, whether used
with an access sheath or as a stand alone device, the dimensions of the probe can be
optimized by persons of skill in the art in view of the present disclosure to suit any of a
wide variety of target sites. For example, the probe can be used to obtain hyperspectral
and other images and data from large and small arteries and veins throughout the
cardiovascular system, as well as other lumens, potential spaces, hollow organs and
surgically created pathways. Data collection may be accomplished in blood vessels, body
lumens or cavities, such as the lymphatic system, esophagus, trachea, urethra, ureters,
fallopian tubes, intestines, colon, biliary ducts, spinal canal and any other locations
accessible by a flexible or rigid probe. The probe may also be adapted for direct advance
through solid tissue, such as soft tissue or through bone, for site specific diagnosis and
treatment.

[0207] In some embodiments, a probe generally comprises an elongate body

extending between a proximal end and a distal functional end. The length of the body
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depends upon the desired access site and the desired placement site for the distal end. For
example, lengths in the area of from about 1 cm to about 20 or 30 cm may be useful in
applications that require the catheter to be advanced down a relatively short tubular access
sheath. Longer lengths may be used as desired, such as on the order of from about 120 cm
to about 140 cm for use in percutaneous access at the femoral artery for placement of the
distal end in the vicinity of the coronary artery. Intracranial applications may call for a
different catheter shaft length depending upon the vascular access site, as will be apparent
to those of skill in the art.

[0208] In some embodiments, at least the proximal section of body may be
produced in accordance with any of a variety of known techniques for manufacturing
catheter bodies, depending upon the desired clinical performance. For example, the body
may be formed by extrusion of any of a variety of appropriate biocompatible polymeric
materials. Known materials for this application include high density polyethylene,
polytetrafluoroethylene, nylons, PEEK, PEBAX and a variety of others. Alternatively, at
least a proximal portion or all of the length of body 16 may comprise a spring coil, solid
walled hypodermic needle tubing, or braided reinforced wall, as is understood in the
catheter and guidewire arts. Whether metal or polymeric or a hybrid, the body may be
hollow or solid depending upon the nature of the binding system and other desired
capabilities.

[0209] In one example, the body is provided with an approximately circular
cross-sectional configuration. Alternatively, generally rectangular, oval or triangular
cross-sectional configurations can also be wused, as well as other noncircular
configurations, depending upon the method of manufacture, desired surface area,
flexibility, access pathway and other design considerations that may be relevant for a
particular application.

[0210] Dimensions outside of the ranges identified above may also be used,
provided that the functional consequences of the dimensions are acceptable for the
intended purpose of the catheter. For example, the lower limit of the cross section for any
portion of body in a given application will be a function of the number of fluid or other
functional lumens, if any, contained in the probe, together with the desired surface area to

be available for the binding partner, as will be discussed.
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[0211] Probe body in some embodiments should also have sufficient structural
integrity (e.g., column strength or "pushability") to permit the probe to be advanced to a
desired target site without buckling or undesirable bending.

[0212] The distal end of the probe may be provided with an atraumatic distal
tip which may include a guidewire exit port in a guidewire lumen embodiment as is
known in the art. A radiopaque marker may be provided on the probe body in the case of
relatively long probes to facilitate positioning of the probe as is known in the art. Suitable
marker bands can be produced from a variety of materials, including platinum, gold, and
tungsten/rhenium alloy.

[0213] In some embodiments, the probe 2200 can include a plurality of virtual
staining devices 2202. In some embodiments, a virtual staining device 2202 can be
integrated into a distal portion 2206 and/or one or more other portions of the medical
probe 2200 to facilitate collection of hyperspectral imaging information from target tissue
sample within the human body. In some embodiments, the probe 2200 can be delivered
to a target site within one or more other delivery apparatuses to facilitate positioning of
the virtual staining device 2202. For example, the probe 2200 may be delivered to a
target site through a catheter inserted into a body lumen, such as an artery or vein, for
example. In some embodiments, the medical probe and/or any other delivery device
through which the virtual staining device is positioned into the human body can have a
flexible and/or rigid portion, and/or other suitable characteristics. The probe 2200 and/or
any other delivery device may have other characteristics common to delivery devices,
including but not limited to features to allow control and/or manipulation of the virtual
staining device, such as curvable and/or steerable in some embodiments, e.g., via the use
of pullwires operably connected to a control.

[0214] The virtual staining device 2202 may be inserted into a human body
through a natural orifice and/or through an incision. , such as surgically, laparoscopically,
or percutaneously for example. The virtual staining device 2202 may be inserted into any
number of body cavities, including for example the thoracic cavity, the abdominal cavity
and/or the pelvic cavity, for examination of tissue accessible within the cavities. In some
embodiments, the virtual staining device may be used for analysis of a digestive tract
lining. For example, a virtual staining device may be introduced orally (e.g., swallowed)
for investigation of a tissue region along the digestive tract (e.g., tissue lining an

esophageal tract, the stomach, and/or the intestines).), and can be configured in some
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embodiments similar to a capsule endoscopy, wirelessly communicating hyperspectral
information to a computer. In some embodiments, the virtual staining device can be
inserted to investigate the respiratory tract, including but not limited to tissue lining a
nasal cavity, oral mucosa, or portion of the bronchial tree. The virtual staining device
may be inserted into other natural orifices for analysis of target tissue lining the orifice. In
some embodiments, the virtual staining device may be inserted into a biological space
through an incision made near a target site or distal from a target site. In some
embodiments, the device need not even enter the body. For example, in some
embodiments, a device comprising a hyperspectral imaging apparatus can be in the form
of a wand-like or other configuration and waved or otherwise positioned in proximity to
the skin, eyes, or other externally accessible anatomical structures in order to screen for or
diagnose medical conditions. For example, a wand-like hyperspectral imaging apparatus
can be positioned in proximity to the skin to screen for or diagnose in real-time (without
necessarily a need for surgical biopsy) a cancerous or pre-cancerous lesion such as
melanoma, squamous cell carcinoma, or basal cell carcinoma, for example.

[0215] The virtual staining device 2202 may be part of an exploratory medical
procedure to investigate a particular region of tissue using hyperspectral imaging. In vivo
application of the virtual staining technique may provide a mode of in vivo tissue
visualization. In vivo virtual staining may be used to visualize an extended region and/or
a targeted region of tissue. In vivo analysis of biological tissue may facilitate a minimally
invasive method of identifying suspicious tissue. In some embodiments, in vivo analysis
can facilitate identification of suspicious tissue before the diseased tissue can be identified
through other means of detection. For example, tissue of interest may be identified for
future monitoring, and/or for examination through another method of analysis. In some
embodiments, in vivo hyperspectral analysis can be used to identify a benign tissue mass,
avoiding unnecessary surgical procedures. 'The virtual staining device 2202 may be
positioned in locations otherwise difficult to access. The virtual staining device 2202 can
be used to visualize various tissues in the human body, including tissues lining various
body cavities, and/or tissue on and/or within internal organs (e.g., epithelial cells,
including orendothelial cells for example).

[0216] In some embodiments, the virtual staining device 2302 can be used in
conjunction with another diagnostic imaging modality to facilitate placement of the

virtual staining device. For example, the imaging modality may be used to provide three-
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dimensional (3-D) visualization of surrounding biological tissue, to facilitate placement of
the virtual staining device to a desired location within the biological space. Image guided
placement of a virtual staining device may facilitate targeted application of the virtual
staining device. For example, once inserted at and/or near the target region within the
biological space, the virtual staining device may then begin to provide analysis of the
tissue. Any number of traditional imaging modalities may be advantageously used in
conjunction with a virtual staining device. Suitable imaging modalities can include, but
are not limited to, acoustic microscopy (e.g., ultrasound), radiography (e.g., plain film X-
rays, fluoroscopy, mammography), computed tomography, magnetic resonance imaging
(MRI), and/or endoscopyPET, and others.

[0217] In some embodiments, ultrasound-based technology can be used to
facilitate placement of a virtual staining device into the human body. For example, an
ultrasound transducer may be placed on an exterior skin surface over a region of the body
in which virtual staining of tissue is desired, such that an ultrasound scanner can provide
real-time visualization of surrounding tissue to aide positioning of the virtual staining
device (e.g., the virtual staining device 2202 integrated onto the probe 2200, as shown in
Figure 22, and/or any other suitable delivery device through which a virtual staining
device can be delivered). In some embodiments, a patient and/or a portion of the patient
being examined may be positioned in a radiography, and/or magnetic resonance imaging
tool, to provide real-time images of internal tissue to guide insertion of the virtual staining
device. For example, fluoroscopy may be used to collect real time moving images of the
digestive system by introducing a substance which is opaque to X-ray (e.g., barium
sulfate) into the digestive system (e.g., through swallowing by the patient, and/or as an
enema). Dor example, magnetic resonance imaging technology may be used to provide
real-time visualization of tissue within reproductive organs and/or breast tissue.

[0218] In some embodiments, an additional imaging modality may be
integrated into a medical probe to use in conjunction with a virtual staining device.
Referring to Figure 23, in some embodiments, a virtual staining device 2302 can be
integrated into a medical probe 2300 for use in conjunction with one or more other
diagnostic imaging modalities 2310 for insertion of both the virtual staining device 2302
and an additional imaging modality 2310 into the human body. The diagnostic imaging
modality 2310 may facilitate placement of the virtual staining device 2302. For example,

the imaging modality may be used to provide three-dimensional (3-D) visualization of
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surrounding biological tissue, to facilitate placement of the virtual staining device to a
desired location within the biological space, facilitating targeted application of the virtual
staining device.

