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BREAST CANCER  WITH MICROCALCIFICATES:
A BIBLIOMETRIC ANALYSIS

Introduction. Microcalcifications in breast tissue are an
important marker of the tumor process and are crucial for early
diagnosis of this pathology. Detection of microcalcifications in the
breast gland using mammography is of great importance in the
diagnosis of breast cancer (BC), especially in the early stages. The
presence of microcalcifications in the mammary gland indicates a
worse prognosis, mainly due to a higher frequency of lymph node
invasion and rapid metastasis.

The objective of the paper is the bibliometric analysis and
research of data on the pathomorphological characteristics of breast
cancer with biomineralization.

Materials and methods. The authors searched for information
on BC in electronic databases such as PubMed, Scopus, Web of
Science, and Google Scholar using key terms such as "breast
cancer,” “calcification,” "microcalcifications". For bibliometric
analysis, we used SciVal (Scopus) online platform for monitoring
and analyzing international scientific research using visualization
tools and modern citation metrics and VOSviewer tool for building
and visualizing bibliometric networks.

Results. The presence of microcalcifications in the mammary
gland correlates with a worse prognosis, especially due to a higher
frequency of lymph node invasion and rapid metastasis.

It is important to distinguish microcalcifications by type and
origin, as they can be an indicator of differential diagnosis of the
pathological process in the tissue of the gastrointestinal tract,
namely, benign and malignant pathology.

We performed a bibliometric analysis of the scientific sources of
the Scopus database, which included 924 publications. The main
keywords for the bibliometric analysis were "breast cancer",
"calcification", "microcalcifications”. The results of the analysis
indicated that the number of publications on the specified subject had
increased over the past 10 years, which showed the relevance of the
problem among scientists.

Among the most interesting areas, we singled out the papers
devoted to the classification of breast cancers, early diagnosis of
breast cancer, and classification of biomineral deposits.
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In order to build and visualize bibliometric networks, we used the
VOSviewer publication activity tool.

Conclusions. For the period of 1967-2022, we identified 4
chronological stages from the bibliometric analysis results in the
Scopus database, which included: 1) radiological methods of
research — mammography, 2) pathomorphological assessment of
cervical cancer and calcifications, 3) study of BC progression
biomarkers, 4) prognostic assessment of BC depending on metastasis
and survival. We divided all publications into 6 thematic clusters: 1)
classification of biominerals, 2) mammography, 3) physico-chemical
composition of calcifications, 3) ductal neoplasia of the breast, 4)
biopsy, 5) metastasis of cervical cancer, 6) calcium hydroxyapatite.

Keywords: breast cancer, microcalcifications, bibliographic
analysis, hydroxyapatite, oxalate.
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PAK TPYJIHOI 3AJIO3W 3 MIKPOKAJBIIU®IKATAMM:
BIBJIIOMETPUYHUI AHAJII3

Beryn. HasiBHicTh MikpokanblM(ikaTiB y TKaHUHI TPYIHOT 3aJ10-
31 (I'3) € BaxJIMBUM MapKepoM MyXJIMHHOI'O NpOLEeCy Ta JUId paH-
HBOT JIIarHOCTHKHU 1i€l maTosorii. BusBieHHsS MIKpOKaJIbLIMHATIB Y
TPYIHIHN 321031 32 JOOMOTor0 Mamorpadii Mae BeluKe 3HAYCHHS B
niarHocTHIl paky rpyaHoi 3ano3u (PI'3), ocobnmBo Ha paHHIX CTafi-
sx. HasiBHiCTH MiKpOKanmbIH(]iKaTiB y TPYAHIN 3271031 BKa3ye Ha Tip-
IIUH TIPOTHO3, B OCHOBHOMY uUepe3 OUIBITy YacToTy iHBas3il JiMpaTu-
YHHX BY3JIiB Ta IIBHJKE METACTa3yBaHHS.

MeTto10 podoTu € 6i0ioMeTpUYHNUIT aHai3 Ta AOCIIKEHHS J1a-
HUX 100 MATOMOP(OJIOTiYHIX XapAKTEPUCTHK PaKy TPYIHOI 3a10-
31 3 OiOMiHEepaTi3aIi€ro.

