AHOTANIA

Konomiens O. O. Ilaromopdosioriuna xapakTepUCTHKa Ta ONTHUMI3aIlis
JTIarHOCTUKU Ta TMPOTHO3Y I1HBA3MBHOTO TPOTOKOBOTO pPaKy TPYIHOI 3a103M 3
olominepamizariero. — KpamidikaliifHa HayKoBa IMpalis Ha IpaBax pyKOIHCY.

Jucepraliisi Ha 3700yTTS HAYKOBOTO CTyIEHsS JoKTopa diutocodii 3a
crnemianbHicTIO 22 — OxopoHa 370poB’sa. — CyMChKUIl JepKaBHUM YHIBEPCHUTET,
MOH Vxkpainu, Cymu, 2023.

Paxk rpyanoi 3an03u (PI'3) € BaXXJIMBOIO MEUYHOT 1 COIIAJIBHOIO MPOOJIEMOIO,
OCKUIBKH SIBJIIETHCS OCHOBHOIO PUYMHOIO CMEPTHOCTI JKIHOK BI1J] PaKy y BCbOMY
cBITi. MikpokanbiudikaTH y TKaHUHI rpyaHoi 3a103u (I'3) BiairparoTh BaJIHBY
pPOJIb y PO3BUTKY MATOJOTIYHOTO MPOLIECy Ta BIUIMBAIOTH HA TIPIIWKA MPOTHO3 Ta
MeTacTa3yBaHHsA. IX NpHCYTHICTh y TkaHuHi PI'3 € kpuTepieM sl BU3HAUEHHS
CTa/ii 3aXBOPIOBAaHHSA Ta PaHHBOI 1 TudepeHiiHoi qlarnoctuku PI'3.

Takox BaXJIMBUM JJI OLIHIOBAHHS KJIIHIYHOTO CTaTyCy Ta MPOrHO3YBaHHS
PU3MKIB PO3BUTKY YCKIJIAJJHEHb Y pa3i 3J0SKICHUX HOBOYTBOPEHb, B TOMY YHUCIII SIK
METaCTa3yBaHHS B PI3HI OpPraHH, € BUKOPHUCTAHHS JOCHIIKEHHS IYXJIMHHOTO
KJIITUHHOTO MIKPOTOTOYEHHS T4 METACTATUYHOTO MOTEHITIATY MyXJIMHU.

VY nucepramiiiHoMy JOCHIIKEHHI BHUBYAETHCS Ta BUPINIYETHCS BAKIIMBA
npo0Oiema — ONnTUMi3alli JIarHOCTUKH Ta OLIIHKHK Mepediry paKy rpyJaHOI 3a1034 3
OlomiHepamizaiiero. Y mporeci podOTH HaJ BUPIIICHHSM aKTyaJbHOI MPOOIeMH
OyJIM BUKOPUCTaHI HACTYMHI METOJU AOCIIJPKEHHS: MaKpOCKOMI4YH1, T1CTOJIOT1YHI,
riCTOXIMIYHI, MOP(QOMETPUYHI, IMYHOTICTOXIMIYHI Ta (I3UKO-XIMIYHI METOIU
(ckaHyBajbHA Ta MPOCBIYYBAJIbHA EIIEKTPOHHI MIKPOCKOIII, €HEProANCIepCUBHA
PEHTTeHIBChKAa CIEKTPOCKOIIISI), CTATUCTUYHA OOpOOKa JaHUX 3 BUKOPHCTAHHSIM
napamMeTpUYHUX Ta HeapaMEeTPUIHUX KPUTEPIiB.

JlociipKeHHs! IPOBOAMIIOCH HA MaTepialli, OTPUMAHOMY MiJ Yac XipypriyHuX
onepaniid Ha 06a31 CyMCBKOTO 00JIACHOTO KJIIHIYHOTO OHKOJIOTIYHOTO LEHTPY
(COKOL). Takox y X011 TPOBEICHHSI PETPOCTIEKTUBHOTO aHAJI3y OyJI0 BUBUEHO

