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Description

[0001] The present invention relates to a Gleason
grading method that is improved by segmenting and com-
bining digital images of co-registered slides of differently
stained tissue.

BACKGROUND

[0002] Prostate cancer is one of the most commonly
diagnosed cancers in men. Although prostate cancer can
be detected with a blood test for high prostate-specific
antigen (PSA) levels, high PSA levels can also result
from non-malignant growth of the prostate. The most ac-
curate diagnosis of prostate cancer is obtained by ana-
lyzing a stained prostate biopsy using the Gleason grad-
ing system. The Gleason grading system was developed
by Donald Gleason, a pathologist at the Veterans Admin-
istration, and correlates patterns in prostate biopsy spec-
imens with tumor mortality rates.
[0003] The Gleason grading system evaluates the
glandular architecture of the prostate tissue. Tissue is
assigned a grade based on the overall pattern of the
glands as well as the shapes of the individual glands.
Malignant cells disrupt the regular pattern of the glands.
Glands arranged in a disorganized, irregular pattern with
only a small area of stroma between the glands are di-
agnosed as cancerous. In addition, tissue in which fewer
of the individual glands are circular is also diagnosed as
cancerous. Cancerous prostate tissue is classified into
five grades 1 through 5 of decreasing regularity and cir-
cularity. The grades of the two patterns that cover the
largest areas of the biopsy tissue are added to obtain the
Gleason score.
[0004] The primary Gleason grade must be greater
than 50% of the total pattern of the cancerous tissue. The
secondary Gleason grade must be less than 50%, but at
least 5%, of the pattern of the total cancer observed. If
the secondary pattern covers less than 5% of the total
area of observed cancer, the secondary grade is as-
signed the same grade as the primary grade. The sum
of the primary and secondary Gleason grades is the
Gleason score. For example, if the most prevalent pattern
falls into grade 4 and the second most prevalent pattern
falls into grade 3, then the Gleason score is 7.
[0005] Gleason grading is typically performed by a pa-
thologist who visually evaluates a magnified image of a
stained tissue sample. The pathologist manually inspects
each cancerous area of a slide of stained tissue, classi-
fies the patterns of the glands in each area based on the
shape of the individual glands and the arrangement of
neighboring glands to one another, and assigns a
Gleason grade to each area of the tissue being graded.
Then the pathologist determines an overall Gleason
score for the tissue sample based on which Gleason
grade was assigned to the largest area and to the second
largest area of the tissue.
[0006] Manually grading prostatic tissue is difficult be-

cause the pathologist must consistently evaluate a large
number of cancerous areas on a highly magnified image
of stained tissue. The pathologist may not miss any can-
cerous area. Moreover, the pathologist must consistently
evaluate the gland arrangement and the shapes of indi-
vidual glands in the various areas of a tissue slide as well
as on other tissue slides in order to obtain an accurate
Gleason score.
[0007] A method is sought for increasing the accuracy
of Gleason grading performed on stained prostate tissue
by reducing the inconsistencies and missed areas that
commonly occur with manual grading.

SUMMARY

[0008] A method for obtaining an improved histopatho-
logical score generates image objects from images of
tissue containing stained epithelial cells. For example, a
Gleason score of prostate tissue is determined by clas-
sifying tissue patterns in a scoring region. Alternatively,
the most prevalent Gleason cell patterns in the stained
tissue are determined by counting the number of image
objects that possess predetermined forms or structures.
The method can also be used to obtain an improved
Allred score or an improved Elston-Ellis score relating to
breast tissue.
[0009] A first tissue slice is stained with a first stain that
stains basal epithelial cells. Examples of the first stain
are tumor protein p63, cytokeratin 5 and cytokeratin 14.
Tumor protein p63 stains the nuclei of basal epithelial
cells that are in contact with a basal membrane. A first
digital image is acquired of the first tissue slice that is
stained with the first stain. Image analysis software then
generates first image objects that correspond to the basal
epithelial cells that are stained with the first stain.
[0010] A second tissue slice is stained with a second
stain that stains luminal epithelial cells. Examples of the
second stain are cytokeratin 8 and cytokeratin 18 (CK18).
A second digital image is acquired of the second tissue
slice that is stained with the second stain. Image analysis
software then generates second image objects that cor-
respond to the luminal epithelial cells that are stained
with the second stain. The first digital image is then co-
registered with the second digital image.
[0011] In an alternative embodiment, the same tissue
slice is stained with both the first stain and the second
stain. In the analysis of prostate tissue, for example, one
slice of a prostate biopsy sample can be stained with
both p63 and CK18. The nuclei of the basal epithelial
cells are stained one color, while the luminal epithelial
cells are stained another color. A single digital image is
acquired of the tissue slice that has been stained with
the two biomarkers. Image analysis software then gen-
erates the first image objects and the second image ob-
jects from the single digital image. This alternative em-
bodiment does not require one image of tissue stained
with p63 to be co-registered with another image of tissue
stained with CK18.
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[0012] Regardless of whether one slice or two slices
are stained with the first and second stains, image anal-
ysis software then defines third objects to include only
those second objects that have more than a minimum
separation from any of the first objects. A scoring region
is defined that includes the third objects, and the his-
topathological score is determined based on the tissue
that falls within the scoring region. The scoring region
can include the area of just the third objects, or the scoring
region can include all areas that are not occupied by
those second objects that are not also third objects. In
the second alternative, the scoring region includes the
region of the stroma. For example, a Gleason score is
determined by classifying the most prevalent Gleason
patterns of the third objects in the scoring region.
[0013] In another embodiment, instead of determining
a histopathological score in a scoring region, the his-
topathological score is determined based on the number
of the third objects that possess predetermined forms or
structures. The form of each third object is determined
based on object features such as the object’s asymmetry,
elliptic fit, roundness, number of branches, length, width,
area and distance to its nearest neighbor. An object’s
form is also dependent on the number of other third ob-
jects in a unit area surrounding the third object. These
object features are then used to determine whether a
particular third object possesses one of five predeter-
mined forms corresponding to the five Gleason patterns.
The number of third objects that possess the predeter-
mined form of each Gleason pattern is counted. The
Gleason score is then determined based on the two most
prevalent Gleason patterns.
[0014] In another embodiment, the histopathological
score is not based on the third objects generated from
cells stained with the second stain. Instead, a third tissue
slice is stained with a third stain, such as hematoxylin
and eosin (H&E). A third digital image is then acquired
of the third tissue slice, and fourth objects are generated
from the cells stained with the third stain. The third digital
image is then co-registered with the second digital image,
and the scoring region determined above is located in
the third digital image. The histopathological score is then
determined based on the fourth objects that fall within
the scoring region. For example, a Gleason score is de-
termined based on the objects stained with H&E in the
scoring region.
[0015] In another embodiment, image objects are dis-
played on a graphical user interface and permit a pathol-
ogist to obtain an improved histopathological score. A
first digital image is segmented to generate first objects
corresponding to tissue stained with a first stain that
stains basal membranes of the tissue. A second digital
image is segmented to generate second objects corre-
sponding to tissue stained with a second stain that stains
epithelial cells of the tissue. The first digital image and
the second digital image are co-registered. The second
digital image is then displayed on a graphical user inter-
face by highlighting a subset of the second objects that

includes only those second objects that have at least a
minimum separation from any of the first objects. The
pathologist is then able to determine a histopathological
score by classifying the highlighted subset of the second
objects.
[0016] Other embodiments and advantages are de-
scribed in the detailed description below. This summary
does not purport to define the invention. The invention is
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, where like nu-
merals indicate like components, illustrate embodiments
of the invention.

