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ABSTRACT

The method of mapping the ellipticity of the polarization image of blood plasma films and the analysis of the statistical
moments of the obtained distributions underlies the evaluation of the mammary gland condition is considered in the
article. Indicators of sensitivity and specificity of this method were evaluated and graphs of ROC curves for control
group, malignant group and benign group were constructed.
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1. INTRODUCTION

The successful history of the achievements of polarization diagnostics of biological structures can be demonstrated from
the study of transparent tissues, in particular, the determination of glucose concentration in diabetes mellitus '~
determination of the polarization characteristics of bacterial 34 and red blood cells 7, by continuing examples of
differentiation of normal and oncological layers of superficial tissue 678 polarization approaches for monitoring the

status of the myocardium in the treatment of the heart ° and use in other biomedical programs.

Methods for multivariable laser polarimetry of blood plasma films, combined with modern computer analysis of the
measured distributions of their polarization parameters, have the potential to become the basis of a new technology for
the assessment of pathological changes in breast detected in the early stages ''"'?. Changes in the tertiary and
quaternary structures of blood plasma proteins with unchanged biochemical structure are characteristic of pathological
changes in biological tissues that occur in the early stages of the disease'>'*!*. They are detected by changes in the
birefringence of blood plasma in the system of multiparameter laser polarimetry of biological layers '®'.

In papers '''*, the relationship between the birefringence (different velocity of orthogonally polarized waves) of a protein

crystal biological substance and the elliptical polarization transformed by it of a laser wave was analyzed.

Statistical estimates of the distributions of the ellipticity of the polarization images of blood plasma films, identified as
central moments of the 3rd and 4th order, proved to be the most informative for the further classification of the states of

nn nn

"norm", "malignant formation", "mastopathy" of mammary glands.

In paper '*, the operational characteristics of the force of the mapping method of the polarization ellipticity distributions
of blood plasma film images were analyzed based on the determining the sensitivity, specificity, accuracy, predictability
of the positive and the prognosticity of the negative result.
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Thus, the accuracy of the mentioned above method is 80%-83% %, the values of the predictive parameters are positive
+VP=82%—87% and negative —yp=78%-79% level '*. High specificity of multidimensional mapping of polarization
ellipticity distributions of microscopic images of blood plasma films was revealed.

In the article we will analyze the classifications of polarization ellipticity distributions of microscopic laser images of
albumins and globules of blood plasma films in the diagnosis of physiological states of the breast using ROC (receiver
operating characteristic) curves (ROC analysis). The principle of such analysis is to compare the sensitivity and
specificity of classification by the level of true positive decisions under the conditions of the so-called randomized
("blind") research method.

The method of ROC analysis determines the informativeness of the method of multiparameter laser microscopy of the
ellipticity of polarization of images of polycrystalline networks of blood plasma films in the diagnosis and differentiation
of benign and malignant changes of the breast.

2. METHOD OF POLARIZATION MAPPING AND ANALYSIS OF ELLIPTICITY OF
POLARIZATION IMAGES OF BLOOD PLASMA FILMS IN THE EVALUATION OF
THE STATE OF THE BREAST

The method of mapping the polarization ellipticity distributions of laser images differs significantly from the
investigated the many parametric microscopy of the polarization azimuths of the polycrystalline networks of albumins
and globulins of optically thin layers of blood plasma described in papers ' First of all, this refers to the mechanisms of
formation of polarization state distributions in the corresponding laser images. The fact is that the main agents of this
process are birefringent large-scale needle crystals of albumin.

Based on the following relation determine the values of ellipticity B polarization at the point with coordinates (i, k) of
laser image of a layer of  human blood plasma at the appropriate intensities
1,(45 - ®),[(45° _ @),[(45" -0 ),1(45" _ 90°) of polarized filtered microscopic images measured in the system of laser
polarimetry of biological layers ***'.

1,(45°-®)-1,(45" - @)

1,(45°=0%)+1,(45°-90") |

Jk

p. =0,5arcsin
Jk

A series of blood plasma smear samples from three patient groups were used as objects of investigation:

. healthy people(donors) — group 1 (30 samples);
. patients with benign breast changes — group 2 (30 samples);
. patients with malignant breast changes — group 3 (30 samples).