469 BumaaKiB MyHKLIMHUX OI0MNCIA 1HBA3WBHOTO PaKy IPYyJHOI 3aJ03U 3 apXiBY



3

HaykoBoro meHtpy naTtoMop@OJIOTIYHHX TOCHIKEHb Kadeapu MaTOJOTI4HOT
anaromii Cym/1Y 3a mepion 2014-2019 pokis. [lynkuiiini Giomcii AoCHiIKeH] Ha
npeaMeT iMyHoricToxiMiuHoi ekcrpecii petienitopiB ER, PR, Her2-neu Ta HasiBHOCTI
Mikpokanbiudikatie. OCHOBHE IOCHIKEHHS Oyio mpoBeaeHe Ha 60 3paszkax
TKaHUHHU paKy rpyJHO1 3a5103u. Y poOoTi OyIio 3aruiaHoBaHo BUBYEHHs 30 3pa3kiB
NyXJIMHHOT TKaHWHU 3 O3HAKaMM TIAaTOJIOTIYHOI OloMiHepamizalii y BHIJISIL
Mikpokanbiudikarie, Ta 30 3pa3kiB paky TpyaHOi 3aigo3u 0e3 O03HaK
OlomiHepaizarlii.

OtpuMani pe3yibTaTaMu JUCEPTALINHOTO JOCHIKEHHS BUSIBUIU KIIIHIKO-
eMiEeMI0JIOTT4YHI 0COOJIMBOCTI paKy rpyaHoi 3a5103u B CyMChKiit 00J1acT1 y BUTIISII
MIEPEBUIIICHHS 3arajibHOJICPKABHUX TOKa3HUKIB 3axBOoproBaHocTi Ha PI'3 Ta ix
3HMKeHHA 3 mnoyaTtkoMm mnanaeMmii COVID-19. 3a pesynbratamu JOCHIIKEHHS
nommmpeHocTi PI'3 B Ykpaini 3a ob6nactsmu (Ha 100 Tuc. XKiHOYOTO HACEJICHHS) y
nepion 2015-2020 pokiB HalOUTbIIA KITBKICTh BUNAAKIB pEECTpyeThes y M. KuiB,
KipoBorpazacekiii, 3anopi3pkiii, CyMcbKiii, XapKiBCbKii Ta XepCOHCHKIN 001acTsX,
a HaliMeHII PiBHI MOKA3HMUKIB 3aXBOPIOBAHOCTI y YepHiBelbKii, TepHONIbCHKIM,
PiBHeHChKiM, IBaHO-®paHkiBChkiii Ta 3akapnarcekiii obnactax. CepenHii
MOKa3HUK piBHS 3axBoproBaHocTi Ha PI'3 y CyMcbkiit o6macti BripooBxk 2015-2020
pp. cknaaas (79,62 + 6,5 %o), 1110 IEPEBUIILYBAJIO 3arajlbHOACP)KaBHUN piBeHb (74,1
+ 3,74 %o). HaiiBuina 3axBoproBanicth Ha PI'3 y CyMchbkiii 001acTi B 3a3Ha4Y€HUN
nepion cnocrepiranach y M. Cymu (81,62 + 10,71), [Iytusnbcekomy (79,35 +16,76)
ta Pomencokomy (78,52 + 11,46) paitonax. HaliHmxuuii piBeHb 3aXBOPIOBAHOCTI
oyB y Jlunoso-Jlonmuucekomy (50,4 + 4,3), Cepenuno-byncekomy (46,83 + 10,32)
ta binoninscekomy (41,93 £+ 11,31) paitonax. J[ns CyMmcbkoi 001acTi XapaKTepHUM
€ BUCOKHUI piBeHb 3axBoproBaHocTi Ha PI'3, mpote y 2020 polii NpoCcTeKy€eThCA YiTKa
TEHJICHITIS 0 3HUKEHHS IIhOTO TOKA3HHWKA BHACHINIOK BIUIUBY MaHJEMii BIpyCy
SARS Cov-2 (Covid-19). Ha 3pocranHs KibKOCTI BusiBIeHMX Bumnankie PII3 B
CyMchbKill 0051acTi BIUIMBAIOTh KOMIUJIEKC YMHHMKIB, 30KpeMa MOKPAILAHHS PIBHS
SKOCT1 KJIHIYHOT Ta MOP()OIOTIYHOT 11arHOCTUKU B perioHi. [IpuanHamu BUCOKOTO

