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Description

[0001] This application is a continuation-in-part of U.S.
Patent No. 4,965,725 and U.S. patent application Serial
Nos. 420,105; 425,665, and 502,611 filed October 11,
1989, October 23, 1989, and March 30, 1990, respec-
tively, entitled Automated Cytological Specimen Classi-
fication System And Method, the entire disclosures of
which are hereby incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] This invention relates generally to cell classifi-
cation, particularly to cytology, and, more particularly, to
a semi-automated method and apparatus for quickly and
accurately classifying cells based on cellular morpholo-
gy. This invention also relates to use of and the combining
of the aforesaid classifying technique and results with
immunochemical staining techniques to obtain a quanti-
fiable index or number value for use in diagnostics or
other purposes.

BACKGROUND OF THE INVENTION

[0003] In the medical industry there is often the need
for an experienced laboratory technician to review a
specimen of biological matter for the presence of cells of
a certain cellular type. An example of this is the need to
review a Pap smear slide for the presence of malignant
or premalignant cells. A Pap smear often contains as
many as 100,000 to 200,000 or more cells and other ob-
jects, each of which a technician must individually inspect
in order to determine the possible presence of very few
malignant or premalignant cells. Pap smear tests, as well
as other tests requiring equally exhausting cell inspection
techniques, have therefore suffered from a high false
negative rate due to the tedium and fatigue imposed upon
the technician.
[0004] Several thousand women die each year in the
United States alone from cervical cancer; a cancer from
which a woman theoretically has a high probability of
survival if detected in its early in situ stages. If not de-
tected early, however, the chances of survival may de-
crease. If a malignant cell in a Pap smear is missed, by
the time the woman has another Pap smear performed
the cancer may have advanced. Consequently, the im-
portance of detecting the presence of only one or a few
malignant or premalignant cells among the hundreds of
thousands of cells in a smear cannot be overstated. Un-
fortunately, present manual screening methods are in-
accurate. In fact, recently some laboratories have been
found to have incorrectly classified as benign up to 30%
of the specimens containing malignant or premalignant
cells. Also unfortunate is that many prior attempts to au-
tomate the cell inspection or classification have been un-
successful.
[0005] Predominately, these prior attempts at automa-
tion have relied on feature extraction, template matching

and other statistical or algorithmic methods alone. These
attempts have required expensive and time-consuming
cell preparations to distribute the cells and other objects
over a slide so that none of the cells or objects overlap.
However, even then these attempts have been unsuc-
cessful at accurately classifying specimens in a reason-
able time frame.
[0006] These difficulties have been overcome by com-
bining an algorithmic or statistical primary classifier with
a neural network based secondary classifier as disclosed
in US-A-4,965,725, US-A-5,257,182 and US-A-
5,287,272 (US Patent Application No. 07/420,105). A
commercially available automated Pap smear screener,
using a primary classifier in conjunction with a neurocom-
puter based secondary classifier is produced by Neuro-
medical Systems, Inc.® of Suffern, New York under
trademark PAPNET™.
[0007] The use of immunochemical staining tech-
niques in cytology and in histology fields is known. How-
ever, in the past there have not been satisfactory tech-
niques for quantifying the examination results of an im-
munochemical stained specimen. Also, there is no auto-
mated or semi-automated analytic technique available
for diagnostics assessment of immunocytochemical
specimens or immunohistochemical specimens.

SUMMARY OF THE INVENTION

[0008] The present invention provides a method and
apparatus for semi-automating a cell classification proc-
ess using at least primary and secondary classifications
followed by review by a skilled technician. Specifically,
the process analyzes a specimen which has been
stained, such as with an immunochemical marker which
indicates information regarding the cell or cells, such as
cell proliferation. The specimen is classified and objects
within the specimen are ranked according to the likeli-
hood that each represents malignant cells or cell clusters.
A display of the highest ranked individual cells and a dis-
play of the highest ranked cell clusters is made available
for review and manipulation by a cytologist. With the aid
of a computer and mouse the cytologist can compute
various diagnostically significant information in the dis-
plays.
[0009] In accordance with an aspect of the invention,
a semi-automated method of classifying a specimen for
the presence of premalignant or malignant cells, includes
the steps of treating a specimen with an immunochemical
marker to provide a visual indication of cell proliferation
or other biologic characteristic, ranking individual objects
in the specimen in an order according to the likelihood
that each object has attributes consistent with a prema-
lignant or malignant cell or cell cluster, selecting for dis-
play a set of said objects according to said ranking, and
displaying images of said selected objects to facilitate
review by an operator.
[0010] Preferably, the invention includes the step of
permitting the operator to select or to eliminate cells, im-
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ages of one or more cells, sometimes referred to as or
included in "tiles", etc., thereby to edit the display to des-
ignate or to focus on those cells of particular diagnostic
interest. The invention may also include the steps of in-
tegrating the stained regions or areas of certain desig-
nated displayed cells. Such integration may take the form
of classical integration, image processing techniques,
counting of number of cells, etc.
[0011] The present invention combines morphology
with immunochemical staining techniques as applied to
cytology; and the invention also may be applied with re-
spect to cell blocks or tissue sections, which also is known
as or the same as an histological specimen. Thus, the
invention relates to the field of cytopathology and to the
field of histopathology. Where description is presented
herein concerning cytological samples or specimens, it
will be appreciated that the description also will be ap-
propriately applicable to histological samples or speci-
mens which are responsive or susceptible to an appro-
priate immunochemical stain, such as a MiB-1 stain.
[0012] Immunochemical specimens have not been
amenable in the past to automated or semi-automated
quantitative techniques. Rather, such stains were used
to "work up" a specimen. In the past there was no auto-
mated or semi-automated correlation made between cy-
tological or histological objects that were stained, e.g.,
with an immunochemical stain, and cytological or histo-
logical objects having morphological abnormality or
some other characteristic of interest. In contrast, the
present invention relates to obtaining a quantitative index
of an immunochemical stain of a cytological specimen or
an histological specimen that may correlate clinically,
e.g., be a prognostic indicator.
[0013] According to an aspect of the invention, a cell
classification technique, such as a classification tech-
nique of the type currently known as the PAPNET system
and technique, such as is described herein and is dis-
closed in the related patent applications of which this is
a continuation-in-part, is used to find or to help find cells
of interest, e.g., those for which further diagnostic or med-
ical consideration would be desired or warranted; and an
immunochemical staining technique is used to provide
information about such cells of interest. Since the stained
cells are pre-selected based on the aforesaid classifica-
tion technique, a quantification of the results of the stain-
ing of such cells can be made. Such quantification, then,
can be based on the selected cells, rather than on the
entire specimen.
[0014] The present invention in a sense combines mor-
phology with immuno-stain process analysis of cytolog-
ical specimens. As a result, it is possible to obtain a quan-
tification of activity, proliferation, or other processes or
characteristics of the cytological specimen.
[0015] In the past a meaningful quantitative index or
value relating to immuno-staining could not be obtained
in an automated or semi-automated process. Rather, in
the past the positive-staining areas of an entire specimen
on a slide could be integrated; but this did provide useful