[0219] Referring to Figure 23, one or more additional diagnostic imaging
modalities can be integrated into a medical probe 2300 for insertion into the human body,
for example together with a virtual staining device 2302. For example, the probe 2300
may include a proximal portion 2304 and a distal portion 2306. The additional diagnostic
imaging modalities can be exposed to tissue at the distal portion 2306 of the probe 2300
(e.g., the additional diagnostic imaging modality being exposed to tissue samples at a
distal surface 2308 of the probe 2300). The virtual staining device 2302 and/or the
additional diagnostic imaging modalities may be exposed to surrounding tissue along
surfaces on other portions of the probe 2300. In some embodiments, an additional
diagnostic imaging modality may not be integrated onto a probe 2300 but may be
delivered into the human body through a delivery catheter, the delivery catheter may or
may not be a catheter through which the virtual staining device 2302 is delivered. In
some embodiments, the additional diagnostic imaging modality may be delivered through
a different delivery device and/or through a different incision and/or natural orifice.

[0220] In some embodiments, a suitable imaging modality 2310 for delivery
into a body cavity to facilitate placement of a virtual staining device 2302 can include
providing a light source to the region under inspection to illuminate surrounding tissue.
In some embodiments, a fiber optic technology can be used. For example, an additional
imaging modality 2310 may include endoscopy, using an endoscope for visualization
within a biological space to facilitate positioning of the virtual staining device 2302.
Endoscopy may be used to facilitate positioning of the virtual staining device 2302 in a
variety of spaces within the human body, including for example within the digestive tract,
the respiratory tract, the urinary tract, a reproductive organ, and/or any other organ into
which an endoscope may be inserted.

[0221] In some embodiments, a virtual staining device can be used together
with one or more surgical instruments to provide both in vivo real-time hyperspectral
analysis and treatment of biological tissue. The surgical instrument and a virtual staining
device may be incorporated into a common medical probe (e.g., 2300) and/or may be
delivered through a shared delivery catheter. Various configurations of the medical probe

and/or other deliver device may be suitable to facilitate access of the virtual staining
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device and the surgical tool to the target tissue. In some embodiments, the one or more
surgical instruments may not be integrated onto a shared probe and/or be delivered
through a shared delivery catheter. In some embodiments, the one or more surgical
instruments may be delivered through a different delivery device and/or through a
different incision and/or natural orifice. In some embodiments, the probe is configured
such that the hyperspectral or other diagnostic component is operably connected to a
processor that the patient has a particular medical condition. The processor could then
alert the operator to manually activate the therapeutic component of the probe, or
automatically activate the therapeutic portion of the probe.

[0222] For example, a virtual staining device may be inserted into the human
body together with a surgical tool capable of performing real-time operation on a target
tissue site and/or delivery of medical therapy to the target tissue site, facilitating
minimally invasive operations. In some embodiments, a virtual staining device can be
inserted into a biological space along with surgical tools to facilitate removal of tissue
from target sites (e.g., a mechanical cutter, a needle, and/or a vacuum-assisted device).
Tissue may be sampled for further analysis (e.g., for a biopsy of the tissue sample) and/or
may be removed for disposal (e.g., excision of diseased tissue). In some embodiments, a
virtual staining device may be used to identify tissue for in vivo delivery of medical
therapy. Dor example, a virtual staining device and a cryoprobe be inserted into the
human body to identify tissue for application of cryosurgery in disposing of diseased
tissue, and to deliver cryotherapy to the diseased tissue, (e.g., suitable for treatment of
liver cancer, prostate cancer, lung cancer, oral cancers, cervical disorders, and/or
hemorrhoids). In some embodiments, a virtual staining device can be used in conjunction
with a laser source and/or an energy delivery or other therapeutic agent, such as, for
example, microwave, radio-frequency ablation, high-intensity focused ultrasound source. ,
laser, infrared, incoherent light, thermal (heat and/or cold, ablative or non-ablative), use of
vacuum or suction, and the like. In vivo hyperspectral imaging may be used to facilitate
delivery of other suitable therapies.

[0223] The probe may further comprise an optional therapeutic reservoir
capable of retaining and releasing one or more therapeutic agents, such as drug
compounds, antibodies, stem cells, or other substances. In some embodiments, the drug
could be a chemotherapeutic agent, an anti-inflammatory agent, an antibiotic, an anti-

thrombotic agent, a combination of the foregoing, or others.

-68-



WO 2013/142366 PCT/US2013/032389

[0224] In some embodiments, a virtual staining device may be applied in vivo
together with both one or more additional imaging modalities, and one or more surgical
instruments for operating on target tissue. For example, an additional imaging modality
may facilitate positioning of the virtual staining device and the surgical instruments may
facilitate removal of and/or treatment of identified suspicious tissue samples. The one or
more surgical instruments and/or additional imaging modalities may or may not be
integrated onto a shared probe and/or are delivered through a shared delivery catheter.
The one or more surgical instruments and/or additional imaging modalities may be
delivered through a different delivery device and/or through a different incision and/or
natural orifice from that used for inserting the virtual staining device.The virtual staining
device can be utilized to diagnose and treat a variety of medical conditions, including but
not limited to cancer, hyperplasia, pregnancy (including prenatal diagnosis), infectious
disease, autoimmune diseases, or inflammatory diseases.

[0225] Conditional language, such as, among others, “can,” “could,” “might,”
or “may,” unless specifically stated otherwise, or otherwise understood within the context
as used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or steps. Thus, such
conditional language is not generally intended to imply that features, elements and/or
steps are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without user input or
prompting, whether these features, elements and/or steps are included or are to be
performed in any particular embodiment. The headings used herein are for the
convenience of the reader only and are not meant to limit the scope of the inventions or
claims.

[0226] Although the embodiments of the inventions have been disclosed in the
context of a certain preferred embodiments and examples, it will be understood by those
skilled in the art that the present inventions extend beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses of the inventions and obvious
modifications and equivalents thereof. In addition, while a number of variations of the
inventions have been illustrated and described in detail, other modifications, which are
within the scope of the inventions, will be readily apparent to those of skill in the art
based upon this disclosure. It is also contemplated that various combinations or

subcombinations of the specific features and aspects of the embodiments may be made
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and still fall within one or more of the inventions. Accordingly, it should be understood
that various features and aspects of the disclosed embodiments can be combine with or
substituted for one another in order to form varying modes of the disclosed inventions.
Thus, it is intended that the scope of the present inventions herein disclosed should not be

limited by the particular disclosed embodiments described above.
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WHAT IS CLAIMED IS:

1. An apparatus for providing medical therapy to an in vivo tissue sample, the
apparatus comprising:

a medical probe having a virtual staining device configured to provide in
vivo virtual staining of the in vivo tissue sample, the virtual staining device
comprising an electromagnetic radiation source for directing an electromagnetic
radiation at the tissue sample, and a detector for detecting electromagnetic
radiation reflected or transmitted from the tissue sample,

a communication interface configured to provide communication between
the electromagnetic radiation source and a computer system, or the detector and
the computer system;

an initial image generation module of the computer system configured to
generate an input image from the detected electromagnetic radiation from the
tissue sample, wherein the first image comprises a plurality of pixels;

a virtual staining module of the computer system configured to assign a
virtual stain to the input image of the in vivo tissue sample based on an identified
waveform associated with each one of a plurality of pixels forming the input
image;

a diagnosis module of the computer system configured to compare
information obtained from the virtual staining module regarding the tissue sample
with a pre-existing database to determine a diagnosis of the tissue sample, and

a therapeutic element configured to provide the medical therapy to the
tissue sample based at least in part on the virtual stain.

2. The apparatus of Claim 1, wherein the therapeutic element is incorporated
into the medical probe and configured to automatically activate upon receiving
instructions from the computer system.

3. A computer-implemented method for virtually staining a tissue sample, the
computer-implemented method comprising:

directing by an electromagnetic radiation source electromagnetic radiation
within a bandwidth range on a tissue sample to be virtually stained,;

detecting by at least one detection device electromagnetic radiation

reflected or transmitted from the tissue sample;
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receiving electronically by a computing system the detected
electromagnetic radiation from the at least one detection device;

identifying by the computing system a waveform signature associated with
each input pixel of an input image of the tissue sample, wherein the input image is
generated based on the detected electromagnetic radiation;

receiving by the computing system instructions to virtually stain the tissue
sample with at least one virtual stain;

assigning by the computing system one or more output pixels to each input
pixel according to a virtual staining transform, wherein the virtual staining
transform comprises mapping data for a virtual stain, wherein the mapping data is
used to assign the output pixel based on the waveform signature associated with
the input pixel; and

generating by the computing system an output image of the tissue sample
based on the output pixels,

wherein the computing system comprises a computer processor and an
electronic storage medium.

4. The computer-implemented method of Claim 3, wherein the computing
system comprises one or more computer systems.

5. The computer-implemented method of Claim 3, wherein the virtually
stained image is substantially identical to an image of the tissue sample when treated with
an actual stain that corresponds to the virtual stain.

6. The computer-implemented method of Claim 5, wherein the actual stain is
a dye configured to color certain portions of the tissue sample.

7. The computer-implemented method of Claim 5, wherein the actual stain is
a tag or probe.

8. The computer-implemented method of Claim 7, wherein the tag or probe is
at least one of a group comprising an antibody, an aptamer, and a fluorescent protein.

9. The computer-implemented method of Claim 3, wherein the method is
performed in vivo.

10. The computer-implemented method of Claim 3, wherein the method is

performed in vitro.
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11. The computer-implemented method of Claim 3, wherein the at least one
detection device is at least one of a group comprising multi-spectrum detector, ultrasound
detector, X-ray detector, MRI detector, CT, PET, and PET-CT.

12. The computer-implemented method of Claim 3, wherein the computing
system is connected to the electromagnetic radiation source and the at least one detection
device over a computer network.

13. The computer-implemented method of Claim 3, wherein the
electromagnetic radiation source directs at least one of a group comprising multi-spectrum
electromagnetic radiation, X-ray spectrum, ultrasound spectrum, infrared spectrum, MRI
spectrum, PET spectrum, and CT spectrum.

