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(57) Abréegée/Abstract:

An apparatus and a method for detecting malignancy associated changes relies on use of the microscope having a high sampling
density light transducer. Images of the cell nuclel are obtained In precise focus. The images are segmented using a relocation
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(57) Abrege(suite)/Abstract(continued):
algorithm for precisely locating the edge of the nucleus. The features of the images including DNA distribution are analyzed using
multivariate analysis to detect malignancy associated changes.



ABSTRACT

AUTOMATED DETECTION OF CANCEROUS OR PRECANCEROUS TISSUE
BY MEASURING MALIGNANCY ASSOCIATED CHANGES (MACs)

An apparatus and a method for detecting_malignancy. associated
changes relies on use of the microscop.e having a high sampling
density light transducer. Images of the cell nuciei are obtained
in precise focus. The images are éegmentéd using a relocation
algorithm for precisely locating the edge of the nucleua. The
featuree of the images. including DNA diatribution are analyzed

.....

using multivariate analysis to detect malignancy associated

- changes.
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IITLE OF THE INVENTION

AUTOMATED DETECTION OF CANCEROUS OR PRECANCEROUS
TISSUE BY MEASURING MALIGNANCY ASSOCIATED CHANGES (MACs)

FIELD OF THE INVENTION

The invention relates to apparatus and a method for

automatically detecting the presence of a cancerous or

precancerous lesion in a tissue by measuring the characteristics

of the cell nuclei of ostensibly normal tissue.
BACKGROUND OF THE INVENTION

For the last five decades, attempts have been made to
develop a device which can automatically detect cancerous or
precancerous cells deposited on a microscopy slide. For example,
research and development has been undertaken by numerous groups
who have been attempting to develop a fully automated
prescreening device for cervical samples. In all cases, these
devices attempt to perform tasks similar to those performed by
human experts, i.e. scanning the entire slide at coarse and fine
spatial resolutions and seeking and characterizing cancerous or
precancerous cells which are exfoliated from a cancerous or

precancerous lesion.

Prior art devices use nuclear and cytoplasmic features

such as nuclear size, nuclear shape, nuclear to cytoplasmic

ratio, DNA amount in the nucleus and DNA distribution in the

nucleus to identify cancerous or precancerous cells. Many

different approaches have been tried. To date no effective
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system is commercially available although several groups have
claimed to have achieved a semi-automated version with good to
excellent results. Such systems are typically composed of an
automated image cytometry device having a microscope equipped
with a light transducer, often a video camera, a motorized x, y,
z stage under computer control, a computer with imaging board(s),
and peripheral devices such as video monitors, printers and input
devices. Algorithms have also been previously developed for the
automated recognition of cells and nuclei, for segmentation of
areas of interest, automated focus and other functions. There
are a variety of approaches by which such systems operate to
recognize cancerous or precancerous cells including multivariate

analysis (e.g. discriminant function analysis), decision trees,

and neural networks.

All systems available or under development today rely

on the detection and exact characterization of at least one fully
cancerous or precancerous cell. This requires very high
precision, sensitivity and specificity. The known systems are
plagued with the problem of inadequacy of the artifact rejection
algorithms developed to date and the only way around the problem
is to use human experts to differentiate between true cancerous

or precancerous cells and artifacts resulting in only a semi-

automated approach.

These efforts have therefore not resulted in reliable

detection systems. It has been well established, for example,

that the false negative rate for cervical samples is between 7 -
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108 even at the best cytology screening 1laboratories.

Additional false negative results arise even where neither the
screening cytotechnicians and cytopathologists nor their
equipment are at fault. This arises when the sample to be
examined is taken elsewhere than from the lesion itself, for
example from an area slightly removed from the spot where
cancerous or precancerous growth was present. The false negative
rate due to such sampling error is even greater and has been

estimated to be between 10 - 20%.