quantification. In the present invention postive-staining
cells or cell clusters are selected by the classifier and
from those selected a meaningful quantitative index can
be generated.
[0016] These and other objects, advantages, features
and aspects of the present invention will become appar-
ent as the following description proceeds.
[0017] To the accomplishments of the foregoing and
related ends, the invention, then comprises the features
hereinafter fully described in the specification and par-
ticularly pointed out in claims, the following description
and the annexed drawings setting forth in detail a certain
illustrative embodiment of the invention, this being indic-
ative, however, of but one of the various ways in which
the principals of the invention may be employed. It will
be appreciated that the scope of the invention is to be
determined by the claims and the equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the annexed drawings:

Figure 1 is a schematic illustration of a cytological
classification or screening device in accordance with
the present invention;
Figure 2 is a diagrammatic illustration of the scanning
passes which the screening device performs;
Figure 3 is a schematic illustration of the screening
device of Figure 1 with particular emphasis on the
processing system; and
Figure 4 is a flow diagram schematically illustrating
the flow of image data through the classification de-
vice.

DETAILED DESCRIPTION OF THE INVENTION

[0019] With reference to the several figures in which
like reference numerals depict like items, and initially to
Figure 1, there is shown a semi-automated cell classifi-
cation device 10 in accordance with the present inven-
tion. Briefly, the device 10 includes an automated optical
microscope 12 having a motorized stage 14 for the move-
ment of a slide 16 relative to the viewing region of the
viewing portion 18 of the microscope, a camera 20 for
obtaining electronic images from the optical microscope,
a processing system 22 for classifying objects in the im-
ages as likely to be of a predetermined type, and a mem-
ory 24 and a high resolution color monitor 26 for the stor-
age and display respectively of objects identified by the
processing system as being likely to be of that predeter-
mined type.
[0020] In its preferred embodiment the classification
device 10 is semi-automated. In other words, the
processing system 22 performs a classification of cells
and cell clusters in a specimen and ranks the cells and
clusters in an order according to the likelihood that each
cell and cell cluster is, for example, a malignant or pre-
malignant cell or cell cluster. The cells and cell clusters
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may be cytological specimens; also, the cell clusters may
be a cell block, tissue section, otherwise known as an
histological specimen, etc.
[0021] The cells and cell clusters which are ranked as
most likely to be a premalignant or malignant cell or cell
cluster are displayed on the monitor 26 for review by a
skilled technician who can then make a final determina-
tion regarding whether each displayed cell and cell clus-
ter is premalignant, malignant or otherwise indicative that
further medical attention to the patient from whom the
specimen was obtained is justified. Preferably the display
of cells classified as likely to be malignant, for example,
is separate from the display of cell clusters classified as
likely to be malignant, such as by presenting the groups
of cells or cell clusters one after another on the same
monitor 26.
[0022] In view of the semi-automated nature of the
classification device 10, the microscope 12 will preferably
include, in addition to the motorized stage 14, automated
apparatus for focussing, for changing lens objectives be-
tween high and low power, and for adjustment of the light
incident of the slide, as well as circuitry for controlling the
movement of the motorized stage, typically in response
to a command from the processing system. The micro-
scope may also include an automated slide transport sys-
tem for moving the slides containing the specimen to be
classified on to and off of the motorized stage, a cell dotter
for marking relevant areas of the slide, and a bar code
reader for reading encoded information from the slide.
An example of a microscope performing at least some
of these functions is manufactured by Carl Zeiss, Inc. of
Germany, and a suitable motorized stage is manufac-
tured by Ludl Electric Products, Ltd. of Hawthorne, New
York.
[0023] In accordance with the invention the automated
microscope 12 preferably performs three scans of the
slide having the specimen disposed thereon, as shown
diagrammatically in Figure 2. The first scan of the slide
is performed at a relatively low magnification, for example
50 power, and is called the low resolution scan (30). The
second scan is performed at a higher magnification, for
example 200 power, and is called the high resolution scan
(35). The third scan is referred to as the high resolution
rescan and is also performed at a high magnification (40).
[0024] During the first scan (30) of the slide, approxi-
mate focal planes for the specific areas of the slide are
found and it is determined whether that area of the slide
contains a portion of the specimen. Once a low resolution
scan (30) has been performed of the whole slide, and
the focal planes and areas of the slide containing the
specimen have been logged, the high resolution scan
(35) is performed.
[0025] The high resolution scan (35) is performed only
on the areas of the slide found in the low resolution scan
(30) to contain a portion of the specimen. Consequently,
the comparatively long high resolution scan (35) is per-
formed only on relevant areas of the slide and the
processing time is greatly reduced. During the high res-

