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Application of Fractal and Euclidean Methods to Differentiate Normal and

Neoplastic Thyroid Cells

Abstract

Context: The differentiated papillary and follicular thyroid neoplasms can be characterized from
the notions of fractal and Euclidean geometry to overcome the challenges faced by the pathologist.
This method was previously used in differentiating preinvasive lesions of cervical cancer.
Aims: to characterize the irregularity of histologic samples of normal thyroid cells as well as benign
and malignant thyroid papillary and follicular carcinomas, through the box-counting method using
the principles of fractal and Euclidian geometry. Settings and Design: This is a retrospective study
involving the measurement of thyroid cells through pixels in photographs, applying geometric
methods. Subjects and Methods: Photographs of histological samples from normal and neoplastic
biopsy samples were taken and processed by a software in order to delimit the borders of the nucleus
and cytoplasm. Then, the box-counting method was applied by superimposing grids of 5 and 10
pixels to measure the fractal dimension and the occupied spaces of the cellular surface. Results: The
set of papillary and follicular cells evaluated from the occupied spaces from the borders and surfaces
of the nucleus and cytoplasm in the 5-pixel grid showed that normal cells are included within a range
of values, while the neoplastic variations are differentiable from this range. Conclusions: Fractal and
Euclidean geometries can differentiate normality from some benign and malignant thyroid lesions,
which opens a path to develop methodologies that characterize more precisely distinctive features
between normal and neoplastic cells independent of qualitative criteria from traditional pathology

and histology.
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Introduction

The American Cancer Association estimated
52.070 new cases of thyroid neoplasms and
2.170 deaths due to these diseases for 2019
in the United States. Although constant,
the mortality rate for thyroid cancer is low
compared to other types of neoplasms.!"! The
introduction and routine usage of ultrasound
resulted in the detection of small nodules
and thus contributing to the increased
incidence of thyroid cancers.!!! It is worth
noting that better diagnostic methods are
resulting in early diagnosis and diagnosis of
advanced stage cancer, independent of the
type of cancer.l?!

In the clinical literature, it is documented
that the majority of thyroid neoplasms
begin in follicular cells of the thyroid
gland and their progression varies from
well-differentiated  thyroid cancers to
anaplastic cancers.’* There are different
types of malignant thyroid neoplasms
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depending on the cell of origin and the
extent of differentiation, or if they are
medullar or anaplastic.® Differentiated
thyroid neoplasms include papillary,
follicular, and Hiirthle cell cancer; most
differentiated tumors are heterogeneous,
including papillary and follicular patterns
simultaneously, ~which was  formerly
described as mixed follicular and papillary

carcinomas.’]  However, the current
classifications differentiate among the
most predominant histological pattern

within differentiated thyroid carcinomas,
establishing variants of  papillary
carcinoma.’) Nevertheless, it has been
considered that differentiated neoplastic
cells share similar morphologic features
with normal cells when under microscopy.”

The initial diagnostic criteria of the papillary
carcinoma were established through a growth
pattern; then, the shape of the nucleus
was more relevant, given that the nuclear
characteristics are considered as a diagnostic
pattern of the tumor.! Studies conducted to
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evaluate the shape of the nucleus of papillary tissues have
found that this structure is bigger and oval shaped when
compared to the nucleus of benign follicular cells, although
it is common to find similar nuclear features.'” Thus, the
necessity for modalities that can differentiate the features
at ultrastructural level has arisen, in which an extreme
polymorphism in the nucleus of differentiated thyroid
carcinomas has been found, some presenting spherical forms
sliced by a deep narrow furrow in two unequal parts or the
appearance of ground-glass, among other features.!”

