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ABSTRACT

The paper presents the results of the possibility of a polarization-interference approach to the analysis of microscopic
images polycrystalline blood films of patients of benign and malignant prostate tumours with different degrees of
differentiation. Measurements and analysis of maps and histograms of the distribution of the local contrast value of
polarization-interference distributions of microscopic images of polycrystalline blood films of patients . Determination
of the relationship between the statistical moments of the 1st - 4th orders characterizing the distributions of the local
contrast value of the polarization-interference distributions of microscopic images of polycrystalline blood films of
patients. Determination of statistical criteria for polarization-interference diagnosis of histological sections of biopsy of
adenoma and adenocarcinoma with varying degrees of differentiation. Determination of sensitivity, specificity, accuracy
of the polarization interferometry method for differential diagnosis of polycrystalline blood films of patients of adenoma
and adenocarcinoma with varying degrees of differentiation.
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1. STRUCTURAL-LOGICAL AND OPTICAL SCHEME OF POLARIZATION
INTERFEROMETRY OF MICROSCOPIC IMAGES OF BIOLOGICAL LAYERS

In fig. 1 shows the structural and logical diagram and design of the method of polarization [1-7] interferometry [8-20] of
microscopic images of histological sections of biopsy of prostate tumours.
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Gas helium-neon laser;
Wavelength 0.6328 pm
Optical collimator for forming a parallel laser beam with a
cross section of 5 mm

System of formation of linear (0°;90°:45° ) and right-
circular polarization (linear polarizer (Achromatic True
Zero-Order Waveplate) - quarter-wave plate (B + W
Kaesemann XS-Pro Polarizer MRC Nano)).
Microscopic coordinate node
Polarizing micro lens
(Nikon CFI Achromat P, working distance — 30mm, focal
distance - 50mm, NA — 0.1, magnification — 4x)

Transmission system of linearly (0°;90%;45°:135°), right-
and left-circularly polarized components
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Fig. 1. Structural and logical diagram of the method of polarization interferometry of microscopic images of histological
sections of biopsy of prostate tumours.

2. CHARACTERISTICS OF RESEARCH OBJECTS

The following groups 3pa3kis of polycrystalline blood films were studied:

Prostate adenoma biopsy control group 1 (36 samples).

Highly differentiated adenocarcinoma (3 + 3) of the prostate - study group 2 (36 samples).
Medium differentiated adenocarcinoma (3 + 4) of the prostate - study group 3 (36 samples).
Low differentiated adenocarcinoma (4 + 4) of the prostate - study group 4 (36 samples).
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3. COORDINATE AND STATISTICAL STRUCTURE OF LOCAL CONTRAST
MAPS OF MICROSCOPIC IMAGES OF POLYCRYSTALLINE BLOOD FILMS
OF PATIENTS OF PROSTATE TUMOURS WITH DIFFERENT DEGREES OF

DIFFERENTIATION

Coordinate (fragments (1)) and statistical parameters of histograms (fragments (2)) of the distributions of the magnitude
W(m, n) of digital microscopic images of histological sections of biopsy of adenoma and adenocarcinoma with different

degrees of differentiation are shown in a series of fragments in Fig. 2 - Fig. 5
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Fig. 2. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of the polarization-
interference microscopic image of the polycrystalline blood film of a patient with adenoma - control group 1.
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Fig. 3. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of a polarization-interference
microscopic image of a polycrystalline blood film of a patient with adenocarcinoma of high differentiation (3 + 3) - research
group 2.
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Fig. 4. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of a polarization-interference
microscopic image of a polycrystalline blood film of a patient with adenocarcinoma of medium differentiation (3 + 4) -
research group 3.
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Fig. 5. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of a polarization-interference
microscopic image of a polycrystalline blood film of a patient with adenocarcinoma of low differentiation (4 + 4) - research
group 4.

Comparative analysis of the results of polarization-interference measurements of local contrast maps (Fig. 2 - Fig. 5) of
digital microscopic images of representative samples of polycrystalline blood film samples from patients in the control
(group 1) and all research (group 2 - group 4) groups revealed:

. The presence of the widest possible range of coordinate and quantitative changes in the magnitude of the local
contrast of polarization-interference distributions in the plane of digital microscopic images of a set of samples of
polycrystalline blood films of patients with adenoma and adenocarcinoma of the prostate of different differentiation

according to the Gleason scale — (3+3), (3+4) and (4+4), - 0SW <1

. Individual structure of histograms of distributions of the local contrast value of polarization-interference maps
in the plane of digital microscopic images of a set of samples of polycrystalline blood films of patients with adenoma
and adenocarcinoma of the prostate of different differentiation according to the Gleason scale — (3+3), (3+4) and (4+4).