Marepianu Ta MeTonu: aBTOpamMH OYJIO NMPOBEJIEHO MOIIYK iH-
dhopmariii crocoBHO paky rpyanoi 3ano3u (PI'3) B enekTpoHHuX Oa-
3ax maHuX, Takux sk PubMed, Scopus, Web of Science ta Google
Scholar, 3a TaKMMHU KIIFOYOBHMH TEPMiHAMH, SIK «pak I'pyIHOI 3a]0-
3W», «KAIBIUQIKAIiLy, «Mikpokagpnudikatuy. s 6idmiomerpuy-
HOTO aHalli3y 3aCTOCOBYBAJIMCS OHJIAWH-TIAT(GOpPMa JUIST MOHITOPHH-
Ty Ta aHali3y MDKHapOJHHX HAayKOBHX JOCII/DKEHb 3 BHKOPHCTaH-
HSM I1HCTPYMEHTIB Bi3yasizalil Ta Cy4aCHMX METPUK LUTYBaHHS
SciVal (Scopus) Ta iHCTpyMeHT ajist moOyA0BH Ta Bi3yauizamii 610i-
omeTpuyHHX Mepexx VOSviewer.

PesyabTaTn. HasBHiCTE MiKpOKaNbIUGiKaTIB y TPpyaHIN 3ay03i
KOpEJIO€ 3 TIpIIMM TNPOTHO30M, OCOOJIMBO uepe3 OUIbIly YacTOTy
iHBa3ii JiM(paTHIHNX BY3JIB Ta NIBUIKE METACTA3yBaHHS.

BaxnBo po3pi3HATH MiKpOKaJbIM(piKaTH 3a TUIIOM 1 II0XO-
JUKEHHSIM, TaK SIK BOHM MOXYTb OyTH IHAMKAaTOpOM JH(epeHiiHOoT
JIIarHOCTUKH ATOJIOTIYHOTO Ipolecy y TkaHuHi ['3, a came nobOpos-
KICHOT Ta 3JI0SKiCHOT TaTOJIOTii.

Mu 3pobunm GibmioMeTpUYHHN aHaji3 HAyKOBUX IpKepen 0asu
naHux Scopus, ski BKimrodanu 924 myOmikanid. OCHOBHUMH KITIOYO-
BUMH CIIOBaMH JUIsi 010JIOMETPUYHOTO aHaji3y Oynau «pak TpyaHOl
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3QJI030», «KaTbIHU(DIKaIisny, «MiKpokanbludikatu». Pesynbpratn
aHaJi3y CBiAYATh MpPO T€, MO KUTBKICTh IMyOmikamid Ha 3a3HaueHY
TEMAaTHKy Ma€ TEHACHIIIO JO 3pocTaHHS 3a ocTaHHI 10 pokis, mo
BKa3y€ Ha aKTYaJbHICTh MPOOIEMATHKA y HAYKOBIIIB.

Cepen HalOUIbII LIKaBUX HANpsMIB MyOJIiKaIiifHOI aKTHBHOCTI
MU BHIUIIEMO pOOOTH NMpHUCBsUeHI Kiacudikauii myxmus ['3, panHii
miarnoctui PI'3, knacudikarii GioMiHepaabHUX JAEMO3UTIB.

Jns moOynoBu Ta Bizyamnizanii 010J1iOMETPHYHUX MEpeX MU BH-
KOpHCTall IHCTPYMEHT IryOuikauiitnoi aktuBHocti VOSviewer. 3a
nepiox 1967-2022 pp. 3 pe3ynbraTiB 0i0IiOMETPHYHOTO aHATIZY y
0a3i maHmx Scopus 3a KIFOYOBHMH CIOBAMH MH BHAUTIIN 4 XPOHO-
JOTIYHI eTamw, sIKi BKJIIOYAIOTh HACTYMHE: 1) pamioyoriuHi MeToqu
JOCTIKeHHST — MaMmorpadis, 2) maromopdororiuda ominka PI'3 Ta
Kanpuu(ikatiB, 3) mochimKkeHHs OioMapKepiB MyXJIMHHOI mporpecii
PI'3, 4) npornoctryHa ouinka PI'3 B 3ayIe:)KHOCTI Bill MeTacTa3yBaH-
Hs Ta BH)KMBAHOCTI. Bei myOsmikamii Mu po3AUTHIN HAa 6 TeMaTHYHUX
kiactepiB: 1) kiacudikauis Oiominepanis, 2) mamorpadis, 3) ¢izu-
KO-XIMIYHUH cKi1aa KaibudikatiB, 3) IpOTOKOBA HEOIUIa3is TPy IHOT
3asno03u, 4) Oiomcis, 5) meractazyBanns PI'3, 6) rizpokcuanatuT ka-

JIBLIIIO.
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INTRODUCTION / BCTYII

Breast cancer is one of the most common
cancers worldwide. The disease is the leading cause
of death from cancer in women in more than 100
countries [1, 2].

