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CaxeTak

KapunHom pojke npegctaBrba Bogehu jaBHO3apaBCcTBEHM npobnem 36or
BMCOKE y4ecTarnocTtu, mopbuautera n moptanuteta. 3HayajHe reorpad-
cke pasnuke y ontepehewy Oonewhy cy, Nnopen COLUMOEKOHOMCKUX U
OuxeBnopanHnx akTopa, yCroBrbeHe pecypcrMma 34paBCTBEHMX CUCTe-
Ma, NPUCTYNOM 34pPaBCTBEHOj 3alUTUTU W KBanNUTETOM AWUjarHOCTUYKMUX
nporpama. CaBpeMeHU nporpamu mMamorpadCkor CKpUHWMHra 3HadajHo
JOMpUHOCE paHOM OTKpvBaky GonecTu, oK Cy Mpenpeke ca Kojum ce
Cyo4aBaMO OrpaHNYeHN pecypcu, MPUCTYM U HejeOHaKOCT Y 3APaBCTBEHO)
3aLUTUTKN, BUCOKM TPOLLKOBM, BapujabuiHoCT y Tymadeny pesynrara 1 no-
Tpeba 3a fogaTtHUM U MHBA3MBHUM AMjarHOCTUYKMM MeTogama. Y uurby
npeBasunaxera OBUX 13a30Ba pasBujany cy ce CUCTEMU BELUTAYKE UH-
TENUreHuuje Koju NpuMeksyjy CIOXEHEe anropuTMe, MalUUHCKO YYeHE U
Ay6oko yyere paan ayTomaTn3oBaHe aHanuae Mmamorpadckmx CHUMaka.
OBu cuctemn Mory noeehatu TauyHOCT AuWjarHOCTWUKE, CKpaTUTK Bpeme
ouMTaBaka, CMawUTU CTOMY NaXHO HeraTMBHMX Hanasa u noTpeby 3a
MOHOBHUM AWjarHOCTUYKMM npoueaypama. ctpaxusamwa cy gokasana
Ja je npeumsHocT fobuvjeHa NpYMEHOM anropyvTamMa BeluTavyke UHTENu-
reHumje ynopeavsa ca Hanasuma paguorora v ga 6w Hajoorbe pesyn-
TaTe MOrno JOHETV KOMOWHOBaKe paja pagvornora U MeTofa BellTadke
WHTENUreHumje, nocebHo y ynosum npBor untaoua. BaxHa orpaHunyera
NpMMEHe OBMX MeToda Cy HeOOoBOSbHa NMPWNaroAfbMBOCT PasfUuUTUM
nonyrnaumjama n moryhHOCT npeTepaHor ocnawara Makbe UCKYCHUX pa-
Avonora Ha pesynTare anroputama. lNopef TeEXHUYKUX 13a30Ba, 3HavajaH
jaBHO34paBCTBEHM acneKT OOQHOCK Ce Ha CTaBOBE XeHa npema ynotpetu
BelUTayke MHTENUreHuuje, jep HMBO NoBEpEHsa Y OBY TEXHOMOTMjY MOXe
yTULaTK Ha cTone yyewwha y CKpUHUHTY. YBohehe BeluTauke MHTENUreH-
Lmje y CKpUHUHT nNporpamMe 3axTeBa NaXrbUBy MPOLIeHY KOPUCTU U orpa-
HUYeHa, TPAHCNAPEHTHOCT Yy ynoTpebu TexHomnorunje n obesbehuBare
IbyAckor Haasopa. MNpaBunHa npymMeHa 1 egykaumja CTaHOBHULLTBA MOTy
[onpuHeTn noborbluaky paHe AnjarHocTuke, Behoj Ta4HOCTU CKPUHUHIA
1 ecpukacHujem kopullhery pecypca 3gpaBCTBEHOT CUCTEMA.

Krby4He peum: kapuMHOM AojKe, BeluTayka MHTENUreHum-
ja, mamorpadmija, CKpUHVHT, MalIMHCKO YYeH-e

YBopg

KapuuHom fojke npenctaBrba 3HayajaH jaBHO34paBCTBe-
HU npobrnem 300r BUCOKE yyecTanoctu, mopbuauTtera u
MopTanuteTa. Y 2022. roanHn KapuuHOM [Jojke AujarHo-

! University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia

2 Institute of Public Health of Vojvodina, Novi Sad, Serbia

Abstract

Breast cancer represents a leading public health problem due to its high
incidence, morbidity, and mortality. Significant geographic differences in
disease burden are influenced not only by socioeconomic and behavioural
factors but also by the resources of health systems, access to healthcare,
and the quality of diagnostic programs. Modern mammography screening
programs substantially contribute to early disease detection, while exist-
ing challenges include limited resources, restricted access and inequal-
ities in healthcare, high costs, variability in result interpretation, and the
need for additional and invasive diagnostic procedures. To address these
challenges, artificial intelligence systems have been developed, employ-
ing complex algorithms, machine learning, and deep learning for the au-
tomated analysis of mammographic images. These systems can improve
diagnostic accuracy, reduce reading time, lower false-negative rates,
and decrease the need for repeat diagnostic procedures. Research has
demonstrated that the accuracy achieved through artificial intelligence
algorithms is comparable to that of radiologists, and optimal results may
be obtained by combining radiologist’s assessments with artificial intelli-
gence methods, particularly in the role of the first reader. Key limitations
of these methods include insufficient adaptability to diverse populations
and the risk of over-reliance on algorithm results by less experienced
radiologists. Beyond technical challenges, an important public health as-
pect concerns women'’s attitudes toward the use of artificial intelligence,
as the level of trust in this technology may affect screening participation
rates. The integration of artificial intelligence into screening programs re-
quires careful evaluation of benefits and limitations, transparency in tech-
nology use, and assurance of human oversight. Proper implementation
and public education can contribute to improved early diagnosis, greater
screening accuracy, and more efficient use of health system resources.