Fractal irregular objects that are the base of fractal
geometry® and its notions have been applied for the
characterization of irregular structures of the human
body, revealing the possibility of developing more precise
measures of the irregularity of these structures.!'™?!] Among
the designed methods to evaluate the degree of irregularity
of fractal objects, the Box-Counting method is found.
This method evaluates fractal dimension of fractal objects
called wild fractals® such as coronary arteries!'*! and
has been applied to clinically characterize and diagnose
glaucoma, the normal human vasculature, breast cancer
tissues, and others.'*?"! From this line of investigation,
different diagnostic methodologies of clinical application
that evaluate the different lesions of cervical cells have been
developed capable of differentiating benign from malignant
atypical squamous cells of undetermined significance relying
on the occupied spaces of the nucleus and cytoplasm.!'®!

Considering that thyroid cells exhibit irregular features
suggesting their fractality and in the frame of previous
research, the purpose of this study is to conduct an
application of a methodology developed by Rodriguez
with the purpose of characterizing the irregularity of the
nucleus and cytoplasm of cells obtained from biopsy
samples of normal and benign and malignant papillary
and follicular thyroid neoplasms through the box-counting
method and to compare the values of the occupied spaces
of the surface and border of these structures.

Subjects and Methods

Surface of the object

Quantity of pixels occupied by the cytoplasm or nucleus.
Border of the object

Quantity of pixels occupied by the edges of the cytoplasm
or nucleus.

Fractal dimension

Evaluates the degree of irregularity of fractal objects,
which are both the cytoplasm and the nucleus of cells,
through the following formula:

D LogN(2™*"" )-LogN(2"* ) _ N(2®7)
Log2*"" - Log2* &2 N(2*)
Equation 1

Where D: Fractal dimension; N: Quantity of spaces
occupied by the surface or the border of the fractal objects;
and k, the partition of the grid.

Population

Histological samples prepared with quality and staining criteria
were obtained from biopsy samples of patients with different
sex and ages who had indication of thyroid gland biopsy.
From these samples, different sets of cells were organized and
observed, considering normal thyroid cells as well as benign
and malignant thyroid papillary and follicular carcinomas
according to the traditional evaluation performed by an
expert pathologist like this: 2 sets of 10 normal papillary and
follicular cells; 2 sets of 10 cells with adenoma and follicular
carcinoma; and 4 sets of 10 cells with papillary thyroid
carcinoma classical variant, poorly differentiated papillary
carcinoma, anaplastic thyroid carcinoma with one nucleus,
and anaplastic thyroid carcinoma with 2 or more nuclei.

Procedure

The histological samples were observed with a light
microscope using transmitted moderately intense light
under oil immersion at a magnification of %100 and
were then photographed with a digital camera. All the
photographs were adjusted to be saved with the same width
in pixels, and the borders of the cytoplasm and nucleus of
each cell were defined with an image editor. Then, these
images were treated with a software designed in C™ that
recognizes these edges and allows to measure the structures.

In order to find the fractal dimension of each cell (Equation
1), two grids of 5 (R5) and 10 (R10) pixels are overlapped
on the images. Then, a quantification of the squares
occupied by the border and the surface of each cell was
done. The measurement of the number of squares occupied
by the surface of the cell with the RS and R10 grids allows
to obtain fractal dimension. Spaces occupied by the borders
of the objects were as well considered for measurement.

Ethical aspects

As the samples were obtained from patients who had a
medical indication of thyroid biopsy, consent was taken from
patients in order to authorize the processing of their samples
for research purposes. The integrity and anonymity of the
participants was preserved at all times. The Institutional Ethics
Committee of Fundacion Universitaria Autéonoma de las
Américas approved the development of the project. According
to the article 11 of the Resolution 8430 of 1993 and the law
84 of 1989 emitted by the Ministerium of Health, the kind of
risk related to this research is minimum, since physical and
mathematical calculations are performed over results.