olution scan (35), the automated microscope 12 scans
the relevant areas of the slide, and the camera 20 takes
electronic images of these areas and sends the images
to the processing system 22. The processing system 22
performs a primary classification of the image which finds
the centroids of biological objects having attributes typi-
cal of the cell class for which screening is being per-
formed, such as malignant cells. Using a smaller subim-
age centered around these centroids, the processing
system 22 performs a secondary classification which as-
signs each centroid a value indicative of the possibility
that the object having that centroid is a cell of the type
for which classification is being performed. Simultane-
ously, the centroids are also ranked based on the value
assigned through the secondary classification.
[0026] Upon completion of the high resolution scan
(35), the high resolution rescan (40) is performed for,
preferably, the highest ranked sixty-four cells and highest
ranked sixty-four cell clusters, although other numbers
of cells and cell clusters may be selected by the system.
During the rescan (40) the automated microscope 12 will
move to each of the highest ranked centroids of the cells
and cell clusters and the camera 20 will obtain a high
resolution color image of the object having that centroid
as well as the contextual image surrounding the object.
These high resolution images are then stored in the mem-
ory 24 which may be a removable device, such as an
optical disk or a tape, etc., or a fixed storage device such
as a hard disk. Alternatively, the images may be trans-
ferred to another computer via a network or through trans-
portation of the data on a removable storage media.
[0027] The sixty-four cell images and sixty-four cell
clusters make up two separate summary screens, one
for the cell images and one for the cell clusters. The
number of images, e.g., 64, is exemplary only; other num-
bers can be used. The number may be uniform or it may
be a function of the ranking, e.g., reflective of the degree
of abnormality or interest of the specimen or cell(s) in the
specimen. Thus, if there are many cells of interest, the
number may be greater than 64; if there are only a few
cells of interest, then the number may be less. Each sum-
mary screen is preferably arranged as an 8 x 8 matrix of
high resolution color images, or tiles, featuring a suspect
cell or cell cluster in the center of each image. It will be
appreciated, however, that other numbers of images may
be displayed concurrently to produce a summary screen,
such as a 4 x 4 matrix. These summary screens are dis-
played on the high resolution color monitor 26 for tertiary
analysis and classification, for example, by a cytologist
(or if an histological sample, for example, an histologist).
This analysis may take place at anytime after the classi-
fication process by the processing system 22 has been
completed. Further, through the use of a removable
memory device or a network connection, the images of
the summary screens may be transferred to a work sta-
tion remote from the microscope 18, camera 20 and
processing system 22 for display and analysis. In such
an instance a separate graphics processor 41 may be
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employed to drive the high resolution color monitor 26
and provide a suitable interface with the cytologist.
[0028] Herein the screening method and apparatus of
the present invention will be described as used in screen-
ing a Pap smear for the presence of cervical cancer cells.
However, it will be apparent to a person of ordinary skill
in the art that this is only an illustrative use and that the
present invention may be used in screening samples of
other biological matter taken by a variety of cell sampling
techniques, such as aspiration and exfoliation to name
but two. Further it will be apparent that while the illustra-
tive example screens for malignant or premalignant cells,
the screening may be performed for the detection of other
cell classes or types. As is mentioned elsewhere herein,
the specimen may be a cell block or tissue section, also
known in the art as an histological specimen.
[0029] Turning now to a more in-depth discussion of
the present invention with specific reference to Figure 3,
the screening device 10 is shown with particular empha-
sis on the classification elements embodied in the
processing system 22. The processing system 22 pref-
erably includes an image processor and digitizer 42, neu-
rocomputers 44 and 45, and a general processor 46 with
peripherals for printing, storage, etc.
[0030] The general processor 46 is preferably an In-
tel® 80486 microprocessor or similar microprocessor
based microcomputer although it may be another com-
puter-type device suitable for efficient execution of the
functions described herein. The general processor 46
controls the functioning of and the flow of data between
components of the device 10, may cause execution of
additional primary feature extraction algorithms and han-
dles the storage of image and classification information.
The general processor 46 additionally controls peripheral
devices such as a printer 48, a storage device 24 such
as an optical or magnetic hard disk, a tape drive, etc., as
well as other devices such as a bar code reader 50, a
slide marker 52, autofocus circuitry, a robotic slide han-
dler, the stage 14, and a mouse 53.
[0031] The image processor and digitizer 42 digitizes
images from the video camera 20 and performs a primary
algorithmic classification on the images to filter out un-
wanted information. The image processor and digitizer
42 (hereinafter collectively referred to as the image proc-
essor) performs two separate filtering operations. In one
operation, the images of the specimen taken through the
microscope 12 by the video camera 20 are filtered to find
images representative of individual cells which have at-
tributes of a premalignant or malignant cell. In a separate
operation, which is preferably performed simultaneously
with the first filtering operation, cell clusters having at-
tributes of premalignant or malignant cell clusters are
found.
[0032] Secondary cell classification is performed by
the neurocomputers 44 and 45. Each neurocomputer is
trained to handle the specific types of images provided
by one of the filtering operations of the image processor
42. For example, the neurocomputer 44 is trained to rec-