pPIBHS BUABJIECHHS 3axBOproBaHOCTI B CyMCbKIM 00JacTi € MOKpalleHHs
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71a00paTOPHO-THCTPYMEHTATBHUX METOIB JIarHOCTUKH, ITUPOKE BIPOBAKEHHS
IMyHOTICTOXIMIYHE TOCHTIKeHHs myxJuH PI'3 ju1st BCiX marii€HTiB, J1arHOCTHYHOT
TpenaHoOioncii I3, Cy4acHHUX MaMMorpadis, KOMIT  FOTEPHUX Ta
MarHiTHOPE30HAaHCHUX ToOMoOrpadiB, AOCTYNy JO MOJIEKYJISPHO-TEHETUYHOTO
TECTYBaHHS, MOKpaIIeHHS (DiHAHCYBaHHS OHKOJIOTIYHOI rajy3i uepe3 MeXaHi3MU
HamionansHoi ciyx6u  3a0poB’ss Ykpainun (HC3Y). Le mniaTBepmKyeThCs
NEPEBUILEHHSAM 3arajlbHO/ICP)KaBHUX TMOKA3HUKIB BUSBICHHS paHHIX ctafiii PI'3
BIpo1oBxk 2015-2020 pokis.

KomruiekcHe — TICTOXIMIYHE — JTOCHIDKEHHA  3pa3kiB  (3a0apBIIeHHS
ai3apuHOBUM 4YepBOHUM Ta 3a MetojgoM ¢oH Kocca) m03BONMIO BUSBUTH
MPUCYTHICTh Mikpokanbludikarie PI'3 pizHoro (azoBoro ckiagy — okcajaTiB Ta
docdary KaJIBIIIIO. CrninbHe 3HAXOJI?)KEHHSI MIKpOKaJIblU(IKaTIB
TIPOKCUANIAaTUTHOTO 1 OKcaJaTHOro (ha3oBOro CKIAAy Y 4YacTHUHI BHUIIJKIB
1HBa3uBHOTO paky ['3  JgeMoHCTpye  Ppi3HYy  MPOCTOPOBY  JIOKai3ailist
MIKpOKJIbLIU(IKATIB, IO CBIAYUTH MPO T€, IO OlOMIHEpaJIbHI JIEMIO3UTH MAIOTh
pi3H1 yMOBH st popMyBaHHs MikpokaibiudikaTiB. el ¢akT Bkazye Ha Te, 110
PO3BUTOK 3JIOSAKICHUX nyxiauH ['3 BigOyBaeTbcsi Ha (OHI TEPENICHYIOUOT
JOOPOSKICHOT TAaTOJIOTIi, CITaJIKOM SKOi € MIKpPOKaJIbIIM(IKaTH, 10 CKIATAI0ThCS 3
OKCaJIaTy Kalblilo. [pyHTYIOUUCH Ha pe3ylbTarax AMCEPTALIAHOIO AOCIIIKEHHS
OynuM  BU3HAuUEHI  JIarHOCTUYHI  O3HAaKM 000X  KpuUCTalmiuHMX  (opm
MIKpPOKaJIbIIU(IKaTIB, IO MOXE MaTH MPaKTHUYHY IIHHICTh IS KIIHIIKCTIB,
30KpeMa MaToJIOTiB. 3a JOMOMOrol METOAIB (hi3UKO-XIMIYHOTO JOCHIIKEHHS
BCTAHOBJIEHO, 10 (ocdar Kanmplil0 y CTPYKTYpl MIKpOKaIbIHU(pIKaTIB
npeacTaBieHuid 'y (Gopmi  3pUIOrO  TiAPOKCHAINATUTYy 13  KapOOHATHUMU
3aMIIIEHHSAMH.

BuBuennss BrumBy MikpokanbuugikaTiB PI'3  Ha iMyHOricToxXiMiyHi
0COOJIMBOCTI KJIITUHU PaKy rpyIHO1 3a103u Oyjia BUKOPUCTAaHA MTaHEIb MapKepiB Ha
BU3HAYEHHS  YYTJIMBOCTI  JIO  PELENTOPIB  €CTPOreHiB,  IMPOTEeCTEPOHIB,
eniepMalIbHOTO (haKTOPyY POCTY 2, mosisipu3arltii makpodaris Ha M1ta M1 denotu,

eKcIpecii 0CTe00IaCTUYHUX MapKepiB.
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[Tpu mopiBHsAHHI 3pa3kiB Oionciii maumieHTok 3 PI'3 BusABIEHO BIACYTHICTH
CTaTUCTUYHO JIOCTOBIPHOI PI3HUII IMyHOTICTOXIMIYHOI ekcripecii perentopis Er, Pr
Ta O1ka Her-2-neu y Bunaaxy HasBHOCTI Ta BIJICYTHOCTI MIKPOKaJIbIIU(]IKaTIB.