Table 1 summarizes the average values and ranges of their changes within the statistical moments M/ of the
polarization ellipticity distributions of laser microscopic images of blood plasma films from all patient groups.

Table 1. Mean M/, dispersion M4 , asymmetry M4 and excess M} of polarization ellipticity distributions 3 (mxn)

of laser microscopic images of blood plasma films of patients of all groups

M B Group 1 Group 2 Group 3
k (35 samples) (35 samples) (35 samples)
M? 0,17 £0,029 0,2310,035 0,291 0,055
M’ 0,19£0,027 0,23£0,036 0,250,047
M7 1,481 0,21 1,0710,19 0,89%0,17
3
M7 1,8310,38 1,591 0,25 1,181 0,21
4

Proc. of SPIE Vol. 11456 1145601-2

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 05 Jul 2020

Terms of Use: https://www.spiedigitallibrary.org/terms-of-use




3. METHOD OF ROC ANALYSIS OF POLARIZATION MAPPING OF THE
ELLIPTICITY OF POLARIZATION OF DIGITAL LASER MICROSCOPIC IMAGES
OF BLOOD PLASMA FILMS IN THE DIAGNOSIS AND DIFFERENTIATION OF
BREAST PATHOLOGY

For the implementation of this randomized method of diagnosis, samples of blood plasma films taken from patients of
group 1 and group 2 were "mixed". Next, a series of so-called blind measurements of the polarization maps of elliptical
states of microscopic laser images of blood plasma film samples within the two patient groups was conducted. The
statistical, correlation and spectral moments of the 1st - 4th orders, which characterize the coordinate distributions of the
ellipticity of polarization, were calculated. Then, based on the known methodology, the coordinates of the points of
operational ROC curves for group 1 and group 2 were determined.

Similar actions were done for blood plasma samples taken from group 1 and group 3 patients.

3.1 ROC ANALYSIS OF THE EFFECTIVENESS OF POLARIZATION DIAGNOSTICS OF BENIGN
BREAST CONDITIONS

There were presented the results of the ROC analysis of so-called blind method of polarization mapping of the
polarization ellipticity distributions of digital laser microscopic images of polycrystalline "mixed" blood plasma film
samples taken from healthy women (group 1) and patients with benign changes (group 2).

According to the histogram of the distribution of values of each of the statistical moments of the 1st - 4th orders, which
characterize the coordinate distributions of the ellipticity of polarization within the set of pixels of the plane of laser
microscopic images of blood plasma films, the results of determining the scale of decisions by the known method were
obtained. Thus, each determined interval is conditionally divided into four equal segments

>

[Xl;Xz _x, +Afo X, = X, +A§0 X, = X, +3A:(0 X, = X, +AX0J. Based on that the number of values of the

parameter under investigation is determined N, (X,); N,(X,); N,(X;); N,(X,); N;(X;); and the decision

category levels were determined by the patient group under consideration

A (ML) =X - 2] =[(X, +AX,)- X, ].

k=1;2;3;4

The data obtained are shown in Table 1.

Table 1. The scale of decisions by statistical moments characterizing the polarization ellipticity distributions of microscopic
images of plasma films of patients in group 1 and group 2.

M Group 1 2 3 4 5
M, Group 2 6 7 7 7 8
Group 1 13 9 6 5 2
M, Group 2 6 6 7 8 8
Group 1 11 8 7 6 3
M, Group 2 4 5 5 6 15
Group 1 19 5 5 5 2
M, Group 2 4 4 5 5 17
Group 1 20 5 5 3 2

The tabular representation (Table 2) and construct the ROC curve (Fig. 1) of informativeness of the diagnostic method
for the ellipticity parameter of images of multivariable laser microscopy of biological preparations were determined.