ognize individual premalignant and malignant cells
among the output of one of the filtering operations of the
image processor 42, while the neurocomputer 45 is
trained to recognize premalignant and malignant cell
clusters among the images output by the other filtering
operation. Alternatively, secondary cell classification
functions could be performed using a single neurocom-
puter, or a template matching algorithm designed to iden-
tify shapes known to be typical of a pathological cell or
cell cluster. A template matching or other group process-
ing algorithm could be efficiently implemented in a par-
allel distributed processing network, for example. Anoth-
er alternative secondary classification embodiment is a
holographic image processor designed to perform group
based classification.
[0033] The image processor 42, the neurocomputers
44 and 45, and the general computer 46 may each access
read-only and/or random access memory, as would be
readily apparent to one skilled in the art, for the storage
and execution of software necessary to perform the func-
tions described relative to that processing component.
Further, each component 42, 44, 45, 46 includes circuitry,
integrated circuit chips, etc. for the control of communi-
cation or data transfer over the data bus 54 as well as
other functions typical of similar processors as would be
appreciated.
[0034] Referring to Figure 4, there is shown a data flow
diagram for the processing system 22. As shown, the
image digitizer and image processor 42 is divided into
three functional elements, 42a, 42b and 42c, to best rep-
resent the functional flow of image data through the im-
age processor 42. When the automated microscope 12
focusses on an image in the specimen being analyzed
during the high resolution scan (35), the image is pre-
sented to the image digitizer 42a which converts the im-
age into a digital format. The digital image data is then
subjected to two separate classification processes 42b
and 42c designed to perform different filtering operations
on the image data. The algorithmic classification func-
tions 42b and 42c perform the primary classification.
[0035] The algorithmic classifier 42b is analogous to a
band-pass filter which allows individual cells having mor-
phological attributes consistent with a premalignant or
malignant cell to pass through the classifier 42b. The
classifier 42b filters out other objects and fragments, in-
cluding cells which are too small to be a malignant cell,
such as a neutrophil, cells which are too large, cell clus-
ters, and cells which have other features distinguishing
them from malignant cells, for example red blood cells
which are distinguishable by their intensity or brightness
in the representative image. One embodiment of a suit-
able morphological algorithm is described in U.S. Patent
No. 5,257,182 which is incorporated by this reference.
Many types of malignant cells tend to be dissociative and
thus the algorithmic classifier 42b is optimized to find
these dissociative cells which have the appropriate mor-
phological characteristics of a premalignant or malignant
cell and to pass those cells on to the neurocomputer 44
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for further classification.
[0036] The algorithmic classifier 42c is analogous to a
band-pass filter which passes cell groups or clusters and
rejects individual, or dissociated, objects and cells. Some
types of cancers tend to form cell clusters, for example
adenocarcinomas, while other cell clusters, for example,
multicellular epithelial fragments and glandular clusters,
may have other diagnostic significance to a reviewer, as
is discussed more fully below. The algorithmic classifier
42c is optimized to pass images of significant cell clusters
to the neurocomputer 45 for further classification.
[0037] Preferably the algorithmic classifiers 42b and
42c, as well as the image digitization function 42a, are
combined in a single processor 42 which permits both
sequential and simultaneous processes. In the preferred
embodiment, the image processor and digitizer 42 is a
low level morphological feature extraction image classi-
fier which includes among other things an image digiti-
zation function and an ISMAP (Iconic to Symbolic Map-
ping) board. The suitable image processor is described
more fully in U.S. Patent No. 4,601,055, the entire dis-
closure of which is incorporated by this reference. Alter-
natively, the image processing and digitization functions
could be separated into two or more components.
[0038] The secondary classification is performed by
the neurocomputers 44 and 45. Each neurocomputer 44,
45 is trained to recognize cells or cell clusters, depending
upon its training, which are most likely to represent pre-
malignant or malignant cells or cell clusters. The neuro-
computer 44 and 45 are provided image data from the
algorithmic classifiers 42b, 42c, respectively, which is
consistent with its training. For example, the neurocom-
puter 44 is trained to recognize individual premalignant
or malignant cells and is provided with image data which
the algorithmic classifier has identified as having the mor-
phological attributes of individual premalignant or malig-
nant cells. Similarly, the neurocomputer 45 is trained to
recognize premalignant or malignant cell clusters and is
provided with image data which the algorithmic classifier
42c has identified as having the morphological attributes
of premalignant or malignant cell clusters.
[0039] As noted above, the neurocomputer 44 is pro-
vided with image data from the primary algorithmic clas-
sifier 42b which consists of images of cells and other
objects which the algorithmic classifier has identified as
having attributes consistent with dissociated premalig-
nant and malignant cells. In accordance with its training,
the neurocomputer 44 assigns images in the data which
are likely to represent premalignant or malignant cells
with a relatively high value and assigns images that to
the neurocomputer are less likely to represent malignant
cells, for example benign cells, with a lesser value. The
sixty-four highest ranked cell images, i.e., those cell im-
ages most likely to represent premalignant or malignant
cells are provided to the general computer 46.
[0040] The neurocomputer 45 is provided with image
data representing cell clusters identified by the primary
algorithmic classifier 42c. The neurocomputer 45, in ac-

cordance with its training, assigns images in the data
which are likely to represent premalignant and malignant
cell clusters with a relatively high value while assigning
images which are likely to be benign with a lesser value.
This time, the highest ranked sixty-four images of cell
clusters are provided to the general computer 46.
[0041] The neurocomputers 44 and 45 are each pref-
erably a computer embodiment of a neural network
trained to identify suspect cells or cell clusters. In this
embodiment the parallel structure of a two or three-layer
backpropagation neural network is emulated with pipe-
lined serial processing techniques executed on any of a
number of commercially available neurocomputer accel-
erator boards. The operation of these neurocomputers,
for example, is discussed in Hecht-Nielsen, Robert,
"Neurocomputing: Picking the Human Brain", IEEE
Spectrum, March, 1988, pp. 36-41. The neurocomputers
are preferably implemented on an Anza Plus™ proces-
sor, which is a commercially available neurocomputer of
Hecht-Nielsen Neurocomputers. Such a neurocomputer
could be easily configured to operate in a manner suitable
to perform the secondary classification functions by one
of ordinary skill in the art through reference to corre-
sponding manuals, etc.
[0042] Preferably each neurocomputer 44, 45 is
trained with images which have been classified by the
corresponding primary algorithmic classifier and then re-
viewed by a person skilled in analyzing cytological spec-
imens for the presence of malignant cells and cell clus-
ters. Such a person can readily review the cells and cell
clusters which have been classified by the primary algo-
rithmic classifiers 42b and 42c and determine whether
the cells or cell clusters are benign or malignant. Oper-
ating in a training mode, the neurocomputer 44 is trained
with images of individual objects classified as having
morphological attributes of a malignant cell by the algo-
rithmic classifier 42b which a skilled technician has de-
termined to be malignant or benign. The images are fed
through the neurocomputer and the neurocomputer is
informed by the reviewer of the correct classification of
the image as benign or malignant. Based on a series of
such inputs the neurocomputer can organize itself to as-
sociate a known benign image with an output of .1 and
a known malignant image with an output of .9. Such out-
puts represent, for example, the degree of certainty that
a cell is normal or abnormal, respectively. When the sec-
ondary classifier is presented with new, unknown cells,
it generalizes from its training and attaches a net value
to the image. The closer that the secondary classifier is
able to categorize the unknown image into the benign
category, the closer is its net value equal to .1. Converse-
ly, the more closely that the unknown image appears to
resemble the nonbenign images of its training set, the
closer is the net value assigned to that image equal to .9.
[0043] The neurocomputer 45 is trained in the same
way but with images of cell clusters which the primary
algorithmic classifier 42c has identified as having mor-
phological characteristics of premalignant or malignant
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cell clusters. These images are further classified by a
skilled person who then assigns the images a value
between .1 and .9 depending on whether the cell cluster
is benign or malignant, and the neurocomputer is provid-
ed with the known images and their respective values
assigned by the skilled reviewer.
[0044] High resolution images of the cells and cell clus-
ters ranked by the neurocomputers 44 and 45 as most
likely to be representative of malignant cells or cell clus-
ters are obtained through a rescan (40) of the automated
microscope of the relevant areas on the specimen. The
general computer 46 then stores the image in the memory
24, which may include an optical disk or tape, and makes
the images available for viewing on the monitor 26 in
separate summary screens or pages of information or
for some other use. As discussed above, the first sum-
mary screen is preferably a display of the sixty-four cells
classified by the neurocomputer 44 as most likely to be
malignant cells. These cells and surrounding material on
the slide, called tiles, are displayed in an arrangement,
such as an eight by eight matrix, which facilitates review
by a technician. A cytologist can easily visually scan this
summary screen in search of images of cells having the
attributes for which classification is being performed. If
the system is being used to screen a Pap smear for the
presence of cervical cancer, the cytologist would typically
examine visually the first screen for cells having attributes
of a malignant or premalignant cervical cell, such as a
comparatively large, dark nucleus. The cytologist is pref-
erably permitted to interact with the general computer 46
through a mouse 53 to identify certain cells as malignant,
to make other determinations or to cause the general
computer to execute other commands or display different
material.
[0045] The second screen, which includes images of
cell clusters, is typically examined for grouped glandular
cells, endocervical cells, endometrial cells, and cell
groupings peculiar to certain types of cancers, for exam-
ple, adenocarcinomas. The presence of adenocarcino-
ma or any other malignant cells or cell clusters is of course
direct evidence of cancer. However, other material on
the second summary screen may also be of relevance
to the cytologist. For example, the presence of endocer-
vical cells facilitates a determination that the specimen
contains an adequate sampling of the transitional zone
within the cervix where evidence of cancer is most likely
to occur in the earlier stages of cancer. Further, the pres-
ence of endometrial cells in certain patients, such as post
menopausal patients, may also indicate the presence of
abnormal conditions including cancer. Manipulation of
the screen display as well as interaction with the general
computer 46 is again permitted through use of a mouse
53 or other interactive devices including a keyboard.
[0046] The Pap smear specimens used herein as an
illustrative specimen are obtained by staining a cervical
smear with Papanicolaou stain or a similar stain for high-
lighting the nuclei of the biological matter by staining the
nuclei a purple color so that they are easily discernible