Keywords: breast cancer, artificial intelligence, mammog-
raphy, screening, machine learning

Introduction

Breast cancer is a significant public health problem, due to
its high prevalence, morbidity and mortality. In 2022, breast
cancer had been diagnosed in 2.3 million women world-
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CTMKOBaH je Ko 2,3 MUINNOHa XXeHa LMpoM ceeTa. Mako je
paHuje npeBnagasano Mullbere Aa oBa bonect npete-
XHO noraha XeHe n3 pa3BujeHNX 3emarba, BULLIE of Moso-
BMHE AWjarHOCTUKOBaHUX 1 ABe TpehuHe CMPTHUX crny4a-
jeBa y 2020. roanHW perncTpoBaHoO je y Make pasBujeHUM
pernoHnma ceeta [1].

leorpacdhcke pasnuke u cpaktopu pusnka

[eorpadcke Bapujaumje y WHUMAEHLUMM U MOPTanuteTy
KapuuHOMa [ojke ofpa3 Cy CMOXEeHe WHTepakuuje usme-
Ry coumoeKkoHOMCKOr pasBoja, KBanuTeTa 34paBCTBEHe
3awTtnte U BmuxesmopanHux dakrtopa pusuka. Mctpaxu-
Bakba Nnokasyjy fa je kacHa AgumjarHosa HajBakHWju akTop
nownx ncxopa npexverbaBarba y 3eMrbaMa ca HUCKUM U
cpeadrwuM npuxogumma. Y passujeHUM 3eMibaMa CMakbere
MopTanuTeTa of KapLMHOMa [OjKe YIIaBHOM ce MoBesyje
ca ycreLwH1M nporpaMmmmMa paHor oTkpvBama nyTem opra-
HW30BaHOI MamorpadCcKor CKPUHUHIA, Kao 1 ca 3HavajHUMm
yHanpeherwem y Tepanujckum npuctynuma [1, 2]. Uckyctea
OBVX ApXaBa MOry MOCIYXUTWU Kao BaXHe CMepHuue 3a
3eMSbe Ca HUCKMM W Cpedrum npuxoamma, rge npumeHa
npunarofeHnMx NpoTOKOMa M Mepa 3aCHOBaHMX Ha [oKa-
31MmMa MOXe NoMOoNK y CMakeHy HejedHakoCcTu cuctema u
noborblwaky cTona npexunsrbaBakwa. CaBpemeHa ucTpa-
XvBaka ykasyjy Aa kanauuteT u eduKacHOCT 3apaBcTBe-
HOr cuctema 3HadajHo ogpefyjy mcxon Gonectu. EBpona
BGenexu Heke oA HajBULLIMX CTOMa MHUMAEHUMjE KapuuHoMa
Oojke y CBeTy, npu 4yemy npegwadve PpaHuycka n Kunap
[1]. Mpema HajHoBMjUM Nogauuma Esponckor nHgopmaum-
OHOT cucTemMa 3a pak (eHrn. European Cancer Information
System — ECIS), y 2022. rognHun y EBponckoj yHuju (EY)
AvjarHoctukoBaHo je 374.800 HOBMX crny4vajeBa KapLWHO-
Ma [OjKe KOA XeHa, WTO YnHu 29,2% CBUX KapuuHOMa KO
XeHa. lNMpoueHe nokasyjy ga je y UCTOM Mepuody of oBe
6onecTtun npemuHyno oko 95.800 xeHa y EY [3]. Y Peny6nu-
umn Cpbuju, kao n'y BehmnHm eBponckux 3emarba, KapumHoM
OojKke je Hajuyelhn ManurHm TyMmop KoZ xeHa. Ca npouere-
Hom cTornom obonesaka of 75,3 Ha 100.000 cTaHOBHMKa,
Cpbuija cnapa y 3eMmrbe ca cpefHnum pusnkoMm, 3aysmmajy-
hn 20. mecTto mehy 40 eBponckux 3emarba [4].

MpeaBuhawa pa3Boja 6onectu n 3gpaBCcTBEHE NONU-
TUKe

Mpeasuhara 3a 2050. roguHy ykasyjy ga he ce rnmoban-
HO onTepeherwe KapuMHOMOM [ojke 3HayajHo nosehartw,
MOACTaKHYTO CTapeHeM CTaHOBHMLUTBA, pacTtom Opoja
CT@HOBHMKA U y4ecTanoctu dpaktopa puamka, o4 Kojux cy
MHOMM NOBE3aHN ca COLMOEeKOHOMCKNM passojem [1]. [no-
6anHa nHuumjatea CBeTCKe 34paBCTBEHe opraHusauuje
(C30) 3a kapumHOM JojKe, YMjU je LIib CMakEeHE CMPTHO-
cTn 3a 2,5% rogvwke Kpo3 nporpame paHor oTKpuBawa,

wide. Although it was previously believed that this disease
predominantly affected women from the more developed
countries, more than half of the diagnosed, as well as two
thirds of the fatality cases in 2020, had been registered in
less developed regions of the world [1].