Results

Tables 1 and 2 display the histopathological diagnosis
for the group of follicular and papillary cells as well as
the values of the spaces occupied in R5 and R10 grids.
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Values of fractal dimension were not considered in the
characterization of cells due to overlapping of numbers.
The analysis of normal cells highlights that the number of
squares occupied when overlapping the two grids, both the
surface and cytoplasm overlap. Besides, it was noted that
the nucleus and cytoplasm of normal papillary tissues had
bigger occupied spaces, consistent with other studies.[®

Furthermore, it can be observed that the differences of
the spaces occupied when overlapping the two grids in

the variations of the nucleus of the of the other cellular
groups with regard to normal cells were quite small. The
values for normal follicular thyroid cells varied between
38-26 and 19-12 with the R5 and R10 grids, while
these values were 42-33 and 23-16 for normal papillary
thyroid cells, respectively. With respect to the cytoplasm,
slight changes are noted with respect to all the cellular
groups when compared with the normal group of
follicular and papillary tissues, which were 144-89 and
132-84, respectively.

Table 1: Histopathological diagnostics and values of representative follicular thyroid cells

Number Follicular thyroid cells
Histopathological Nucleus Cytoplasm
diagnostic R5 R10 S Con Df R5 R10 S Con Df
1 Normal 54 27 2088 194 1 115 46 1473 464 1.322
2 Normal 47 25 2099 183 0911 120 51 1752 448 1.234
3 Normal 38 19 1404 134 1 121 55 3025 455 1.138
4 Normal 24 12 736 92 1 94 40 1884 366 1.233
5 Normal 34 19 1394 127 0.840 144 68 3370 549 1.082
6 Follicular adenoma 33 17 1297 134 0.957 85 36 1611 363 1.239
7 Follicular adenoma 37 20 1339 134 0.888 68 32 1204 298 1.087
8 Follicular adenoma 38 20 1835 161 0.926 63 32 1468 261 0.977
9 Follicular adenoma 33 17 1515 144 0.957 78 31 928 330 1.331
10 Follicular adenoma 37 19 1755 148 0.962 81 33 1344 313 1.295
11 Follicular Ca. 47 23 2025 191 1.031 124 59 3178 544 1.072
12 Follicular Ca. 52 26 2960 199 1 139 66 4128 555 1.075
13 Follicular Ca. 38 20 1146 157 0.926 98 40 1471 420 1.293
14 Follicular Ca. 42 22 1600 169 0.933 112 50 2583 458 1.163
15 Follicular Ca. 41 22 1709 164 0.898 117 57 3527 486 1.037
Ca — Carcinoma
Table 2: Histopathological diagnostics and values of representative papillary thyroid cells
Number Papillary thyroid cells
Histopathological diagnostic Nucleus Cytoplasm
R5 R10 S Con Df R5 R10 S Con Df
1 Pa. thyroid Ca. classical variant 46 24 2233 138 0.939 112 48 2248 450 1.222
2 Pa. thyroid Ca. classical variant 47 25 2391 196 0.911 124 59 2918 510 1.072
3 Pa. thyroid Ca. classical variant 39 18 2045 158 1.115 99 45 1820 410 1.138
4 Pa. thyroid Ca. classical variant 38 20 1857 162 0.926 93 42 1699 416 1.147
5 Pa. thyroid Ca. classical variant 45 21 2125 171 1.100 104 46 2144 407 1.177
6 Pd. Pa Ca. 43 22 2461 177 0.967 118 60 3665 502 0.976
7 Pd. Pa Ca. 51 25 2977 200 1.029 124 60 2773 519 1.047
8 Pd. Pa Ca. 46 23 2237 188 1 139 62 3552 551 1.165
9 Pd. Pa Ca. 37 19 1394 147 0.962 107 53 3440 441 1.014
10 Pd. Pa Ca. 47 25 2489 190 0.911 119 54 2309 482 1.140
11 An. thyroid Ca. 28 14 802 107 1 78 34 1331 308 1.198
12 An. thyroid Ca. 43 21 1442 157 1.034 136 63 3720 519 1.110
13 An. thyroid Ca. 37 20 1086 139 0.888 106 49 2274 433 1.113
14 An. thyroid Ca. 22 10 686 96 1.138 74 31 1613 320 1.255
15 An. thyroid Ca. M 41 21 2247 160 0.965 246 121 25476 936 1.024
16 An. thyroid Ca. M 37 20 1407 147 0.888 243 123 26396 920 0.982
17 An. thyroid Ca. M 35 19 1105 128 0.881 233 115 26714 902 1.019
18 An. thyroid Ca. M 40 20 2015 155 1.000 243 120 25741 929 1.018
19 An. thyroid Ca. M 25 11 481 85 1.184 228 116 27516 859 0.975

