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IN THE SPOTLIGHTU FOKUSU

SAŽETAK

Ovaj rad ima za cilj da objasni termin precizno javno zdravlje i njegovu primenu u 
ranom otkrivanju onkoloških bolesti i genomskih rizika za ove bolesti. Ukratko 
se razmatra upotreba veštačke inteligencije i profilisanje genoma, uključujući i 
uvide u trenutno stanje inovativnih pristupa u Republici Srbiji. Potrebno je stvo-
riti okruženje za skladištenje velikih genetičkih i zdravstvenih skupova podataka 
koje je zaštićeno i interoperabilno, u skladu sa principima nesmetanog prona-
laženja, pristupačnosti, interoperabilnosti i ponovne upotrebe (engl. findability, 
accessibility, interoperability, and reusability - FAIR). Šira upotreba genomike u 
ranom otkrivanju rizika od onkoloških bolesti mora da ispuni dobro utvrđene kri-
terijume za populacioni skrining, što trenutno nije slučaj. Faktori rizika koji mogu 
da izazovu ispoljavanje gena dovodeći do onkoloških bolesti su dobro poznati, 
a to su: nezdravo okruženje uključujući zagađenje vazduha, pušenje i izloženost 
duvanskom dimu, stres, neuravnotežena ishrana i drugi štetni faktori. Stoga bi 
nadležne zdravstvene institucije i donosioci odluka u oblasti zdravstvene politike 
trebalo da se fokusiraju na izgradnju zdravog okruženja isto koliko i na rad na 
tehničkoj i tehnološkoj zdravstvenoj informacionoj infrastrukturi neophodnoj za 
dalji razvoj genomike i preciznog javnog zdravlja.

Ključne reči: precizno javno zdravlje, genomika, veštačka inteligencija, 
onkološke bolesti, skrining, zdravstvena politika

ABSTRACT

This paper aims to discuss the term precision public health and its application in 
the early detection of oncological diseases and genomic risks for these diseas-
es. The use of artificial intelligence and genomic profiling are briefly elaborated 
on, including reflections on the current status of innovative approaches in the 
Republic of Serbia. An environment for big genetic and health data sets storage 
that is protected and interoperable needs to be created, in keeping with the find-
ability, accessibility, interoperability, and reusability (FAIR) principles. Wider use 
of genomics in the early detection of risks for oncological diseases must meet 
the well-established criteria for population screening, which is currently not the 
case. The risk factors that can trigger the penetrance of genes, thus leading to 
oncological disease, are also well known, and are as follows: unhealthy environ-
ments including air pollution, smoking and exposure to second-hand smoke, 
stress, unbalanced diet, and other harmful factors. Therefore, health governance 
bodies and health policy decision-makers should focus on building a healthy 
environment as much as on working on the technical and technological health 
information infrastructure necessary for further development of genomics and 
precision public health.

Keywords: precision public health, genomics, artificial intelligence, oncological 
diseases, screening, health policy
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MALIGNANT DISEASES IN SERBIA 

Malignant diseases are a significant public health pro-
blem in the Republic of Serbia. The age-standardized 
incidence rate (ASIR) is 250.4 per 100,000 population 
[1], while the mortality rate for all cancer types, in 2022, 
was 128.4 per 100,000 population, which puts Serbia 
in fourth place in Europe [2]. Several risk factors con-
tribute to these unfavorable statistics, such as a high 
prevalence of smoking among adults (36.6%) [3], high 
levels of air pollution during the entire year (an annual 
average PM2.5 concentration of 19.4 μg/m³, as compa-
red to 14 μg/m³ in the European Region) [4], a national 
diet rich in fat and processed foods and depleted in fi-
ber [5], but also an aging population (in 2022, the share 
of persons aged 65 and over was 22.0%) [6], in combi-
nation with a low total fertility rate (1.63 in 2022) [7].

The threat of a high incidence of malignant dis-
eases and mortality caused by these diseases was ob-
served as early as 20 years ago, and national policy-
makers announced programs for the prevention and 
early detection of cancers as the strategy which was 
supposed to improve the length and quality of life. 
Consequently, population screening programs were 
launched for three types of cancers in 2012: breast can-
cer (mammography followed by biopsy), cervical can-
cer (Papa test followed by biopsy), and colorectal test 
(fecal occult blood test - FOBT, followed by colonos-
copy and biopsy) [8-10]. Although the National Cancer 
Screening Office was established to coordinate a pro-
active approach in inviting the population believed to 
be healthy (ostensibly healthy) to undergo screening, 
the response rates remained modest, far below the de-
sired goals. Despite all efforts and the implementation 
of public health campaigns to raise awareness of the 
importance of early detection of cancers, according to 
Serbia: Health System Review 2019, the response rates 
were 11.4%, 15.8%, and 5.0% of the target population, 
for breast, cervical and colorectal cancer, respectively, 
which was far below the reported response rates for 
other European countries [11-13].