Geographical differences and risk factors

Geographical variations in breast cancer incidence and
mortality reflect the complex interaction between the so-
cial-economic development, healthcare quality and be-
havioural risk factors. Research shows the late diagnosis
to be the most important factor in poor survival outcomes in
low- and middle-income countries. In developed countries,
the decrease in breast cancer mortality is mostly related
to successful early detection programs via mammographic
screening, as well as to significant advances in therapeutic
approaches [1, 2]. Experiences of these countries could
serve as important guidelines for low- and middle-income
countries, where the implementation of tailored protocols
and evidence-based measures can assist in reducing sys-
tem inequity and improving survival rates. Contemporary
research shows that healthcare capacity and efficiency
have a significant impact on disease outcome. Europe has
some of the highest incidence rates of breast cancer in
the world, with France and Cyprus leading the way [1]. Ac-
cording to the latest data from the European Cancer Infor-
mation System (ECIS), 374,800 new breast cancer cases
were diagnosed in 2022 in the European Union, making
up 29.2% of all cancers in women. Estimates show that,
during the same period, about 95.800 women in the EU
died from this disease [3]. In the Republic of Serbia, like
in most European countries, breast cancer is the most
common malignant tumour in women. With the estimated
incidence rate of 75.3 per 100,000 population, Serbia is
classified among medium risk countries, ranking 20th of 40
European countries [4].

Disease development predictions and health policies

Predictions for 2050 indicate that the global disease burden
of breast cancer will increase significantly, driven by aging
population, population growth and risk factor frequency in-
crease, with many risk factors related to socio-economic
development [1]. The Global Initiative for Breast Cancer of
the World Health Organization (WHO), aiming to decrease
mortality by 2.5% annually through early detection, timely
diagnosis and adequate treatment programs, represents a
strategic guide for achieving these goals [5]. In low- and mid-
dle-income countries, early detection, better access to care
and strengthening of healthcare system capacities should be
prioritized to ensure equal access to care for all [1].
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npaBoBpEMEHE AujarHo3e W afeKBaTHOr neyewa, npea-
CTaBrba CTpaTeLlkM BOOUY 3a MOCTU3ake OBUX LINIbEBA
[5]. Y 3emrbama ca HUCKUM U CpearuMM npuxoamnma npuo-
puteT Tpeba gaTn paHom oTkpuBaky Gonectun, noborblia-
HOM MPUCTYMy fevYewy 1 jadamy 30paBCTBEHUX cUcTEMA
kako Ou 3gpaBcTBeHa 3awTuta 6una cBuma jeaHako [o-
ctynHa [1].

HaunoHanHu nporpam CKpMHWHra U ynora BeluTa4ke
WHTenureHuuje y AvjarHoCTULMN KapLuuHoOMa Aojke

Mopepn Tora wWTo je Hajuyewhn mManurHn TYMOpP KOf, XXeHa,
kapuunHom fojke y Penybnuum Cpbuju je n jemgaH o Haj-
yewhux y3poka npeBpemMeHe cMpTu xeHa. Ctona mopTa-
nvuTeTa of KapuuHoOMa [ojKe Y BENuKoj Mepu 3aBuUCK Of
yCMeLwHOCTN cnpoBohera npeBeHTMBHMX nporpama. C 0b-
3MpOM Ha 3Hayaj npobrnema, MuHucTapcTBo 3gpaBrba Pe-
nybnuke Cpbuje je yBaxasajyhu npenopyke C30, HakoH
aHanmse CKPWHUWHI nporpama Apyrux 3emarba, CadvHuno
nporpam 3a CKPUHWHI KapuMHOMa [OjKe y Halloj 3eMibu.
HauunoHanHu nporpam 3a npeBeHumjy 1 paHo OTKpuBaHe
KapumnHoma fojke ycBojuna je Bnaga Peny6nuke Cpbuje,
a objaBrbeH je y ,CnyxbeHom rmacHuky Penybrnivke Cp-
ouje”, 6poj 15/09, y cknagy ca npenopykama C30. YHa-
npeherwe HauuoHanHor nporpama 3a paHO OTKpUBaHe
KapuunHoma fojke ypaheHo je Tokom 2012. n 2013. rognHe
[6]. Pa3Bojem HOBMX TeXHOMOrMja, NporpamMm CKpUHUHra ce
CTanHo NpeucnuTyjy ca unrbem ga ce yHanpeau paHo oT-
KpvBake KapumHoMa, cmaku 6poj HenoTpebHux Gruoncu-
ja n Tepanujcknx npoueanypa, Te Aa ce u3berHy norpeLuHe
aunjarHose. Kako 6u ce npeBasulina orpaHnyera Mamo-
rpadpckor ckpuHuHra, TokoMm 1990-ux roguHa passujeHu
Cy OMjarHOCTUYKN MOLENM 3aCHOBaHW Ha BELUTAYKOj UHTe-
nureHuwmju (eHrn. Artificial Intelligence — Al), kao nogpLuka
pagmornoLlKoj npoueHu. TexHuke OyOokor ydewa (eHrn.
Deep Learning — DL) aHanusumpajy kapaktepucTtuke TKu-
Ba MOMONy CnoXxeHux anroputama v TexHonornja obpage
Crnvike, LITO MOXe OUTU of 3HayajHe KOpUCTU CTpyYhsaun-
Ma Aa npeuusHuje Tymade pagmoroLLke Hanase n yopasajy
npouec nHtepnpetauuje. Cuctemn Al mory gonpuHeTu no-
Behaky CEH3UTUBHOCTY CKPUHMHIA 1 nomohu nekapvuma y
npaBuNHOM TyMadeny mamorpama [7].

Linre papna je ytBphuBane noTeHumjanHor 3Havaja npume-
He meTtofda Al y yHanpehemy CKpuHUHra kapunHoMa [ojKe
pagu paHor OTKpuBawa, agekBaTHe AujarHocTuke u npa-
BOBpPEMeHe Tepanwje, ca acnekTa jaBHoOr 3gpassba.