Pesynapratu mpoBenenoro II'X mocnimpkeHHs BIepIie MPOJEMOHCTPOBAIU
BIUIUB MaTojioriyHoi  Olominepamizamii PI'3  Ha migBumieHHs ekcrapecii
ocreoOmactuunux wmapkepie OPN, OPG, SPARC y rpymi 3paskis PI3 3
Mikpokanbidikatamu. Tak, Oyja BHSIBICHA CTATUCTUYHO TOCTOBIPHY DPI3HHUILA
excrpecii mapkepiB OPN (p <0,001), OPG (p <0,01), SPARC (p <0,05) y TkanuHi
PI'3 3 wmikpokansiudikatamu. IlpoTe, myxiMHHA TKaHMHA HE JEMOHCTpyBaja
noctoBipHOi pi3Hulll ekcrpecii RANKL (p > 0,05) Mk rpynamu A0CTiIKyBaHHX
3paskiB  PI'3. CykynHicTe BKazaHuX (HaKTOpIB MOKE UYHMHUTH YaCTKOBUU
Moaymounid eekt Ha KmTHHU PI'3 Ta 3yMOBIIIOE PO3BUTOK iX CHELU(PIYHOTO
ocreobmactTuuHoro mpodumo. OTpumaHi JaHi MOXYTh MPOJUTH CBITIO Ha
MEXaHI13MH PO3BUTKY BlAjalieHuX MeTtacTta3iB PI'3 y KICTKOBY TKaHUHY.

Takox pe3ylbTaTd 1MYHOTICTOXIMIYHOIO JIOCHIIKEHHS BKa3ylOTh Ha
JIOCTOBIpHO BUIMHK piBeHb ekcrpecii CD68-no3utuBHuX mMakpodaris tuny M1 y
TKaHUHI1 3pa3kiB P1'3 3 MikpokanbludikaTamu, y MOpiBHAHHI 31 3pa3KaMu rpynu 6e3
o3Hak Oiominepamizaiii (p<0,05). 3 iHmoro 60Ky, 0yJI0 BCTAaHOBIICHO, IO KiJIbKICTh
CD163-mo3utuBHuX MakpodariB 10oCTOBIpHO Buma Yy TkanuHi PI'3  6e3
KanbuudikatiB. MOXIMBUM MEXaHI3MOM BIUIMBY MIKPOKaJIbUU(IKATIB Ha
MoJISIpU3aIlito Makpo(dariB € mMATPUMKA HUIMHU XPOHIYHOTO 3alajieHHs Y TKaHWHAX 1
CHPUSHHS PO3BUTKY TAKUM YMHOM y Makpodarax npo3anaibHoro M1 dbenoturry.

Pesynbraty nucepTaniiHOrO JOCHIIKEHHS MOXYTh OyTH BHKOPHMCTaHI SIK
TEOpeTHUnid Oa3uc g ONTUMI3alii JIarHOCTUKU Ta OUIHKH PU3UKY YCKJIaJHEHb
paKy IrpyJIHOi 3aJ103H 3a JOTIOMOT0I0 MaTOMOP(HOIOTIUHUX J1arHOCTUYHUX METO/IIB.

OTpumani pe3ynbTaTH, BUCHOBKHM Ta TMPaKTU4YHI PEKOMEHJAIlli JucepTartii
JIOTIOBHIOIOTh Ta TMOMIMOJIIOIOTh TEOPETUYHI YSBJICHHS IIOJA0 €MiJeMIOJIOrii,
MaToreHe3y paky rpyaHOi 3aj034 Ta PO3BUTKY MeTacTasiB J0 KicTok. HaBeneHi y

JTUCEPTAIITHOMY JTOCIIJKEHH] JJaHI BUKOPUCTOBYIOTHCS1 Y HaBUYAJbHOMY MPOIIEC]



P MArOTOBIN (DAaxXiBIIB y Taly3i MEAUIIMHU Ha 0a3i TEOPETUYHUX 1 KIIHIYHUX
kadep maTosoriyHOi aHaTOMIi, MaToJOriyHOI (Pi1310JI0TIi Ta OHKOJIOTII.

