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CHAPTER 8

GENERAL DISCUSSION
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CHAPTER 8

In the process of medical decision making there is a tendency for an increasing
demand for objective and reliable quantitation of tumor characteristics associated
with prognosis and response on therapy. Application of quantitative methods in
histopathology using computer assisted microscopy can improve reproducibility and
objectivity in diagnostic assessment. The use of real color as an image feature
rather than simple gray-scale analysis is expected to be useful 6,11,16,123. Despite this
expectation, and although true color image analysis systems are commercially
available, there is little documentation concerning methodological aspects and
applications in the general textbooks on quantitative pathology. This thesis concerns
this lacuna and aims to serve as an introduction in true color computer assisted
microscopy. General information, as well as methodological aspects and
approaches of applications are discussed.

An advantage of using a true color image analysis system (COL-IAS) for
applications in quantitative pathology is that tissue sections stained by routine
procedures may be used 45. Also, this provides the possibility of easier orientation in
the images acquired 43,60,158,169. Nevertheless, as for approaches using black-and-
white (B&W) systems, appropriate definition and introduction of standards
concerning intruments and handling of the material is of importance 23-27,31,32,35-39,41.

For the acquisition of images in COL-IAS either B&W or color cameras may be
used. Due to the necessity to use multiple filters when more complex colored
images are concerned the use of B&W cameras in combination with a simple, non-
automated microscope increases the time needed to acquire the image and
increases the complexity of the system. Also this may lead to image
imperfections 47. High quality RGB cameras are costly and temperamental 15. The
use of a reasonably priced, single chip color CCD camera producing a composite
video signal output, on the other hand, degrades resolution 16,63. Hence, it is
understandable that they are unsuitable for precision densitometry or morphology of
small regions 15,16. However, they are suitable for relatively simple measurement
methods such as quantification of relative area of staining 42,43 and provide results
comparable to those of an IAS specifically dedicated to B&W image processing 45.
Therefore, in this type of measurement the degree of loss in resolution is acceptable
and appears not to exceed the noise in information of the biological material
provided for quantification.

When installing a system, factors with possible influence on the performance of a
system should be evaluated 63, especially from the point of view that this type of
information, generally, is not available from the documentation accompanying the
system or the separate components. One of these factors is warming up of the CCD
camera since noise arising at the sensor is temperature dependent 15,47. Evaluation
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of the warmup time of the single chip CCD color camera used for the experiments
that are described in this thesis showed that a thermal equilibrium was reached only
after 100 minutes 63. However, this camera has a built in power supply. When a
camera with an external power supply is used, the effect of warming up probably
will be less pronounced. It has to be noted that changes in room temperature may
also have an effect on camera performance and, therefore, should be evaluated
when present. Apart from effects of variation in temperature, changes in illumination
conditions may also influence measurement outcome 63. Hence, stability of
illumination is a prerequisite. Because variations in voltage result in changes in light
intensity 15,20, it is important to obtain information about the characteristics of the
power supply 63.

A disadvantage in general, of true color image analysis in comparison with B&W
systems is that image processing is more time consuming and that memory
requirements are larger. One of the reasons for this is that all image manipulations
have to be performed in the three primaries. By transforming color images to a non-
RGB-color-space, such as the HLS model 10,18,20,21,63, problems of long processing
times may be overcome. However, apart from the observation that the
transformation from RGB to HLS image itself is time consuming, the resulting
images lack the spectral information we wanted to use 63. Therefore this type of
transformation is not applied here. Another way to reduce the time of a
measurement session could be achieved by omitting the shading correction
procedure 42,63, without affecting the spectral information or measurement outcome.
Nevertheless, it is important to stipulate that when image analysis techniques are
generally applied to different microscopes, illuminators, cameras and other types of
quantification procedures the need to apply shading correction should be evaluated
before it can be omitted.

Two types of thresholding procedures in the (semi)automatic quantification
procedures are available using the COL-IAS. One uses preset fixed threshold
levels, the other interactively set levels that are varied from image to image 42. We
favor the first, because, the results obtained with the latter method differed
significantly from a reference obtained by point counting 42. However, the material
used for quantification may limit the possibilities of the (semi)automatic method,
either using fixed, or per image varying threshold levels and one should remain
open for the best choice 169. This underscores that for routine laboratory use a well-
developed digitizing interactive set-up can be as good, or even better than an
automated image analysis system 6,143. Herewith use is made of the ability of the
skilled pathologist to perceive and analyse an imperfect image blurred with
information-noise caused by factors such as fixation and/or cutting artefacts,
imperfect staining etc. An ability the "objective" automated image analysis system
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lacks.
The pathologist using the interactive quantification method selects the areas of

interest in the image based on his experience. However, also in the "objective"
(semi)automatic method selection is inevitable as it is in diagnostic pathology in
general 6. As a consequence reproducibility may be influenced. Therefore this
should be of special interest when actual measurement procedures, either
interactive or (semi)automatic, are concerned. Depending on the type of
measurement procedure effects of field selection, rather than the segmentation
method, may affect reproducibility 42,43.