FIG. 1 is a diagram of a novel system for determining
a histopathological score by defining image objects
in digital images of stained basal and luminal epithe-
lial cells.
FIG. 2 illustrates the process for acquiring the digital
images of stained epithelial cells that are scored by
the system of FIG. 1.
FIG. 3 is a flowchart of steps for obtaining an im-
proved histopathological score based on the images
of tissue containing the stained epithelial cells.
FIG. 4 is a schematic diagram of a gland of prostate
tissue in which p63 has stained the nuclei of basal
cells, and CK18 has stained the luminal cells.
FIG. 5 is a digital image of a tissue slice in which the
nuclei of basal epithelial cells have been stained with
p63.
FIG. 6 illustrates a data network generated by the
system of FIG. 1 in which image objects of the data
network are linked to selected pixels of the image of
FIG. 5.
FIG. 7 shows image objects of stained nuclei of basal
epithelial cells that are highlighted and superim-
posed over the image of FIG. 5.
FIG. 8 is a second digital image of a tissue slice in
which the luminal epithelial cells have been stained
with CK18.
FIG. 9 shows second image objects of stained lumi-
nal epithelial cells that are highlighted and superim-
posed over the image of FIG. 8.
FIG. 10 shows the graphical user interface of the
system of FIG. 1 in which objects corresponding to
stained basal cells are superimposed over the ob-
jects corresponding to stained luminal cells, which
are both superimposed over the image of FIG. 5.
FIG. 11 illustrates a method of growing the second
objects of FIG. 9 to determine which second objects
have a minimum separation from any of the first ob-
jects of FIG. 7.
FIG. 12 shows the image of FIG. 5 in which those
second objects of FIG. 9 that have grown into any
first objects of FIG. 7 using the method illustrated in
FIG. 11 are displayed in their original sizes as darker
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objects.
FIG. 13 is a screenshot of the graphical user interface
of the system of FIG. 1 displaying a process hierar-
chy of software steps by which the system defines
those second objects of FIG. 9 that are not darkened
in FIG. 12.
FIG. 14 shows the graphical user interface of the
system of FIG. 1 in which only a scoring region on
the image of FIG. 8 is displayed to the user.
FIG. 15A illustrates a step in which the system of
FIG. 1 generates first image objects from a first digital
image of a slice of prostate tissue in which basal cells
have been stained.
FIG. 15B illustrates a step in which the system of
FIG. 1 generates second image objects from a sec-
ond digital image of a slice of the prostate tissue in
which luminal cells have been stained.
FIG. 15C shows the second objects of FIG. 15B that
are outlined and superimposed over the image of
the stained prostate tissue.
FIG. 15D shows outlined third objects that include
only those second objects of FIG. 15C that have
more than a minimum separation from any of the first
objects of FIG. 15A.
FIG. 16 is a diagram of sample patterns of prostate
tissue that fall into the five Gleason scoring patterns
for prostatic adenocarcinoma.
FIG. 17 is a screenshot of the graphical user interface
of the system of FIG. 1 showing object features used
to classify areas of the scoring region into the various
Gleason patterns.
FIG. 18A illustrates a step of the method of FIG. 3
in which the first objects corresponding to basal cells
stained with p63 are generated.
FIG. 18B illustrates a step of the method of FIG. 3
in which the second objects corresponding to luminal
cells stained with CK18 are generated.
FIG. 18C illustrates a step of the method of FIG. 3
in which third objects are defined that include only
those second objects that have more than a mini-
mum separation from any of the first objects.
FIG. 19 is a flowchart of steps for obtaining an im-
proved histopathological score based on an image
of tissue that has been stained with both p63 and
CK18.
FIG. 20 illustrates steps of the method of FIG. 19 in
which first and second objects are generated, and
third objects are identified.
FIG. 21 shows the graphical user interface of the
system of FIG. 1 in which second objects that are
not also third objects have been removed from the
digital image of tissue that has been stained with
both p63 and CK18.

DETAILED DESCRIPTION

[0018] Reference will now be made in detail to some
embodiments of the invention, examples of which are

illustrated in the accompanying drawings.
[0019] FIG. 1 shows a system 10 for grading stained
samples of glandular tissue, such as human prostate,
breast, colon and lung tissue. In the context of the novel
Gleason grading method described herein, immunohis-
tochemistry samples are stained with hematoxylin and
eosin (H&E), cytokeratin 18 (CK18) and transcription fac-
tor p63. Digital images 11 of the tissue slices are then
acquired at high magnification. The input data for the
image analysis can also include patient medical history
and demographic data that is used as context information
12 for calculating parameters used in the image analysis.
For example, identifying areas of cancerous glands can
be assisted by knowing whether a patient smokes or
whether there is a history of cancer in the patient’s family.
[0020] The acquired digital images 11 as well as the
context information 12 are stored in a database 13 of
patient data. Image analysis software executing on a data
analysis server 14 then performs intelligent image
processing and automated classification and quantifica-
tion. The image analysis software is a computer program
product tangibly embodied on a computer-readable stor-
age medium in server 14 and comprises computer read-
able and executable program instructions that when ex-
ecuted by a processor on server 14 provide a visual dis-
play on a graphical user interface 15 of an interconnected
display device 16, such as a personal computer. The
image analysis software transforms unlinked input data
in the form of pixels into a hierarchical network of objects.
[0021] System 10 co-registers, analyzes, grades and
displays the digital images 11 of tissue slices that have
been stained with the various biomarkers. The image
analysis program prepares links between some objects
and thereby generates higher hierarchically ranked ob-
jects. The image analysis program provides the higher
hierarchically ranked objects with properties, classifies
them, and then links those objects again at a still higher
level to other objects. The higher hierarchically ranked
objects are used to find target objects in the images more
rapidly. More easily detected starting objects are first
found and then used to identify hard-to-find objects in the
hierarchical data structure.
[0022] Both general and subject-specific knowledge is
used to classify and segment objects in the images. The
knowledge and the program flow of the image analysis
program are separated in the software structure. The pa-
rameters by which the image analysis is performed, for
example thresholds of size or brightness, can be
changed without having to revise the process hierarchy
of software steps. The image analysis software displays
both the original digital images 11 as well as the corre-
sponding processed segmented images on the graphical
user interface 15. Classified and segmented objects in
the digital images are marked or highlighted to corre-
spond to their classification. For example, objects that
have a membership in the same class are depicted in
the same color.
[0023] FIG. 2 illustrates the process for acquiring the
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digital images 11 that are co-registered, analyzed, grad-
ed and displayed by system 10. The tissue portions that
are to be stained with various protein and receptor bi-
omarkers are typically taken from a live patient 17 in the
form of a biopsy. In the context of Gleason grading of
cancerous prostate tissue, immunohistochemistry sam-
ples are prepared from paraffin-embedded biopsy spec-
imens of prostate tissue surgically removed from patient
17. Typically, prostate needle biopsy specimens are
used. Today, most doctors agree that an initial prostate
biopsy should include at least ten to twelve needle core
samples.
[0024] The cylindrical tissue sample 18 is then sliced
into many adjacent thin planar slices. Because the slices
are very thin, each adjacent slice contains practically the
same tissue structures. The slices are located at the
same position of the tissue sample in the x and y dimen-
sions. The slices are called "z slices" because they depict
different z altitudes at the same position in the x and y
dimensions of the tissue sample. FIG. 2 shows a first
slice 19 on a first slide 20 as well as a second slice 21
on a second slide 22. Second slice 21 originated from
tissue sample 18 adjacent to first slice 19. Before being
put on a slide, each of the multiple z slices is stained with
one or more different biomarkers. The same tissue reacts
uniquely to each different biomarker. In the novel method
of Gleason grading described below, various slices can
be stained with hematoxylin and eosin (H&E), cytokeratin
18 (CK18) and transcription factor p63. A tissue slice can
also be stained with multiple biomarkers at the same time.
Other stains that can be used include cytokeratin 14
(CK14), Human Epidermal growth factor Receptor 2
(Her2), Her2/neu cytoplasmic stain, estrogen receptor
(ER) stain, progesterone receptor (PR) stain, tumor
marker Ki67, Mib, SishChr17, SishHer2, cluster of differ-
entiation 44 (CD44) antibody stain and CD23 antibody
stain. A high resolution digital image 11 is then taken of
each stained slice. A typical digital image of a tissue slice
has a resolution of 100,000 x 200,000 pixels, or 20 billion
pixels.
[0025] FIG. 3 is a flowchart of steps 25-30 of a method
31 for obtaining an improved histopathological score. For
example, Gleason grading can be improved by defining
a scoring region using co-registered images of differently
stained prostate tissue slices. In a first step 25, system
10 generates first objects from a first digital image of first
tissue slice 19. First tissue slice 19 has been stained with
a first stain that stains basal epithelial cells. In a first em-
bodiment, the tumor protein p63 is used as the first stain
that stains basal epithelial cells by staining the nuclei
inside basal epithelial cells. Tumor protein p63 is also
known as transformation-related protein 63 and tran-
scription factor p63. Tumor protein p63 is a protein-spe-
cific antibody (a biomarker) that in humans is encoded
by the TP63 gene. Tumor protein p63 is used together
with an attached dye to form a stain. Note that some
biomarkers do not require an attached dye, such as he-
matoxylin and eosin (H&E), which has the ability to stain