It has been reported for several tissues (e.g. cervix,
colon) that very careful measurements of nuclear features of
ostensibly normal cells growing in the vicinity of the cancerous
growth, show slight differences from the nuclear features of
truly normal cells, i.e. from the cells of a normal, healthy
individual without cancerous growth in that tissue. The changed
nuclear features of ostensibly normal cells growing in the
vicinity of the cancerous or precancerous lesion compared to
those of normal cells from the same type of tissue of a normal,
healthy individual are referred to in the literature as
Malignancy Associated Changes (MACs). MACs particularly
manifest in those features, particularly those describing the
distribution of the genetic material in the nuclei of these
cells. Although no individual feature is sufficiently
discriminating to be able to distinguish between healthy
individuals and those harbouring the cancerous growth, a
combination of many features in a multivariate analysis has been

found to provide adequate separation between such individuals.
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However, no fully automated system has been developed which
can perform such detection. The data (images) of cells must
be obtained at the highest spatial and photometric
resolution, at the precise focus and exact segmentation of
the areas of interest, i.e. the nucleus. It has often been
salid that malignancy associated changes could never be used
for automated prescreening due to these requirements. It
has been necessary for a highly trained expert to identify
individual cells or nucleili to be examined, due to poor
artifact rejection and the limited segmentation capabilities
of prior art systems. In addition, a very large number of

such cell images must be analyzed to achieve reasonable

results, typically over 200 cell 1mages per sample.

Such a procedure 1s not only time consuming and

tedious, it is also impractical for prescreening as it takes

typically up to several hours to accumulate, capture and

analyze sufficient numbers of cell images.

This invention describes an apparatus and a method for
measuring MACs in a fully automated way, using only 1mages
of the nuclei of ostensibly normal cells such that several

hundred cell images are used in the analysis lasting only a

few minutes.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method of
detecting malignancy-assocliated changes in a cell sample,

comprising the steps of:

obtaining a cell sample;

staining the sample to identify cell nuclei within the

sample;
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obtaining an image of the cell sample with a microscope
of the type that includes a slide stage;

focusing the 1image;

identifying objects in the 1mage, each of the objects
having an edge that separates the object from the background

calculating a set of feature values for each object;
and

analyzing the feature values to determine whether each
object 1s a <cell nucleus having malignancy-associated

changes.

The present 1invention also provides a method for
detecting malignancy-associated cells 1n a cell sample,
comprising the steps of:

obtaining a cell sample;

fixing the cells of the cell sample;

staining the cells to identify cell nuclei in the cell
sample;

illuminating the sample and obtalning an 1mage of the
sample with a microscope;

analyzing the image to detect objects of interest;

determining a focus setting for each object of interest

and obtaining an image of each object of interest;
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calculating an edge that bounds each object of

interest;

)

calculating a set of feature values for each object ot

interest; and

gr—

comparing the set of calculated feature values to a known

feature values for malignancy-assocliated and normal objects.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention are 1llustrated, merely Dy way

,ﬁ

of example, in the enclosed Figures 1n which:

Figure 1 1s a Dblock diagram of the MAC detection system

according to the present 1nvention.

po——
-

Figure 2 is a flow diagram of an example method according to

the present i1nvention.

Figure 3 is a flow diagram related to an example comparison

of object feature values.

DETAILED DESCRIPTION OF THE INVENTION

The invention may be more fully appreciated Dby

—

reference to the preferred embodiment thereof which relates

to detection of malignancy assocliated changes 1n cervical

samples.
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A block diagram of the MAC detection system according

to the present i1nvention 1s shown in FIG. 1.

The flow diagram of Figure 2 represents a method of

using the system 10 to detect cancerous O0r precancerous

tissue by measuring malilgnancy associated changes.

The samples are first treated by stoichiometric

—

staining of the nuclear (DNA) material. We achieved this by

developing a modified Feulgen procedure using Thionin

although other stains such as stoichiometric absorbance

stains (e.g. gallocyanin, azure-A, etc.) or stoichiometric

fluorescence stains (e.g.) DAPI, propidium 1odid, etc.) can

also be used.

Typically, a 40x objective would be used to view cells

of cervical samples. However, we have found that a 40x

—
—

objective results in difficulties 1n focusing and therefore

in segmenting images of the nuclei due to the distortion

effect 1n the lenses. In addition, the 40x objective 1s

bulky and risks hitting the slide cover slip as well as

having a shallow depth of focus. Accordingly, the preferred

——

embodiment of the invention uses a 20x/.75 objective

together with a high sampling density sensor mounted on a

mlcroscope.
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A computer is provided to control a motorized

microscope stage and to perform all software and output

functions.

A light transducer is used, consisting of a scientific

Charge Coupled Device with a 1008 fill factor, over 500 gray
level photometric resolution with a pixel size of 0.3 ym or less.
The transducer is mounted in the primary image plane or in
another camera port of the microscope providing negligible image

distortion, and an imaging board is provided for capturing and

processing the images of cell nuclei.