from the surrounding cytoplasm. Other stains, such as
immunolabeling stains, are specific to certain activity or
occurrences within a cell and can detect, for example,
cell mitosis or division. One such stain is MiB-1 which is
a monoclonal antibody to certain antigens expressed in
a nucleus of a cell around the time of mitosis. Conse-
quently, the MiB-1 stain can be used to provide a visual
indication of cell proliferation. As it is known that malig-
nant cells tend to proliferate at a much faster rate than
benign cells, an indication of a region in a specimen un-
dergoing significant proliferation can provide important
diagnostic information to the person reviewing the sam-
ple. This is especially true in multicellular fragments or
clusters where the occurrence of proliferation is high.
[0047] The MiB-1 stain effectively dyes the nucleus of
a cell brown while not significantly coloring the cytoplasm.
In the instance of a Pap smear specimen the MiB-1 stain
is useful in providing diagnostic information on the spec-
imen by itself or in conjunction with conventional Pap
smear staining. When used in connection with a conven-
tional Pap smear staining, the stained Pap smear is
destained using known techniques and then restained
with the MiB-1 stain in a procedure such as that described
below. When it is not necessary that the specimen be
first screened with a Pap smear stain or when a different
type specimen is used for which screening with a con-
ventional stain is not desired, the MiB-1 stain may be
applied to the specimen following a procedure such as
that below without first destaining the specimen.
[0048] A suitable procedure for applying the MiB-1
stain to a previously unstained or destained specimen
includes retrieving the antigens in the specimen such as
by:

1) placing the specimen slide in plastic jar containing
10mM citrate buffer, pH 6.0;
2) placing the plastic jar containing the specimen and
citrate buffer in a microwave oven;
3) microwave heating the specimen to 100 degrees
Celsius and maintaining the specimen at 100 degree
Celsius for approximately 20 minutes;
4) cooling the specimen in the citrate buffer below a
maximum temperature of 50 degrees Celsius; and
5) rinsing the specimen in TBS for approximately 2
minutes.

[0049] Once the antigen retrieval procedure is com-
pleted, the specimen is stained with the MiB-1 stain such
as through the standard SAB protocol using an antisera
dilution of 1:200 and counter staining with Haematoxylon.
The standard SAB protocol is discussed in detail in Kok
& Boon, "Microwave Cookbook for Microscopists: Art and
Science of Visualization," Third edition, Coulomb Press
Leyden, Leiden (1992).
[0050] Subjecting a MiB-1 stained specimen to the
classification device 10 described above will result in the
system producing two summary screen of objects for re-
view by a cytologist. The first summary screen again con-
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tains images of individual objects and their contextual
surrounding matter that the classification system ranked
as most likely to represent premalignant or malignant
cells that also stain positively for the immunochemical
stain. The second screen contains cell clusters, such as
multicellular epithelial fragments which the classification
system ranked as most likely to represent premalignant
or malignant cell clusters that also stain positively for the
immunochemical stain. As a result of the MiB-1 staining,
and the selectivity of the stain to proliferating cells and
their expressed proteins, the summary screens will con-
tain individual cells and cell clusters which may be un-
dergoing, preparing for or having completed mitosis as
well as a number of cells that stain positive but are not
malignant or involved in malignant processes, for exam-
ple, Herpes Virocytes, cells from lymph follicles (follicular
cervicitis) and cells from tissue repair. A cytologist can
readily distinguish the premalignant and malignant cells
and cell clusters from other material and benign process-
es which are not of interest.
[0051] The result of subjecting the MiB-1 stained spec-
imen to the classification device 10 is that not only are
morphologically significant cells detected, but also those
bearing evidence of proliferation. Consequently, the cy-
tologist examining the specimen can determine the pres-
ence of malignant cells and the degree of proliferation of
malignant cells. Such information allows a doctor to de-
termine how aggressive of a treatment program is nec-
essary for the patient from whom the specimen was ob-
tained.
[0052] In some instances the immunostaining may in-
crease the sensitivity of the neurocomputers 44 and 45
in recognizing premalignant and malignant cells. The
neurocomputers 44 and 45 alternatively may be trained
with specimens which have been stained with an immu-
nochemical stain.
[0053] The cytologist can use the mouse 53 to select
cells or cell clusters from the display 20 for grouping on
the summary screen with other cells or clusters, to delete
cells or clusters from the display as well as to command
the general computer 46 to perform certain processing
or calculations on the information in the summary screen.
For example, a count of the number of proliferating cells
in a specimen is a diagnostically significant measure-
ment. The cytologist can review the summary screens,
edit the display to remove certain objects or to designate
others for counting, and then instruct the general proc-
essor 46, such as through use of the mouse 53 or a key-
board, to count the number of proliferating cells in the
display. The cytologist can also mark cells in a tile of the
summary screen, for example individual cells in an epi-
thelial cell fragment, as positive-staining or negative
staining and instruct the general computer 46 to deter-
mine the percentage of positive-staining nuclei in a tile
or fragment. The classification can also be tailored to
provide a total count of the brown stained cells in the
specimen, and in conjunction with the neurocomputers
and/or the cytologist, a relative count of stained benign