tissue without the addition of a dye. Staining with p63 is
used to differentiate prostatic adenocarcinoma (the most
common type of prostate cancer) from benign prostatic
tissue. Expression of the p63 gene is down-regulated in
adenocarcinoma of the prostate compared with normal
prostate tissue. Thus, p63 stains the nuclei of basal ep-
ithelial cells in healthy prostate glands.
[0026] FIG. 4 illustrates the structure of a gland 32 of
normal prostate tissue in which p63 has stained the nuclei
33 of basal cells 34. Normal prostatic epithelium 35 is
composed of basal 34, luminal 36 and neuroendocrine
37 cells that form glands surrounded by fibro-muscular
tissue called stroma 38. A basement membrane 39 sep-
arates the gland 32 from the stroma 38. Each gland is
composed of rows of epithelial cells located around a
"lumen" or duct 40. In cancerous prostate tissue in which
the basement membrane 39 no longer surrounds the ba-
sal epithelial cells 34, tumor protein p63 does not stain
the nuclei of the basal cells. Thus, healthy prostate basal
cells express p63, and cancerous basal cells that do not
have intact basement membranes do not express p63.
The difference in p63 expression is also indicative of can-
cer progression in other epithelial organs, such as the
breasts, lungs and ovaries.
[0027] FIG. 5 shows a first digital image 41 of first tissue
slice 19. First digital image 41 is a high resolution image
of prostate tissue in which the nuclei 33 of basal epithelial
cells 34 have been stained with p63. Note that the stained
nuclei 33 primarily form rings or loops around the lumens
of healthy prostate glands. Image analysis is performed
on each of the images acquired by system 10, including
first digital image 41 of first tissue slice 19 and a second
digital image 42 of second tissue slice 21. Then system
10 generates a hierarchical data network 43 of image
objects for each image.
[0028] FIG. 6 illustrates exemplary data network 43
that is generated by system 10. In step 25, system 10
generates first objects 44 from first digital image 41 based
on the stained basal epithelial cells 34. The image anal-
ysis program of system 10 uses object-oriented image
analysis to generate objects of data network 43 by linking
selected pixels 45 to objects according to a process hi-
erarchy of steps and algorithms and according to a clas-
sification network. For a more detailed description of gen-
erating a data network using a process hierarchy and a
class network, see U.S. Patent No. 8,319,793. Each dig-
ital image comprises pixel values associated with the lo-
cations of each of the pixels 45. The image analysis pro-
gram operates on the digital pixel values and links the
pixels to form objects. Each object is linked to a set of
pixel locations based on the associated pixel values. For
example, an object is generated by linking to the object
those pixels having similar characteristics, such as hue,
saturation and brightness as defined by the pixel value.
Thresholds of brightness at pixel locations that are
grouped together can be obtained from a histogram of
the pixel values in the digital image. The pixels form the
lowest hierarchical level of data network 43.
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[0029] In step 25, pixels having the color and intensity
imparted by the dye attached to the p63 antibody are
identified and linked to those objects 44 that correspond
to the stained nuclei 33. The first objects 44 form the
second hierarchical level of data network 43. Then image
objects are linked together into classes according to
membership functions of the classes defined in the class
network. For example, objects representing nuclei that
belong to the same gland are linked together to form
gland objects 46-47 in a third hierarchical level of data
network 43. In FIG. 6, one of the first objects 48 that
corresponds to a stained nucleus of a basal epithelial cell
is linked to gland object 46 that corresponds to the gland
surrounded by the stained basal epithelial cells. An ad-
ditional object 49 is generated in a fourth hierarchical
level of data network 43 and is linked to all of the objects
that represent glands surrounded by stained basal epi-
thelial cells. Thus, the objects corresponding to the
healthy prostate glands are linked to object 49.
[0030] FIG. 7 shows how first digital image 41 is dis-
played on the graphical user interface 15 of system 10
after step 25 is performed. The first objects 44 that are
generated from the stained nuclei 33 of basal epithelial
cells 34 are highlighted and superimposed over first dig-
ital image 41.
[0031] In step 26 of method 31, system 10 next gen-
erates second objects from second digital image 42 of
second tissue slice 21. Second tissue slice 21 has been
stained with a second stain that stains luminal epithelial
cells 36. In the first embodiment, cytokeratin 18 (CK18)
is used as the second stain that stains the luminal cells
of the prostate tissue. Immunocytochemical staining for
CK18 can also be used to stain other types of other ep-
ithelial organs, such as the breasts, lungs, ovaries and
kidneys.
[0032] FIG. 8 shows second digital image 42 of second
tissue slice 21. In second digital image 42, luminal epi-
thelial cells 36 of tissue sample 18 have been stained
with CK18.
[0033] FIG. 9 shows how second digital image 42 is
displayed on the graphical user interface of system 10
after step 26 is performed. The second objects 50 that
are generated from the stained luminal epithelial cells 36
are highlighted and superimposed over second digital
image 42. In step 26, pixels having the color and intensity
imparted by the dye attached to CK18 are linked to lumi-
nal cell objects in the second hierarchical level of data
network 43. Luminal cell objects that are adjacent to one
another are linked together to generate the second ob-
jects 50 in the third hierarchical level of data network 43.
The second objects 50 represent the outlines of glands
surrounding lumens. However, luminal epithelial cells ex-
press CK18 regardless of whether the luminal cells are
surrounded by basal epithelial cells 34 or a basal mem-
brane 39. Thus, the second objects 50 are also generated
around clumps of luminal epithelial cells that lack an intact
basal membrane and are no longer part of healthy glands.
[0034] In step 27, the image analysis program of sys-