. Sequential decrease of the average of histograms of distributions of the local contrast of polarization-
interference maps in the plane of digital microscopic images of samples of polycrystalline blood films of patients with
adenoma and adenocarcinoma as the degree of differentiation on the Gleason scale decreases — (3+3), (3+4) and (4+4).

This can be associated with biochemical changes in the concentration of blood corpuscles, which lead to a decrease in
the level of optical anisotropy in the presence of adenocarcinoma with a decrease in the level of their differentiation. —
(3+3), (3+4) and (4+4).

This scenario corresponds to a decrease in phase fluctuations at the points of digital microscopic images of
polycrystalline blood films of patients with malignant tumours with low differentiation.

Proc. of SPIE Vol. 12126 1212629-4



4. STATISTICAL ANALYSIS OF LOCAL CONTRAST MAPS OF DIGITAL
MICROSCOPIC IMAGES OF POLYCRYSTALLINE BLOOD FILMS OF
PATIENTS WITH PROSTATE TUMOURS OF VARIOUS DIFFERENTIATION

Quantitatively, the scenarios for changing the local contrast maps of microscopic images of polycrystalline blood films
are illustrated by a set of mean intragroup values and standard deviations of the magnitude of statistical moments SM;
Table 1.

Table 1 Statistical parameters of the local contrast map W(m, n) of microscopic images of polycrystalline blood plasma

films
Type Adenoma | Adenocarcinoma (3+3) | Adenocarcinoma (3+4) Adenocarcinoma
4+4
SM, | 0.21£0.009 0.14+0.006 0.102 + 0.005 0.0éSi)0.00C%
p p <0.001
p<0.05
p<0.05
SM, | 0.29£0.013 0.18+0.08 0.13+0.06 0.09+ 0.004
p p <0.001
p<0.05
p<0.05
SM, | 0.88+0.038 1.11+0.054 1.46 £ 0.068 1.74+0.079
p p <0.001
p<0.05
p<0.05
SM, | 1.05%£0.048 1.44+0.069 1.87£0.088 2.11+0.096
p p <0.001
p<0.05
p<0.05

From the obtained data of the statistical analysis of the local contrast distributions W(m,n), which were determined by

the method of polarization-interference mapping of a set of digital microscopic images, the statistical reliability
(p<0.05 or p<0.001) of differentiation of all types of samples of polycrystalline blood films of patients was

established.

5. INFORMATIONAL ANALYSIS OF THE DIAGNOSTIC POWER OF THE
METHOD OF POLARIZATION-INTERFERENCE MAPPING OF
MICROSCOPIC IMAGES OF POLYCRYSTALLINE BLOOD FILMS OF
PATIENTS WITH PROSTATE TUMOURS OF VARIOUS DIFFERENTIATION

The following results were obtained:

e Very good level of accuracy of differential diagnosis "adenoma (control group 1) - adenocarcinoma (research group 2
- group 4)" — Ac =92%;
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e Very good level of accuracy of differential diagnosis "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (4 + 4, -
group 4)" — Ac =93%+91%;

e Good level of accuracy of differential diagnosis "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (3 + 4, - group
3)"— Ac=88%;

o Satisfactory level of accuracy of differential diagnosis "adenocarcinoma (3 + 4, - group 3) - adenocarcinoma (4 + 4, -
group 4)" — Ac =84%.

CONCLUSIONS

1. The possibilities of the polarization-interference approach to the analysis of microscopic images of polycrystalline
blood films in the differential diagnosis of benign and malignant tumours of the prostate with varying degrees of
differentiation have been experimentally investigated and clinically analyzed.

2. A complex cycle of measuring and analyzing the topographic structure of maps and histograms of the distribution of
the local contrast value of polarization-interference distributions of digital microscopic images of a set of representative
samples of samples of polycrystalline blood films of patients in the control and experimental groups has been
implemented.

3. Statistical criteria for polarization-interference diagnostics of a set of representative samples of samples of
polycrystalline blood films of patients from the control and experimental groups have been established and analytically
substantiated..

4. As part of the information analysis, the operational characteristics (sensitivity, specificity, accuracy) of the diagnostic
strength of the polarization interferometry method for differential diagnosis of polycrystalline blood films of patients
from the control and experimental groups were determined.
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