As can be seen from Figure 1, the analysis of higher order statistical moments M# and M and the map ellipticity of a

series of digital microscopic images is the most informative in the case of a randomized trial. The least informative is the
analysis of the informativeness of the method of randomized mapping of polarization ellipticity, based on the use of

statistical moments of the 1st M/ and 2nd M order.
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Fig. 1. ROC curves of the mapping the elliptical polarization method of laser microscopic images of blood plasma films
taken from patients of group 1 and group 2.

Thus, it is possible to ascertain the high level of informativeness and specificity of the method of laser microscopic
mapping of the ellipticity of polarization of images of blood plasma films under the conditions of blind diagnosis of
benign changes of the breast.

Table 2. Parameters of ROC curves for - group 2 (mastopathy) - 1 (norm).

M Parameter 1 2 3 4 5
I, Sensitivity Se (Y) 0,23 0,42 0,62 0,83 1,0
1 Specificity Sp (X) 0,06 0,2 0,37 0,65 1,0
M Sensitivity Se (Y) 0,23 0,4 0,6 0,82 1,0
2 Specificity Sp (X) 0,09 0,26 0,46 0,7 1,0
M Sensitivity Se (Y) 0,43 0,6 0,74 0,89 1,0
3 Specificity Sp (X) 0,06 0,2 0,34 0,46 1,0
v Sensitivity Se (Y) 0,49 0,63 0,77 0,89 1,0
4 Specificity Sp (X) 0,06 0,14 0,29 0,43 1,0

3.2 ROC ANALYSIS OF THE EFFECTIVENESS OF POLARIZATION DIAGNOSTICS OF MALIGNANT
BREAST CONDITIONS

The results of the ROC analysis of a blind polarization mapping method for the polarization ellipticity distributions of
laser images of “mixed” blood plasma film samples taken from healthy women (group 1) and patients with malignant
breast changes (group 3) are presented below.

The scale of decisions on the statistical moments of the 1st - 4th orders, which characterize the distributions of the
ellipticity of polarization of microscopic images of blood plasma of patients of the first group and the third group are
presented in table 3.
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Table 4 and Fig. Fig. 2 illustrates the parameters and dependencies determined on the basis of the decision scale (Table
3), the ROC curves of the blind mapping method of polarization ellipticity by the pixel set of digital images of blood
plasma film samples within the combined donors of group 1 and patients of group 3.

Table 3. The scale of decisions by statistical moments characterizing the polarization ellipticity distributions of microscopic
images of blood plasma films

M Group 1 2 3 4 5
M Group 3 5 6 7 8 9
1 Group 1 14 9 6 3 3
M Group 3 5 6 7 8 9
2 Group 1 12 9 7 4 3
M Group 3 3 3 5 5 19
3 Group | 20 5 5 4 2
M Group 3 3 3 4 5 20
4 Group 1 21 5 5 3 2
Table 4. Parameters of ROC curves for group 3 (cancer) and 1 (norm)
M Parameters 1 2 3 4 5
M Sensitivity Se (Y) 0,26 0,49 0,69 0,36 1,0
! Specificity Sp (X) 0,09 0,17 0,43 0,6 1,0
M Sensitivity Se (Y) 0,26 0,49 0,69 0,86 1,0
2 Specificity Sp (X) 0,09 0,2 046 | 0,66 [ 1,0
M Sensitivity Se (Y) 0,54 0,69 0,83 0,91 1,0
3 Specificity Sp (X) 006 | 017 | 031 | 043 | 10
M Sensitivity Se (Y) 0,57 0,71 0,83 0,91 1,0
4 Specificity Sp (X) 0,06 0,14 0,29 0,4 1,0
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Fig. 2. ROC curves of informative mapping of elliptical polarization of laser microscopic images of blood plasma films
taken from patients of group 1 and group 3
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According to the results of ROC analysis, a high level of informativeness analysis was obtained based on the
determination of higher order statistical moments M {13;4 , which characterize the maps of elliptical polarization of digital

images of blood plasma films taken from patients of group 1 and group 2 (Fig. 2).