Ca — Carcinoma; Pa — Papillary; Pd — Poorly-differentiated; An — Anaplastic; M — Multinucleate
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In exchange, the values of the surfaces and borders allow
further characterization between the groups of follicular
and papillary tissues. For example, the nuclear surface of
normal follicular cells varied between 1404 and 502 while
adenoma cells varied between 1835 and 1297 and follicular
carcinoma cells varied between 2960 and 1146. This
indicates that the nuclear surface of follicular carcinoma
is bigger than for normal tissues; similar findings are
obtained when analyzing the values of the borders. The
values of the surface of the cytoplasm of papillary normal
cells varied between 3370 and 1526, whereas follicular
adenoma cell varied between 1611 and 928, and follicular
carcinoma occupies a bigger space.

Discussion

This is the first investigation that conducts an application
of a methodology based on the notions of fractal and
Euclidean geometry in order to characterize different
groups of follicular and papillary thyroid cells, through
the analysis of the degree of irregularity of the cellular
surfaces and borders. The results of the evaluated groups
with the box-counting method reveal the possibility of
obtaining new methods of characterization from the
occupied spaces by the nucleus and cytoplasm.

In the medical literature, it 1is mentioned that
well-differentiated thyroid carcinomas, whether papillary
or follicular, are morphologically similar to normal tissues
under microscopy.’”! This study found that the values of
the occupied spaces with the two grids in normal follicular
and papillary cells are overlapped, but papillary cells are
slightly bigger. Although these results are consistent with
some clinical results,’ the measurements developed from
the values of the surface and border of cells reveal the
possibility of enhancing the distinctions between these
cellular groups, which in the future can contribute to the
design of a complementary diagnostic methodology for
thyroid cancer.

On the other hand, cervical cancer has been analyzed
under this line of investigation, achieving the development
of diagnostic methodologies with which is possible to
conduct objective and reproducible characterizations of
preneoplastic and neoplastic states.['>1¢!8) This research
highlights as well that current oncologic knowledge can
further be amplified with methodologies that measure
cellular structures and establish mathematical numerical
values that allow diagnose cellular lesions.

The development of precise methodologies that reduce the
inter- and intraobserver diagnostic variability has been a
priority in medicine to ensure clearer diagnostics. This
has been achieved through the theoretical physics and
mathematical thinking that seeks to generalize phenomena,
independent of risk factors or the experience of the
operator. For example, the studies developed in neonatal,
fetal, and adult cardiology are proof of the applicability of

this thinking, from which alterations of cardiac dynamics
and mortality can be predicted.?>2

Limitations

This study and other methods,?>?* although highly
promising in the clinical context, can only be clinically
applicable if automatized through specialized software
that allows to obtain immediate diagnostics. Furthermore,
the acausal perspective of this research does not answer
causal relationship among phenomena, which is why this
evaluation must be complemented with other methods that
elucidate the etiology of diseases.

Conclusions

A novel method based on fractal and Euclidean geometries
was used to characterize thyroid cellular features. This
method could enhance the diagnosis of thyroid cancer
since it is independent of the operator diagnostic criteria
and expertise; however, diagnostic parameters must be first
established in other diagnostic agreements studies between
this method and the current histopathological criteria with
larger samples that confirm our findings. Furthermore,
this method must be fully automated since the application
performed in this study was manual.
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