MeTtoa oBor paga je 3acHOBaH Ha MpoHanacky u aHanu-
31 nogaTaka 13 NpeTXo4HOo 00jaBrbeHMX CTyauja u opyrnx
Hay4yHux nybnvkaumja Koju cy ce OQHOCWIM Ha MPUMEHY
meTtoga Al y paHoj gujarHocTMumM KapumHoma fojke. Y uc-
Tpaxusawy cy kopuwheHe 6a3e nogataka: MEDLINE,

National screening program and the role of artificial
intelligence in breast cancer diagnostics

In addition to being the most common malignant tumour
in women, breast cancer is also one of the most common
causes of premature death in women in the Republic of
Serbia. Breast cancer mortality rate largely depends on the
success of preventative programme implementation. Bear-
ing in mind the significance of this issue, following an anal-
ysis of the screening programmes of other countries and in
line with WHO recommendations, the Ministry of Health of
the Republic of Serbia developed a breast cancer screen-
ing programme in our country. The National Programme
for Prevention and Early Detection of Breast Cancer was
adopted by the Government of the Republic of Serbia, and
it was published in the “Official Gazette of the Republic
of Serbia” no. 15/09, in line with WHO recommendations.
The National Program for Early Detection of Breast Cancer
was revised and improved in 2012 and 2013 [6]. With the
development of new technologies, screening programmes
are constantly revised to improve early detection of can-
cers, decrease the number of unnecessary biopsies and
treatment procedures and to avoid incorrect diagnoses.
During the 1990ies, to overcome mammographic screen-
ing limitations, diagnostic models based on artificial in-
telligence (Al) were developed to support radiological
evaluation. Deep learning techniques (DL) analyse tissue
characteristics using complex algorithms and image pro-
cessing technologies, which can be of significant use to ex-
perts, allowing for more precise and faster interpretation of
radiological findings. Al systems can help increase screen-
ing sensitivity and assist doctors in correct interpretation of
mammograms [7].

The purpose of this paper is to establish the potential sig-
nificance of Al method use in breast cancer screening im-
provement, with the aim of early detection, adequate diag-
nostics and timely treatment, from the viewpoint of public
health.

The method used in this paper is based on finding and an-
alysing data from the previously reported studies and other
scientific publications that pertained to the implementation
of Al methods in early breast cancer diagnostics. The da-
tabases that were used for this research include: MED-
LINE, PubMed and KOBSON. The keywords used for this
literature review were breast cancer, artificial intelligence,
mammography, screening, machine learning. Scientific
publications that were considered, that pertained to breast
cancer screening and the use of Al methods in early breast
cancer diagnostics were published in the period from 2010
to 2026. In this literature review, data from systemic re-
views, qualitative and quantitative studies as well as statis-
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PubMed n KOBSON. KrbyyHe peun koje cy kopuwhe-
He MpWUIMKOM npernega nuTtepatype cy: breast cancer,
artificial intelligence, mammography, screening, machine
learning. HayyHe nybnukauuje koje cy y3eTte y o63up, a
Koje Ccy ce OOHOCWKIE Ha CKPUHUWHT KapuMHOMa A0jKe 1 yno-
Tpeby metoaa Al y paHoj AnjarHocTULM KapuumHoMma OojKe,
objaBrbeHe cy y nepuogy oa 2010. roguHe o 2026. rogu-
He. Y aHanuau nutepartype ynoTpebrbeHun cy nojauu u3s
cucTemartckux nperrnefa, KBanutaTMBHUX U KBAHTUTATMB-
HUX UCTPaXKuBah-a, Kao MU CTaTUCTUYKN M3BOPU MogaTaka.
HakoH npeTpare KIby4YHUX pevm U3BPLLEH je ogabup Hayy-
HWX pajioBa Ha OCHOBY HacroBa 1 caxeTtaka. [pukynrbeHu
Cy nodaum u3 ykynHo 26 objaBrbeHunx nybnukawmja Koje cy
KopuwheHe 3a noTpebe nNMcaka OBOr paja.

Mpernen nutepatype

OpraHuM3oBaHM CKPUHWHI KapuuHoma pojke y Peny-
6nuumn Cpouju

CKpVIHMHT KapuuHOMa [0jKe CNpOBOAM Ce Ha Teputopujn
Penybnuke Cpbuje y BMAy opraHM3oBaHOr AeLeHTpanu-
30BaHor nporpama. Hocvnau, ckpuHuHra y nornegy ynyhu-
Bakba Ha Mamorpadpcku nperneq je nekap onwiTe npakce
unu cneumjanucTta rmHekonorunje, OOK je y WMpemM CMu-
cny, y AeLeHTpanvM3oBaHOM Mofeny, Hocunaw, CKpUHUHra
OOM 30paBrba Ha TepUTOPWUjU 3a KOjy je ocHoBaH [6]. Ma-
Morpacduvja je AnjarHoCTMyka MeToda CHUMawa AOjKU Y3
nomoh peHareHckux (X) 3paka y KpaHuo-kaygarnHoj n me-
Ono-natepanHo-Kocoj Npojekumjm 1 npeacraBrba 3MnaTHU
cTaHfapn y CKpuHWHry kapumHoma fojke. MehyHapoaHo
npuxeaheH OKBUP 3a OnucMBare Hanasa y mamorpad-
CKMM W Opyrum pagmnonoLLKum npernegmma nojke je Breast
Imaging-Reporting and Data System (BI-RADS) [7]. Ty-
Maver-e MamorpaddCkux CHMMaka BpLUW ce ABOCTPYKO, Of
CTpaHe ABa He3aBMCHa 00y4eHa JoKTopa MeavumHe, cre-
umjanucta paguonoruje. lNpouec CKpUHUHra 3aBpLuaBa ce
HaKOH JOMNYHCKMX npoueaypa (ynTpas3ByyHu Npernen gojKn
N UMrbaHo MamorpadCcko cHUMame). [larbe gujarHoctuyke
npoueaype v npahexwe cnpoBoAe AOMOBY 34paBsrba, 6or-
HUUE, KITMHUYKN LEeHTPU U MHCTUTYTU [6]. Pagn cmanera
NpoLeHTa rpeLlke y oOHOCY Ha jeQHOCTPYKO o4ymTaBane,
MHOre 3emibe, YKibydvyjyhmn 1 Hally, ycBojune cy Meton
OBOCTPYKOr ouMTaBaka Mamorpadckux cHuMaka [6, 71.