14. The computer-implemented method of Claim 3, further comprising using
the determined waveform associated with each pixel to classify a particular disease
according to certain criteria.

15. The computer-implemented method of Claim 14, wherein the certain
criteria comprises whether the particular disease is of a class of diseases that are
susceptible to a certain treatment.

16. A computer-implemented method of developing a virtual staining
transform, the computer-implemented method comprising:

directing by an electromagnetic radiation source electromagnetic radiation
within a bandwidth range on a tissue sample;

detecting by at least one detection device electromagnetic radiation
reflected or transmitted from the tissue sample;

generating by a computing system a first image from the detected
electromagnetic radiation from the tissue sample, wherein the first image
comprises a plurality of pixels;

identifying by the computing system a waveform associated with each one
of the plurality of pixels forming the first image;

modifying the tissue sample;

directing by a light source visible light on the modified tissue sample;

detecting by the at least one detection device visible light reflected or

transmitted from the modified tissue sample;
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generating by the computing system a second image from the detected
visible light from the modified tissue sample, wherein the second image comprises

a plurality of pixels;

identifying by the computing system a color composition of each one of
the plurality of pixels forming the second image;

generating by the computing system a virtual staining transform based on
the identified waveform associated with each one of the plurality of pixels forming
the first image and the identified color composition of each one of the plurality of
pixels forming the second image; and

storing in the computing system the virtual staining transform,

wherein the computing system comprises a computer processor and an
electronic storage medium.

17. The computer-implemented method of Claim16, further comprising:

repeating the method for a plurality of tissue samples; and

combining by the computing system the color composition identified from
the second image that corresponds to identical or substantially identical
waveforms identified from the first image according to a pre-stored algorithm.

18. The computer-implemented method of Claim 16, wherein the modifying
comprises staining the tissue sample with a stain.

19. The computer-implemented method of Claim 16, wherein the modifying
comprises attaching at least one tag to the tissue sample.

20. The computer-implemented method of Claim 18, wherein the tag is at least
one of a group comprising an antibody, an aptamer, and a fluorescent protein.

21. The computer-implemented method of Claim 16, wherein the at least one
detection device is at least one of a group comprising multi-spectrum detector, ultrasound
detector, X-ray detector, MRI detector, CT, PET, and PET-CT.

22. The computer-implemented method of Claim 16, wherein the
electromagnetic radiation source directs at least one of a group comprising multi-spectrum
electromagnetic radiation, X-ray spectrum, ultrasound spectrum, infrared spectrum, MRI
spectrum, PET spectrum, and C'T spectrum.

23. The computer-implemented method of Claim 16, wherein the computing

system COIIlpI'iSGS one or more computer systems.
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24, The computer-implemented method of Claim 16, wherein the computing
system is connected to the electromagnetic radiation source and the at least one detection
device over a computer network.

25. A computer- readable, non-transitory storage medium having a computer
program stored thereon for causing a suitably programmed computer system to process by
one or more computer processors computer-program code by performing a method when
the computer program is executed on the suitably programmed computer system, the
method comprising:

directing by an electromagnetic radiation source electromagnetic radiation
within a bandwidth range on a tissue sample to be virtually stained;

detecting by at least one detection device electromagnetic radiation
reflected or transmitted from the tissue sample;

receiving electronically by a computing system the detected
electromagnetic radiation from the at least one detection device;

identifying by the computing system a waveform signature associated with
each input pixel of an input image of the tissue sample, wherein the input image is
generated based on the detected electromagnetic radiation;

receiving by the computing system instructions to virtually stain the tissue
sample with at least one virtual stain;

assigning by the computing system one or more output pixels to each input
pixel according to a virtual staining transform, wherein the virtual staining
transform comprises mapping data for a virtual stain, wherein the mapping data is
used to assign the output pixel based on the waveform signature associated with
the input pixel; and

generating by the computing system an output image of the tissue sample
based on the output pixels,

wherein the computing system comprises a computer processor and an
electronic storage medium.

26. The computer-readable, non-transitory storage medium of Claim 25,
wherein the computing system comprises one or more computer systems.

27. The computer-readable, non-transitory storage medium of Claim 25,
wherein the virtually stained image is substantially identical to an image of the tissue

sample when treated with an actual stain that corresponds to the virtual stain.
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28. The computer-readable, non-transitory storage medium of Claim 27,
wherein the actual stain is a dye configured to color certain portions of the tissue sample.

29. The computer-readable, non-transitory storage medium of Claim 27,
wherein the actual stain is a tag or probe.

30. The computer-readable, non-transitory storage medium of Claim 29,
wherein the tag or probe is at least one of a group comprising an antibody, an aptamer,
and a fluorescent protein.

31. The computer-readable, non-transitory storage medium of Claim 25,
wherein the method is performed in vivo.

32. The computer-readable, non-transitory storage medium of Claim 25,
wherein the method is performed in vitro.

33. The computer-readable, non-transitory storage medium of Claim 25,
wherein the at least one detection device is at least one of a group comprising multi-
spectrum detector, ultrasound detector, X-ray detector, MRI detector, CT, PET, and PET-
CT.

34, The computer-readable, non-transitory storage medium of Claim 25,
wherein the computing system is connected to the electromagnetic radiation source and
the at least one detection device over a computer network.

35. The computer-readable, non-transitory storage medium of Claim 25,
wherein the electromagnetic radiation source directs at least one of a group comprising
multi-spectrum electromagnetic radiation, X-ray spectrum, ultrasound spectrum, infrared
spectrum, MRI spectrum, PET spectrum, and CT spectrum.

36. The computer-readable, non-transitory storage medium of Claim 25,
further comprising using the determined waveform associated with each pixel to classify a
particular disease according to certain criteria.

37. The computer-readable, non-transitory storage medium of Claim 36,
wherein the certain criteria comprises whether the particular disease is of a class of
diseases that are susceptible to a certain treatment.

38. A computer- readable, non-transitory storage medium having a computer
program stored thereon for causing a suitably programmed computer system to process by
one or more computer processors computer-program code by performing a method when
the computer program is executed on the suitably programmed computer system, the

method comprising:
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directing by an electromagnetic radiation source electromagnetic radiation
within a bandwidth range on a tissue sample;

detecting by at least one detection device electromagnetic radiation
reflected or transmitted from the tissue sample;

generating by a computing system a first image from the detected
electromagnetic radiation from the tissue sample, wherein the first image
comprises a plurality of pixels;

identifying by the computing system a waveform associated with each one
of the plurality of pixels forming the first image;

modifying the tissue sample;

directing by a light source visible light on the modified tissue sample;

detecting by the at least one detection device visible light reflected or
transmitted from the modified tissue sample;

generating by the computing system a second image from the detected
visible light from the modified tissue sample, wherein the second image comprises
a plurality of pixels;

identifying by the computing system a color composition of each one of
the plurality of pixels forming the second image;

generating by the computing system a virtual staining transform based on
the identified waveform associated with each one of the plurality of pixels forming
the first image and the identified color composition of each one of the plurality of
pixels forming the second image; and

storing in the computing system the virtual staining transform,

wherein the computing system comprises a computer processor and an
electronic storage medium.
39. The computer-readable, non-transitory storage medium of Claim 38,

further comprising:

repeating the method for a plurality of tissue samples; and

combining by the computing system the color composition identified from
the second image that corresponds to identical or substantially identical
waveforms identified from the first image according to a pre-stored algorithm.
40. The computer-readable, non-transitory storage medium of Claim 38,

wherein the modifying comprises staining the tissue sample with a stain.
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41. The computer-readable, non-transitory storage medium of Claim 38,
wherein the modifying comprises attaching at least one tag to the tissue sample.

42. The computer-readable, non-transitory storage medium of Claim 41,
wherein the tag is at least one of a group comprising an antibody, an aptamer, and a
fluorescent protein.

43. The computer-readable, non-transitory storage medium of Claim 38,
wherein the at least one detection device is at least one of a group comprising multi-
spectrum detector, ultrasound detector, X-ray detector, MRI detector, CT, PET, and PET-
CT.

44, The computer-readable, non-transitory storage medium of Claim 38,
wherein the electromagnetic radiation source directs at least one of a group comprising
multi-spectrum electromagnetic radiation, X-ray spectrum, ultrasound spectrum, infrared
spectrum, MRI spectrum, PET spectrum, and CT spectrum.

45. The computer-readable, non-transitory storage medium of Claim 38,
wherein the computing system comprises one or more computer systems.

46. The computer-readable, non-transitory storage medium of Claim 38,
wherein the computing system is connected to the electromagnetic radiation source and
the at least one detection device over a computer network.

47. A system for virtually staining a tissue sample, the system comprising:

an electromagnetic radiation source configured to direct electromagnetic
radiation within a bandwidth on a tissue sample to be virtually stained;

at least one detection device configured to detect electromagnetic radiation
reflected or transmitted from the tissue sample; and

a storage computer system comprising a computer processor configured to
execute modules comprising at least:

a data receiving module configured to receive electronically the
detected electromagnetic radiation from the at least one detection device;

a pixel analysis module configured to identify a waveform
signature associated with each input pixel of an input image of the tissue
sample, wherein the input image is generated based on the detected
electromagnetic radiation;

a user instructions module configured to receive instructions to

virtually stain the tissue sample with at least one virtual stain;
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a virtual transform module configured to assign one or more output
pixels to each input pixel according to a virtual staining transform, wherein
the virtual staining transform comprises mapping data for a virtual stain,
wherein the mapping data is used to assign the output pixel based on the
waveform signature associated with the input pixel; and

an image generation module configured to generate an output
image of the tissue sample based on the output pixels.

48. The system of Claim 47, wherein the virtually stained image is
substantially identical to an image of the tissue sample when treated with an actual stain
that corresponds to the virtual stain.