cells to stained malignant cells.
[0054] Another diagnostically significant measure-
ment is the area of the display that is stained. This is
particularly relevant for cell clusters, such as epithelial
fragments, which are displayed on the second summary
screen. Again, using the mouse 53 for example, the cy-
tologist can review the images on the second screen,
edit the screen by removing images, selecting images to
form a separate screen of for example 16 significant im-
ages, and command the-general computer 46 to deter-
mine the area of the display that is stained by the MiB-1
stain. The general processor 46 then calculates the
stained area, such as a percentage of the total screen
area, using conventional algorithmic techniques, and
provides the result to the cytologist.
[0055] Through the interaction of the cytologist with
the general processor 46 through use of a mouse 53 or
similar interactive tool, and the ability to edit the images
on the screen and identify characteristics of cells in the
display or within individual tiles in the display, the tech-
nician can instruct the system to provide a large amount
of diagnostic information which is specifically tailored to
the specimen reviewed and the cellular material found in
the specimen.
[0056] While the example given here of an immunola-
beling dye is MiB-1 other types of immunochemical mark-
ers can be used in equivalent ways to indicate the desired
characteristics in the specimen, such as proliferation or
other characteristics. One supplier of immunochemical
labels is ICN Biochemicals although many other suppli-
ers are available. Further, the classification performed
by the image processor 42 and neurocomputers 44 and
45 can be tailored to select images for display based on
the detection of a feature made detectible by the immu-
nochemical marker.
[0057] Another example of the invention includes the
classifying of a cytological specimen or an histological
specimen. Such classification determines cells or groups
of cells of interest for further consideration, e.g., medical
or diagnostic consideration. According to the invention,
a technique described above using the PAPNET system
provides primary and secondary classification steps and
includes use of a neurocomputer or neural net in the clas-
sification process. The classification method may be
based on morphology. The classification methodology
may be expanded or extended beyond morphology to
include criteria related to the immunochemical staining
of the cells or groups of cells in a cytological specimen
or histological specimen.
[0058] An example of such expanded processing in-
cludes using information relating to the amount of stained
material in the objects, tiles, cells, or groups of cells, etc.
which were selected by the classification process. Such
use may include counting the number of stained objects
in the tiles that were selected for display. The expanded
processing may include integrating the stained regions
or area of the selected tiles that were selected for display.
Another type of such expanded processing may include
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the counting of the number of tiles that were selected for
display which tiles also include some or at least a prede-
termined amount or proportion of stained material,
stained region or stained area. These are but several of
the ways that the cells, areas where selected cells are
located, tiles, etc., determined in the classification proc-
ess, can be processed to quantify the immunochemical
staining in conjunction with selected cells or groups of
cells of morphological interest. In this expanded process-
ing technique, it is possible that the system determines
the quantifiable value automatically by conventional im-
age processing techniques, image analysis techniques
and/or area integration algorithm techniques without in-
tervention by an operator.
[0059] Another example of such expanded processing
involves a semi-automated approach. In this approach
an operator views the display and the cells or groups of
cells selected in the classification process. The operator
then can edit the displayed sample/specimen for deter-
mining what is to be further considered for the quantifi-
cation process. The operator undesignates (de-selects),
e.g., by pointing a mouse cursor at or in a particular dis-
played tile and clicking the mouse button, cells, groups
of cells, objects, tiles, etc. which are not to be included
in the expended processing of the type described above,
such as image processing/analyzing and integration of
the stained areas, etc.
[0060] An alternate example of such expanded
processing involves a modified semi-automated ap-
proach similar to that described just above. In this ap-
proach an operator views the display and the cells or
groups of cells selected in the classification process. The
operator designates (selects), e.g., by pointing a mouse
cursor at or in a particular displayed tile and clicking the
mouse button, cells, groups of cells, objects, tiles, etc.
which are to be included in the expanded processing of
the type described above, such as integration of the
stained areas, etc.

STATEMENT OF INDUSTRIAL APPLICATION

[0061] The present invention is applicable to cell clas-
sification in general and is particularly applicable to the
classification of cells in a cervical smear.

Claims

1. A semi-automated method of classifying a specimen
for the presence of premalignant or malignant cells,
comprising the steps of:

a) treating a specimen with an immunochemical
marker to provide a visual indication of cell pro-
liferation or other biologic process;
b) ranking individual objects in the specimen in
an order according to the likelihood that each
object has attributes consistent with a premalig-

nant or malignant cell or cell cluster;
c) selecting for display a set of said objects ac-
cording to said ranking; and
d) displaying images of said selected objects to
facilitate review by an operator.

2. The method of claim 1, wherein said individual ob-
jects include single cells.

3. The method of claim 1, wherein said individual ob-
jects include cell clusters.

4. The method of claim 1, wherein selected objects
which represent individual cells are displayed sepa-
rating from selected objects which represent cell
clusters.

5. The method of claim 1, further including permitting
the operator to edit the display to designate cells
within the images of selected objects as of diagnostic
interest.

6. The method of claim 1, further including permitting
the operator to edit the display to eliminate from the
images of selected objects cells not of diagnostic
interest.