As public health professionals with a comprehen-
sive societal perspective, we must consider whether 
the innovative approaches available in the 21st centu-
ry can meaningfully be used in the early detection of 
oncological diseases and the assessment of risks with-
in ostensibly healthy populations. Furthermore, we 
should examine whether these approaches can reduce 
mortality rates and enhance survival and health-relat-
ed quality of life. 

INNOVATIVE APPROACHES 

We are living in the era of the fourth industrial revo-
lution, and the availability of innovative technologies, 

MALIGNA OBOLJENJA U SRBIJI

Maligna oboljenja predstavljaju značajan javnozdrav-
stveni problem u Republici Srbiji. Starosno standardi-
zovana stopa incidencije (engl. age-standardized inci-
dence rate - ASIR) iznosi 250,4 na 100.000 stanovnika 
[1], dok je stopa mortaliteta za sve tipove karcinoma u 
2022. godini iznosila 128,4 na 100.000 stanovnika, što 
Srbiju svrstava na četvrto mesto u Evropi [2]. Nekoliko 
faktora rizika doprinosi ovoj nepovoljnoj statistici, kao 
što su: visoka prevalencija pušenja među odraslima 
(36,6%) [3], visok stepen zagađenosti vazduha tokom 
cele godine (prosečna godišnja koncentracija PM2,5 od 
19,4 mg/m³, u poređenju sa 14 mg/m³ u evropskom re-
gionu) [4],  ishrana u kojoj su bogato zastupljene masti 
i prerađevine a koja je siromašna u vlaknima, ali i stare-
nje stanovništva (2022. godine udeo osoba starosti 65 
i više godina bio je 22,0%) [6], u kombinaciji sa niskom 
stopom ukupnog fertiliteta (1,63 u 2022. godini) [7].

Visoke incidencije malignih bolesti i mortaliteta uz-
rokovanog ovim bolestima su uočene  još pre 20 godi-
na, a nacionalni kreatori politike najavljivali su programe 
prevencije i ranog otkrivanja karcinoma kao strategiju 
koja je trebalo da poboljša dužinu i kvalitet života. Shod-
no tome, 2012. godine pokrenuti su programi skrininga 
populacije za tri vrste karcinoma: rak dojke (mamografi-
ja praćena biopsijom), karcinom grlića materice (Papa 
test praćen biopsijom), i kolorektalni test (test fekalne 
okultne krvi – engl. fecal occult blood test - FOBT, praćen 
kolonoskopijom i biopsijom) [8-10]. Iako je Nacionalna 
kancelarija za skrining raka, osnovana da koordiniše 
proaktivni pristup u pozivanju zdravog stanovništva 
(preciznije, stanovništva za koje se pretpostavlja da je 
zdravo) da se podvrgne skriningu, stope odgovora su 
ostale na skromnom nivou, daleko ispod željenih cilje-
va. Uprkos svim naporima i sprovođenju javnozdravst-
venih kampanja kako bi se podigla svest o značaju ra-
nog otkrivanja karcinoma, prema Serbia: Health System 
Review 2019, stope odgovora su bile 11,4%, 15,8% i 
5,0% ciljne populacije, za rak dojke, grlića materice i kol-
orektalnog kancera, što je daleko ispod stope odgovora 
u drugim evropskim zemljama [11-13].

Kao stručnjaci za javno zdravlje koji sagledavaju 
sveobuhvatnu i široku društvenu perspektivu, mora-
mo da razmotrimo da li se inovativni pristupi dostupni 
u 21. veku mogu smisleno primeniti u ranom otkrivanju 
onkoloških bolesti i proceni rizika kod pretpostavljeno 
zdrave  populacije. Štaviše, trebalo bi da ispitamo da li ovi 
pristupi u zdravstvenom domenu mogu da smanje stope 
mortaliteta i poboljšaju preživljavanje i kvalitet života.

INOVATIVNI PRISTUPI

Živimo u eri četvrte industrijske revolucije, a dostupnost 
inovativnih tehnologija, veštačke inteligencije (engl. 
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artificial intelligence (AI), and genome profiling are ma-
king a revolutionary difference in all aspects of health 
care. Therefore, there is a valid and justified question: 
can these innovative approaches improve the early de-
tection and treatment of oncological diseases? While 
we leave the aspect of oncological diseases related to 
innovative diagnostic methods and therapies to the 
consideration of clinicians, pathologists, and molecular 
biology specialists, let us consider the first part, i.e., the 
early detection of oncological diseases. There are on-
going efforts and projects related to training AI models 
to be used in radiology for the valid detection of sus-
picious changes/lesions, particularly for reading mam-
mography reports [14-17]. Several studies have proven 
that using AI in the first reading of radiology reports 
can be efficient and cost-effective. It can overcome an 
important barrier, such as the lack of highly qualified 
radiologists, known as one of the biggest bottlenecks 
in the healthcare systems worldwide. This is especia-
lly the case in developing countries, due to brain dra-
in and because of the extensive training that doctors 
have to undergo before becoming specialists [18]. 
However, although AI has shown promise in mammo-
graphy-based screening in retrospective evaluations, 
few prospective studies exist, which is why the scope 
of its application is still limited [19]. It is expected that in 
the future, AI might contribute to the early detection of 
clinically relevant cancers thus reducing the screen-re-
ading workload without increasing false positives [20].    

