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Abstract: - Introduction: We have proposed new quantitative methods for assessment and classification of
selected tumors to assist oncopathological diagnostics. These methods are based on computer-aided analysis of
histopathological images. Materials and Methods: In this paper we propose a simple new methods of
quantitative image-based assessment of color tissue histopathology slides. The method is based
on color filtration pixel-by-pixel of the whole virtual slides will be called CFPP method. Information
contained in such slides that results from staining tissues from biopsies with different dyes helps to reveal
details that might otherwise not be apparent. Results: We demonstrated that with appropriate image
preprocessing our method helps out in diagnosis of Diffuse Large B-Cell Lymphoma (DLBCL or
DLBL). Conclusions: In collaboration with pathologists and oncologists our computer-aided method may be
adapted and adjusted to assist in diagnosis of other problems in digital pathology.
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1 Introduction

When classifying and grading tumors pathologists
often spend a lot of their time sieving through
benign tissues [1]. Results of tumor grading often
show considerable interobserver and even
intraobserver  variation. To help out with
oncological diagnosis we have proposed new
guantitative ~ methods of  assessment and
classification of selected tumors, methods based on
computer-aided analysis of histopathological
images.

In particular we applied our own method called
Image Landscapes’ Fractal Dimension method
(ILF) that consists in constructing from the analyzed
2-D image two 1-D sequences that we call
landscapes, which are subsequently analyzed using
Higuchi fractal dimension method (cf. [2]). For
example, our studies demonstrated significant
correlation between tumor grading made by trained
pathologists and results obtained with ILF method
in grading Anal Intraepithelial Neoplasia (AIN) [3].
ILF method may be applied in diagnosis of tumors
like lymphomas, since it does not require
preliminary marking of the tumor’s contours that is
rather complicated task even for massive tumors.

In this paper we present a very simple computer-
aided method of grading Diffuse large B-cell
lymphomas (DLBCL or DLBL). DLBCL is a
neoplasm of large B lymphocytes, a fast-growing,
aggressive form of Non-Hodgkin lymphoma (NHL),
in fact the most common type of NHL [4]. If left
untreated DLBCL is fatal, but with timely and
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appropriate treatment approximately 70 percent of
all patients can be cured. That is why quick
diagnosis of DLBCL is so important.

2 Materials and methods

We obtained 9 digital slides (below referred to as
specimens) of tissue samples from patients
diagnosed with DLBCL in high grade. We had no
specimens of healthy subjects nor of patients with
low grade DLBCL. The specimens had been
prepared by Pathology Department of the Military
Institute of Medicine, Warsaw, stained with
hematoxilin (H) and 3,3'-diaminobenzidine (DAB),
scanned by 3DHistech slide scanner and saved
in .mrxs file format. Each specimen was evaluated
and its proliferation index was estimated by the
experienced pathologist. The original .mrxs images
were of approximate sizes ranged from 0.5 GB to
3.5 GB, hut if converted to .tiff format their sizes
would rise to 7 -40 GB. Moreover, empty white
background bearing no information made up from
73% up to even 95% of the original images area. So,
for further analysis the representative fragments,
free of artefacts and of endothelial or adipocyte
cells’ images from blood vessels or fatty tissue, were
manually chosen using the Panoramic Viewer
1.15.4.43.061 software (3DHistech). Subsequently,
for each of the original specimens its representative
fragments were  stacked together to form a
single .tiff image, below referred as the whole slide
(Fig. 1). The size of so created whole slides varied
from about 1.5 GB up to 15 GB.
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Whole specimen

Fragment 2

Fig. 1. Example of the whole specimen image, of its representative fragments,
and of the whole slide used for further analysis with CFPP method;
for this case PI, = 0.60, Pl = 0.43 (cf. Fig. 2. Specimen no. 1.)
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2.1 Standard method of specimen assessment
When grading DLBCL pathologist concentrates
his/her attention on some fragments of the whole
slide.  First, several regions of interests (ROIS)
where there are many hot-spots i.e. the small boxes
containing many DAB-stained nuclei, are manually
chosen from the representative fragments. Then for
each ROI one counts the number Ly of the objects
(cells’ nuclei) that are H-stained and so turned blue,
and the number Lp of the objects (cells’ nuclei) that
are DAB-stained and so turned brown. Then

proliferation index, Plp , for each ROI is
calculated as
Ple = Lo/ (Lu+ Lp) 1)

and these values are then averaged to calculate the
proliferation index, Plp , for each representative
fragment and finally for the whole specimen.
Proliferation index is supposed to serve as a
guantitative measure of the level of aggressivity
and malignancy of a tumor. The definition (1) of
proliferation index is widely used for DLBCLs but
in literature there exist different definitions of
proliferation indices so it often leads to a confusion.
Computerized DLBCL staging based on the
proliferation index (1) is time consuming and
expensive since it requires several steps, in
particular choosing ROIs and counting of H-stained
and DAB-stained objects (cf. [5]-[6]).