HepocTtauu u orpaHnyewa mamorpaduje

Hekun og HegocTaTaka Mamorpaduje Kao MeToae CKPUHUH-
ra cy orpaHuveHa OCeT/bUBOCT M CNeunguYHOCT, orpaHu-
YeH MPUCTYN M HejeOHaKOCT Y 3APaBCTBEHO] 3alUTUTK, BU-
COKW TPOLLKOBW M OrpaHnyeHn pecypcu, BapujabunHocT y
Tymayewy pesyntara u notpeba 3a 4ogaTHUM U MHBA3MB-
HUM OWjarHOCTUYKMM MeTogama. [ycTo TKMBO JojKke MoXe

tical data were used. Following the search using keywords,
scientific publications were selected based on their titles
and abstracts. Data were collected from a total of 26 publi-
cations that were used to prepare this paper.

Literature review

Organised breast cancer screening in the Republic of
Serbia

Breast cancer screening is implemented on the territory
of the Republic of Serbia as a decentralised organised
screening programme. In terms of mammograph refer-
rals, the screening is led by general practitioners or gy-
naecologists, while the main institution in charge of the
screening, in the wider sense, in this decentralised model,
is the primary healthcare facility with territorial jurisdiction
[6]. Mammography is a diagnostic method of breast im-
aging, using X-rays in the cranial-caudal and mediolater-
al-oblique projections, and is the gold standard in breast
cancer screening. The internationally accepted framework
for the description of the mammographic and other radio-
logical breast imaging findings is the Breast Imaging-Re-
porting and Data System (BI-RADS) [7]. Mammographs
are double interpreted, by two independent trained medi-
cal doctors, specialists of radiology. The screening process
ends after additional procedures (breast ultrasound and
targeted mammographic imaging). Further diagnostic pro-
cedures and monitoring are conducted by primary health-
care facilities, hospitals, clinical centres and institutes [6].
To decrease the percentage of errors, compared to single
reading, many countries - including ours - opted for double
mammograph reading [6, 7].

Shortcomings and limitations of mammography

Some of the shortcomings of mammography as a screen-
ing method are limited sensitivity and specificity, limited
access and inequality in healthcare, high costs and lim-
ited resources, variability in interpretation of the findings
and the need for additional, invasive diagnostic methods.
Dense breast tissue can mask small tumours, reducing the
sensitivity of the method and increasing the need for addi-
tional imaging. Thus, mammography can miss tumours at
the early stage, leading to false negative results and the
need for invasive diagnostic methods [8].

Al application in screening

The use of machine learning (ML) and other types of Al
in medicine has shown great potential in breast cancer
screening. To improve traditional diagnostic methods, nu-
merous studies applied various classification algorithms,
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3amackvpatv Mane Tymope, YMMe Ce CMakbyje OCeTIibU-
BOCT MeToae v noBehaBa noTtpeba 3a fogaTHUM CHUMa-
buUMa. Ha Taj HauuH ce mamorpadujom Mory npeBuaeTu
TYMOPW Y paHOj hasu, LUTO JOBOAM A0 NTAXKHO HEeraTuBHUX
Hanasa u notpebe 3a MHBA3MBHMM OWNjarHOCTUYKMM METO-
nama [8].