Apart from AI, the other innovative approach we 
would like to consider is the use of genomics. Thanks 
to the advanced techniques for genome profiling, one 
of which is known as Next Generation Sequencing 
(NGS), genomic analyses of diseased tissues are now-
adays an almost inevitable part of tumor profiling, 
which leads to prescribing the most effective person-
alized treatments that target biomolecules responsi-
ble for cancer development [21]. However, the avail-
ability of NGS and innovative therapies depends on 
the financial resources of the healthcare system, and 
there are different models for securing funding for 
these approaches [22,23].  

The aforementioned innovative approaches are 
not unknown in Serbia. At the national level, thirteen 
organizations equipped to perform NGS have been 
mapped. Their sequencing systems are from different 
manufacturers (Illumina, BGI, Oxford Nanopore Tech-
nologies, Thermo Fisher Scientific, PacBio). All of these 
organizations are publicly owned [24]. The availability 
of innovative therapies is also increasing. According to 
recent announcements, the National Health Insurance 
Fund of the Republic of Serbia is financing 17 innova-
tive therapies for oncological diseases, and the overall 

artificial intelligence – AI) i profilisanja genoma imaju re-
volucionaran uticaj na sve aspekte zdravstvene zaštite. 
Stoga se postavlja validno i opravdano pitanje: da li ovi 
inovativni pristupi mogu da unaprede rano otkrivanje 
i lečenje onkoloških bolesti? Dok aspekt onkoloških 
bolesti u vezi sa inovativnim dijagnostičkim metoda-
ma i terapijama ostavljamo na razmatranje kliničarima, 
patolozima i specijalistima molekularne biologije, mi 
možemo da razmotrimo prvi deo, odnosno rano otkri-
vanje onkoloških bolesti. U toku su inicijative i projekti 
programiranja AI modela koji će se koristiti u radiologiji 
za validno otkrivanje sumnjivih promena, posebno kod 
čitanje izveštaja sa mamografije [14-17]. Nekoliko stu-
dija je dokazalo da korišćenje veštačke inteligencije u 
prvom čitanju radioloških izveštaja može biti efikasno 
i isplativo. Može da prevaziđe važnu barijeru, kao što je 
nedostatak visoko kvalifikovanih radiologa, što je po-
znato kao jedno od najvažnijih uskih grla u zdravstve-
nim sistemima širom sveta. Ovo je posebno slučaj u ze-
mljama u razvoju, zbog odliva mozgova i zbog opsežne 
obuke koju lekari moraju da prođu pre nego što posta-
nu specijalisti [18]. Međutim, iako se u retrospektivnim 
evaluacijama pokazalo da AI obećava u domenu skri-
ninga putem mamografije, malo je prospektivnih stu-
dija na ovu temu, zbog čega je obim primene veštačke 
inteligencije još uvek ograničen [19]. Očekuje se da bi 
u budućnosti veštačka inteligencija mogla da doprine-
se ranom otkrivanju klinički relevantnih karcinoma i da 
na taj način smanji obim posla u čitanju snimaka, a bez 
povećanja broja lažnih pozitivnih rezultata [20].

Osim veštačke inteligencije, drugi inovativni pris-
tup koji bismo želeli da razmotrimo jeste upotreba 
genomike. Zahvaljujući naprednim tehnikama za 
profilisanje genoma, kao što je sekvenciranje sledeće 
generacije (engl. next generation sequencing - NGS), an-
alize genoma obolelih tkiva su danas skoro neizbežni 
deo profilisanja tumora, što omogućava propisivan-
je najefikasnijih personalizovanih terapija koje ciljaju 
biomolekule odgovorne za razvoj raka [21]. Međutim, 
dostupnost sekvenciranja sledeće generacije (NGS) 
i inovativnih terapija zavisi od finansijskih sredstava 
zdravstvenog sistema, i identifikovani su različiti mod-
eli za finansiranje ovih pristupa [22,23].