Less informative was the analysis of a blind method for mapping the ellipticity of polarization formed by birefringence
of albumin-globulin polycrystalline networks, based on the use of the statistical moments of the 1st M/ and the 2nd
MY order coordinate distributions of the ellipticity of polarization. The corresponding ROC curves are closer to the
diagonal of the chosen coordinate system X (Sp)—Y (Se) compared to the similar dependences obtained for higher

order statistical moments.

Therefore, multiparameter laser microscopy of the polycrystalline structure of a series of experimental samples of blood
plasma films with the analysis of polarization maps of ellipticity states was informative and specific in the case of blind
diagnosis of malignant changes in the mammary gland.

3.3 ROC ANALYSIS OF THE EFFICIENCY OF POLARIZATION DIFFERENTIATION OF BENIGN AND
MALIGNANT BREAST CONDITIONS

The results of the investigation of informativeness of the test based on mapping of polarization ellipticity distributions of
polarization of microscopic images of blood plasma films, taken from patients with benign and malignant breast changes,
using the blind method of ROC analysis for differentiation of such states are presented.

Table 5. Decision scale by statistical moments characterizing the polarization distributions of the polarization images of the
plasma films of patients of group 2 and group 3

M Group 1 2 3 4 5
M Group 3 6 7 7 7 8
1 Group 2 13 9 6 5 2
M Group 3 6 6 7 8 8
2 Group 2 11 8 7 6 3
M Group 3 4 4 5 8 14
3 Group 2 13 9 6 4 3
M Group 3 4 5 5 8 13
4 Group 2 14 9 5 4 3

Table 6 presents the parameters based on the data in table 5 ROC analysis of the method of blind polarization mapping.

Table 6. ROC curve parameters for group 3 (cancer) - 2 (mastopathy)

M Parameters 1 2 3 4 5
Iy Sensitivity Se (Y) 0,23 0,42 0,62 0,83 1,0
1 Specificity Sp (X) 0,06 0,2 0,37 0,65 1,0
v Sensitivity Se (Y) 0,23 0,4 0,6 0,82 1,0
2 Specificity Sp (X) 0,09 0,26 0,46 0,7 1,0
M Sensitivity Se (Y) 0,4 0,63 0,77 0,89 1,0
3 Specificity Sp (X) 0,09 0,2 0,37 0,63 1,0
M Sensitivity Se (Y) 0,4 0,63 0,74 0,89 1,0
4 Specificity Sp (X) 0,09 0,21 0,38 0,65 1,0

Table 5 presents the results of the patient state decisions within the combined groups 2 and 3 according to the calculated
statistical moments of the 1st - 4th order, which characterize the maps of elliptical polarization of microscopic digital
images of a series of experimental samples of blood plasma films.
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Fig. 3 illustrates a series of ROC curves calculated for a set of statistical moments from the Ist M/ to the 4th M/

order that characterize the distribution histograms of random polarization ellipticity values formed by the birefringence
of albumin and globulin films.
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Fig. 3. ROC curves of informativeness mapping of the elliptical polarization of laser microscopic images of blood plasma
films taken from patients of group 3 and group 2

From the results of ROC analysis, a high level of informativeness of the method of laser polarimetric mapping of
ellipticals of images of blood plasma films and analysis of statistical moments of higher orders of these distributions
become evident not only in the diagnosis but also in the differentiation of benign and malignant conditions of the breast
from patients of group 2 and group 3 (Fig. 3).

Therefore, multiparameter laser microscopy of elliptical polarization maps of laser images of blood plasma films proved
to be informative and specific and in the case of blind differentiation of benign and malignant changes of the breast.

CONCLUSIONS

Testing based on a highly specific discriminant test based on statistical estimates of polarization elliptical mapping is
appropriate and effective in the second stage of diagnosis, when the suspected disease circle is narrowed, and the disease
must be proven with greater certainty.

However, the increase in specificity is inevitably accompanied by a decrease in sensitivity and vice versa. Therefore, in
order to create an optimal diagnostic multi-parameter system for laser polarimetry of blood plasma films in assessing the
physiological states of the breast, a trade-off between sensitivity and specificity indices should be found, which will
optimally reflect the balance between the risks of false alarms and disease omissions.
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