Microcalcifications in the tissue sample are an
important marker of the pathological process.
Microcalcification's presence in the tumor tissue is
a criterion for determining the stage of the disease
and for early diagnosis of this pathology [3].
Detection of microcalcifications in the breast using
mammography is crucial in diagnosing breast
cancer, especially in the early stages. Breast cancer
microcalcifications are usually associated with
degenerative-necrotic changes in tumor tissue [4].
Microcalcifications in the breast correlate with a
worse prognosis, especially due to a higher
frequency of lymph node invasion and rapid
metastasis [5].

Objective. The work aims to carry out a
bibliometric analysis and study of data on the

pathomorphological characteristics of BC with
biomineralization.

Materials and methods

We searched electronic databases such as
PubMed, Scopus, Web of Science, and Google
Scholar for information on breast cancer (BC) with
microcalcifications for the period 1967-2022 using
key terms such as "breast cancer," "calcification,"
"microcalcifications." For bibliometric analysis, an
online platform for monitoring and analyzing
international scientific research using visualization
tools and current citation metrics, SciVal (Scopus)
and a tool for building and visualizing bibliometric
networks, VOSviewer were used.

We used Scopus database bibliometric tools to
analyze the year, source, type of study, subject area,
and country of the publication. The VOSviewer
system from the University of Leiden
(http://www.vosviewer.com/) was used to generate
and visualize the bibliometric network.

The results and discussion

Physico-chemical classification of biominerals
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Biologically, biomineral deposits are divided
into two main types: type I, consisting of calcium
oxalate (CO), and type II, consisting of
hydroxyapatite (HA). Classification is based on
chemical composition and  mammographic
characteristics, including morphology, distribution,
and density. Research data indicate that type Il is
often associated with malignant lesions of the
gastrointestinal tract [5, 6].

CO is produced by apocrine cells and is most
often associated with benign changes in breast
tissue. CO cannot be metabolized by mammalian
cells, indicating that its presence metabolically
affects epithelial cells and can induce proliferation
and c-Fos overexpression in MCF-7 cells [6, 7].

Biominerals of type | have an amber color, are
partially transparent and have the form of
pyramidal structures with a flat surface. Minerals of
type Il are white-gray in color, opaque,
respectively, spindle-shaped or egg-shaped with an
irregular surface [5, 8]. When analyzing the
majority of studies, it can be asserted that the
presence of calcium oxalate is more common in
benign  breast pathology or non-invasive
carcinomas in situ, and the presence of HA is
associated with both benign and malignant breast
pathology [9].

Type Il calcifications can be associated with
benign and malignant breast formations; they are
present in benign tumors such as fibroadenomas,
fibroadenosis, and sclerosing adenosis and are
related to invasive cancer in experimental models
necrosis and fibrosis [10-12].

Not only the detection of microcalcifications but
also their specific properties are important. The
morphology of biomineral deposits can indicate a
malignant process in the breast. Recently, many
studies have indicated a connection between
histopathological variants and microcalcifications'
physicochemical compositions.

Pathomorphological classification of breast
pathology

According to pathomorphological
characteristics, the pathology of the breast is
divided into malignant and benign, which is the
basis for verifying the diagnosis, treatment, and
prognosis. Benign pathology of the gastrointestinal
tract is represented by: benign epithelial
proliferative and precancerous diseases (ductal
hyperplasia, atypical ductal hyperplasia, columnar
epithelium disease), adenomas, adenomas, benign
sclerosing diseases, benign papillary tumors,
epithelial-myoepithelial ~ tumors, fibroepithelial

tumors (fibroadenoma and phylloid tumor),
hamartomas The most frequent malignant diseases
of the breast include invasive carcinoma of the
breast, ductal carcinoma in situ (DCIS), non-
invasive lobar neoplasia, malignant papillary
tumors, neuroendocrine tumors and cancers of rare
types (acinar carcinoma, adenocystic, secretory,
mucoepidermoid, polymorphic and high cell
carcinoma with inverted polarity [13, 14].