Pomenuti inovativni pristupi nisu nepoznati u Sr-
biji. Na nacionalnom nivou mapirano je trinaest orga-
nizacija opremljenih za NGS. Sve ove organizacije su u 
javnom vlasništvu, a njihovi sistemi sekvenciranja su 
različitih proizvođača (Illumina, BGI, Okford Nanopore 
Technologies, ​​Thermo Fisher Scientific, PacBio) [24]. Dos-
tupnost inovativnih terapija se takođe povećava. Pre-
ma poslednjim podacima, Fond za zdravstveno osigu-
ranje Republike Srbije finansira 17 inovativnih terapija 
za onkološke bolesti, a ukupni izdaci za njih su u 2024. 
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expenditure for them was 18.5 billion dinars in 2024, 
which is almost 157 million euros [25].

PRECISION MEDICINE AND PRECISION PUBLIC 
HEALTH

In the past 20 years, due to the availability of NGS, whi-
ch enables significantly faster and cheaper analyses of 
the human genome, the concept of precision medicine 
(generally considered analogous to personalized me-
dicine) evolved to include genetic profiling in clinical 
decision-making. Although there is no universally ac-
cepted definition of personalized medicine, the Hori-
zon 2020 Advisory Group defines it as “a medical model 
using characterization of individuals’ phenotypes and 
genotypes (e.g. molecular profiling, medical imaging, 
lifestyle data) for tailoring the right therapeutic stra-
tegy for the right person at the right time, and/or to de-
termine the predisposition to disease and/or to deliver 
timely and targeted prevention“. The “one size fits all” 
approach to cancer treatment was gradually replaced 
by tailoring treatments to each individual, which has 
placed new challenges before clinicians and healthcare 
systems. However, successful precision medicine requ-
ires a population perspective, paving the way to esta-
blishing the precision public health (PPH) concept [21]. 
Precision public health can be defined as “a means of 
improving population health through the use of new 
technologies, particularly genomics and digital, which 
would guide public health practice by generating more 
individually tailored interventions and policies” [26]. In 
other words, PPH is about delivering “the right inter-
vention, at the right time, to the right population” [27], 
or using the best available data to more effectively and 
efficiently target those in need [28].  The two biggest 
drivers in PPH are genomic research and health infor-
mation technologies that collect health-related data in 
a machine-readable form, owing to the interoperabili-
ty of health information systems. However, specialists 
in health systems, decision-makers, and public health 
professionals need to understand innovative, digital, 
and “omics” technologies (the latter is the suffix that 
applies to genomics, epigenomics, proteomics, meta-
bolomics, and metagenomics). They are not the goal in 
themselves, but tools for health promotion and disease 
prevention, if applied reasonably and responsibly, i.e., 
if followed by appropriate risk management strategies 
such as counseling and surveillance. Still, many met-
hodological considerations and concerns remain to be 
addressed in order to justify their use on a large scale, 
which is particularly relevant in their use for populati-
on genomic screening to identify risk factors for mali-
gnant diseases [26,29]. 

godini iznosili 18,5 milijardi dinara, što je skoro 157 mil-
iona evra [25].

PRECIZNA MEDICINA I PRECIZNO JAVNO 
ZDRAVLJE

U proteklih 20 godina, zbog dostupnosti sekvenciranja 
sledeće generacije, koje omogućava znatno brže i jefti-
nije analize ljudskog genoma, pojam precizne medicine 
(koji se načelno smatra analognim sa pojmom persona-
lizovane medicine) evoluirao je tako da u donošenje kli-
ničkih odluka uključi i profilisanje genoma. Iako ne po-
stoji univerzalno prihvaćena definicija personalizovane 
medicine, savetodavna grupa programa Horizont 2020 
je definiše kao „medicinski model u kojem se koristi ka-
rakterizacija fenotipova i genotipova pojedinaca (npr. 
molekularno profilisanje, medicinsko snimanje, podaci 
o životnom stilu) u cilju pravovremenog prilagođavanja 
terapeutske strategije osobi i/ili utvrđivanja predispo-
zicija za bolest i/ili pravovremene i ciljane prevencije“. 
Pristup lečenju raka po „univerzalnom“ principu poste-
peno je zamenjen prilagođavanjem terapije svakom 
pojedinačnom pacijentu, što je postavilo nove izazove 
pred kliničare i zdravstvene sisteme. Međutim, uspešna 
precizna medicina zahteva populacionu perspektivu, 
čime se utire put ka uspostavljanju koncepta preciznog 
javnog zdravlja (engl. precision public health – PPH) [21]. 
Precizno javno zdravlje može se definisati kao „sredstvo 
za poboljšanje zdravlja stanovništva primenom novih 
tehnologija, posebno genomike i digitalnih tehnologi-
ja, koje bi usmeravale praksu javnog zdravlja generisa-
njem više individualno prilagođenih oblika delovanja i 
politika“ [26]. Drugim rečima, PPH se odnosi na obez-
beđivanje „pravog oblika delovanja, pravoj populaciji, 
u pravo vreme“ [27], odnosno na korišćenje najboljih 
dostupnih podataka za efikasnije i delotvornije cilja-
no delovanje ka onima kojima je to potrebno [28]. 
Dva najveća pokretača u PPH su istraživanje genoma i 
zdravstvene informacione tehnologije koje prikupljaju 
podatke u vezi sa zdravljem u mašinski čitljivom obliku, 
zahvaljujući interoperabilnosti zdravstvenih informaci-
onih sistema. Stručnjaci za zdravstvene sisteme, profe-
sionalci u oblasti javnog zdravlja i donosioci odluka tre-
ba da razumeju inovativne, digitalne i „omika“ tehnolo-
gije (poslednje se odnosi na sufiks koji se javlja u rečima 
genomika, epigenomika, proteomika, metabolomika i 
metagenomika). Ove tehnologije nisu cilj same po sebi, 
već alati za promovisanje zdravlja i prevenciju bolesti, 
ukoliko se primenjuju razumno i odgovorno, odno-
sno ako ih prate odgovarajuće strategije upravljanja 
rizicima, kao što su savetovanje i nadzor. Ipak, da bi se 
opravdala njihova upotreba u širim razmerama potreb-
no je pozabaviti se i mnogim drugim metodološkim pi-
tanjima i nedoumicama, što je posebno relevantno kod 
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GENOMICS IN THE WORLD AND SERBIA