MpumeHa Al y CKPUHUHTY

YnoTtpeba MalumHckor ydewa [eHrn. Machine Learning —
ML] n gpyrux rpaHa Al y meguumHu nokasana je Benuku
noTeHumjan y obnactu gujarHocTuke KapuuHoma gojke. Y
Lumnrby yHanpehewa TpaavumMoHanHux AnjarHoCTUYKUX Me-
ToAa, 6pojHM UCTpaXmnBayn Cy MpUMEHMBaNM pasnuyunTe
anropuTmMe Knacudukaumje, TEXHUKE eKCTpakuumje Kapak-
TEpPUCTMKA N oNTMMK3aLmje MeToda kako 6u ce noborblia-
na npeumsHoCT U eUKaACHOCT AWjarHOCTUYKMX cucTeMa
[9, 10]. NoamnHe 1990. npeactaBrbeH je Wisconsin Breast
Cancer Dataset (WBCD) koju je noctao cTaHgapaHu pe-
depeHTHM CKyn nogartaka 3a TecTupake anropurama ma-
LLMHCKOr y4eHa, LITO je OTBOPWUIO NyT Ka JarbeM pas3Bojy
n kopuwherwy ML TexHuKa 3a ayTomatmM3oBaHy AujarHo3y
kapuunHoma fojke [8]. Notom cy 2000. roamMHe ucTpaxusa-
4YM AEeMOHCTpMpanu CnoCOOHOCT BELUTAYKMX HEYPOHCKUX
mpexa (eHrn. Artificial Neural Network — ANN) ga npeuu-
3HO KracuduKyjy nogatke O KapuuMHOMY AOjKe, Yume cy
[oKasanu fja MOAenn Mory HayumTu CrioXXeHe HenuHeapHe
opgHoce Mefy atpubytmuma [11]. Hekn oa Haj3HayajHujux
anroputama koju cy npumerseHn 2002. n 2003. roguHe
cy anroputam Support Vector Machine (SVM) 3a aHanu-
3y CHMMaka fojke n Fuzzy anropuTmu knacudukauuje,
Koju cy Taga NocTUIMM 3Ha4ajHO noborbluake TaYHOCTU Y
ofHocy Ha ctaHpapaHe metoge [8]. Ctyauja us 2014. ro-
OVHE Y KOjoj Cy UcCTpaxusadn cnposenu nopehewe wect
anroputama ML nokasana je ga Hajborbe pesynrtate faje
Random Forest anroputam [12]. Hay4yHuum koju cy nctpa-
XvBanv yTuuaj rbyacke rpeLuke y AnjarHoCTULM KapumHO-
Ma [ojKe 3aKrby4unu cy Aa nocToju BMCOKa cTona Bapuja-
OMnHoOCTM TyMadena Hanasa, WTo noTephyje notpeby 3a
KopuwheweMm ayToMaTn3oBaHUX cuctema nogpluke [13,
14]. Deep Learning npuctynu (Hnp. Convolutional Neural
Networks — CNN) omoryhunu cy aytomartcko npenosHa-
Bakbe obpasaua 13 CMpPOBMX CHUMaKa [ojke, WTOo je cMa-
HUNo NoTpedy 3a pydHMM ogabupom kapaktepuctuka. Al
anropuTMu y CKPUHUHIY KapuMHoma fojke Mory nosehatu
NpoAYKTUBHOCT M NPELIM3HOCT paguonora, a cMaTpa ce ga
Mory noMmohu n Make UCKYCHUM fekapvmMa fa npenosHa-
jy noTeHumjanHo kaHueporeHe nesuje. OB anropuTMn cy
HapO4YMTO KOPUCHM KOO MeToda ca OBOCTPYKMM odMTaBa-
HEeM, jep cMamyjy onTepehenwe paguonora n npowuenype
NOHOBHOT No3uBakwa [8, 15-17].

MCTpa)KI/IBaH:a Cy OOKasana a npuMeHa Al kao npBor 4n-

characteristics extraction techniques and method optimi-
sations to improve precision and efficiency of diagnostic
systems [9, 10]. The Wisconsin Breast Cancer Dataset
(WBCD) was presented in 1990, becoming the standard
reference dataset to test the machine learning algorithm,
which opened the path to further development and use
of ML techniques for automated breast cancer diagnosis
[8]. Later, in 2000, researchers showed the ability of arti-
ficial neuron networks (ANN) to precisely classify data on
breast cancer, which proved that the models could learn
complex, non-linear relationships between attributes [11].
Some of the most important algorithms that were used in
2002 and 2003 were the Super Vector Machine (SVM) al-
gorithm for breast imaging analysis and Fizzy classification
algorithms, which, at the time, had achieved a significant
improvement of accuracy compared to standard methods
[8]. A study from 2014, in which the researchers compared
six ML algorithms, showed that the Random Forest algo-
rithm provided the best results [12]. The scientists who
studied the impact of human error in breast cancer diag-
nostics concluded that there was a high rate of findings
interpretation variability, which supports the need for the
use of automated support systems [13, 14]. Deep learning
approaches (E.g. Convolutional Neural Networks, CNN)
allowed for automatic pattern recognition from raw breast
imaging, which decreased the need for manual selection
of characteristics. Al algorithms can increase productivity
and precision of radiologists in breast cancer screening,
and it is believed that they can help less experienced doc-
tors to recognize potentially carcinogenic lesions. These
algorithms are particularly useful in double-reading meth-
ods, as they reduce the load on radiologists and call back
procedures [8, 15-17].

The research has proven that the use of Al as the first
reader of imaging findings can significantly reduce the ra-
diologists’ load and the time needed for imaging interpre-
tation. This would allow radiologists to read more mammo-
grams in a shorter time period, and with greater precision.
The study performed by Al-Bazzaz et al. showed a higher
sensitivity when imaging findings were analysed by radiol-
ogists using Al, compared to radiologists not using Al [17].
Since, according to research, Al algorithms show an accu-
racy that can be compared to the findings of a radiologist,
Al could take on the role of the “first reader” in screening,
while, at the same time, serving as the means to resolve
the issue of insufficient radiologists, as well as to reduce
the mistakes when reading imaging results [7, 18]. The
rate of false negatives was lower when Al algorithms were
combined with radiologists’ assessment, leading to a lower
rate of recall of screening participants, as there was less
need for additional diagnostics due to suspected malignan-
cies [19]. It is believed that combining Al with radiologists’
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Taola CHMMaka MOXe y 3Ha4ajHOj Mepu CMaHuTn onTepe-
hewe paguornora n Bpeme notpebHo 3a ounTaBakwe Ha-
nasa. Ha oBaj HaumH 61 pagunonosun Mornu o4mTatn Behu
Opoj mamorpama 3a kpahe Bpeme n ca Behom npeLmsHo-
why. Ctyauja kojy cy cnposenun Al-Bazzaz v capagHuum
Aokasana je Behy CeH3MTUMBHOCT CHMMaka Koju Cy aHanu-
3upanu pagmonosu Koju cy kopuctunm Al, y nopehemy ca
paanonosuma Koju Hucy kopuctunm Al [17]. C o63npom aa,
npema ucTpaxuaaty, anroputmu Al nokasyjy Ta4yHOCT Koja
ce MOXe ynopeautu ca Hanasvma paguonora, Al 6u morna
npey3eTu ynory ,MpBOr Yntaoua” y CKPUHKHIY, a UCTOBpeE-
MEHO MOCNYXXWUTU U Kao CPefcTBO 3a peluaBare npobne-
Ma HegocTaTka paguornora, Kao M 3a CMakbeHe rpeluaka
NPUNMKOM ovnMTaBama cHumaka [7, 18]. Ctona naxHo He-
raTMBHMX Hanasa 6una je HuWxa kaga cy ce anroputmu Al
KOMBUHOBanM ca NpoLeHOM pagumornora, LWTo je 4OBENo A0
HWXe CcTomne MOHOBHON MO3MBa y4YecHMLa, jep Ce CMakbu-
na notpeba 3a JoAaTHOM AWjarHOCTUKOM Ycrief Cymhse
Ha MmanuriuTeT [19]. Cmatpa ce ga 6m kombuHoBake Al
ca NpoLEeHOM paguoriora Moo nNpeacTaBrbatu ngeanax
nNpucTyn 3a yHanpehewe CKPUHWHIA, LWTO je Hapo4uTO
3HayajHO 3a 3eMSbe Y KOjuMa MpoLeHy BpLUM caMo jedaH
pagwuonor, Yyume 6y ce nocturao Behu mpoueHaT TayHuX
Hanasa [20].