tem 10 co-registers first digital image 41 with second dig-
ital image 42. Because first tissue slice 19 and the adja-
cent second tissue slice 21, which correspond to the dig-
ital images 41 and 42 respectively, are very thin, each
slice contains practically the same tissue structures. In
order to determine which locations on the two slices cor-
respond to the same structures, locations on the two dig-
ital images 41-42 of slices 19 and 21 must first be co-
registered with one another. Tissue objects are used as
location markers to perform the co-registration. In addi-
tion to generating objects corresponding to epithelial
cells, the image analysis program performs general seg-
mentation on the images 41-42 to generate larger tissue
objects such as blood vessels, glands or glomeruli. Sev-
eral of these tissue objects that match in both images are
then used to co-register the images. Obtaining a precise
co-registration of the two digital images 41-42 is impor-
tant for obtaining an accurate Gleason score using meth-
od 31.
[0035] FIG. 10 shows the graphical user interface of
system 10 after co-registration step 27 is performed. The
first objects 44 that are generated from the stained nuclei
33 of basal epithelial cells 34 are highlighted and super-
imposed over the second objects 50 that are generated
from the stained luminal epithelial cells 36. Both the first
objects 44 and second objects 50 are superimposed over
second digital image 42. The first objects 44 appear as
black dots in FIG. 10.
[0036] In step 28, third objects 51 are defined that in-
clude only those second objects 50 that have more than
a minimum separation from any of the first objects 44.
Thus, the third objects 51 include all second objects 50
that are not adjacent to at least one first object 44. The
third objects 51 represent aggregations of luminal epi-
thelial cells that lack an intact basal membrane and are
no longer part of a healthy prostatic gland. The stained
luminal epithelial cells that make up the third objects 51
form patterns of prostate tissue that fall within one of the
five sample Gleason patterns used to categorize the se-
verity of prostatic adenocarcinoma in the biopsy tissue.
Two third objects 51 are labeled in FIG. 10.
[0037] FIG. 11 illustrates one way in which the image
analysis program of system 10 defines the third objects
51. The third objects 51 are determined by growing the
second objects 50 by the minimum separation and then
excluding from the third objects those second objects
that have grown into any of the first objects 44. In one
example, the value of the minimum separation is set at
150 microns. In any event, the minimum separation
should be greater than the average distance between
the luminal epithelial cells 36 and basement membrane
39 as shown in FIG. 4. Each second object 50 is expand-
ed outwards normal to the boundary of the object by a
number of pixels that corresponds to about 150 microns.
The number of pixels that corresponds to about 150 mi-
crons depends on the resolution of the digital images
41-42. In the example of FIG. 11, the distance across six
pixels is about 150 microns. When second object 50 is
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expanded by six layers of pixels, the expanded object
occupies some pixels of first object 44. Therefore, second
object 50 does not have the minimum separation from
first object 44, and second object 50 in FIG. 11 is not
defined by the image analysis program as a third object.
[0038] FIG. 12 shows the graphical user interface of
system 10 after each second object 50 has been grown
by the minimum separation. Those second objects 50
that grew into first objects 44 are displayed in their original
sizes as darker objects. The remaining second objects
that are not darkened are defined as the third objects 51.
[0039] FIG. 13 is a screenshot of graphical user inter-
face 15 of system 10 with the image of FIG. 12 displayed
above the co-registered image of FIG. 7 at the left of the
screen. In a pane 52 at the right of the screen, system
10 displays the process hierarchy of software steps by
which the third objects 51 and a scoring region are de-
fined. The steps of the process of method 31 can be
edited by the user of system 10 using graphical user in-
terface 15.
[0040] In step 29, a scoring region 53 is defined that
includes the third objects 51. In a first implementation,
the scoring region 53 on the x-y space of the co-regis-
tered images 41-42 includes all areas that are not occu-
pied by those second objects 50 that are not also third
objects 51. In other words, the scoring region 53 includes
all of the x-y space of the co-registered images 41-42
that is not occupied by the darkened first objects 50
shown in FIG. 12. Thus, the scoring region 53 in the first
implementation includes the region of the stroma. In a
second implementation, the scoring region on the x-y
space of the co-registered images 41-42 includes only
those areas occupied by the third objects. FIG. 14 shows
the graphical user interface of system 10 on which only
the scoring region 53 on second digital image 42 is dis-
played to the user. The areas of second digital image 42
that lie outside of the scoring region 53 are whited out.
In the second implementation, the pathologist is shown
only the stained luminal epithelial cells of the cancerous
prostate tissue. The pathologist then classifies each area
of the second tissue slice 21 as falling within one of the
five sample Gleason patterns.
[0041] FIGS. 15A-D illustrate another example of steps
25-29 in which the scoring region 53 is defined according
to the second implementation. FIG. 15A illustrates step
25, in which system 10 generates first objects 54 from a
first digital image of a slice of prostate tissue. The prostate
tissue has been stained with a first stain, such as tumor
protein p63, that stains basal epithelial cells 55. Tumor
protein p63 stains the nuclei of the basal epithelial cells
55 in the glands of healthy prostate tissue. In step 25,
pixels having the color and intensity imparted by the dye
attached to the p63 antibody are linked to objects that
correspond to the stained basal epithelial cells 55. The
first objects 54 are highlighted and superimposed over
the first digital image.
[0042] FIG. 15B illustrates step 26 of method 31, in
which system 10 generates second objects 56 from a

second digital image of a second slice of the prostate
tissue. The second tissue slice has been stained with a
second stain, such as CK18, that stains luminal epithelial
cells 57. In FIG. 15C, the second objects 56 that are
generated from the stained luminal epithelial cells 57 are
outlined superimposed over the second digital image.
FIG. 15C shows the outlined second objects 58. Luminal
epithelial cells express CK18 regardless of whether the
luminal cells are surrounded by basal epithelial cells and
a basal membrane, so the outlined second objects 58
also surround clumps of luminal epithelial cells that lack
an intact basal membrane and are no longer part of
healthy glands. Then in step 27, the image analysis pro-
gram co-registers the first digital image and the second
digital image.
[0043] FIG. 15D shows outlined third objects 59 that
are defined in step 28. The image analysis program de-
fines third objects that include only those second objects
56 that have more than a minimum separation from any
of the first objects 54. Thus, the third objects include all
second objects 56 that are not adjacent to at least one
first object 54. The outlined third objects 59 are indicative
of aggregations of luminal epithelial cells that lack an
intact basal membrane and are no longer part of a healthy
gland of prostate tissue. FIG. 15D also illustrates the sec-
ond implementation of the scoring region 53 defined in
step 29. The scoring region 53 is defined to include only
the third objects 59, so the scoring region does not in-
clude the region of the stroma. In step 30, Gleason scor-
ing is performed only in the scoring region 53 of the sec-
ond digital image that includes the areas of the third ob-
jects 59.
[0044] A typical digital image of a tissue slice has a
resolution of many billions of pixels. Each of the recom-
mended number of ten needle biopsies to test for prostate
cancer yields many slices that each correspond to a dig-
ital image. Therefore, in order to obtain an accurate com-
posite Gleason score for all of the resulting high resolu-
tion digital images, the pathologist must visually inspect
a very large area of magnified prostate tissue that in-
cludes many hundreds if not thousands of glands.
[0045] FIG. 16 illustrates sample tissue patterns that
fall into the five Gleason categories. The pathologist as-
signs one of the Gleason patterns to each field of view
as the pathologist scans the entire scoring region 53.
Then the pathologist determines which Gleason pattern
covers the most area of the scoring region 53. FIG. 16
shows that the Gleason pattern one is composed of small,
uniform glands. Pattern two includes more stroma be-
tween glands. Although the gland size of pattern two has
a wider distribution, the average gland size of pattern two
is nearly the same as for pattern one. In pattern three,
cells begin to infiltrate the glands at the margins of the
glands. In pattern four, there are irregular masses of cells
with few glands. Pattern five is characterized by a lack
of glands, and the prostate tissue includes clumps and
sheets of cells.
[0046] It is a tremendous challenge for the pathologist
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to avoid missing any areas of prostatic adenocarcinoma
on each slide as the pathologist inspects the tissue in the
smaller field of view while navigating across the much
larger high-resolution images. Assigning a Gleason pat-
tern one to an area of tissue is especially difficult because
healthy prostate tissue also has the small, uniform glands
that are indicative of the Gleason pattern one. By using
method 31, however, the healthy glands that are sur-
rounded by a basal membrane can be distinguished from
the malignant glands that do not have surrounding basal
cells or basal membranes even if both the healthy and
malignant glands have the same size and shape. In ad-
dition, it is also a challenge for the pathologist to classify
different areas of the tissue on different slides consist-
ently according to the five Gleason tissue patterns. By
isolating those areas of each digital image that are to be
assigned a Gleason pattern number, the task of gener-
ating a Gleason score is simplified. The pathologist can
more easily and accurately assign Gleason pattern num-
bers to areas of the second digital image 42 when system
10 displays only the third objects 51 (second implemen-
tation) or the third objects with surrounding stroma (first
implementation) on the graphical user interface of system
10.
[0047] The Gleason score need not be determined
based on the second stain. Typically, Gleason scores
are determined based on tissue stained with hematoxylin
and eosin (H&E). In a second embodiment, a third digital
image is acquired from tissue sample 18 and is stained
with a third stain, in this example H&E. The third digital
image is then co-registered with the digital images 41-42.
The scoring region 53 that includes all of the x-y space
of the co-registered images that is not occupied by the
darkened first objects 50 in FIG. 12 is then located on
the third digital image of H&E stained tissue. Fourth ob-
jects in the scoring region in the third digital image are
then identified that have been stained with the third stain,
and a Gleason score is determined based on tissue
stained with the third stain. In this case, the scoring region
53 that is generated using p63 and CK18 acts as a mask
over the third image of H&E stained tissue in order to
allow the Gleason scoring to be performed only on areas
of prostatic adenocarcinoma.
[0048] In addition to enabling the pathologist to assign
Gleason pattern numbers more easily and accurately to
areas of prostate tissue, system 10 is also able to gen-
erate its own Gleason scores. In step 30, the image anal-
ysis program of system 10 determines a histopathologi-
cal score in the scoring region 53. Although the method
31 described herein determines an exemplary Gleason
score, system 10 can also determine other scores, such
as an Allred score or an Elston-Ellis score.
[0049] The image analysis program calculates the
score separately for each high resolution digital image.
The scores for each slide are then combined to yield a
composite score for each prostate tissue needle biopsy.
By generating hierarchically ranked objects in the hier-
archical data network 43, the image analysis program is