Numerous projects and ongoing initiatives related to 
genomic profiling in patients and the general popu-
lation are nowadays being applied worldwide, mostly 
in developed but also in developing countries [21,30].  
For example, Genomics England launched an initiative 
called “100,000 Genomes Project” aiming to sequence 
100,000 genomes from around 85,000 patients registe-
red with their National Health Service (NHS), who are 
suffering from either cancer or a rare disease, while 
the European Union announced ”1+ Million Genomes” 
(1+MG), an initiative aiming to secure access to geno-
mics and the corresponding clinical data across Europe 
[31,32]. The “Genome of Europe” project aims to bui-
ld a European network of national genomic reference 
cohorts to collect data on the genetic composition of 
both healthy and diseased individuals (sequenced ge-
nomes) [33]. 

In Serbia, various efforts have been implemented 
to use the power of genetic data for improvements 
in the well-being of citizens, but they are mostly frag-
mented and represent unrelated institutional activities 
[34]. Since November 2023, as a more focused national 
effort, Serbia has also become a part of the “Genome 
of Europe” initiative/consortium, together with 29 Eu-
ropean Union (EU) countries and only three countries 
outside the EU (besides Serbia, also Turkey and Norway) 
[33,35]. These findings are expected to lead to ground-
breaking insights into genetic structure, enabling “per-
sonalized healthcare treatments with the potential to 
improve disease prevention” [32]. 

Capacities for genomic analyses have been 
mapped in Serbia, and it seems that the country 
has reasonable potential and willingness to keep up 
with the global trends in this domain [24,35]. How-
ever, certain challenges remain, particularly the lack 
of qualified research and medical staff for analyzing 
and interpreting sequencing results. To address this 
issue, in 2025, the Ministry of Education launched the 
first Bioinformatics Master’s Program to train the next 
generation of students in bioinformatics, genomics, 
molecular biology, clinical data analysis, pharmaco-
genetics, the application of artificial intelligence in 
biology and medicine, as well as in big data analysis 
[36]. At the national level, a study on voluntary ge-
nomic profiling among 1,000 individuals 18-40 years 
old, from the general (healthy) population, is being 
conceptualized [37]. This needs to be followed by the 
project of establishing a Genetic and Biomedical Data 
Registry, i.e., an information system for storing and 
exchanging genetic data under the highest technical 
and security standards, for research and development 
purposes in biotechnology, healthcare, and genetics 

njihove upotrebe u populacionom skriningu genoma 
za identifikaciju faktora rizika za maligne bolesti [26,29].

GENOMIKA U SVETU I SRBIJI

Profilisanje genoma pojedinačnih pacijenata i opšte 
populacije danas je predmet istraživanja koja se spro-
vode širom sveta, uglavnom u razvijenim, ali i u zemlja-
ma u razvoju [21,30].  Na primer, kompanija Genomics 
England je pokrenula inicijativu pod nazivom „Projekat 
100.000 genoma“ (engl. 100,000 Genomes Project) sa ci-
ljem da se sekvencira 100.000 genoma za oko 85.000 
pacijenata registrovanih u njihovoj Nacionalnoj zdrav-
stvenoj službi (engl. National Health Service – NHS), koji 
boluju od raka ili retkih bolesti, dok je Evropska unija 
pokrenula inicijativu „1+ milion genoma“ (engl. 1+ Milli-
on Genomes – 1+MG),  koja ima za cilj da obezbedi iden-
tifikovanje genomskog profila i pristup pratećim klinič-
kim podacima širom Evrope [31,32]. Projekat „Genom 
Evrope” (engl. Genome of Europe) ima za cilj da izgradi 
evropsku mrežu nacionalnih genomskih referentnih 
kohorti za prikupljanje podataka o genetskom sastavu 
i zdravih i bolesnih osoba (sekvencirani genomi) [33]. 