ITin yac BUKOHAHHS JaUcCepTaliitHOi poOoTH OyJso 3amaTeHToBaHO «Crocid
JOCTIPKEHHSI MIKpOKaJbIM(IKaTIB paKy TrpyaHOi 3aio3u 3 mnapadiHOBHX
TiICTOJIOTIYHUX OJIOKIBY» (MaTeHT YKpaiHu Ha KopucHy mojeib Ne u202002521).
Po3pobiieHa MeToaMKa YK€ BHKOPHUCTOBYETHCS HAYKOBIM MisSUTBHOCTI Ta €
MEPCIEKTUBHOIO /IO BIPOBADKEHHS Y JIKYBIBHO-AIarHOCTUYHY TPAKTUIHY
pobory.

Kuwo4uoBi ciaoBa: pak rpyIHOI 3aJ103M, IMYHOTICTOXIMIYHE TOCHIIKEHHS,
MIKpOKaJIbIIU(IKaTH, OCTEOOJACTUYHI MapKepH, T1IPOKCUAINATUT, OKcalar,

NyXJIMHHE MIKpOOTOYEHHS1, Makpodaru M1, makpodaru M2.



ANNOTATION

Kolomiiets O.0. Pathomorphological characteristics and optimization of
diagnosis and prognosis of invasive ductal breast cancer with biomineralization. —
Quialification scientific work as the manuscript.

Thesis for a Phylosophy doctor degree by specialty 22 — health care — Sumy
State University of Ministry of Education and Science of Ukraine, Sumy, 2023.

Breast cancer (BC) is a significant medical and social problem, as it is the
leading cause of cancer-related mortality in women worldwide. Microcalcifications
in the breast tissue play an essential role in the development of the pathological
process and affect the worse prognosis and metastasis. Their presence in the tissue
of BC is a criterion for determining the stage of the disease and early and differential
diagnosis of BC.

It is also essential to evaluate the clinical status and predict the risks of
complications in the case of malignant neoplasms, including metastasis to various
organs, using the study of the tumor cell microenvironment and the metastatic
potential of the tumor.

The dissertation study studies and solves a significant problem - optimization
of diagnosis and assessment of the course of BC with biomineralization. In the
process of solving the current situation, the following research methods were used:
macroscopic, histological, histochemical, morphometric, immunohistochemical,
and physicochemical methods (scanning and transmission electron microscopy,
energy dispersive X-ray spectroscopy), statistical data processing using parametric
and non-parametric criteria.

The study was conducted on material obtained during surgical operations at
the Sumy Regional Clinical Oncology Center (SRCOC). Also, during the
retrospective analysis, 469 cases of puncture biopsies of invasive breast cancer from
the archive of the Scientific Center for Pathomorphological Research of the
Department of Pathological Anatomy of Sumy State University for the period 2014-

2019 were studied. Puncture biopsies were examined for immunohistochemical
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expression of ER, PR, Her2-neu receptors, and microcalcifications. The preliminary
study was conducted on 60 BC tissue samples. The work planned to study 30
samples of tumor tissue with signs of pathological biomineralization in
microcalcifications and 30 samples of breast cancer without signs of
biomineralization.

The dissertation research results revealed the clinical and epidemiological
features of breast cancer in the Sumy region in the form of exceeding the national
incidence rates of BC and their decrease with the onset of the COVID-19 pandemic.
According to the results of the study of the prevalence of breast cancer in Ukraine
by region (per 100,000 female population) in the period 2015-2020, the most
significant number of cases was registered in Kyiv, Kirovohrad, Zaporizhzhia,
Sumy, Kharkiv, and Kherson regions, and the lowest incidence rates in Chernivitsi,
Ternopil, Rivne, Ivano-Frankivsk and Transcarpathian regions. The average
indicator of the incidence of breast cancer in the Sumy region during 2015-2020 was
(79.62 £ 6.5 %0), which exceeded the national level (74.1 £ 3.74 %o). The highest
incidence of breast cancer in the Sumy region in the specified period was observed
in the city of Sumy (81.62 + 10.71), Putivlskyi (79.35 £ 16.76) and Romenskyi
(78.52 + 11.46) districts. The lowest incidence rate was in Lypovo-Dolinsky (50.4
+ 4.3), Seredino-Budsky (46.83 £+ 10.32) and Bilopolsky (41.93 + 11.31) districts. A
high incidence of BC characterizes the Sumy region, however, in 2020, a clear
tendency to decrease this indicator can be observed due to the impact of the SARS-
Cov-2 (Covid-19) virus pandemic. The increase in the number of detected breast
cancer cases in the Sumy region is influenced by a complex of factors, particularly
improving the quality of clinical and morphological diagnostics in the area.The
reasons for the high level of detection of morbidity in the Sumy region are the
improvement of laboratory-instrumental methods of diagnosis, the comprehensive
implementation of immunohistochemical examination of tumors of BC for all
patients, diagnostic trepanobiopsy of BC, modern mammographs, computer and
magnetic resonance imaging machines, access to molecular genetic testing,