able to classify gland objects in the scoring region 53 as
having various degrees of irregular shapes and arrange-
ments between each other.
[0050] For example, the image analysis program de-
termines the shape of each gland based on asymmetry,
elliptic fit, roundness and the fit to a shape index. In ad-
dition, if a gland is not round, the program counts the
number of branches and sub-branches in the shape. The
program also measures the length and width of each
gland and the area of the gland. For example, the area
of a gland can be expressed in pixels. And the program
counts the number of glands per unit area and measures
the average distance between glands. These object fea-
tures are used to classify each subregion of scoring re-
gion 53 of a tissue slice as belonging to one of the five
Gleason tissue patterns. The areas of the subregions
that fall into the same Gleason pattern are then added
and compared to the total area of the scoring region 53.
[0051] The primary Gleason grade is assigned to that
tissue pattern that occupies more than 50% of the area
of the scoring region 53. A secondary Gleason grade is
assigned to that tissue pattern that occupies less than
50%, but at least 5%, of the scoring region 53. If the
secondary pattern covers less than 5% of the scoring
region 53, the secondary grade is assigned the same
grade as the primary grade. The sum of the primary and
secondary Gleason grades is the Gleason score for the
tissue slice. For example, if the most prevalent pattern
falls into grade 4 and the second most prevalent pattern
falls into grade 5, then the Gleason score is 9.
[0052] FIG. 17 is a screenshot of graphical user inter-
face 15 of system 10 showing object features used by
the image analysis program to classify areas of the scor-
ing region 53 into the various Gleason cell growth pat-
terns. The image analysis program is able to characterize
each of the hundreds is not thousands of glands or cell
aggregations in the scoring region 53. Then each gland
or cell aggregation is classified as falling into one of the
five Gleason patterns. A Gleason pattern is typically as-
signed to an area of a slide as opposed to individual
glands because the Gleason patterns are based in part
on the spacing between glands and the arrangement of
glands relative to each other. However, the image anal-
ysis program of system 10 is able to determine a Gleason
score without assigning a Gleason pattern to separate
areas within the scoring region 53 because the spacing
and arrangement of the glands is taken into account by
measuring for each gland the distance to the nearest
neighboring gland and by calculating the number of
glands in the scoring region 53.
[0053] Each gland in the scoring region 53 is assigned
an object number. The pane 60 entitled "Image Object
Information" at the right of the screenshot of FIG. 17 lists
the object features for one of the glands. For example,
the largest length/width ("diameter") of the gland being
represented is 2,011 pixels. The area 61 of the gland is
listed as 2156 pixels. The asymmetry, elliptic fit, round-
ness and shape index are also calculated. For example,
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the asymmetry factor 62 is listed as 0.7021. Pane 60
indicates that the gland being represented has a very
irregular shape, with seventeen main branches 63, seven
subbranches off of main branches, two segments off of
subbranches, and three fourth-order branches off of the
segments.
[0054] The number of glands classified as belonging
to each of the five Gleason patterns is listed in pane 60
under the heading "Scene features." No glands are clas-
sified as belonging to the Gleason patterns one, two or
five. Four hundred thirty-seven glands in scoring region
53 are classified as belonging to Gleason pattern three
64, and one hundred seventy-nine glands are classified
as belonging to Gleason pattern four 65. Pane 60 also
indicates that two-hundred fifty-seven glands that have
features similar to those of Gleason pattern three
(C3_Object_Number_ck18-p63) are not counted be-
cause those glands do not fall within scoring region 53.
Similarly, fifty-seven glands that have features similar to
those of Gleason pattern four
(C4_Object_Number_ck18-p63) are not counted be-
cause those glands also do not fall within scoring region
53. Thus, the scoring region 53 can be used to differen-
tiate between glands that by their shape and arrange-
ment alone would all seem to be belong to the same
Gleason pattern.
[0055] In the upper left pane 66 of the screenshot of
FIG. 16, system 10 displays a digital image of the prostate
tissue from which the gland objects described in pane 60
were generated, segmented and classified. The prostate
tissue shown in pane 66 was stained with H&E. But only
those stained glands are used to determine the Gleason
score that fall within a scoring region determined using
co-registered images of tissue stained with p63 and
CK18. A pane 67 at the lower left of the screenshot of
FIG. 16 shows a digital image of the tissue that was
stained with CK18.
[0056] As explained above, method 31 can also be
used to obtain improved histopathological scores relating
to tissue other than prostate tissue. For example, an im-
proved Allred score relating to breast tissue can be ob-
tained by defining gland objects that are likely to be can-
cerous using method 31. The Allred score is indicative
of breast cancer. The Allred score ranges from 0-8 and
indicates the percentage of cells in a region that have
been stained to a certain intensity by the estrogen recep-
tor (ER) antibody. Thus, the Allred score is the composite
of a proportion score and an intensity score. An Allred
score of three or more indicates ER positivity and can
correspond to as few as 1% of the cells in the region
showing a weak immunostaining signal. The image anal-
ysis program of system 10 calculates the Allred score by
determining a scoring region using two stains, such as
p63 and CK18, and then performing Allred scoring only
in the scoring region based on breast tissue stained with
ER. The image analysis program calculates the Allred
score by segmenting cell objects and then determining
the average intensity of the staining color in the pixels