OrpaHuyera U pusauum npumeHe Al

3HauvajHo je nctahm n orpaHnyersa CTyauja, koja ce ogHoce
Ha MpUMeHy anroputama pasBujeHuX 3a jedHy nonynauu-
jy n mane y3opke 6e3 fOBOIbHE CTaTUCTUYKe cHare. 36or
TOra je Heonxo4HO MNojeAMHAaYHO NPOLIEHNTM CBaKW TUN an-
ropuTMa Kako 6u ce ogpeamna heroa BanMaHOCT 3a KOH-
KpeTHy nonynauujy [21]. cTpaxumBarem Koje je nopegnno
rpyne ncnmTaHmka npema ctapocHOj 4obu 1 ryCTUHK TKMBa
Aojke npumeheHe cy pasnvke y Ta4HOCTU anroputMa, Koju
je 6uo marbe npeumsaH kog xeHa mnahux og 50 roguHa
M >XeHa ca rycTuMm TKMBOM Aojke [22]. BaxHo je umatun y
BMAY pU3NKe Koju Bn ce ogHOCUNM Ha NPeBenuKo ocnama-
te Ha Al, Hapo4nTO Of CTpPaHEe HELITO Mak€e UCKYCHUX pa-
avonora. Vctpaxnsare je nokasano ga cnabuje NckycHu
paguonosn y oo 48% cnydvajeBa Mersajy CBOje Tymadere
Mamorpama HakoH Hanasa koje aaje Al. Hanasn pobujeHu
Ha OBaj Ha4MH HUCY YBEK TayHu, WTo noBehasa moryhHocT
rpeLuke y HUXoBOj MHTepnpeTauujm [17].

JaBHO3ApaBCTBEHU M eTUYKM acneKkTn npumeHe Al

Ynpkoc noteHumjany Al aa yHanpeav npeLmsHoCT U CMakbn
TPOLLKOBE OYMTaBaka, U Aarbe nocToju HeycarmnaweHocT
CTpyYH-aka y norriegy noysgaHocTv U onTumarHor mogena
npumeHe [23]. Miako ce cmaTtpa ga metoge Al mory no6osb-
LaTh Ta4HOCT U epUKaACHOCT CKPUHWMHIA KapLMHOMa JojKe,
MHOre XXEHEe n3paxaBajy HenoBepere npema ynotpebu Al

assessment could represent an ideal approach to improve
screening, which is of particular importance for countries in
which the assessment is carried out by a single radiologist,
as it would achieve a higher percentage of correct readings
[20].

Limitations and risks of Al use

It is also important to point out the limitations of the studies
pertaining to the use of algorithms developed for a single
population and small samples, without sufficient statisti-
cal power. It is hence necessary to assess each type of
algorithm individually, to assess their validity for the con-
crete population [21]. The research that compared subject
groups by age and breast tissue density showed differenc-
es in algorithm accuracy, with a lower precision in women
under the age of 50 and women with dense breast tissue
[22]. It's important to bear in mid the risks that would come
from excessive reliance on Al, especially by less experi-
enced radiologists. The research has shown that less ex-
perienced radiologists change their interpretation of mam-
mograms after seeing the findings provided by Al in 48%
of the cases. Findings obtained in this way are not always
accurate, which increases the possibility of interpretation
mistakes [17].