2.2 CFPP method
Our objective here is to develop a new method
which enables quick assessment of tumor
proliferation index for dyes-stained images of
DLBCLs directly from the whole slides. For this
purpose We propose to define proliferation index
differently; this proliferation index will then be
denoted Pl¢ (cf. (2)). Instead of choosing manually
artefact-free representative fragments and then
trying to detect hot-spots to count numbers Ly and
Lp of the objects we propose to built up the whole
slide from each of the whole specimens (cf. Fig. 1.)
and calculate in each whole slide the numbers of
pixels belonging to the nuclei that are H-stained,
Ny , and that of pixels belonging to the nuclei that
are DAB-stained, Np. The new proliferation index,
Pl , is defined as

Plc = Np/ (Nu+ Np) )
This method that is based on color filtration pixel-
by-pixel of the whole virtual slides will be called
CFPP method.
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Each whole slide is appropriately color filtered pixel
by pixel using MATLAB. Color-coding of images
most often uses RGB system. The color of a pixel is
expressed as a triplet, (r,g,b) , each component of
which can vary from 0 for the darkest one to 255
for the brightest one.

We open each whole slide (.tiff file) in MATLAB.
To compute Ny (number of pixels belonging to the
nuclei that are H-stained) computer counts pixels
with (r,g,b) components greater than minimum
values, further denoted with index Hm , but smaller
than maximum values, further denoted with index
HM, that is pixels fulfilling the condition

(rm<r<rum) AND (91m<9<0nm) AND (bHn<b<bpwm)
3

Similarly, to compute Np (number of pixels
belonging to the nuclei that are DAB-stained)
computer counts pixels with (r,g,b) components
greater than minimum values, further denoted with
index Dm , but smaller than maximum values,
further denoted with index DM, that is pixels
fulfilling the condition

(rom<r<rpm) AND (9pom<g<gowm) AND (bpn<hb< bpw)
4)

It is important that for at least one component, r or
g or b, the intervals of values for pixels belonging
to H-stained (3) and to DAB-stained (4) cells should
be completely disjoint. Such color filtration also
filters out the remainings of the empty background
and majority of artefacts.

When any fragment of a slide is open in MATLAB
then clicking on a pixel shows (r,g,b) components
of this pixel. To choose Hm values one clicks
subsequently on several dark-blue pixels belonging
to a hot-spot, one writes down the shown (r,g,b)
values and for calculation of Ny one takes the
average values of the corresponding component as
the limits in (3); similarly, to choose HM values one
clicks subsequently on several light-blue pixels
belonging to a hot-spot. To choose Dm values one
clicks subsequently on some dark-brown pixels, and
to choose DM values on some light-brown pixels,
one writes down the shown (r,g,b) values and for
calculation of Np one takes the average values of
the corresponding component as the limits in (4).

In the presented case to count the number of pixels
belonging to H-stained nuclei, Ny , we choose the
following (r,g,b) intervals:

(<45, 180>, <50, 185>, <160, 215>) (5)
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To count the number of pixels belonging to DAB-
stained nuclei, Np , we choose the following (r,g,b)
intervals:

(<40, 115>, <6, 80>, <10, 75>) (6)
To calculate Ny and Np the whole slide may be
subdivided into any number of disjoint parts or even
read into RAM pixel by pixel. It is important since it
makes possible to analyze specimens even on a PC
with 16 GB RAM. Ny and Np are then used to
calculate proliferation index Plc (2). For one
specimen time necessary for calculations varied
from about 50 seconds to about 7 minutes
depending on the size of the whole specimen.

3 Results

We have calculated proliferation index Plc for 9
whole slides of DLBCLs and we juxtapose the
results with proliferation index Plp evaluated for
the same slides by a trained pathologist (Fig. 2.).
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Fig. 2. Proliferation indices Pl
specimens.

and PIl, for9

The ranges of Plc for whole slides and of Plp
evaluated for these slides by pathologist are
comparable - 0.28 vs. 0.30 - but absolute values
of Plc are about 0.20 lower than corresponding
values of Plp. This difference is obvious since
pathologist while visually evaluating a specimen
tries to find hot-spots and Pl takes its highest
values locally just for the hot-spots. The calculated
Plc and the Ply evaluated by pathologist change
concurrently i.e. if for a given case Pl is equal or
greater than for another case then also Pl¢
computed for the given slide is equal or greater than
that for the other case. Statistics shows that
correlation coefficient of Plc vs Plp isequal 0.71.
Only one specimens behaves not in agreement with
this rule. The most important is that calculated Pl¢
still shows that these are high grade DLBCLSs.
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4 Conclusions

CFPP method of calculating proliferation
index Plc for grading DLBCL neoplasms
from stained histological slices is quick and
simple (cf. [7]). It gives the results that well
correlate with proliferation index Plp estimated
by a trained pathologist. The method is much
simpler and much less time consuming than the
methods that try to emulate pathologist’s way of
thinking when estimating  Plp. Of course,
medical decision still remains to be made by a
pathologist, but such a quick computer-assisted
grading of DLBCLs may be quite helpful in
diagnosis. By appropriate changing of color
filtration thresholds CFPP method may be
adapted to analysis of other problems in digital
pathology.
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