within the particular cell objects in the scoring region.
[0057] FIGS. 18A-C illustrate steps of method 31 being
performed on digital images of breast tissue to obtain an
improved Allred score. The breast tissue is typically ob-
tained from a needle biopsy. FIG. 18A illustrates step 25,
in which system 10 generates first objects 68 from a first
digital image of a slice of breast tissue. The breast tissue
has been stained with a first stain, such as tumor protein
p63, that stains basal epithelial cells 69. Tumor protein
p63 stains the nuclei of the basal epithelial cells 69 in the
glands of healthy breast tissue. In step 25, pixels having
the color and intensity imparted by the dye attached to
the p63 antibody are linked to objects that correspond to
the stained basal epithelial cells 69. The first objects 68
are highlighted and superimposed over the first digital
image.
[0058] FIG. 18B illustrates step 26 of method 31, in
which system 10 generates second objects 70 from a
second digital image of a second slice of the breast tis-
sue. The second tissue slice has been stained with a
second stain, such as CK18, that stains luminal epithelial
cells 71. In FIG. 18B, the second objects 70 that are gen-
erated from the stained luminal epithelial cells 71 are
highlighted and superimposed over the second digital
image. Luminal epithelial cells express CK18 regardless
of whether the luminal cells are surrounded by basal ep-
ithelial cells and a basal membrane, so the second ob-
jects 71 are also generated around clumps of luminal
epithelial cells that lack an intact basal membrane and
are no longer part of healthy glands. Then in step 27, the
image analysis program co-registers the first digital im-
age and the second digital image.
[0059] FIG. 18C shows the third objects 72 defined in
step 28. The image analysis program defines third ob-
jects 72 that include only those second objects 70 that
have more than a minimum separation from any of the
first objects 68. Thus, the third objects 72 include all sec-
ond objects 70 that are not adjacent to at least one first
object 68. The third objects 72 represent aggregations
of luminal epithelial cells that lack an intact basal mem-
brane and are no longer part of a healthy gland of breast
tissue. FIG. 18C also shows the scoring region 73 defined
in step 29. The scoring region 73 is defined to include
the third objects 72. In FIG. 18C, the scoring region 73
includes all areas that are not occupied by those second
objects 70 that are not also third objects 72. The areas
occupied in FIG. 18B by those second objects 70 that
are not also third objects 72 are whited out in FIG. 18C
and are not included in scoring region 73. So the scoring
region 73 also includes the region of the stroma.
[0060] In step 30, an Allred score is determined based
on a co-registered third digital image of a third slice of
the breast tissue that has been stained with the estrogen
receptor (ER) antibody. The Allred scoring is performed
only in the scoring region 73 of the third digital image that
contains cancerous glands of breast tissue. The image
analysis program calculates the Allred score by segment-
ing cell objects in the scoring region 73 and then deter-
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mining the average intensity of the staining color in the
pixels within those cell objects.
[0061] The method 31 listed in FIG. 3 can also be per-
formed on digital images of breast tissue to obtain an
improved Elston-Ellis score. An Elston-Ellis score is a
grade ranging from I-III indicative of the severity of breast
cancer. A grade of III indicates the most aggressive can-
cer, whereas the tumor cells of grade I breast cancer are
not dividing rapidly. The grade is determined by summing
the points assigned to three parameters: tubule forma-
tion, nuclear pleomorphism and mitosis per region. A re-
gion of ten high-power fields (HPF) of 400x is often used
in the Elston-Ellis test. Thus, in determining the Elston-
Ellis score, the image analysis program divides the high
resolution image into tile regions of ten HPF. However,
within those tile regions only tissue falling within the scor-
ing region is considered. Each of the parameters can
have a point score ranging from 1-3 (1 being the best,
and 3 being the worst). Thus, a sum of three results in a
grade of I, whereas a sum of nine results in a grade of
III. The image analysis program is able to determine the
proportion of tubules, the similarity of nucleus sizes and
the number of dividing cells within the scoring region.
[0062] FIG. 19 is a flowchart of steps 74-78 of a method
79 of a third embodiment for obtaining an improved his-
topathological score. The steps of method 79 are illus-
trated by the images of FIGS. 20-21. As opposed to stain-
ing two separate slices of tissue and then co-registering
the digital images of the two slices as in method 31, two
biomarkers stain the same tissue slice in method 79. In
the analysis of prostate tissue, a slice of a prostate biopsy
sample is stained with both p63 and CK18. For example,
the nuclei 33 of the basal epithelial cells 34 are stained
blue with p63, and the luminal epithelial cells are stained
red with CK18. Thus, method 79 does not require an
image of tissue stained with p63 to be co-registered with
a separate image of tissue stained with CK18.
[0063] Alternatively, a first stain can be used that di-
rectly stains the basal membrane 39 instead of immuno-
histochemical staining the nuclei 33 of the basal epithelial
cells 34 that are in contact with the basal membrane 39.
For example, stains for the basal membrane 39 include
92 kDa type IV collagenase and laminin staining of tissue
pretreated with trypsin.
[0064] In a first step 74, system 10 identifies first ob-
jects 80 in the digital image of the tissue slice that has
been stained with a first stain that stains basal epithelial
cells and with a second stain that stains luminal epithelial
cells. The tumor protein p63 is used as the first stain that
stains basal epithelial cells by staining the nuclei inside
basal epithelial cells. Cytokeratin 18 (CK18) is used as
the second stain that stains the luminal cells of the pros-
tate tissue. Where the basal membrane 39 is directly
stained instead of staining the basal cells, the first objects
are hollow loops the size of glands as opposed to objects
the size of nuclei.
[0065] FIG. 20 shows the graphical user interface 15
of system 10 after the first objects 80 have been identified

in step 74. In FIG. 20, the first objects 80 appear as black
dots.
[0066] In step 75, system 10 identifies second objects
81 in the digital image of the tissue slice that have been
stained with the second stain. In step 76, third objects 82
are defined that include only those second objects 81
that have more than a minimum separation from any of
the first objects 80. Thus, the third objects 82 include all
second objects 81 that are not adjacent to at least one
of the first objects 80 (the black dots). The third objects
51 represent luminal epithelial cells that are separated
by more than a minimum amount from any stained nu-
cleus of a basal epithelial cell. So third objects 51 have
more than a minimum separation from basal cells that
are in contact with a basal membrane and, therefore, are
no longer part of a healthy prostatic gland. In FIG. 20,
two exemplary second objects 81 and three exemplary
third objects 82 are encircled with dashed lines. One of
the encircled objects belongs to both the class of second
objects 81 and the class of third objects 82.
[0067] Where the basal membrane 39 is directly
stained and the first objects are hollow loops the size of
glands, the third objects 82 are defined in step 76 as
including only those second objects 81 that have more
than a minimum separation between the inner luminal
cells and the surrounding loop of the stained basal mem-
brane. For example, the third objects 82 include those
second objects 81 that are not surrounded by the loop
of a first object 80.
[0068] In step 77, system 10 counts the number of third
objects 82 that possess a predetermined form. Each of
the stained luminal epithelial cells that make up the third
objects 51 belongs to one of the five sample Gleason
patterns used to categorize the severity of prostatic ad-
enocarcinoma in the biopsy tissue. System 10 classifies
the third objects 82 into five predetermined forms based
on the features of the objects. System 10 then concludes
that the most prevalent Gleason pattern in the tissue slice
corresponds to the predetermined form possessed by
the largest number of third objects 82. For example, the
image analysis program of system 10 determines the
shape of each third object 82 based on asymmetry, el-
liptic fit, roundness and the fit to a shape index. For ob-
jects that are not round, the program counts the number
of branches and sub-branches of the object. The program
also measures the length, width and area of each of the
third objects. The program determines the distance from
each object to its nearest neighbor. And the program
counts the number of all types of third objects 82 per unit
area. These object features are then used to determine
whether a particular third object possesses one of the
five predetermined forms.
[0069] In step 78, a histopathological score such as a
Gleason score is determined based in part on the number
of the third objects 82 that possess the predetermined
form. For example, if four hundred of the third objects 82
possess the predetermined form of Gleason pattern five,
and two hundred of the third objects 82 possess the pre-
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determined form of Gleason pattern four, then the
Gleason score for the tissue slice is nine. FIG. 21 shows
the graphical user interface 15 of system 10 in which
second objects 81 that are not also third objects 82 have
been removed from the digital image of the stained tissue.
Thus, only the third objects 82 that were used to deter-
mine the histopathological score are displayed on the
graphical user interface. The displayed image from which
the second objects 81 that are not also third objects 82
have been removed constitutes the scoring region 53 in
which the non-cancerous prostate glands have been
whited out.
[0070] In the embodiment of method 31, the Gleason
score is determined by classifying each subregion within
the scoring region as belonging to one of the five Gleason
tissue patterns based on the object features of the third
objects in each subregion. The most prevalent Gleason
pattern is the pattern assigned to the greatest number of
subregions. Thus, the embodiment of method 31 deter-
mines the most prevalent Gleason pattern based on
which pattern covers the largest area of the scoring re-
gion. In the embodiment of method 79, the Gleason score
is determined based in part on the number of third objects
that possess a predetermined form corresponding to one
of the five Gleason patterns. Thus, the embodiment of
method 79 determines the most prevalent Gleason pat-
tern by counting types of third objects. An alternative em-
bodiment combines the area aspect of method 31 with
the counting aspect of method 79. The alternative em-
bodiment determines a histopathological score by cate-
gorizing each third object into a class. For example, each
third object is classified according to the form or structure
of glands associated with each Gleason pattern. Then
the score is calculated based on the sum of the areas of
the third objects that are categorized as belonging to each
class. In one example, if some third objects have a form
associated with Gleason pattern four, and other third ob-
jects have a form associated with Gleason pattern five,
then the sum of the areas of the third objects associated
with Gleason pattern four is compared to the sum of the
areas of the third objects associated with Gleason pattern
five. In this alternative embodiment, Gleason pattern five
is the most prevalent pattern if the combined area of all
pattern-five third objects is greater than the sum of the
areas of the pattern-four third objects even if there are
more pattern-four third objects than pattern-five third ob-
jects.
[0071] Data analysis server 14 includes a computer-
readable storage medium having program instructions
thereon for performing method 31 and method 79. Such
a computer-readable storage medium can include in-
structions for generating objects in digital images that
have been stained by a particular biomarker and for iden-
tifying and defining those objects based on object fea-
tures.
[0072] Although the present invention has been de-
scribed in connection with certain specific embodiments
for instructional purposes, the present invention is not