U Srbiji su uloženi različiti napori kako bi se po-
tencijal genetičkih podataka iskoristio na dobrobit 
pacijenata i građana, ali su oni uglavnom fragmentira-
ni i predstavljaju pojedinačne institucionalne aktivno-
sti [34]. Međutim, od novembra 2023. godine, u cilju 
fokusiranijeg delovanja na nacionalnom nivou, Srbija 
je postala i deo inicijative/konzorcijuma „Genom Ev-
rope“, zajedno sa 29 zemalja Evropske unije (EU), i sve-
ga tri zemlje izvan EU (pored Srbije, još i Turska i Nor-
veška) [33,35]. Očekuje se da će dobijeni nalazi dovesti 
do revolucionarnog uvida u genetsku strukturu, omo-
gućavajući „personalizovane zdravstvene tretmane sa 
potencijalom da se unapredi prevencija bolesti“ [32]. 

U Srbiji su mapirani kapaciteti za sprovođenje anal-
iza genoma i čini se da naša zemlja ima realan potencijal 
i volju da prati svetske trendove u ovoj oblasti [24,35]. 
Međutim, ostaju određeni izazovi, koji se, između osta-
log, odnose i na nedostatak kvalifikovanog istraživačk-
og i medicinskog osoblja za analizu i tumačenje rezu-
ltata sekvenciranja. Da bi se rešilo ovo pitanje, Minis-
tarstvo prosvete je 2025. godine pokrenulo prvi master 
program bioinformatike (Master 4.0 Bioinformatika) za 
obuku sledeće generacije studenata za bioinformati-
ku, genomiku, molekularnu biologiju, analizu kliničkih 
podataka, farmakogenetiku, primenu veštačke inteli-
gencije u biologiji i medicini, kao i za analizu velikih po-
dataka [36]. Takođe, u Srbiji je, na nacionalnom nivou, 
koncipirana studija za dobrovoljno profilisanje geno-
ma  među 1.000 osoba starosti 18-40 godina, iz opšte 
(zdrave) populacije [37]. Studija treba da bude praćena 
uspostavljanjem Registra genetičkih i biomedicinskih 
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[37]. These activities represent a great incentive and 
opportunity, but also a great responsibility to deliver 
the most cost-effective interventions to persons with 
identified genomic risks.   

THE POTENTIAL OF GENOMICS IN 
POPULATION SCREENING ASSOCIATED WITH 
MALIGNANT DISEASES  

According to the American College of Medical Genetics 
and Genomics (ACMG) and the United States Centers 
for Disease Control and Prevention (CDC) Tier 1 conditi-
ons, the most common and recommended application 
of population genetic screening is for the identification 
of genetic mutations that predispose an individual to 
one of the following conditions: hereditary breast and 
ovarian cancer syndrome (HBOC), which presents a risk 
for breast, ovarian, tubal, peritoneal and other cancers 
due to mutations in breast cancer gene 1 (BRCA1) or 
breast cancer gene 2 (BRCA2), and Lynch syndrome 
(LS), which represents an increased risk for colorectal, 
endometrial, ovarian and other cancers [30,38]. 

Mutations of the BRCA1 and BRCA2 genes are 
known for having relatively high penetrance: the cu-
mulative risk for breast cancer among mutation carriers 
at the age of 70 was 57% for BRCA1 (95% confidence 
interval (CI) 47%-66%) and 49% for BRCA2 (95% CI 40%-
57%), and even lower for ovarian cancer (40% and 18% 
for BRCA1 and BRCA2 respectively, 95% CI 35%-46% 
and 95% CI 13%-23%), as found in a meta-analysis con-
ducted by Chen and Parmigiani [39]. On the other hand, 
the prevalence of BRCA mutations among patients 
with breast cancers is in the range of 1.8% in Spain to 
36.9% in the United States, according to the systemat-
ic review of 70 studies worldwide conducted by Arm-
strong et al. [40]. In Nordic countries, the heritability of 
female breast cancer was found to be 31%, while for 
colorectal cancer it was found to be 15% [41]. In Serbia, 
testing for germline mutations in cancer susceptibili-
ty genes for hereditary breast and ovarian cancer and 
Lynch syndrome is performed at the national level, at 
the Institute for Oncology and Radiology of Serbia. The 
most frequent mutations in breast and ovarian cancer 
were found to be in BRCA1 (7.6%), BRCA2 (4.8%), the 
partner and localizer of BRCA2 gene (PALB2) (4.1%), 
and the checkpoint kinase 2 gene (CHEK2) (3.8%) [42]. 
Identifying pathogenic and likely pathogenic variants 
in genes that carry a high predisposition for hereditary 
cancers allows for the stratification of families by risk 
and has become a widely accepted global practice. 