49. The system of Claim 48, wherein the actual stain is a dye configured to
color certain portions of the tissue sample.

50. The system of Claim 48, wherein the actual stain is a tag or probe.

51. The system of Claim 50, wherein the tag or probe is at least one of a group

comprising an antibody, an aptamer, and a fluorescent protein.

52. The system of Claim 47, wherein the tissue sample is virtually stained in
ViVO.

53. The system of Claim 47, wherein the tissue sample is virtually stained in
vitro.

54. The system of Claim 47, wherein the at least one detection device is at

least one of a group comprising multi-spectrum detector, ultrasound detector, X-ray
detector, MRI detector, CT, PET, and PET-CT.

55. The system of Claim 47, wherein the storage computer system is connected
to the electromagnetic radiation source and the at least one detection device over a
computer network.

56. The system of Claim 47, wherein the electromagnetic radiation source
directs at least one of a group comprising multi-spectrum electromagnetic radiation, X-ray
spectrum, ultrasound spectrum, infrared spectrum, MRI spectrum, PET spectrum, and CT
spectrum.

57. The system of Claim 47, further comprising a disease classification module
configured to classify a particular disease according to certain criteria.

58. The system of Claim 57, wherein the certain criteria comprises whether the

particular disease is of a class of diseases that are susceptible to a certain treatment.
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59. A system for developing a virtual staining transform, the system
comprising:

an electromagnetic radiation source configured to direct electromagnetic
radiation within a bandwidth range on a tissue sample;

at least one detection device configured to detect electromagnetic radiation
reflected or transmitted from the tissue sample;

a light source configured to direct visible light on a modified tissue
sample;

at least one detection device configured to detect visible reflected or
transmitted from the modified tissue sample; and

a storage computer system comprising a computer processor configured to
execute modules comprising at least:

an initial image generation module configured to generate a first
image from the detected electromagnetic radiation from the tissue sample,
wherein the first image comprises a plurality of pixels;

an initial pixel analysis module configured to identify a waveform
associated with each one of the plurality of pixels forming the first image;

a final image generation module configured to generate a second
image from the detected visible from the modified tissue sample, wherein
the second image comprises a plurality of pixels;

a final pixel analysis module configured to identify a color
composition of each one of the plurality of pixels forming the second
image;

a virtual staining transform generation module configured to
generate a virtual staining transform based on the identified waveform
associated with each one of the plurality of pixels forming the first image
and the identified color composition of each one of the plurality of pixels
forming the second image; and

a virtual staining transform storage module configured to store the
virtual staining transform.

60. The system of Claim 59, further comprising a transform combining module
configured to combine the color composition identified from the second image that

correspond to identical or substantially identical waveforms identified from the first
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image according some pre-stored algorithm, wherein at least some of the modules are
further configured to repeat their functions.

61. The system of Claim 59, wherein the modifying comprises staining the
tissue sample with a stain.

62. The system of Claim 59, wherein the modifying comprises attaching at
least one tag to the tissue sample.

63. The system of Claim 62, wherein the tag is at least one of a group
comprising an antibody, an aptamer, and a fluorescent protein.

64. The system of Claim 59, wherein the at least one detection device is at
least one of a group comprising multi-spectrum detector, ultrasound detector, X-ray
detector, MRI detector, CT, PET, and PET-CT.

65. The system of Claim 59, wherein the electromagnetic radiation source
directs at least one of a group comprising multi-spectrum electromagnetic radiation, X-ray
spectrum, ultrasound spectrum, infrared spectrum, MRI spectrum, PET spectrum, and CT
spectrum.

66. The system of Claim 59, wherein the storage computer system is connected
to the electromagnetic radiation source and the at least one detection device over a
computer network.

67. A computer-implemented method for virtually staining a tissue sample, the
computer-implemented method comprising:

obtaining by a computing system an electronic image of the tissue sample;

determining by the computing system a vector signature or waveform
signature associated with each pixel in the electronic image;

generating by the computing system an output pixel for each pixel in the
electronic image based on inputting the determined vector signature or waveform
signature into a virtual staining transform; and

outputting by the computing system a virtually stained image of the tissue
sample based on the generated output pixels,

wherein the computing system comprises a computer processor and an
electronic storage medium.

68. The computer-implemented method of Claim 67, wherein the computing

system COIIlpI'iSGS one or more computer systems.
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69. The computer-implemented method of Claim 67, wherein the virtually
stained image is substantially identical to an image of the tissue sample when stained with
an actual stain.

70. The computer-implemented method of Claim 69, wherein the actual stain
is a dye configured to color certain portions of the tissue sample.

71. The computer-implemented method of Claim 69, wherein the actual stain
is a tag or probe.

72. The computer-implemented method of Claim 71, wherein the tag or probe
is at least one of a group comprising an antibody, an aptamer, and a fluorescent protein.

73. The computer-implemented method of Claim 67, wherein the method is
performed in vivo.

74. The computer-implemented method of Claim 67, wherein the method is
performed in vitro.

75. A computer- readable, non-transitory storage medium having a computer
program stored thereon for causing a suitably programmed computer system to process by
one or more computer processors computer-program code by performing a method when
the computer program is executed on the suitably programmed computer system, the
method comprising:

obtaining by a computing system an electronic image of the tissue sample;

determining by the computing system a vector signature or waveform
signature associated with each pixel in the electronic image;

generating by the computing system an output pixel for each pixel in the
electronic image based on inputting the determined vector signature or waveform
signature into a virtual staining transform; and

outputting by the computing system a virtually stained image of the tissue
sample based on the generated output pixels,

wherein the computing system comprises a computer processor and an
electronic storage medium.

76. The computer-readable, non-transitory storage medium of Claim 75,
wherein the computing system comprises one or more computer systems.

7. The computer-readable, non-transitory storage medium of Claim 75,
wherein the virtually stained image is substantially identical to an image of the tissue

sample when stained with an actual stain.
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78. The computer-readable, non-transitory storage medium of Claim 77,
wherein the actual stain is a dye configured to color certain portions of the tissue sample.

79. The computer-implemented method of Claim 77, wherein the actual stain
is a tag or probe.

80. The computer-implemented method of Claim 79, wherein the tag or probe
is at least one of a group comprising an antibody, an aptamer, and a fluorescent protein.

81. The computer-implemented method of Claim 75, wherein the method is
performed in vivo.

82. The computer-implemented method of Claim 75, wherein the method is
performed in vitro.

83. A system for virtually staining a tissue sample, the system comprising a
storage computer system comprising a computer processor configured to execute modules
comprising at least:

a data receiving module configured to obtain electronically an electronic
image of the tissue sample;

a pixel analysis module configured to determine a vector signature or
waveform signature associated with each pixel in the electronic image;

a virtual transform module configured to generate an output pixel for each
pixel in the electronic image based on inputting the determined vector signature or
waveform signature into a virtual staining transform; and

an output module configured to output a virtually stained image of the
tissue sample based on the generated output pixels.

84. The system of Claim 83, wherein the virtually stained image is
substantially identical to an image of the tissue sample when stained with an actual stain.

85. The system of Claim 84, wherein the actual stain is a dye configured to
color certain portions of the tissue sample.

86. The system of Claim 84, wherein the actual stain is a tag or probe.

87. The computer-implemented method of Claim 86, wherein the tag or probe
is at least one of a group comprising an antibody, an aptamer, and a fluorescent protein.

88. The computer-implemented method of Claim 83, wherein the method is
performed in vivo.

&89. The computer-implemented method of Claim 83, wherein the method is

performed in vitro.
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90. A method of providing medical therapy to an in vivo tissue sample, the
method comprising:

directing an electromagnetic radiation at the in vivo tissue sample;

detecting electromagnetic radiation reflected or transmitted from the in
vivo tissue sample;

generating an input image by a computing system of the in vivo tissue
sample based on detected electromagnetic radiation from the in vivo tissue sample,
wherein the input image comprises a plurality of pixels;

generating by the computing system a virtual staining transform based on
identified waveform associated with each one of the plurality of pixels forming the
input image;

assigning a medical diagnosis to the in vivo tissue sample based on the
virtual staining transform; and

providing the medical therapy in real-time to the in vivo tissue sample

based at least in part on the medical diagnosis.

-84-



PCT/US2013/032389
1/41

WO 2013/142366

(" ainpopy ue)s )
»| [ENLIA Juswisnipy
pajjosuoD Jesn
\. /
rw/Np
uolBULIOSUE SINPON
mcm:m uﬁm: _._. "l Buuels [enuin N JOAI9D8Y JO 821A8(]
UIELS [ENHIA , g1l h wﬁ Jojoale( Jo 821As( BJBWED
'd Y
vel Janiag gspp vol ﬂ 4 a
abew psauiels g ﬁ 3|NPOA \. -
Alenpia Bumndino |« uonessus) 9Ll sjdwes
Jo} Aejdsig ; ﬁ abew; jeul4 ( 8[npo
&4} uoposies ttt
%l [ 90Jn0S MINT
SINPO p vl JaseT Jo 221nog (YNI)
BuIsse00I oInpoy BUIllg «—»  Uoneipey o_ywcmmw_ohum_m
abew| |eniy| L 1o @24nog Jybin
174" 2L
walsAg Bunndwon) Uiy 411
1] B
a|dwes

aoepalu| Jas

SNssI] JO bUlUBIS
[ENHIA SjoWisy
"USISAG 91eM)}os

J831A5( SUGTEPUETS Vi 3d4NOI4

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

2/41

soeLIBU| Josn

a0l

olNpop UIEls )

[BNUIA Juswisnipy
paljosuoD Jesn

14!
3|NPON )
uoljewlojsuel ) @C_C_WU_.W [BNUIA
Buiuieys [enuin
J
~ 8Ll
- N
JBAJBS gOMA
o|NPOoN ~ g,
uoljelaues) < 9kl
abew| jeul ®INPON )
271 S uoijosles
( 90Jn0S HANT )
“pLl
2|NPOIA N
Buisseooid a|npoj Bul|ig
abewl| [eniuj