7. The method of claim 1, including the step of counting
specified cells or cell clusters of interest in said dis-
play.

8. The method of claim 1, including the step of counting
specified positively stained cells or cell clusters of
interest in said display.

9. The method of claim 5, including the step of counting
cells designated by the operator as of diagnostic in-
terest.

10. The method of claim 5, including the step of counting
cells designated by the operator as positively stain-
ing.

11. The method of claim 5, including the step of counting
cells automatically selected for display as of diag-
nostic interest.

12. The method of claim 5, including the step of counting
cells automatically selected for display as positively
staining.

13. The method of claim 1, wherein said immunochem-
ical marker is MiB-1 stain.

14. The method of claim 1, wherein said immunochem-
ical marker stains the nuclei of proliferating cells.

15. The method of claim 14, including the step of calcu-
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lating the area of said stained nuclei.

16. The method of claim 1, wherein said cells are an
histological specimen.

17. A method of classifying a specimen for the presence
of premalignant or malignant cells, comprising the
steps of:

a) treating a specimen with an immunochemical
marker to provide a visual indication of cell pro-
liferation or other biologic process;
b) ranking individual objects in the specimen in
an order according to the likelihood that each
object has attributes consistent with a premalig-
nant or malignant cell or cell cluster;
c) selecting for a set of said objects according
to said ranking; and
d) determining a quantitative index of an immu-
nochemical stain of the specimen.

18. The method of claim 17, said determining comprising
determining such quantitative index for correlation
clinically as a prognostic indicator.

19. The method of claim 17, comprising selecting the
specimen as a cytological or histological specimen.

20. A method of classifying a cytological or histological
specimen, comprising the steps of:

a) treating a specimen with an immunochemical
marker to provide a visual indication of cell pro-
liferation or other biologic process;
b) ranking individual objects in the specimen in
an order according to the likelihood that each
object has attributes consistent with a specified
interest;
c) selecting for a set of said objects according
to said ranking; and
d) determining a quantitative index of an immu-
nochemical stain of the specimen.

Patentansprüche

1. Halbautomatisiertes Verfahren zur Klassifizierung
einer Probe hinsichtlich des Vorhandenseins präma-
ligner oder maligner Zellen mit den Stufen, in denen
man

a) eine Probe zur Bereitstellung einer visuellen
Anzeige von Zellproliferation oder eines ande-
ren biologischen Prozesses mit einem immun-
ochemischen Marker behandelt,
b) einzelne Objekte in der Probe in einer Rei-
henfolge entsprechend der Wahrscheinlichkeit,
daß jedes Objekt Eigenschaften aufweist, die

mit einer prämalignen oder malignen Zelle oder
Zellcluster in Einklang stehen, einordnet,
c) einen Satz der Objekte entsprechend der Ein-
ordnung für eine Anzeige auswählt und
d) Abbildungen der ausgewählten Objekte zur
Erleichterung der Durchsicht durch einen An-
wender anzeigt.

2. Verfahren nach Anspruch 1, wobei die einzelnen Ob-
jekte einzelne Zellen umfassen.

3. Verfahren nach Anspruch 1, wobei die einzelnen Ob-
jekte Zellcluster umfassen.

4. Verfahren nach Anspruch 1, wobei die ausgewähl-
ten Objekte, welche einzelne Zellen repräsentieren,
getrennt von ausgewählten Objekten, welche Zell-
cluster repräsentieren, angezeigt werden.

5. Verfahren nach Anspruch 1, welches weiterhin um-
faßt, daß es dem Anwender möglich ist, die Anzeige
zur Bestimmung von Zellen innerhalb der Abbildun-
gen ausgewählter Objekte, soweit sie von diagno-
stischem Interesse sind, zu bearbeiten.

6. Verfahren nach Anspruch 1, welches weiterhin um-
faßt, daß es dem Anwender möglich ist, die Anzeige
zur Eliminierung von Zellen, die nicht von diagnosti-
schem Interesse sind, von den Abbildungen ausge-
wählter Objekte zu bearbeiten.

7. Verfahren nach Anspruch 1, welches die Stufe um-
faßt, bei der man bestimmte interessierende Zellen
oder Zellcluster in der Anzeige zählt.

8. Verfahren nach Anspruch 1, welches die Stufe um-
faßt, in der man bestimmte interessierende positiv
gefärbte Zellen oder Zellcluster in der Anzeige zählt.

9. Verfahren nach Anspruch 5, welches die Stufe um-
faßt, in der man Zellen, die von dem Anwender als
von diagnostischem Interesse bestimmt wurden,
zählt.

10. Verfahren nach Anspruch 5, welches die Stufe um-
faßt, in der man Zellen, die von dem Anwender als
positiv färbend bestimmt wurden, zählt.

11. Verfahren nach Anspruch 5, welches die Stufe um-
faßt, in der man Zellen, die als von diagnostischem
Interesse für eine Anzeige automatisch ausgewählt
wurden, zählt.

12. Verfahren nach Anspruch 5, welches die Stufe um-
faßt, in der man Zellen, die als positiv färbend für
eine Anzeige automatisch ausgewählt wurden,
zählt.
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13. Verfahren nach Anspruch 1, wobei der immunoche-
mische Marker MiB-1-Färbemittel ist.

14. Verfahren nach Anspruch 1, wobei der immunoche-
mische Marker die Kerne von proliferierenden Zellen
färbt.

15. Verfahren nach Anspruch 14, welches die Stufe um-
faßt, in der man die Fläche der gefärbten Kerne be-
rechnet.

16. Verfahren nach Anspruch 1, wobei die Zellen eine
histologische Probe sind.

17. Verfahren zur Klassifizierung einer Probe hinsicht-
lich des Vorhandenseins prämaligner oder maligner
Zellen mit den Stufen, in denen man

a) eine Probe zur Bereitstellung einer visuellen
Anzeige von Zellproliferation oder eines ande-
ren biologischen Prozesses mit einem immun-
ochemischen Marker behandelt,
b) einzelne Objekte in der Probe in einer Rei-
henfolge entsprechend der Wahrscheinlichkeit,
daß jedes Objekt Eigenschaften aufweist, die
mit einer prämalignen oder malignen Zelle oder
Zellcluster in Einklang stehen, einordnet,
c) einen Satz der Objekte hinsichtlich ihrer Ein-
ordnung auswählt und
d) einen quantitativen Index einer immunoche-
mischen Färbung der Probe bestimmt.