limited thereto. Accordingly, various modifications, ad-
aptations, and combinations of various features of the
described embodiments can be practiced without depart-
ing from the scope of the invention as set forth in the
claims.

Claims

1. A computer-implemented method comprising com-
puter-implemented steps of:

identifying first objects (80) in a digital image of
a tissue slice, wherein the tissue slice has been
stained with a first stain that stains basal epithe-
lial cells and with a second stain that stains lu-
minal epithelial cells, wherein the first objects
(80) are basal epithelial cells that have been
stained with the first stain;
identifying second objects (81) in the digital im-
age of the tissue slice wherein the second ob-
jects (81) are luminal epithelial cells that have
been stained with the second stain;
defining third objects (82) that consist of only
those of the second objects that have more than
a minimum separation from any of the first ob-
jects;
counting a number of the third objects that pos-
sess a predetermined form; and
determining a histopathological score based in
part on the number of the third objects that pos-
sess the predetermined form.

2. The method of claim 1, wherein the histopathological
score is taken from the group consisting of: a
Gleason score, an Allred score, an Elston-Ellis
score, an Her2 score, and a HercepTest score.

3. The method of claim 1, wherein the first stain is tran-
scription factor p63, and the second stain is taken
from the group consisting of cytokeratin 14, CK14,
and cytokeratin 18, CK18.

4. The method of claim 1, wherein the predetermined
form is defined by an object feature taken from the
group consisting of: length, width, area, asymmetry,
elliptic fit, roundness, and number of branches.

5. The method of any one of the preceding claims, com-
prising:

defining a scoring region that includes the third
objects but excludes the remaining second ob-
jects that do not have more than a minimum sep-
aration from any of the first objects; and
determining a histopathological score in the
scoring region.
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6. The method of claim 5, wherein the histopathological
score is determined based on tissue stained with the
second stain.

7. The method of claim 5, wherein the first stain stains
basal epithelial cells by staining nuclei inside the ba-
sal epithelial cells.

8. The method of claim 5, wherein the first stain is tran-
scription factor p63 and the second stain is cytoker-
atin 18, CK18.

9. The method of claim 5, wherein the histopathological
score is taken from the group consisting of: a
Gleason score, an Allred score, an Elston-Ellis
score, an Her2 score, and a HercepTest score.

10. The method of any one of the preceding claims,
wherein the minimum separation is 150 microns.

11. The method of claim 5, wherein the defining the third
objects involves growing the second objects by the
minimum separation and excluding from the third ob-
jects those second objects that have grown into any
of the first objects.

12. The method of claim 5, wherein the third objects are
a subset of the second objects.

13. The method of claim 1, comprising:

displaying the digital image on a graphical user
interface with a subset of the second objects
identified, wherein the subset of the second ob-
jects consists of only those of the second objects
that have at least a minimum separation from
any of the first objects.

14. The method of claim 13, further comprising:

determining a Gleason score based on the sub-
set of the second objects.

15. The method of claim 14, wherein the determining the
Gleason score is performed by counting a number
of the second objects present in the subset of the
second objects.

16. The method of claim 13, further comprising:

classifying an area of the tissue that includes
the subset of the second objects as belonging
to a Gleason pattern.

17. The method of claim 13, wherein the second stain
is cytokeratin 18, CK18.

18. The method of claim 13, wherein the minimum sep-

aration is a number of pixels.

Patentansprüche

1. Computer implementiertes Verfahren, das compu-
terimplementierte Schritte aufweist, gemäß:

Identifizieren von ersten Objekten (80) in einem
digitalen Bild einer Gewebescheibe, wobei die
Gewebescheibe mit einem ersten Färbemittel,
das basale epitheliale Zellen färbt, und mit ei-
nem zweiten Färbemittel, das luminale epitheli-
ale Zellen färbt, gefärbt worden ist, wobei die
ersten Objekte (80) basale epitheliale Zellen
sind, die mit dem ersten Färbemittel gefärbt wor-
den sind;
Identifizieren von zweiten Objekten (81) in dem
digitalen Bild der Gewebescheibe, wobei die
zweiten Objekte (81) luminale epitheliale Zellen
sind, die mit dem zweiten Färbemittel gefärbt
worden sind;
Definieren von dritten Objekten (82), die ledig-
lich aus denjenigen der zweiten Objekte beste-
hen, die mehr als eine minimale Trennung von
jedem der ersten Objekte aufweisen;
Zählen einer Anzahl der dritten Objekte, die eine
vorbestimmte Form besitzen; und
Bestimmen einer histopathologischen Bewer-
tung zum Teil basierend auf der Anzahl der drit-
ten Objekte, die die vorbestimmte Form besit-
zen.

2. Verfahren nach Anspruch 1, bei dem die histopatho-
logische Bewertung aus der Gruppe herausgegriffen
ist, die aus: einer Gleason Bewertung, einer Allred-
Bewertung, einer Elston-Ellis Bewertung, einer
Her2-Bewertung und einer HercepTest-Bewertung
besteht.

3. Verfahren nach Anspruch 1, bei dem das erste Fär-
bemittel ein Transkriptions - Faktor p63 ist, und das
zweite Färbemittel aus der Gruppe herausgegriffen
ist, die aus Cytokeratin 14, CK14, und Cytokeratin
18, CK18, besteht.

4. Verfahren nach Anspruch 1, bei dem die vorbe-
stimmte Form durch ein Objektmerkmal definiert ist,
das aus der Gruppe herausgegriffen ist, die aus fol-
gendem besteht: Länge, Breite, Fläche, Asymmet-
rie, Elliptische Passung, Rundheit, und Anzahl von
Verzweigungen.