_/

oL (A"
/ wssAg Buiindwo) uiey \

oLi I [VES
anssi] JO buiuiels
[ENHIA Sl0WsY

BOIAISS B SE 9IEMJJ0S

vol

X ©2IA8( UonosleQ

A 821A8( UoioelaQ L

Z ©21AB(] Uoloele( L

(A

o|dweg

Tt

Hiomgap

col X 82Jn0S

uonelpey oljeubewosos|]

A 90IN0S
uoljelpey olsubewolos|]

7 S0IN0S
uonelpey o_ymcmmEo:om@

dl 4dN9l4d

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

3/41

SUBISAS
uinduion

o
- et
»\\ﬂ
{
i
80L .
_,__¥
\.//f(.
N
BINPOR
Fupuesg .
[ENLHA A £
AL
{4

¢ AHNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

4/41

{jeuondo}
\ S20UN0S HIND JUSISUID Jo) j1eaday

8ge

X WiEYS 10)

Xiheus uohewosues Buies enia mwm‘mmcwwg

-
2%

UORBULICISUBR LIopoAEm oBBIoAE UILLIRIS

ﬁ {jzuondo) jpxid Buipuodssiion Uynes 10g

(434

(
ﬁ exid Bupuodsniios YHED UBDMIBY 1

LONBULICISUBE LUIOIDABM SUIULISISR/oZAIBUY ;

—_

74

-

Taed @xg N
izinonied 12 anssy o saiuadosd
BOILSBUD SURIBISD Jo/pue
2ameubis uLoPBABM BUILLIBIED

\_ 01 9b6eus j0 eep oxd 9zhjpUy )

veL

7

\.

,
2ep / obeul o18i8U8D)

J/

228

= T

e

~

S0IASD UCKOBISP 2UD 1888 18 AQ

| HINT PSRRUSURIYPOIOB|OI BAB09Y |

oeg 1 .
SNSSH DBUIEIS U0 MIAT 10810
. J
818~ 4
1 adAl 10 80inos )

[
>

.

UOHEIPES OaubRIUOI0ee 18RS

9Le

~ i

7

\

¥ UIBYS UM BNssy uielg

i€

- 4

e Wiod Exdg

Jegmonied e anssy jo ssiuadod
{EMLLSYD SUILLIBISD Jo/pue

2ineubis ULOIBABM BUILLIBIBD

\_ O} obeuy jo erep joxid szAlpuy )

N

8LE i

eiep / obsll o1Bi8ue0)

.

\

J

gon " 4

([ S0IABD UOHDSISP BUO 1589|182 AQ

\

HINT PORHUSURIYDRIOB|DE BAIBDRY |

~

905~ 2

3]

aduies anssy

| PRUIBISUN LD HINT PRlRRSs 1aK(T |

N\

vog 4

f adAl 10 8OIN0S

\.

uolelpes onsubewonoole ees

~

A

/(geuaggda) SBOIN0S MIAIT 1USIBHID 101 1Badey

™

3

zog

/(EEL}OQ.‘;GO) sapdiies anss ISP 10 18aday

aee

Ve JHNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

5/41

pud

-

¥ UIBIG 10}

KINEW uoneuLiosuss Builes enuin sielsuss
. J

~

P

2144

%

7

WLIOIDABA TEOIUSDE UM DaIRInosse sjaxid
PauEIsUn JO uojeuLIcsUR BRIBAR BURLIBIEQ

\

—

148

y

([ 19d pauIRIS 0] WLIDIBABM B UIIM DBIEIDOSSE
| 1xd paweisun jo uoy

BULOJSUBY BulBRg

~

—_

e

abeu 1o 2ep jexd szdpuy

- 4

2120 / HBEWI B1BIBLSD

.

- 4

oyt

7

20IABD UOHOBIBP BUOC ISk} 1B Ag
| 148y pepiusURIYPSIDSHS] BAIBORY

J

8ee 4

w
anssy pawes uo Yty 1Bnsik 1ven0

.

~

J/

=

98¢

7

X UIEIS UJiM anssy] UiBlS

~ -
vig /

4 10d BXo

igncnied e enssh o ssiusdosd
[ETHLLSUD SURLLISISP Jo/pue

ainjeubis LLoBAEM SUILISIBD

/

018 4

\_ 0} obeus jo erep joxid ezAleuy )

7

giep / abeul a1BiaUBD)

\.

\

J

808 4

[ B0IABD LOHISIED BUO 1583 18 Ag

.

~

HNE PORIUSURIY/POIOB] 8 BAIBOY |

505~ 2

Y

ajduies anssy

N\

| POUBISUN UO HINF Peloses JosH(] |

voe 4

( 5dA} JO 80IN0S

\.

~

/(;euondo} SH0IN0S MIAT 1USBLID Jol 1B8aday

Ll

©3

A

uopeiped speubewoNOoe 10888 |

zot

/(geuaggda) SoIUIBS SNSsh JUDISIID 10 1eaday

L1164

de JHNoOld

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389
6/41

WO 2013/142366

)
— ——
EYlRETy
¢ meu A0333320 — ——
M e —
TTT. T e
2 B B ~
e ol ey oL~ 3y
asbeul HiNT adwes uyoneipel
yiBusisaem wnnoedg, SIBIBSUSY paqiosge Jou anssil opeubBULCHOSB
. / polUSUBS pOUIRIS  Windoads-Riny
2= / perosjoy
T <
= 8
([ wiojsueil ) | s 8
Funuels @ m.m.w
ENLHA 9zy
doganap GUIUIRIS Ul Sj0UES onsSiL
x <
A N..NAl o1 swipads [
ey azhjeue
01 wiashs
hmwﬂﬂrﬁﬁw T I
(|u\ UMD PP
_ @QW“ LQMU&M@Q T ]
” T I
EEER 8oy 200
= ~Z1y ~—— =
givy . ¥ol 1414
/ afiews HNT siduses uyoneipel
ybusisaem WNgsedy siRioUssy paqiosge jou ansst] onaubBuwIoOSD
b s / pemwsuen twinoads-ningy
3 / pRIOB|igY
EE
W Wx DUl 1NOULIM SjGLUBS Bnsst]
] @ O
UIRls BiNoied & ZF aumeubis LoEBABM
0} LojsuRl] DUILIBIS oy~ JO/DUE LLIOJBABA 15X
BRLIA B DUIODIBAS I
ENLIA IoAs( -« Y 94

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389
7/41

WO 2013/142366

T )
— ——
EYlRETy
¢ wmwu A0333320 — ——
M e —
= D rvnan C—
._:_ _ _ _J 1284 A% 4
= kiigs = =
aev asbeul vel 161 SiqIsIA il adwes
jesUsn DOUIOSYE 10U onssy
/ PRYILSUESR pouiRis  1uBIT BigIsIA
[ PRiOsloY
([ wiojsueil )
Funuels
[ENLEA
dojanap GUIUIRIS Ul Sj0UES onsSiL
x <
A N..NAl o1 swinipads [
4 azhjeue
01 WwWashs )
hmwﬂﬂrﬁﬁw T I
(|u\ Euilitcly G
_ @QW“ LQMU&M@Q T ]
” T I
_ _ _ _ : 2itid oy
= ~Z1y ~—— =
gy R ¥ol 414
/ afiews HNT siduses uyoneipel
ﬁwmcwwwkrm\ﬁ Eﬁhmmgm siRioUssy paqiosge jou ansst] onaubBuwIoOSD
b s / pemwsuen twinoads-ningy
2 o / pRIOB|igY
EE
5 ww; DUl 1NOULIM SjGLUBS Bnsst]
—— @ O
UIBIS Jejnolied B ZF aumeubis LoEBABM
10} wiojsuel | buluielg 1o JO/DUE WHOJBABM 19XId
BRLHA B DUITOISAD I—
eMA HKoBAS(] -« v IHNDI

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

8/41

wiojsueldl

Funuels
[ETTLILA
dojanap

S

AMNMf 01 swiniioads
099y

azhjeue
01 Wwashs

Jawndwony

o~/

g5y

Bel e Duis(y

gl dginoled e

1O} LUI0jSUEBI ] DUUIEIS

[EMIIA B DUID[eAs(]

— ——
ERILETe
\ sy JO1331e — ——
M e d——
2 D rwncan C—
sea [ [ [ gpy Zoy
il iy voL~ YOl
sfsun _diNd adwes (MIAT) uonepes
BusjoAem wnpoadg  SIBIBUDS) pegiosqe jou anssy oneubBloNDsE
/ pepiusuel pouEys  Wnioads-BInng
m W / PRSI
EX] Bey ppy
s 3 avy
- =
98%
\ GE] pUE DUIGIEIS U1 Sj0UIBS BNssi]
)
T I
amAlg —
HAR I
_ @QW“ LOu.U&mmm T ]
“ T I
_ _ _ _ ) 80% FAL
8y Sy ol ol x
/ ofeus NS apduwes (HNT) uonepel
. 8giosge 10U onsubeiciiosie
SusioARM LiMisade  SIBIBUSD) P onssij oHeu 198
ikl 198eS / pajiiusues winposds-ninmw
m = / POIODHOH
g =2
=3
°Q
- BUIIEIS 110U Sj0LIES BNSsi]
piy
O JHN9id

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389
9/41

WO 2013/142366

"SR
— ——
ERINETY
Op Blskeloht-1g] T I
M e d——
= I 1
z = n_ _ _ _ Jd AN 1 A%
a9y ofewy TOF 1By sy i apdwes
aleIBusn) pRgiesge Jou anssy
— / POUILISLES poulls  bIT BlgsiA
/ Puiloaljay
Bey ppy
ayy~
GE] pUE DUIEIS Uil Di0BES onssiL
—_— SR
WiIojsueil T I
Fuess AL < ¢
[ETTLILA < n:ma e G—
dojanap . 20y 40129380 — e——
AMVM‘AI < % T I
7 01 swindads = PP R C—
gLy azhjeuE swal T 1] 2. 80% zow
MWMHM v / obewy ung v sidwes () uonepes
\___ >, BusieABM Winisadg  SIBIBUDD powiosqe Jou onssy] oneubeuicnosp
Giv / pajiiusues winposds-ninmw
gz / pRIS|eY
S35
Cel g DUishy W w\m,
UIeS Je|noied g — ®g
o} wiojsuel] buiuiels _ DUIUIBIG INOUIM S0LIBS onsst ]
biy
BRLIA B DUIODIBAS
ST B PREeRRed av 3HNSIS