In order to detect MACs, the device must be capable of
capturing images in precise and reproducible focus. This focus
is achieved by maximizing contrast of the nuclear material as a
function of focal position. Given the pixel size and spatial
resolution, the image of a typical nucleus comprises several
hundred individual pixels of 3 -~ 7 ym in diameter. This is

achieved with the 20x objective with the transducer placed in the

primary image plane of the objective.

In addition, all images must be segmented exactly such
that all pixels covering the nucleus belong to the mask. The
segmentation is an important step. A simple thresholding on an
image is obtained from a calibrated image (corrected for lens,
illumination, dark current of camera, and other imperfections)

and is corrected by the absorbance of material around the nucleus

(1.e. cytoplasm) which is assumed to be present in about equal
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amounts over the nucleus. The thresholded mask edge

represents the first approximation of the real edge of the
nucleus. The latter 1s obtained by an edge relocation
algorithm which operates by dilating the approximate edge
and then step by step removing the pixéls with the least

gradient such as not to break a continuous contour around

the nucleus.

Algorithms selecting only 1mages of the nucleil of

normal cells are used to ensure that only a few percent

(typically 1 - 2%) of artifacts are present 1n the
population of the ostensibly normal cells. This is achieved
by discriminant function analysis and a decision tree

process, but could possibly also be achleved by other

statistical or neural network procedures, as will Dbe

appreciated by those skilled 1n the art of automated 1mage

classification.

Various discriminant features of the segmented digital

images are then analyzed by the computer.

For the MAC approach to work, depending on the cell

type many nuclear features must be emplovyed, but

particularly the DNA distribution of the cell nucle1. We

y—

typically measure over 100 nuclear features of which about

30 are then used 1n the multivariate analysis. For best

results, the nuclear mask 1s adjusted depending on features.

For example, for features describing the frequency content

P

of the optical density 1n the nucleus the pixels covering

the edge of the nucleus must be removed as otherwise these

features 1lose (or are diminished 1n) thelr discriminant

power. Conversely, other features requlre all edge pixels,

even those catching only a fraction of the material 1in the
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edge, to be 1included (e.g. 1ntegrated optical density).

Therefore, the nuclear mask 1s adjusted individually for all

critical features by either appropriate erosion or dilation

algorithm of the best (highest gradient) edge.

Multivariate analysis may then be performed by the
computer on the features of the segmented 1images. In the
preferred embodiment, the multivariate analyslis comprises

cluster analysis leading to a decision tree made up of

thresholds and discrimlnant functions. Alternatively, 1t

can consist of a neural network. We have found that, using

the above approach, reliable characterization of MACs has

been achieved.

When all the above 1s achieved, MAC values of

ostensibly normal cells are obtalned which are significantly

different form tissues of those individuals who are

harbouring cancerous (such as carcinoma in situ,
microinvasive or i1invasive cancer) or precancerous Jlesion
(such as moderate and severe dysplasia). Several tilssues
have been examined by this approach (e.g. cervix, lung) and
very high sensitivity and specificity <can be achieved
approaching or even surpassing those achieved by human

experts using atypical cell detection approach.

It will be appreciated by those skilled in the art that

modifications and variations from the preferred embodiment

may be practised without the parting form the principals of

the i1nvention.
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The embodiments of the 1nvention 1n which an exclusive

property or privilege 1s claimed are as follows:

1. A method of detecting malignancy-assocliated changes 1n

g

a cell sample, comprising the steps of:

obtaining a cell sample;

staining the sample to identify cell nuclel within the

sample;

—

obtaining an image of the cell sample with a microscope

f—

of the type that 1includes a slide stage;

focusing the 1mage;

identifying objects in the 1mage, each of the objects

having an edge that separates the object from the
background;

calculating a set of feature values for each object;
and

analyzing the feature values to determine whether each

object 1s a cell nucleus having malignancy-associated

changes.

2 . A method for detecting malignancy-assoclated cells 1n a

f~

cell sample, comprising the steps OrI:

obtaining a cell sample;

gro—

fixing the cells of the cell sample;
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stailning the cells to i1dentify cell nuclei in the cell
sample;
1lluminating the sample and obtaining an 1mage of the
sample with a microscope;
analyzing the image to detect objects of interest;

determining a focus setting for each object of interest

and obtaining an image of each object of interest;

calculating an edge that bounds each object of

interest;

calculating a set of feature values for each object of
interest; and
- comparing the set of calculated feature wvalues to a

known feature values for malignancy-associated and normal

objects.
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