Public health and ethical aspects of Al use

Despite the Al’s potential to improve precision and reduce
interpretation costs, there are still discrepancies among
experts when it comes to reliability and optimal use model
[23]. Although it's believed that Al methods can improve
accuracy and efficiency of breast cancer screening, many
women express their mistrust in the use of Al in health-
care. The success of screening depends on a high pop-
ulation response, and introduction of Al without sufficient
understanding and awareness raising in citizens could
jeopardise screening participation rates [24]. The results
of a study conducted in Australia, encompassing women
aged 40-79, which were eligible for breast cancer screen-
ing, showed that women scored algorithm accuracy as the
highest. The highest mistrust was found for total autom-
atization, i.e., use of Al without radiologist participation
and for international, profit-oriented companies that own
the algorithms. Research showed that the introduction of
Al would probably lead to split reactions and could make
some of the women abstain from taking part in screening
[25]. It is thus necessary to conduct a detailed analysis of
advantages and disadvantages of Al, ensure human over-
sight in decision-making, insist on ownership transparency
and data protection, and to develop local algorithms that
would suit different populations of women. Introducing Al
without community participation could lead to increased
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y 34paBCTBEHO] 3alUTUTU. YCNexX CKPUHUHI nporpama 3a-
BMCW Of, BUCOKOI oA3vBa nonynauuje, a yBohewe Al 6e3
[OBOSbLHOI pa3ymeBaka U egykauuje rpahaHa, mormno 6m
yrpo3ntu ctone y4vewha y cKpuHuHry [24]. PesynTtatu mc-
Tpaxusara crnpoBegeHor y Ayctpanuju Koje je obyxsaTtu-
no xeHe ctapocTtn 40—74 rognHe, Koje ucnyhasajy ycrnose
3a yyewhe y CKpUHUHIY KapuuHoMa Jojke, nokasarno je ga
XeHe HajBuLe BpeaHYyjy Ta4HOCT anroputma. Hajsehe He-
noBepene NocTojano je npema noTrnyHoj aytomatmusaumjn,
ogHocHo npumenn Al Ge3 yyewha paguonora, n npema
MefyHapooHUM, MPOMUTHO OpPUjEHTUCAHUM KOMMaHuja-
Ma Koje nocenyjy anroputme. VcTpaxuBarbe je ykasano
na 6u yBohewe Al HajpepoBaTHMje M3a3Bano nogerbeHe
peakuuje, Te Aa 6u MOrno HaBecTn Aeo nomnynauuje xxeHa
fa opgyctaHy of yyewha y ckpuHuHry [25]. Ctora je He-
OMNXOAHO ypaguTu OeTarbHy aHanu3dy NpegHocTM u orpa-
Huyenwa Al, 06e3begnTn SbyACKM HaA30p Yy OOHOLLEHY
oanyka, MUHCUCTMPaTK Ha TPaHCMapeHTHOCTM BNnacHLWTBA
W 3alTUTK NogaTtaka v passujaTi fiokanHe anropuTme Koju
ofrosapajy pasnuynTuM nonynauujama xxeHa. ysohewe Al
6e3 aKTMBHOT YKIby4MBaka 3ajegHuue mMorno 6u gosecTu
0o nosehara HejeqHaKOCTW y 34paBIby N YMarUTH jaBHO-
30paBCTBEHe KOpPUCTM Koje Bu oBa TexHonoruja morna ga
npyu [26].

3akrby4vak

WcTpaxuBara cy gokasana ga npumeHa Al kao npsor
yuTaoLa CHMMaKa MOXe y 3HayajHoj Mepu CMaHUTW or-
Tepehewe paguonora u Bpeme notpebHo 3a ounTaBare
Hanasa. Al anropuTMu1 y CKpUHWHIY KapLMHOMa [0jKke Mory
nobosbliaTM NPOAYKTMBHOCT U MPeLmM3HOCT paguornora u
OUTK 0 KOPUCTU Mare UCKYCHUM NekapvmMa Aa npenosHa-
jy noteHumjanHo kaHueporeHe nesnje. BehnHa cnposege-
HMX CTyamja je gokasana Aa MallMHCKO yyewse 1 AyOoko
yyere MMajy U3yseTaH noteHumjan y paHoj AnjarHocTuum
KapuuHoma Aojke, anu noctoju notpeba 3a ctaHgapaunsa-
uujom nogaTtaka u garoMm passojem mMogena Koju 6w no-
MOIMY nekapvMa y AOHOLeHY oA4JflyKa, Kao U AeTarbHOM
aHanu3om NpegHoOCTM N orpaHnyera ynotpebe. MNMotpebHo
je cnpoBecT Aarba UCTpaxuBara U cBeobyxBaTHy aHa-
N3y NPefHOCTU U OrpaHuYera BellTaqke NHTenureHumje,
06e36eanTn agekBaTaH JbyacKM HAL30p, MHCUCTUPATK Ha
TpaHCMapeHTHOCTN W1 3alITUTK nofaTtaka, Kao 1 passujatu
rnokariHe anroputme npunarofeHe pasnuuuTuMm nonyna-
Lmjama xeHa. Ycnex CKpUHUHI nporpamMa 3aBucu Of BU-
COKOI of3vBa noryrnatuje, Te je HeornxogHo nauujeHTuma
egyKaumjom npeacTaBuTK 3Havaj CKpUHMHIA Ha agekBaTaH
Ha4uH, Koju 6 um omoryhuo pasymeBare 1M NpuxeaTame
ynoTtpebe metoga Al y 30paBCTBEHO] 3aLUTUTK.

health inequality and decrease the public health benefits
that this technology could provide [26].

Conclusion

The research has proven that the use of Al as the first
reader of images can significantly reduce the radiologists’
load and the time needed for imaging interpretation. Al al-
gorithms can improve productivity and precision of radiol-
ogists in breast cancer screening, and they can be of use
to less experienced doctors in recognising potentially car-
cinogenic lesions. Most of the studies conducted had prov-
en that machine learning and deep learning have excep-
tional potential in early breast cancer diagnostics, but there
is a need for data standardisation and further development
of models that would assist doctors in decision-making, as
well as for a detailed analysis of advantages and disadvan-
tages of their use. Further research is needed, as well as
a comprehensive analysis of advantages and limitations of
artificial intelligence. Human surveillance needs to be en-
sured, transparency and data protection must be insisted
on, and local algorithms need to be developed, adapted to
different populations of women. The success of screening
programs depends on a high population response, so it is
necessary to provide awareness raising for the patients,
properly presenting the importance of screening, to allow
them to understand and accept the use of Al methods in
healthcare.
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