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

10/41

wiojsuedl

Funuels
[ETTLILA
dojanap

AMNMf 01 swiniioads
98y

ey

azhjeue

01 wWaishs

Jemndwion

AU

De] € DUls[] WIOISUBl]

AISTUIBYO0SILOUNLULU]

[EMIIA B DUID[eAs(]

S

— ——
ERILETy
\ Siv JO1331e — ——
M e d——
2 D pvecan C—
_::__ _ _ _J. vivy AL 4
- 08v - =
BiF 4114
/ sbeuy LUE () uoneipes
S1eIoUD pRgiosqge Jou aeubBIUNINGE
wbusieaem wnpoedg, o | poRIISLEN m%,m :M f
ads-ningy
m @M / PaoBioy
EX] Bey ppy
s 3 avy
- =
A
\ AUy DB] UM ol0WES onssi]
)
T I
ESIETy —
HAR I
_ 80 = LOu.U&mmm T ]
“ T I
_ _ _ _ - 80y Zav
8y Sy ol ol x
/ ofeus NS apduwes (HNT) uonepel
5 DL pagiosge jou onssip Snsubeuionose
yiBusipaem Linoads / DSTIUSUEL Lnpeds TN
m = / pRIOBaY
5 2
5 S
©Q
- GUUieIs INoUIm Sjalies ansst ]
piv
4 JHNOId

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389
11/41

WO 2013/142366

R
— ——
AR
i1 Bleril-htcig] T I
“ e d——
5 D pvnan C—
% = m_ _ _ _ Jd 88Y FAN 7
z6y 4 osown YOF IuByoigmia Y0¥
i olEsoLEn pagiosqe jou
/ PolUSUER 1B S1qsIA
) E— / PRI0SHOM
WinjsuRLl "
Fuiuiels \wﬁ PRy
jenLia ary
AMV.M‘Al dojanap <
Z 01 swnidads AJU() BB Unm Sj0WIES 8nssl]
6% azhjeue
01 wWaishs ( \
hmwﬂﬂrﬁﬁw T I
= ’ AABY —
0% Blerelontsig] T ]
M T I
_ _ _ _ - 80% FAL
el 1 oL el x
/ ofeus NS apduwes (HNT) uonepel
. aquosye 1ou snsubewicnnsie
Busisam Lwinnosade  SiBRUaD & anssij S 109}
ikl 198eS / pajiiusues winposds-ninmw
£= / pOIS|IoY
23
) 4
De] & DUIS() WHOSURBIL — °Q
AHSIUBUSOISIUOUNLULL] _ DUILIBTG JNOUNM SALIBS BNSSE]
viy
BNLHA B DUIUDISAS
IEIHIA B BEIERIRASA 4t IHNOI

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

12/41

Buiddew

wnopsueyg Bues :n_ _ _ _

[ENLHA UO paseq g~
xid Jojpue abeus
MDU BRIBUBD

HU PRYSUnoH
O ooy
= 0o Wm
(9T (o R
e Bk
Tg &=
g2y
Qo & =
& o =25
LIOJSURD —- N
Zis )
Buiuies jeniga
O} SINSBSL Jun A
preysunop dep
—
. 80%
-]
e[ TTTd
20% .
afieun
siRioUeD)

SoNlepoyy Dulbew]
TBUIC 10} LWIOJSUBI L
GUILIBTS [ENJIA V

Y

aMAB0
10108180

____

y8L

I

P0s
1A

PBYIOSYE 10U
j PEBIUSUEL
/ polosioy

I
I

1
rdu

144

aiduses winiosads
anssij Aei-¥

AUG Wnipads
AEei-X UNM SOUIES BNiSst]

V6 JdNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

13/41

Buiddew
uticjsues Buuies

JENHA UO DOSBY  gzg
exid do/pue abeu

MOU BlBIoUDD)
Hu

1 21O

. ErAs
uuojsuen Buues

[eNA O] 8inseaLu 4
HuUn ZUusH dey

3

e85

SoNlepoyy Dulbew]
TBUIC 10} LWIOJSUBI L
GUILIBTS [ENJIA V

{sjeos Jojod o
JUN ULcjsuURs
Buturels [eniia

aeos Asib

14

444
abeuy
SRS UHE)

S

B33
1010813(7

___

¥al

1M

gi4
p=LAE

PSgIOsSyE 10U
/ pORRUSUEBY
/ pesay

]
1
aLe
vey adwes winaosads
anssi | PUNOSEAYN

AUG Wnipads

DUNCSER(] YA Sj0LIBS BNSSi]

d% JHNoOld

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

14/41

Buddews
unosues Buess

JENLHA UG DBseq
oxid Jojpue abeuy
MBU S1BIBUsD)

444

wojsuel
Buiyes [eniga
0} SINSBSLL JUN
iBusieaem depy

nun uibudieasps
e
ge 3 8
Sa g
223 g
o £ 3
o O =5
NI IR
ops F “
A
MY
ARG
. ¥EG 4013933 (]
& B B
985~ L ~ees Pk
afieun
S1BIBUBD)

SoNlepoyy Dulbew]
TBUIC 10} LWIOJSUBI L
QUILIBIS [BNLIA Y

il

Zes
diNd

PEQIOSQE 10U

/ pepsuEn
/ pesey

]

1
pes

Yoy

ayduwes wnnosds
anssi ] D@18

AUG Wnipads

DOIBHU] M SJWIBS Bnsst]

QG JdN9id

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

15/41

Buddews
unosues Buess
JENLHA UG DBseq
oxid Jojpue abeuy
MBU S1BIBUsD)

Hu

N Bisel

utojsuey Butuess
JENHA O] BINSes
HUn ejss) depy

g5%

SoNlepoyy Dulbew]
TBUIC 10} LWIOJSUBI L
QUILIBIS [BNLIA Y

145

25 E s
[ (o R m,
g 45
g g
g3y
e s 2
Q=25
&
)
3MA3Q
mvmu 4013933 (]
PA Y e
afieun
sieisuUan)

il

9vs
diNd

PEQIOSQE 10U

/ pepsuEn
/ pesey

]

1
Fre

vov ayduwes wnnosds

e@nssij fediy

AU
WNoads oy UM S[OUIES ansst]

ds JdnNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

16/41

Buiddew

-]
-]
]
ubopsuesn Buiess :n_ _;_ _

[ENHA UO pOsSBq  gg”
xid Jojpue abeus

MBU BjBIBUBD) HUf) FIUNOY
10/puUe UM PIBUSUNoH
QFE S
o Do
€ g8
Sg ¢ >
g2y
upoisuel Buues 2 o =)
&0 =5
BNLA O] SINSESW — o R
JEMHA O ags ™ 2
BUM SIUNOTY J0/pUE
SINSESUW JUN A
preysunop dep
—
. FALS
-]
e[ TTTd
P95 .
afieun
siRioUeD)

SoNlepoyy Dulbew]
TBUIC 10} LWIOJSUBI L
QUILIBIS [BNLIA Y

Y

aMAB0
10108180

____

y8L

I

08%
1A

PBYIOSYE 10U
/ PATIWISUER
/ polosioy

I

1
BGS

oy
aiduses winiosads

enssiy 10 M0/PuUR | dd

AUCy Wnioodg
13 0/PUE |34 i SjOLIBE BNesi]

4% JHNOld

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

17/41

A&Vu—‘T dojanap

Ze9

wiiojsuel]

duluiels
[ENMIA

01 swinJioads
azA|eue
01 Wo3isAs
Jandwon

0¢€9

joxid 1ounsip
yaes J4oj indino
uojjewlioisuR)

a|duwes
pauiejs
WwoJ}
JojoD
[eXid

eedl | ||
~

yi8usjsnem wnuyoeds

0z9

2]eiauan

929

a8elane
ssulwIR1ap

wiajsAs
Janduwion

~_/

8¢9

uels Jejnoiied e

JO] WIoJSuel] buiues

[BNUIA € buidojaaaq

spnyjdwe
YiSusjaaepn

'

221A3(
J010818(]