We paid considerable attention to the problem
of biomineralization in this study (from physico-
chemical features to the mechanisms of their
formation and clinical diagnostic features) since
there are data on the important role of
microcalcifications and calcification in general in
the diagnosis and prognosis of the course of breast
tumors.

X-ray criteria for the differences in
calcifications

Currently, 30-50% of non-palpable breast
cancer is detected exclusively by identifying
calcifications on mammography [3, 6, 15]. Well-
described radiological criteria help distinguish
benign calcifications from potentially malignant
ones. Mammography is the primary method for
assessing these changes. According to the fifth
version of the Breast Imaging Reporting and Data
System (BI-RADS), biominerals are classified as
benign and suspicious. There are five categories of
distribution: diffuse, segmental, regional, grouped,
and linear. Benign calcifications on mammaography
are usually more extensive, rougher, rounder with
smooth edges, and easier to see than malignant
calcifications.  Calcifications associated  with
malignancy are typically small and require
magnification to be well visualized. Suspicious
morphology includes a gross heterogeneous
appearance, amorphous nature, thin pleomorphic
elements, and finely branched calcifications [3].
Morphologically, biominerals with thin linear
branches are associated with worse results than
non-linear biominerals [6].

Detection and interpretation of calcinates
represent a complex problem, so radiological and
pathological evaluations are crucial for accurately
diagnosing these lesions. The type and composition
of biominerals, including the determination of their
biochemical nature, may improve their predictive
value.

Mechanism of formation of calcifications

The researchers' immediate attention is focused
on studying the molecular mechanism involved in
forming biominerals. The mechanism of regulation
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of pathological biomineralization can be similar to
physiological bone mineralization [9, 15].
Overexpression of bone matrix proteins —
sialoprotein, osteopontin (OPN), and osteonectin —
was detected in the biopsies of BC [16]. Rizwan
et al., in their studies, indicate that inhibition of the
OPN gene reduces the formation of calcium
hydroxyapatite in BC cells. This study describes a
direct relationship between calcium deposition and
the ability of BC cells to metastasize to distant
organs and lymph nodes. Under the influence of
specific stimuli, breast epithelial cells that undergo
epithelial-mesenchymal transition (EMT) and

transform into cells with an osteoblast-like
phenotype can influence the formation of
biominerals in breast tissue [17]. The main

molecular mechanism of phenotype change in EMT
is the loss of epithelial cell markers, such as
E-cadherin and cytokeratin, and their replacement
by mesenchymal markers — vimentin, nuclear
[-catenin, smooth muscle actin, and fibronectin.
This pathological transformation leads to the
activation of  signaling pathways  and,
reorganization of the cytoskeleton, increased
expression of genes encoding MMPs, which
participate in the degradation of the extracellular
matrix and basement membrane [9].

The role in the metastatic spread of breast
cancer cells is still being studied, but studies show
that the OPN gene binds to cell surface integrins
(Bl and P2 integrins) and CD 44 [16, 17]. It is the
connection of OPN with the cell surface of the CD
44 receptor and damage to the epithelial-
mesenchymal transition with subsequent cell
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transformation that is the trigger for the initiation
and adhesion of the cell matrix in various types of
tumors, which leads to the invasion and metastasis
of malignant tumors [9, 18].

The primary mechanism of the formation of
biominerals is still poorly understood. According to
recent studies, bone morphogenetic protein 2
(BMP-2) plays a role in the formation of
microcalcifications. BMPs are growth factors of the
TGF-B superfamily and are a specific and key
regulator of osteoblasts. BMP-2 can encourage the
cells of BC to acquire osteoblastic characteristics,
which leads to the formation of microcalcifications
[19]. A recent study also showed that active
processes of microcalcification are caused by
osteoimmunological ~ disorders  [20].  Tumor-
associated macrophages are the main types of tumors
that penetrate the immune cells of the extracellular
environment and accumulate around
microcalcifications in BC. High APM levels are
associated with a poor prognosis. APMs implicated
in breast cancer include a spectrum with M1-like and
M2-like phenotypes. They may exhibit antitumor
potential (M1-like phenotype) or be responsible for
increased cancer cell growth (M2-like phenotype),
most of which have an M2-like phenotype (CD163).
In studies, it is believed that BMP-2 is mainly
secreted by the cells of the tumor microenvironment
but not by the breast cancer tumor cells themselves.
It is known that tumor-associated macrophages are
an  essential  component of the  tumor
microenvironment and can secrete BMP-2, which
contributes to calcification [19].