improved financing of the oncology industry through the mechanisms of the
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National Health Service of Ukraine (NHSU). This is confirmed by exceeding the
national indicators of detection of early stages of BC during 2015-2020.

A complex histochemical study of the samples (staining with alizarin red and
by the von Koss method) revealed the presence of microcalcifications of BC of
different phase compositions - oxalates and calcium phosphate. The common finding
of microcalcifications of hydroxyapatite and oxalate phase composition in some
cases of invasive gastric cancer demonstrates different spatial localization of
microcalcifications, which indicates that biomineral deposits have other conditions
for the formation of microcalcifications. This fact suggests that the development of
malignant tumors of the gastrointestinal tract occurs against the background of
preexisting benign pathology, the legacy of which is microcalcifications consisting
of calcium oxalate. Based on the results of the dissertation study, the diagnostic
features of both crystalline forms of microcalcifications were determined, which can
be of practical value for clinicians, in particular, pathologists. With the help of
physical and chemical research methods, it was established that calcium phosphate
in the structure of microcalcifications is in the form of mature hydroxyapatite with
carbonate substitutions.

Studying the effect of microcalcifications of BC on immunohistochemical
features of breast cancer cells, a panel of markers was used to determine sensitivity
to estrogen, progesterone, epidermal growth factor 2-neu receptors, the polarization
of macrophages to M1 and M1 phenotype, expression of osteoblastic markers. When
comparing biopsy samples from patients with BC, it was found that there was no
statistically significant difference in the immunohistochemical expression of Er, Pr
receptors, and Her-2-neu protein in the presence and absence of microcalcifications.

The results of the IHC study, for the first time, demonstrated the effect of
pathological biomineralization of BC on increasing the expression of osteoblastic
markers OPN, OPG, and SPARC in the group of BC samples with
microcalcifications. Thus, a statistically significant difference in the expression of
OPN (p <0.001), OPG (p <0.01), and SPARC (p < 0.05) markers was found in the

tissue of BC with microcalcifications. However, the tumor tissue did not show a
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significant difference in the expression of RANKL (p > 0.05) between the groups of
the studied BC samples. The combination of these factors can have a partial
modulating effect on the cells of the BC and causes the development of their specific
osteoblastic profile. The obtained data can shed light on the mechanisms of the
development of distant metastases of BC in bone tissue.

Also, the results of the immunohistochemical study indicate a significantly
higher level of expression of CD68-positive macrophages of the M1 type in the
tissue of BC samples with microcalcifications compared to the samples of the group
without signs of biomineralization (p<0.05). On the other hand, it was established
that the number of CD163-positive macrophages is significantly higher in the tissue
of BC without calcifications. A possible mechanism of the effect of
microcalcifications on the polarization of macrophages is their support of chronic
inflammation in tissues, thus promoting the development of the pro-inflammatory
M1 phenotype in macrophages.

The dissertation research results can be used as a theoretical basis for
optimizing diagnosis and assessing the risk of breast cancer complications using
pathomorphological diagnostic methods. The obtained results, conclusions, and
practical recommendations of the dissertation supplement and deepen the theoretical
understanding of the epidemiology, the pathogenesis of breast cancer, and the
development of bone metastases. The data presented in the dissertation research are
used in the educational process of training specialists in medicine based on
theoretical and clinical departments of pathological anatomy, pathological
physiology, and oncology.

During the dissertation work, the "Method of study of breast cancer
microcalcifications from paraffin histological blocks" was patented (utility model
patent of Ukraine No. u2020 02521). The developed technique is already used in
scientific activity and is promising for implementation in medical and diagnostic

practical work.
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Key words: breast cancer, immunohistochemical study, microcalcifications,
osteoblastic markers, hydroxyapatite, oxalate, tumor microenvironment, M1

macrophages, M2 macrophages.
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chopmynvbosani).
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