—

2 3 /vww voL~
adewl pa

T
o —
PP R— v uels
I
[ | UUM PBUIBIS |
t I
I
T s|dweg anssi|
dINT
gJosge jou Z s|dwieg anssi| SRS IAE ;
/ PRRlWSURN | 5 s anssi| A 921n0S YIAT ;
/ paoajiay — . Z 821nos YA
19~ 919 g s ]
09

s@2Inos YNNI e|diyn|y Jepun
gulurels yam ss|dwieg enssi] sjdiyjnial

yi8usjsaem wnJioads

809

o0L9 /va
a8ewl

2lelsusn

142

apnyjduwe
yidus|anepy

Y

201A3Q
1030818¢

e/

ol

ol
pa

|
R R—
.I. ] leuiSuO
f.. f
¥
T
T ejdweg anssi|
QLOmQMwW Z ®|dweg anssi| X 32In0oS YA w
/ pewsuesy| € d|dwes anssi| A 221n0S YA ;
/ PRR3USY ygg 232005 YA |
909 Now\

s82Inos YAIG e[dijRiN Jepun BUlUIElS
INOYIIM SS|dlies snssi] ojdinA

V9 44N9l-

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

18/41

o|dwes

T (
wJlojsuely e
woulj _ ]
Bulujess Jojo2 ERILE! PP — v ulels
[eNHIA Med — IM paule
ao_m>.wv [exid 1019124 P — YHM PBUIELS
Tx\vu_”Al 01 swnJ1ads
1 3 } PP
o9 azAjeue \ U1 BlqisIA T s|dweg anssi |
0} waishs 8c9 poL 1o SIqist WEIT AAqISIA
191ndwon afew) pagJosge jou Z ajdwes anss)]. _
2lelauan / penywisueny ¢ ojdwies anssi| _ v€9
142" / pe13|)43y
9€9 919
jaxid puisip
yoea Joj indino $321N0S YA S[dIYNIA Japun
uoljewJojsuedy BUIGIels yum sojduies onssi| o[dijniy
o8elane »
S9UILWID}P
wo)sAs TN
Jaindwio) D am
N R
Zro QA s | _OC_M_‘_O | efmmmm————
209 - .\_OPUOHQD r f
. D T— P A—
ese _ _ _ -J, T o|dwies anss!|
0i9 ¢i9 voL 4 z 9|dwes anssi] _ X'924N0s HIN
a5ew) pagJosge ou
y18uajerem wnipadg, ~ F1EI2USDH / peniwsuely| € dduwies anssi| A E
/ PRIBYRY 1 aq
o —_
3 £ 909 =09
\ i
= M
g m
2R
ulels Jejndiled e o - S9UNOS YN T S|dIHNN Jspun sululels

Jo} WoJsuel] buiues
[ENIA € BuidojaAag]

142"

INOYIM Sajduies onssi| a|diniAl

d9 34NOI14

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

19/41

LIIOLSURAY

Suuiers
I2NLIA
dojzaap
0} swinioads
azAeue
O} Wwashs
Jondwion

e

0L

()f

UIBIS JB|NoluEd B

JO] UJICJSUR]] DUBeIS
[BNUIA B DUIICIBAS(]

A UEIS
Him
pauzis
adwes
BNSSL

-

ajdwies
anssiy

X e2In08 HING g
A SHNOCS WA _
7 92N0S YT _

pgEliciiy
LM
paueis
adwes
BNSSHY

¥ 93N0S BN Q
A 23005 YA ;

902

R
D
oA G
. == | opotag | t—
B g % - NN
Il N I N I i e M
shbeu pajRUsSuBEn
gyBiauss) / peoaion
)
—
RN S
| i | soveieg | t—
r 2 ® : PN.
el N N N I . e HWE
iUl poliUSUEs]
A ElR el / pOIoBYoH
)
G
ANAR( G
| e | oneing | g—
B % % - QM‘
T TTd, \ S MW
obeu poRIUsURL
SiBlouos / DOIOBROM

Buies
INOYNIM
aidwes
BNssi

12474

¥ BUN0Y YN g
A SINCT HINT _
7 3341085 HIAS _
zog~

Vi JdNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

20/41

LIIOLSURAY

Suuiers
I2NLIA
dojzaap
03 SUHLILSds
azAeue
O} Wwsishs
IO

e/

054

()f

UIBIS JB|NoluEd B

JO] UJICJSUR]] DUBeIS
[BNUIA B DUIICIBAS(]

vvi

21
sbeuw

ajEIBUSny

3MARQ
10173130

vl
Nar=—1ubH eiqisia
DORHLSUEL
/ peoepey

A UEIS
Him
pauzis
adwes
BNSSL

-

ajdwies
anssiy

%

984

o¥s
abeuw

1BIBUBS

INABC
JO13313¢

€4
Npor=—Tubil sidisia

paIHLLISUER

T

pgEliciiy
LM
paueis
adwes
BNSSHY

902

1374

884
sbeus

SIBIOUDS

/ PBIOs§ oM
)

A
INABG G
10122180 A s
7

0L
VoL N
poliusuRl]
{ POIIEUSY

Buies
INOYNIM
aidwes
BNssi

12474

¥ SN0 YNNG g
A S2UN0S HING _
7 32005 HAS _
zog "~

di JHNold

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

21/41

sydiues
PSUIRIS WOH JOI0D 19¥Id

CapIA
io/pue
abeiu;

g . GiB

818 /@Nm
sbeun

yiBusieaem winnoedg, BIEIBUSEH

spmgduie
yibusisaspp

([ wiojsueil ) T—
Funuels
fenua (243 BB (IF — DUIUIZIS UM Sj0WES BnssiL
dojanap
X <
A N..NAl o1 swinipads [
828 azhjeue L L
01 WwWashs cop ( \
damndwun
= ° 1o/pue aNAB(Q
e ! .gm\ A013938(] — e——
” T I
L _ _ _ _ - Z08 ] oov
s ~* 508 N 1
808 . yot ¥ZEi4
abeu HiNE sicduwes (W) uonepel
yiBusiaARm Wwngoadg, S1BIAUSD poniUsUBRH enssii ousubewionne
J DOIOS|IOM Wwinoads-nnw

UIElS Je|foled 2
1O} LUI0jSUEBI ] DUUIEIS
[ENUIA € DUIdDeAa(]

S

S
G
FUHAS( —
A0338320 —
G —

Pi8

—
¥al

N

paiusUBn
/ pEsoy

i

0¥

A N

ajdwies (WNT) uonetped
snesy ousubewoioee
pauielg  Wnnosds-np

apnmdwe
ibusianepn

g8

SDEUY (1% ~ DUIUIBIG INOUIM SOUIES BNiSst]

V8 JdNoid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

22/41

] _ —_— 1 1
CalIA d— ——
io/pue T I
abeiu ¢ SB[ G <
e 658 J03333190 — ——
” T ]
1 = G | ———
ajdiies g | ] ] - N = cey
zes yolL éi8
PSUIRIS WOH JOJOD 19X sbeun 1By SigIsia adwes
SIBISUS0) papusuen onssi
/ perajoy poureis  1uBr SgIsiA
([ wiojsueil )
Funuels
[ENLIA SDBUW] (i€ — DUUIBIS UlIM SjJWES SNSSi
_ dojanap .
AMNMf o1 swipads [
8e8 azhjeue L L
01 wiashs cop ( )
sandwn 2 _> T I
: - 1O/PUE UMD ,
Qmw m _W\Qw\ LQMU&M@Q T ]
” T I
L _ _ _ _ - 208 1 AV 4
s08~ ~ 808 poL por~
// abeuy HiNE sdwes (YD) vonepel
yiBusiaARm Wwngoadg, S1BIAUSD paTISUR engsii oysubelicipee
/ PBIOSEOM wingosds-nnpw

UIElS Je|foled 2
1O} LUI0jSUEBI ] DUUIEIS
[ENUIA € DUIdDeAa(]

g8

apnmdwe
ibusianepn

SDEUY (1% ~ DUIUIBIG INOUIM SOUIES BNiSst]

d8 JHNoOld

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

23/41

ayduses

SULICJSAEM IO I0 OM] JO
sbessae SWNDA UB 8q amu/
oxid B ‘S80UBISU SUIOS U

BUIBBIGAY BUNOA
i UrelS Je[olied B
1O} LUI0jSUEBI ] DUUIEIS

[Ny, & DUIdD[oAal]

ibusipaem uingoadg

a1IouLny

S

oy~ <

apnmdwe
1BuUBBABAA

peqIosqR 10U
/ peTwISUES
/ pRIOB|igY

ZF aumeubis LoEBABM
IOIDUE LLIOIBABA 15X

peugls
e ——
wIggsuell Wio4 T I
Mﬂmﬁmmwm JOJ00 20IA2(] e ——
[enLAIA mﬁxm& . ory plarwlat-1g T I
doisasp . ¢ ¢
A&vuﬁt 01 swiniioads B = & n gy Al 4
| L1, —_
806~ s2djeue \ 5 voL 917 o
07 LIRISAS SOEUl NG aydues uoneipes
semndwon yiBusisaem wnnoedg, SIBIBSUSY pagiosge 1ou anssi oiaubBUInISS
-/ i / powsuRs poulels  winnoads-ping
906 2=  pOIOSYS
35 / polos|ioy
D <
= Q¢
ST £
W B "5
Wi — =
ISABM O o7y
o6~ aoUBISaNg DUIGIRIG UM Oj0WES onssi]
'SR
ELO&.@\/@}} { T I
- T ]
706 BoUEBISONS MM e —
_ mmw‘w.\.“ LQMU&M@Q T ]
” T I
‘MOoRg sas——eale iod jexd . G C———
aU) URJJIM SSOUBISONS Q10U == T T T.] \ ) 9o¥ (4114
10 om o) Buipuodsanog Ziv e o voL vy
§ affeun HNT siduses uyoneipel

ansst] onaubBuwIoOSD
winpoads-ningw

BUILIEIS N0 OGRS ONnSsi]

V6 JdNold

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

24/41

ayduses

i UrelS Je[olied B
1O} LUI0jSUEBI ] DUUIEIS
[Ny, & DUIdD[oAal]