When considering possible applications it would be more appropriate to focus on
quantification of parameters that provide complementary or additional information,
than on parameters which may be obtained by other quantification techniques. For
example, this applies for studies concerning quantification of estrogen and
progesterone receptors in breast carcinomas in which the image analysis method is
compared with a biochemical assay. Although in these studies results obtained by
image analysis show better discrimination of high- and low-risk groups than those of
the biochemical assay 31,32,140, it has to be kept in mind that the IAS method is not
clinically validated in large studies whereas the biochemical method is 135.
Furthermore, the IAS method may suffer from intratumor heterogeneity, which may
show up to a 5-fold difference 31, and from lack of standardisation of specimen
preparation, staining results and measurement approach 31,32. These factors may
result in a less than optimal reproducibility. Instead of creating duplicates, additional
information may be obtained by "quantification" of, for example, the degree of
hetero-geneity 16,170-173. Also, additional information can be obtained by quantification
of epithelial-stromal ratio in tumors 43,174. This ratio may be used as correction factor
for values obtained from biochemical assays, as well as for those from the
quantification of vascular density 43,44,175. With respect to the latter it is remarkable
that in the literature concerning vascular density of tumors as prognosticator
correction for epithelial-stromal ratio is applied in only one 168, whereas it is not even
mentioned in the many others 69,79,162-166,176-186. Apart from the fact that the additional
information obtained may have its implications on clinical categorisation and
management, it may provide information on issues of more basic interest such as
the analysis of vascular parameters on tumor marker biodynamics. However,
although the results of the study addressing this issue 44 were far from conclusive,
they provide another example of the possible advantageous effect of combining
information from different disciplines. For example, assuming the relation that was
found between lumen-parameters and TPS and vascular density and CA 125 is
real, it may be that patients with elevated TPS and/or CA 125 serum levels but with
low lumen values or vascular density, respectively, prove to have an altered risk for
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recurrence or to die of the disease, than previously would have been expected
based on serum levels alone. This shows that the value of the method would
increase even more when complementary or additional data can be provided, which
may be reflected by improved patient selection for therapy 7,43,187,188.

Future perspectives
Measurement in pathology is important not only in the scientific investigation of
pathogenesis but also as a means of improving routine diagnostic and prognostic
decisions. As an investigative tool, the advantage of measurement is not
questioned. However, the role of measurement in routine diagnostic practice has
found only a few well-established applications. Lack of standardisation, education,
clear statistical guidelines, large conclusive studies and perhaps a fear of numbers
are detracting facors 7,143. Nevertheless, the demand for reproducibility and
consistency in diagnosis will require us further to investigate and employ
measurement as a diagnostic aid. Digital image processing has the potential to
contribute to our understanding of the relationships between biological structure and
function. It has the potential to alter our approach to questions and change the
methods that we use to answer them. Such changes may eventually influence the
daily practice of pathology. For interactive quantification procedures and/or relatively
simple (semi)automatic measurements using routine staining procedures, providing
more complex colored images, a COL-IAS may be used with advantage over B&W
systems. The images provided allow evaluation of the spectral information the
pathologist is used to work with. It is impossible to predict, as yet, to what extent
these systems will be useful in routine pathology. In general, when future
perspectives of image analysis systems for application in routine pathology are
discussed, increasing sophistication in the field of image processing, hardware,
personal microcomputers and operating systems and decreasing prices are spoken
high of. However, because the introduction in routine pathology practice of a not-
clinically-validated method should be prevented 7,43,135,189, it would be more appropri-
ate to base these perspectives on clinical validation studies. Because these are
scarce and only beginning to emerge, it is estimated that it will last for about
another ten years before conclusions can be drawn 7,143,190,191. Therefore, one should
only be moderately positive and their application and acceptation on a wider basis
will depend on the outcome of these "routine practice implementation studies", in
which the clinical relevance is validated. In the mean time, attention should be
focused on education in the use of quantitative methodology and quality control with
special interest for those areas where conventional diagnosis is difficult to
standardize. Examples may be the assessment of architectural aspects with
importance for grading, like determination of degree of tubulus formation in breast
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carcinomas and packing of nuclei used in grading of cervical intraepithelial
neoplasia (CIN). Also, the recently introduced PAPNET cytological screening system
(Neuromedical Systems, Inc., Suffern, NY, USA) provides an example. This shows
how a color image analysis based system provides a useful tool in the education
and quality control of cervical cancer screening, with which by combination of
conventional, manual microscopic screening and PAPNET-assisted screening
reduced false-negative rate can be yielded 92.

This illustrates that the aim should be to use true color image analysis systems,
praised for reproducibility and indefatigability, for what they were made for: providing
a tool which may serve to aid in diagnostic efforts, education and quality control.
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Aan het eind gekomen van dit proefschrift wil ik deze pagina opdragen aan
iedereen die, op wat voor wijze dan ook, heeft bijgedragen aan het tot stand komen
ervan.
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