It is important to note that if an individual is a carri-
er of the aforementioned genetic mutations, this does 
not necessarily mean that this person is unhealthy or 
will be unhealthy. This is, obviously, a matter of prob-

podataka, odnosno informacionog sistema za čuvanje 
i razmenu genetičkih podataka po najvišim tehničkim 
i bezbednosnim standardima, za potrebe istraživanja i 
razvoja u biotehnologiji, zdravstvu i genetici [37]. Ove 
aktivnosti predstavljaju veliki podsticaj i priliku za dal-
ji razvoj u korak sa svetom, ali i veliku odgovornost za 
obezbeđivanje  najdelotvornijih intervencija za osobe 
sa identifikovanim genomskim rizicima.

MOGUĆNOSTI GENOMIKE U POPULACIONIM 
SKRININZIMA NA MALIGNA OBOLJENJA  

Prema smernicama Američkog koledža za medicinsku 
genetiku i genomiku (engl. American College of Medical 
Genetics and Genomics - ACMG) i uslovima iz prve kate-
gorije koje je definisao Centar za kontrolu bolesti i pre-
venciju (engl. Centers for Disease Control and Prevention 
– CDC) Sjedinjenih Američkih Država, najčešća i prepo-
ručena primena populacionog skrininga genoma jeste 
u cilju identifikovanja genskih mutacija koje predispo-
niraju pojedinca na jedno od sledećih stanja: nasled-
ni sindrom dojke i jajnika (engl. hereditary breast and 
ovarian cancer syndrome - HBOC), koji predstavlja rizik 
za oboljevanje od karcinoma dojke, jajnika, jajovoda, 
peritoneuma i drugih karcinoma usled mutacija gena 
raka dojke 1 (engl. breast cancer gene 1 – BRCA1) ili gena 
raka dojke 2 (engl. breast cancer gene 2 – BRCA2), i Lin-
čov sindrom (engl. Lynch syndrome – LS), koji predstav-
lja povećani rizik za oboljevanje od kolorektalnog, en-
dometrijalnog, raka jajnika i drugih karcinoma [30,38].

Poznato je da mutacije gena BRCA1 i BRCA2 imaju 
relativno visoku penetrantnost: u meta-analizi koju su 
sproveli Čen i Parmiđani utvrđen je kumulativni rizik od 
raka dojke među nosiocima mutacija pri starosti od 70 
godina od 57% za BRCA1 (95% interval poverenja (CI) 
47%-66%) i 49% za BRCA2 (95% CI, 40%-57%), a bio je 
još niži za rak jajnika (40% i 18% za BRCA1 i BRCA2, 95% 
CI 35%-46% i 95% CI 13%-23%) [39]. Sa druge strane, 
prevalencija BRCA mutacija među pacijentkinjama sa 
rakom dojke kreće se u rasponu od 1,8% u Španiji do 
36,9% u Sjedinjenim Državama, prema sistematskom 
pregledu 70 studija širom sveta koji su sproveli Arm-
strong i saradnici [40]. U nordijskim zemljama utvrđeno 
je da je naslednost raka dojke kod žena 31%, dok je kod 
kolorektalnog karcinoma 15% [41]. U Srbiji se na na-
cionalnom nivou, na Institutu za onkologiju i radiologi-
ju Srbije, izvodi testiranje na prisustvo germinativnih 
mutacija u genima koji ukazuju na predispoziciju za 
nasledni rak dojke i jajnika i Linčov sindrom. Utvrđeno 
je da su najčešće mutacije kod raka dojke i jajnika na 
BRCA1 (7,6%), BRCA2 (4,8%), genu partneru i lokaliza-
toru BRCA2 (engl. partner and localizer of BRCA2 gene 
- PALB2) (4,1%) i genu kinaza 2 kontrolne tačke (engl. 
checkpoint kinase 2 gene - CHEK2) (3,8%) [42]. Identi-
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ability which can be modified. It is well known that 
disease appears as an interaction between genetic 
and environmental risk factors. These risk factors in-
clude exposure to stress, unfavorable environmen-
tal conditions, such as air pollution, and unhealthy 
lifestyles (e.g., smoking, lack of physical activity, and 
unhealthy nutrition), but how exactly the disease de-
velops and what and when triggers the penetrance of 
gene mutations, or the appearance of new ones and 
the expression of disease, remains unclear. More in-
formation is needed from longitudinal studies on life-
time exposure to risk factors, in addition to genetics, 
to build knowledge on the natural course of disease. 
Digital health information might help in individual 
data collection, while AI is useful in the analysis of big 
data and identification of patterns and associations 
between individual lifetime experiences, exposures, 
and health outcomes. However, when oncological 
disease eventually happens, each tumor has its own 
genetics, which can be proven by NGS and genomic 
analyses, and innovative therapies are available to ad-
dress the genetic mutations as the root cause of ma-
lignant disease, which is the foundation of precision 
medicine. 