ZF aumeubis LoEBABM
oL <« IOIDUE LHIOIBABM 19)d

DSBS
e ——
[ waojsus \ o4
JSURA] T I
Mﬂmﬁmmwm JOJ00 20IA2(] e ——
[enLAIA mﬁxm& ZL8 plarwlat-1g T I
. -] - -
d0isAs = ¢ ¢
A&vuﬁt Emémﬁﬁwam B wae] | | | ,._J 416 Zey
o6~ szAjeuE w16 916 P 34y
o1 wiagshs asbeul 161 SiqIsIA adwes
senduwon) ajeIousn) DOYIOSYE 10U onssn
(|\ / paliiusuegy pouieg 14D olgisiA
86 / pOOSoY
/\,\I\ ULICIBABM O
oo6 " BOUBISGNS DUIOIRIS Ui Sj0leS onsst]
)
ELO&.@\/@}} { T I
- T ]
706 BoUEBISONS MM e —
_ mmw‘w.\.“ LQMU&M@Q T ]
” T I
‘Mojag sas—eaie wod ud . G C———
aU) URJJIM SSOUBISONS Q10U == T T T.] \ ) 9o¥ (4114
10 oy 01 B d - viv
1 01 Buipundsauon Ziy . 12112 oy
affeun HNT siduses uyoneipel
SUUGCIBABM 310U 10 OM] JO
aBetsAs BWNOA UE 8] cmu/ yiBusipaRm LUNoadg  PIRISUBE peqiosqe 10u onssi] onauUbBWICHOSD
[oxid B ‘'S32UBISLE SUI0S U] N\ o o= / pepisues Wneds- 4
SRS / pelosliey
EE
DUIDEIBAY SUINIOA £E3 BUIUIEIG N0 B[0LUBS Bneal]
e @

d6 J4Nold

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389
25/41

WO 2013/142366

pu3g

salieul pBId8es

aiediioD [ MBIA O] J8SN MOKY
A i
SHNSS 8101
\. /
zzoL” 4

[ (indino)
L abeull DOUIELS AlBNLIA BlEl8UeD )
8101~ 4
({10100 Ajdde “0'3) abews jo ud )
HORS O} UI2IS [BNLIA DBID8I8S JO
1B LHOjsURY wels jenpa Aiddy )

~\

SHISE
JEmiA JuBIoYp 10} wadoy uen

910, t .
UIB1S jBNnLA 199188

- J 0z
P10} t .

mndus se slsw o Bxid yous Ausn)

\. /
AT A

{indw} eyep obewn si01g

. /

800L *

~

ADIASL JOIOBIEP BUO 1888} 18 AY
| A PONIUSUBLY/POI0RYD] M908y
9001 *

siduies snssy psUIRIBUN
L0 80IN0s HINT PSIJSes SUIYS

\\ J/

PO0L 4

524038 {HW=3)
| uoneipel onsubewooss 100188 )

Zo0L

~

UBISHID J0) 1eadey uen

~

JS80N0S uoleIpes Meubewoose

ZifiL

0L JHN9I4

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

26/41

"018 ‘SSNljEpOW USIeIR ‘sulels 1ussaup f1exid ndul 8Yl UliMm DBIBIDOSSE ULIOIBABM
BUI LUOCLL DBUIUSDI SUICRARM JUSIslIp 0] puodsalios ued joxid indino yoe3

sjexid indino
adninw Jo yoels e o} jexid indul suD

SENEN

zzvL \\ - pzLL

T AN

oLy~ //

YR

TV \\\\ /m/.wvvw

=

AR

ZoLL //

pOLE

siexid indino suiu 0] jexid ndu suD

siexid indino inoy o1 jexid indul sup

iy

oLLL \ // FART)

ZopL //

POLE

A

90LL //

0L

ZoLL //

PO

xid indino suoc oy jexad indul sup

LL JHNDid

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

27/41

0 WIS {BIIUA

wind abew

adA waoBAEAA

-
i rAAY

\?
YALYAS

%

LINBDsas
SIISIA

O URS [BniiA
uicy obew

ms/

5dA] WIOIBABAA

g Wels BN
wioy} obeuy

Y UEIS [BIAA
Lo abeu

pzzy~

%

adA1 LLIOIBARAM

SIGISIA

14247

T EHRERE]

%

wnhoeds

8iZL wﬁm‘ /Nvmw

BIUSIA

adA] LWIOIBABAA

=
/.rgﬁ

—

(HITAS

)

windpads
BISIA

adwies onssh o1 paidde wels Enuia Yism sobeul mou paonposd o) opio

 oduies anssn Ag polzssuad winnosds o) swes jenwa aidanut Buididde Jop wosAs Janduwio

)

)

yiBusjeasm winnoedg

iy

VL Junoid

./

apnyduwe
tnBUSIPABAA

-

iy

154

vi¥

abew
BIBIBUB)

SR

ANARY
10129180

(o]

{

P0L

L

4
b= {

paUsuRy
| PRIOBYSY

]

Zov

(4

-

{u=) uopeipel

sidwes onsubawondes
SNSSIE  WnDeds-ingy

S[AWES snss|| SDUIS B 01 paljady SUBTS [BNUIA S[OAp

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

28/41

(J WELS [BNUA
wiody sbew

G uiElg [BrHA
wioyy ofeuy

o WG [BNIIA
wiol abeuy

Y UHELG [BIA
wiouy abeul

SUBSTITUTE SHEET (RULE 26)

WO 2013/142366

- e e N~
zzzL e g e an” T sozt
aiduies anssh 01 pandde uiRs BnWA Uim sebeiu mau paonpoid o) 1opio
Ui aidiues enssy Ag poeisust wnnoods 0 sWiBs A sidninw BuiAldde o) woisAs sondion
FALY A
i)
_ \
yibusipaem wingoadg
jub]

=8 3NAB(
&a YA/ m-tw - JO10019( | P —
= . G — C—

- 0% 0%
- pLy S~ - (N3 uoneipe:
oLy~ J 434 vl vy
abety NG sidwes oneubewionosie
S1RIBUSLT) pERIISURT anssiy  wrnoaeds-nn
/ PBIoaYsy
Hel JunNoid B|OWEeS onssl] S|DUIR B 0] PajOdy SUIEIS [BNHIA S0nINH



FIGURE 12C

Side-bv-Side Correlated Viewing of Tissue Using Multiple Virtual Siains
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FIGURE 15A
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FIGURE 158

WO 2013/142366 PCT/US2013/032389
33/41

Zz

{
i
3
§
3
3
3
&
8
¥
N
R
3
3.

SR
\\\\\
N

O N

N NS 3 TR \\\‘\t\ 5 SR
i\\ } Y N \\\\\\\\\&Q&B\%\i\\\%&\\\\\\\\\\\\\\\\\\\\\\\x CEE_—_—
N RSN

N
L o

N . Yol 188d=3lUM
QN =
N

o
N

£ <« yojeu jsesi= yoejg
S RSN

T m SHUM + MOquIEY+)0led

& & &\\\\*

S

iy
22
i

RS

RIAY

S ‘\ S
RN ot
N N &%

Y

&N N

2

‘\\\\\\
N

N
Qe

g7

e,
Z %
LSS s dps

o
Z
///////
Z

Z

N\
R

RN \\Q\\\
T R T T T T TS
NN TR
N \ N T i
N T Hnnm
N N T T TR
\\\ T T T
N N T
X T o e _ =HhHR:=
N \\\\\\\\§\\\\\\§\\\\\\\\\\\\\\\§\

R
R RN
N \\\i\\\\\\\\\\\\\{k\\\\\\\\\\\\\\\\\\\\\\\..
R T R O
R AR
R AR R
A e
A Y
R T R

A\

SUBSTITUTE SHEET (RULE 26)

False Color Match to Spectra

Composite Image



WO 2013/142366 PCT/US2013/032389

34/41

&30

r
7
(//\
i

N
3
X

D
»

E

D
L

700

Lolon Lancer 1 mf"
i
£00
enath {rem)

S00

W - ]

N

3

- - i

L. i A

{\} | ] [ | =
J - P
] W O~

i ]

Normalized Intensity

FIGURE 16

Using Delected Pixel Waveforms o Diagnosis or Correlate to Particular Discases

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

35/41

SR [BORD

1 eseyd

oy BBy

Aibe opfieue aid

WO AMB0L n

A A

{sowry uojoD J0 %08)

SISOIDEUY,
I,

BUUCLIDIBSOUSDY DIUCIOT DRIBNUSIBLYT ASiBiBnop uoheosser oiboouedoisid

SESBasi(] JBNOMEY O] S1B[@10T 10 SISOUDEI(] 0] SULICIBAENS [0Xid Doloa(] DUIS[}

L1 FEHNOiH

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/032389

WO 2013/142366

36/41

JUSULIOHAUBOIOIW JOUN] 81] §80108 @Emwﬁmuwmwm mmwmmwﬁbm

Ssundsad BUIOAS 1B50H

DSBS} SAISEA] 4

K

- “

SSESSK] MIS-U]

x 2

SESBasi(] JBNOMEY O] S1B[@10T 10 SISOUDEI(] 0] SULICIBAENS [0Xid Doloa(] DUIS[}

gL JHNOId

SUBSTITUTE SHEET (RULE 26)



FIGURE 19

Using Delected Pixel Waveforms o Diagnosis or Correlate to Particular Discases
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A US 2011-0074944 A1 (ALL CAN et al.) 31 March 2011 1-89
See abstract, paragraphs [0015]-[0034], [0061]-[0080], claims 1-17 and
figures 1-3.

A US 2010-0128988 A1 (ROBERT H. KINCAID) 27 MAY 2010 1-89
See abstract, paragraphs [0066]-[0076], claims 1-3 and figures 1-4, 12-13.
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See abstract, paragraphs [0079]1-[0095], [0122], [0129], claims 1, 7-8 and
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A US 2001-0017938 A1 (RUSSEL L. KERSCHMANN et al.) 30 August 2001 1-89
See abstract, paragraphs [0031]-[0076], claims 1-6 and figure 1.

A US 2010-0195903 A1l (SHINSUKE TANI) 05 August 2010 1-89
See abstract, paragraphs [0046]-[0057], claims 1-9 and figures 1-7.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
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filing date
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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

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

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
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Box No.II 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. Claims Nos.: 90
because they relate to subject matter not required to be searched by this Authority, namely:

Claim 90 pertains to a method for treatment of the human body by therapy, as well as a diagnostic
method, and thus relates to a subject matter which this International Searching Authority is not required
to search under Article 17(2)(a)(i) of the PCT and Rule 39.1(iv) of the Regulations under the PCT.

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

3. |:| 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. II' 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:

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

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| 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. I:l 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.:

Remark on Protest [l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
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.
|:| No protest accompanied the payment of additional search fees.
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