18. Verfahren nach Anspruch 17, wobei die Bestimmung
umfaßt, daß man den quantitativen Index für eine
Korrelation als einen prognostischen Indikator kli-
nisch bestimmt.

19. Verfahren nach Anspruch 17, bei dem man die Probe
als eine zytologische oder histologische Probe aus-
wählt.

20. Verfahren zur Klassifizierung einer zytologischen
oder histologischen Probe mit den Stufen, in denen
man

a) eine Probe zur Bereitstellung einer visuellen
Anzeige von Zellproliferation oder eines ande-
ren biologischen Prozesses mit einem immun-
ochemischen Marker behandelt,
b) einzelne Objekte in der Probe in einer Rei-
henfolge entsprechend der Wahrscheinlichkeit,
daß jedes Objekt Eigenschaften hat, die mit ei-
ner bestimmten Bedeutung in Einklang stehen,
einordnet,
c) einen Satz der Objekte hinsichtlich ihrer Ein-
ordnung auswählt und
d) einen quantitativen Index einer immunoche-
mischen Färbung der Probe bestimmt.

Revendications

1. Procédé de classification semi-automatique d’un
prélèvement quant à la présence de cellules préma-
lignes ou malignes, comprenant les étapes consis-
tant à :

a) traiter un prélèvement avec un marqueur im-
munochimique pour obtenir une indication vi-
suelle de la prolifération cellulaire ou de tout
autre processus biologique ;
b) classer des objets individuels dans le prélè-
vement selon un ordre en fonction de la proba-
bilité pour chaque objet de posséder des attri-
buts en rapport avec une cellule ou un agrégat
de cellules prémalignes ou malignes ;
c) sélectionner, pour l’afficher, un ensemble
desdits objets conformément audit classement ;
et
d) afficher les images desdits objets sélection-
nés pour faciliter la révision par un opérateur.

2. Procédé selon la revendication 1, dans lequel lesdits
objets individuels comprennent des cellules uni-
ques.

3. Procédé selon la revendication 1, dans lequel lesdits
objets individuels comprennent des agrégats de cel-
lules.

4. Procédé selon la revendication 1, dans lequel les
objets sélectionnés qui représentent des cellules in-
dividuelles sont affichés séparément des objets sé-
lectionnés qui représentent des agrégats de cellules.

5. Procédé selon la revendication 1, consistant en outre
à permettre à l’opérateur d’éditer l’affichage pour dé-
signer, au sein des images d’objets sélectionnés,
des cellules comme ayant un intérêt diagnostique.

6. Procédé selon la revendication 1, consistant en outre
à permettre à l’opérateur d’éditer l’affichage pour éli-
miner des images d’objets sélectionnés les cellules
qui n’ont pas d’intérêt diagnostique.

7. Procédé selon la revendication 1, comprenant l’éta-
pe consistant à compter les cellules ou agrégats de
cellules spécifiés d’intérêt dans ledit affichage.

8. Procédé selon la revendication 1, comprenant l’éta-
pe consistant à compter les cellules ou agrégats de
cellules spécifiés et colorés positivement d’intérêt
dans ledit affichage.

9. Procédé selon la revendication 5, comprenant l’éta-
pe consistant à compter les cellules désignées par
l’opérateur comme ayant un intérêt diagnostique.

19 20 



EP 0 745 243 B9

13

5

10

15

20

25

30

35

40

45

50

55

10. Procédé selon la revendication 5, comprenant l’éta-
pe consistant à compter les cellules désignées par
l’opérateur comme ayant une coloration positive.

11. Procédé selon la revendication 5, comprenant l’éta-
pe consistant à compter automatiquement les cellu-
les sélectionnées pour être affichées comme ayant
un intérêt diagnostique.

12. Procédé selon la revendication 5, comprenant l’éta-
pe consistant à compter automatiquement les cellu-
les sélectionnées pour être affichées comme ayant
une coloration positive.

13. Procédé selon la revendication 1, dans lequel ledit
marqueur immunochimique est un colorant MiB-1.

14. Procédé selon la revendication 1, dans lequel ledit
marqueur immunochimique colore les noyaux des
cellules proliférantes.

15. Procédé selon la revendication 14, comprenant l’éta-
pe consistant à calculer la zone desdits noyaux co-
lorés.

16. Procédé selon la revendication 1, dans lequel lesdi-
tes cellules sont un prélèvement histologique.

17. Procédé de classification d’un prélèvement sur la
présence de cellules prémalignes ou malignes, com-
prenant les étapes consistant à :

a) traiter un prélèvement avec un marqueur im-
munochimique pour obtenir une indication vi-
suelle de la prolifération cellulaire ou de tout
autre processus biologique ;
b) classer des objets individuels dans le prélè-
vement selon un ordre en fonction de la proba-
bilité pour chaque objet de posséder des attri-
buts en rapport avec une cellule ou un agrégat
de cellules prémalignes ou malignes ;
c) sélectionner un ensemble desdits objets con-
formément audit classement ; et
d) déterminer un index quantitatif d’un colorant
immunochimique du prélèvement.

18. Procédé selon la revendication 17, ladite détermina-
tion consistant à déterminer un tel index quantitatif
pour une corrélation clinique comme un indicateur
pronostique.

19. Procédé selon la revendication 17, comprenant la
sélection du prélèvement comme un prélèvement
cytologique ou histologique.

20. Procédé de classification de prélèvements cytologi-
ques ou histologiques, comprenant les étapes con-
sistant à :

a) traiter un prélèvement avec un marqueur im-
munochimique pour obtenir une indication vi-
suelle de la prolifération cellulaire ou de tout
autre processus biologique ;
b) classer des objets individuels dans le prélè-
vement selon un ordre en fonction de la proba-
bilité pour chaque objet de posséder des attri-
buts en rapport avec un intérêt spécifié ;
c) sélectionner un ensemble desdits objets con-
formément audit classement ; et
d) déterminer un index quantitatif d’un colorant
immunochimique du prélèvement.
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