5. Verfahren nach einem der beliebigen der vorherge-
henden Ansprüche, aufweisend:

Definieren einer Bewertungsregion, die die drit-
ten Objekte enthält, jedoch die verbleibenden
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zweiten Objekte ausschließt, die nicht mehr als
eine minimale Trennung von jedem der ersten
Objekte aufweist; und
Bestimmen einer histopathologischen Bewer-
tung in der Bewertungsregion.

6. Verfahren nach Anspruch 5, bei dem die histopatho-
logische Bewertung auf der Basis von Gewebe be-
stimmt ist, das mit dem zweiten Färbemittel gefärbt
ist.

7. Verfahren nach Anspruch 5, bei dem das erste Fär-
bemittel basale epitheliale Zellen dadurch färbt, das
es Kerne im Inneren der basalen epithelialen Zellen
färbt.

8. Verfahren nach Anspruch 5, bei dem das erste Fär-
bemittel ein Transkriptions - Faktor p63 ist und bei
dem das zweite Färbemittel Cytokeratin 18, CK 18,
ist.

9. Verfahren nach Anspruch 5, bei dem die histopatho-
logische Bewertung aus der Gruppe herausgegriffen
ist, die aus folgendem besteht: einer Gleason-Be-
wertung, einer Allred-Bewertung, einer Elston-Ellis-
Bewertung, einer Her2-Bewertung und einer Her-
cepTest-Bewertung.

10. Verfahren nach einem beliebigen der vorhergehen-
den Ansprüche, bei dem die minimale Trennung 150
Mikrometer ist.

11. Verfahren nach Anspruch 5, bei dem das Definieren
der dritten Objekte enthält: Wachsen lassen der
zweiten Objekte durch die minimale Trennung, und
Ausschließen derjenigen zweiten Objekte aus den
dritten Objekten, die in ein beliebiges der ersten Ob-
jekte gewachsen sind.

12. Verfahren nach Anspruch 5, bei dem die dritten Ob-
jekte ein Untersatz der zweiten Objekte sind.

13. Verfahren nach Anspruch 1, aufweisend:

anzeigen des digitalen Bilds auf einem grafi-
schen Benutzer - Interface mit einem Untersatz
der identifizierten zweiten Objekte, wobei der
Untersatz der zweiten Objekte aus lediglich den-
jenigen der zweiten Objekte besteht, die zumin-
dest eine minimale Trennung von jedem belie-
bigen der ersten Objekte haben.

14. Verfahren nach Anspruch 13, das weiterhin auf-
weist:

bestimmen einer Gleason-Bewertung auf der
Basis des Untersatzes der zweiten Objekte.

15. Verfahren nach Anspruch 14, bei dem das Bestim-
men der Gleason-Bewertung durchgeführt wird, in
dem eine Anzahl der zweiten Objekte gezählt wird,
die in dem Untersatz der zweiten Objekte vorhanden
sind.

16. Das Verfahren des Anspruchs 13, das weiterhin auf-
weist:

klassifizieren eines Bereichs bzw. einer Fläche
des Gewebes, das bzw. der den Untersatz der
zweiten Objekte enthält, und zwar dahingehend,
dass er bzw. sie zu einem Gleason - Muster ge-
hört.

17. Verfahren nach Anspruch 13, bei dem das zweite
Färbemittel Cytokeratin 18, CK18, ist.

18. Das Verfahren nach Anspruch 13, bei dem die mi-
nimale Separierung bzw. Trennung eine Anzahl von
Bildelementen ist.

Revendications

1. Procédé mis en oeuvre par ordinateur comprenant
les étapes suivantes mises en oeuvre par
ordinateur :

l’identification de premiers objets (80) sur une
image numérique d’une coupe de tissu, dans
lequel la coupe de tissu a été colorée à l’aide
d’un premier colorant qui colore les cellules épi-
théliales basales et à l’aide d’un second colorant
qui colore les cellules épithéliales luminales,
dans lequel les premiers objets (80) sont les cel-
lules épithéliales basales qui ont été colorées à
l’aide du premier colorant ;
l’identification de seconds objets (81) sur l’ima-
ge numérique de la coupe de tissu dans lequel
les seconds objets (81) sont les cellules épithé-
liales luminales qui ont été colorées à l’aide du
second colorant ;
la définition de troisièmes objets (82) qui sont
constitués uniquement des seconds objets qui
présentent plus d’une séparation minimale de
l’un quelconque des premiers objets ;
le comptage d’un nombre des troisièmes objets
qui possèdent une forme prédéterminée ; et
la détermination d’un score histopathologique
basé en partie sur le nombre des troisièmes ob-
jets qui possèdent la forme prédéterminée.

2. Procédé selon la revendication 1, dans lequel le sco-
re histopathologique est choisi dans le groupe cons-
titué de : un score de Gleason, un score d’Allred, un
score d’Elston-Ellis, un score Her2 et un score Her-
cepTest.
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3. Procédé selon la revendication 1, dans lequel le pre-
mier colorant est le facteur de transcription p63, et
le second colorant est choisi dans le groupe consti-
tué de la cytokératine 14, CK14, et de la cytokératine
18, CK18.

4. Procédé selon la revendication 1, dans lequel la for-
me prédéterminée est définie par une caractéristi-
que d’objet choisie dans le groupe constitué de : la
longueur, la largeur, la surface, l’asymétrie, l’ajuste-
ment elliptique, la rondeur et le nombre de ramifica-
tions.

5. Procédé selon l’une quelconque des revendications
précédentes, comprenant :

la définition d’une région d’évaluation par score
qui inclut les troisièmes objets mais qui exclut
les seconds objets restants qui ne présentent
pas plus d’une séparation minimale de l’un quel-
conque des premiers objets ; et
la détermination d’un score histopathologique
dans la région d’évaluation par score.

6. Procédé selon la revendication 5, dans lequel le sco-
re histopathologique est déterminé sur la base du
tissu coloré à l’aide du second colorant.

7. Procédé selon la revendication 5, dans lequel le pre-
mier colorant colore les cellules épithéliales basales
en colorant les noyaux à l’intérieur des cellules épi-
théliales basales.

8. Procédé selon la revendication 5, dans lequel le pre-
mier colorant est le facteur de transcription p63 et le
second colorant est la cytokératine 18, CK18.

9. Procédé selon la revendication 5, dans lequel le sco-
re histopathologique est choisi dans le groupe cons-
titué de : un score de Gleason, un score d’Allred, un
score d’Elston-Ellis, un score Her2 et un score Her-
cepTest.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la séparation minimale est
de 150 microns.

11. Procédé selon la revendication 5, dans lequel la dé-
finition des troisièmes objets comprend le dévelop-
pement des seconds objets par la séparation mini-
male et l’exclusion, des troisièmes objets, des se-
conds objets qui se sont développés dans l’un quel-
conque des premiers objets.

12. Procédé selon la revendication 5, dans lequel les
troisièmes objets sont un sous-ensemble des se-
conds objets.

13. Procédé selon la revendication 1, comprenant :

l’affichage de l’image numérique sur une inter-
face utilisateur graphique à l’aide d’un sous-en-
semble des seconds objets identifiés, dans le-
quel le sous-ensemble des seconds objets est
uniquement constitué des seconds objets qui
présentent au moins une séparation minimale
de l’un quelconque des premiers objets.

14. Procédé selon la revendication 13, comprenant en
outre :

la détermination d’un score de Gleason basé
sur le sous-ensemble des seconds objets.

15. Procédé selon la revendication 14, dans lequel la
détermination du score de Gleason est réalisée en
comptant un nombre des seconds objets présents
dans le sous-ensemble des seconds objets.

16. Procédé selon la revendication 13, comprenant en
outre :

la classification d’une surface du tissu qui inclut
le sous-ensemble des seconds objets comme
appartenant à un motif de Gleason.

17. Procédé selon la revendication 13, dans lequel le
second colorant est la cytokératine 18, CK18.

18. Procédé selon la revendication 13, dans lequel la
séparation minimale est un nombre de pixels.
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