1997 2002 2007 2012 2017 2022
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Figure 1 — The result of visualization of the publication chronology for 1967-2022 using the tools of

bibliometric analysis of the Scopus database
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Bibliometric analysis of scientific literature

We analyzed the Scopus database, which
included 924 publications. These electronic sources
were filtered by the keywords "breast cancer,"
"calcification,” and "microcalcifications." The
results of the bibliometric analysis indicate that the
number of publications on the specified topic has
increased significantly over the past ten years,
which shows the relevance of the problem and ways
of solving it among scientists (Fig. 1).

The pathological biomineralization of breast
cancer is actively studied by scientists from the
United States of America, China, and Great Britain.

After studying the results of the bibliometric
analysis of 924 publications of the Scopus database

using the tools of the SciVal service for the
keywords "breast cancer" and "calcification" for the
period 1967-2022, it was established that the vast
majority belong to the field of medicine. In
addition, 27 thematic clusters can be identified in
the specified area, most of which belong to the field
of medicine, computer science, engineering,
material science, physics, and a few — mathematical
sciences. Among the most exciting areas of
publishing activity, we should highlight the works
devoted to BC: the classification of breast tumors,
early diagnosis of BC, and classification of
biomineral deposits (Fig. 2).

Calcium Channel Blockers; Cancer Risk; 2}

Breast Neoplasms
T.19502

Mammography; Calcinosis; Computer- ZF‘
Aided Diagnosis
T.332

Cancer; Cancer Control; Calcinosis 2}

068

Cancer; Cancer Classification; Calcinosis E}

T.67510

Figure 2 — The result of visualization of the distribution of publications by topics and clusters using

SciVal bibliometric analysis tools

We also analyzed the publication activity of
1967-2022 on the research topic using the
VOSviewer tool for building and visualizing
bibliometric networks. As a result of the
bibliometric analysis of 924 publications in the
Scopus database using the keywords “breast
cancer" and "calcification,” we identified four
chronological stages, which include: 1) radiological
research methods — mammaography, research using
clinical and histological methods, 2)

pathomorphological evaluation of BC and
calcifications, 3) study of biomarkers of tumor
progression of BC, 4) predictive assessment of BC
depending on metastasis and survival (Fig. 3). The
data of the publication were also divided into six
thematic clusters: 1) classification of biominerals,
2) mammaography, 3) physicochemical composition
of calcifications, 3) ductal neoplasia of the breast,
4) biopsy, 5) metastases of BC, 6) calcium
hydroxyapatite (Fig. 4).
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Limitations. This research includes publications only in the Scopus database from 1967 to 23.04.2022.

CONCLUSIONS / BACHOBKH

The presence of biominerals in tumor tissue is
an important marker in diagnosing BC. It is a
criterion for determining the disease's stage and
early diagnosis.

The results of the analysis of scientific sources
of the Scopus database by keywords in the period
from 1967 to 23.04.2022 indicate that the number
of publications on the specified subject has a
tendency to increase over the past ten years, which
shows the relevance of the issues and ways of
solving them among scientists.

Among the most exciting publication areas, we
single out works devoted to BC: the classification
of breast tumors, early diagnosis of BC, and
classification of biomineral deposits.

Using the tool for building and visualizing
bibliometric networks VOSviewer of publication
activity for the period 1967-2022 in the researched

topics of BC calcification, we identified four
chronological stages, which include: 1) radiological
research methods - mammography research using
clinical and histological methods, 2)
pathomorphological evaluation of BC and
calcifications, 3) research of biomarkers of tumor
progression of BC, 4) prognostic evaluation of BC
depending on metastasis and survival, as well as
published data on six thematic clusters: 1)
classification of biominerals, 2) mammography, 3)
physicochemical composition of calcifications, 3)
ductal neoplasia of the mammary gland, 4) biopsy,
5) metastasis of BC, 6) calcium hydroxyapatite.

The most relevant today is the early diagnosis of
breast cancer, as well as factors that affect the
deterioration of prognostic criteria, such as survival
and metastasis in such patients, which is associated
with the formation of biomineral deposits in the
breast tissue.
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