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SUMMARY

SUMMARY
This thesis aims to serve as an introduction in true color computer assisted
microscopy.

Chapter 1 provides general information, more or less specific for true color image
analysis. One of the advantages of these systems is ease of visual orientation in
images providing the spectral information the pathologist is used to work with. The
different steps of color image processing (i.e. image acquisition, transformation,
segmentation and measurement) are discussed. The division in "general" and
"dedicated" systems is explained and examples of applications are mentioned.
Throughout this chapter items which are subjects for evaluation are introduced.

Chapter 2 describes a methodological study in which several factors with a
possible influence on the performance of a commercially available image analysis
system capable of true color image processing are evaluated. These factors were:
illumination, power supply, warming up, shading correction, averaging of image
intake, hue, luminance and saturation images and relation of illumination to
quantification of area percentage of positive staining. From these, stability of
illumination and warmup time of the camera appeared to be the most important
factors with influence on the performance of the system.

In Chapter 3 two methods of segmentation for quantification of area percentage
of staining were evaluated: one using fixed, preset thresholds and one using
thresholds interactively set per image. Furthermore, the effect of shading correction
was evaluated and measurements in both color and black-and-white mode using
the same system were compared. Quantification with fixed threshold levels provided
the best results when compared to a reference that was obtained by point counting.
The effect of shading correction was negligible. The results of the measurements in
color and black-and-white mode were significantly different. This discrepancy was
asssumed to be an effect of a difference in resolution and uptake of image
background. The results of measurements in color mode were comparable to those
of the reference, whereas those of the B&W mode were not. On basis of this
observation it was concluded that area percentage of positive staining can be
reliably quantified using a true color image analysis system without shading
correction, which makes color image processing less time consuming, and by
application of a segmentation method with fixed thresholds.

The assumed difference in resolution and uptake of background in the
comparison of measurements in color and B&W mode was further evaluated in
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Chapter 4. Instead of the same system operated in different modes this time two
separate systems were used: the true color image analysis system and an image
analysis system specifically dedicated to B&W image processing. Contrary to the
results described in Chapter 3, this time they were comparable. Therefore, it was
concluded that the importance of difference in resolution was reduced. On the other
hand, the choice of the filter, used to enhance contrast in the B&W measurements
appeared to be important. Although both systems provided comparable results for
the simple quantification procedure concerned, it was concluded that with more
complex colored images the choice would be in favor of the true color image
analysis system due to easier visual evaluation and segmentation by the true color
image analysis system.

Chapter 5 compares visual and true color image analysis system quantification of
relative area of immunohistochemical staining for pS2 and of true color image
analysis system quantification of epithelial percentage in azan-stained breast
carcinoma samples of 50 patients. Visual estimation of area percentage of positive
pS2 staining was unreliable due to interobserver variability. Image analysis system
quantification showed systematic differences between repeat measurements. These
were caused by effects of field selection, due to the high magnification necessary to
visualize the immunohistochemical staining product. Image analysis system
quantification of the epithelial percentage could be performed with a low
magnification and did not show effects of field selection. The use of the epithelial
percentage as correction factor for values of a cytosolic assay resulted in 8% of the
cases changing category. Based on this observation it was concluded that the
combination of results of two different disciplines may provide more information than
either of them alone.

In Chapter 6 the quantification of epithelial percentage in 51 tissue sections of
ovarian tumors of borderline malignancy is evaluated. A semiautomatic and an
interactive method using the true color image analysis system are compared on
keratin stained sections. The semiautomatically obtained epithelial percentages
were generally lower than those of the interactive method. This was due to
underestimation of the epithelial compartment and overestimation of the total area of
tissue. Contrary to the results of quantification of epithelial percentage in the breast
carcinoma samples of Chapter 5, the azan stain proved to be not applicable in the
ovarian tumors. We concluded, that with the material used the application of
interactive quantification of epithelial percentage should be the method of choice.
The results confirm that there is no uniform rule for quantification procedures in
biological material and that for each situation the method should be evaluated.
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Chapter 7 describes a method to determine whether morphological differences
visible in tumor vasculature can predict entrance of tumor associated antigens into
the circulation, with the aim to gain more insight in the biodynamics of these
antigens. A variety of vascular parameters were obtained in tissue sections of
endometrial carcinomas stained for factor VIII related antigen, using the true color
image analysis system. These were related to groups with respectively normal and
elevated serum values for two different serum tumor markers, one with a low
molecular weight (TPS) and one with a high molecular weight (CA 125). The group
with elevated TPS-levels showed, generally, vessels with significantly wider lumina,
whereas the group with elevated CA 125-levels showed a higher number of vessels.
After correction for the epithelial percentage the difference in vascular density
between the groups with normal and elevated CA 125-levels was also significant.
The relation between the lumen-parameters and TPS-levels might be explained on
basis of the existence of endothelial gaps which may permit passage of TPS but not
of the much larger CA 125. The relation between the vascular density and CA 125-
level may indicate a different mechanism for high molecular weight tumor markers
to gain access to the circulation. Although the results are not conclusive, they show
yet another example where combination of data may provide additional information.

Chapter 8 is a general discussion in which the studies described are placed within
the frame of the general information of Chapter 1. The most important
consequences are discussed in brief once more. Moreover, an opinion on the
position of true color image analysis systems in the near future is given.
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