SOCIAL, LEGAL, AND ETHICAL 
CONSIDERATIONS

Bearing all the previously described facts in mind, we 
cannot but ask ourselves: what are the benefits or the 
added value of knowing our genetic status when we 
are healthy? How does it affect our chances of getting 
a particular oncological disease, our survival, or our 
health-related quality of life? Currently, the answer is 
lacking, as is the knowledge related to the natural co-
urse of disease [43]. Would the information on genetic 
status increase an individual’s compliance with regu-
lar checkups and improve healthy lifestyle choices? 
These and many other questions need to be carefully 
considered, and the answers to these questions are 
by no means uniform [44]. Although there is no doubt 
that the use of genomic data holds significant poten-
tial for precision medicine, special considerations are 
necessary in order to use this information ethically, 
responsibly, safely, and beneficially, without potential 
harm or misuse [45].  

Potentially, the information that a person is a car-
rier of a gene mutation might have some advantages, 
such as increased motivation for regular monitoring of 
their health status and refraining from being exposed 
to behavioral risk factors that are under individual con-
trol. At the same time, this information could cause 
fear and anxiety.  Furthermore, risk factors originating 
from the environment are public responsibility, and 

fikovanje patogenih i verovatnih patogenih varijanti 
u genima koji daju visoku predispoziciju za nasledne 
karcinome omogućava stratifikaciju porodica prema 
riziku i preraslo je u široko prihvaćenu globalnu praksu.

Važno je napomenuti da ako je osoba nosilac pome-
nutih genskih mutacija, to ne mora da znači da je ona 
automatski bolesna ili da će se razboleti. Ovo je, očigled-
no, pitanje verovatnoće koja se može modifikovati. Do-
bro je poznato da se bolest javlja kao interakcija između 
genetskih i ekoloških faktora rizika, kao što su izloženost 
stresu, nepovoljni uslovi životne sredine, zagađenje 
vazduha,  nezdrav stil života (npr. pušenje, nedostatak 
fizičke aktivnosti, nezdrava ishrana), ali kako se tačno 
bolest razvija i šta i kada pokreće ispoljavanje genskih 
mutacija, odnosno pojavu novih mutacija i ispoljavanje 
bolesti, ostaje nerazjašnjeno. Osim genetike, potreb-
no je više informacija iz longitudinalnih studija o izlo-
ženosti faktorima rizika tokom života da bi se izgradilo 
znanje o prirodnom toku bolesti. Digitalne zdravstvene 
informacije mogu pomoći u individualnom prikupljanju 
podataka, dok je veštačka inteligencija korisna u analizi 
velikih baza podataka (engl. big data) i identifikovanju 
obrazaca i povezanosti između individualnih životnih 
iskustava, izloženosti i zdravstvenih ishoda. Međutim, 
kada se onkološka bolest na kraju desi, svaki tumor ima 
svoju genetiku, što se može dokazati pomoću sekven-
ciranja sledeće generacije (NGS) i genomskih analiza, 
a dostupne su i inovativne terapije za prevazilaženje 
genskih mutacija kao osnovnog uzroka maligne bolesti, 
što je predstavlja osnovu precizne medicine.

SOCIJALNI, PRAVNI I ETIČKI ASPEKTI

Imajući u vidu sve prethodno opisane činjenice, ne 
možemo a da se ne zapitamo: koja je korist ili dodat-
na vrednost poznavanja našeg genetskog statusa kada 
smo zdravi? Kako to utiče na naše izglede da dobijemo 
određenu onkološku bolest, verovatnoću preživaljava-
nja ukoliko se razbolimo ili kvalitet života povezan sa 
zdravljem? Trenutno, odgovor nedostaje, kao i sazna-
nja o prirodnom toku bolesti [43]. Da li bi informaci-
je o genetskom statusu povećale odziv pojedinca na 
redovne preglede i poboljšale izbore zdravog načina 
života? Ova i mnoga druga pitanja treba pažljivo raz-
motriti, a odgovor sigurno nije uniforman [44]. Iako 
nema sumnje da upotreba genomskih podataka ima 
značajan potencijal za preciznu medicinu, neophodna 
su posebna razmatranja kako bi se ove informacije ko-
ristile etički, odgovorno, svrsishodno i bezbedno, bez 
potencijalne zloupotrebe ili štete [45].

Potencijalno, informacija da je zdrava osoba nosilac 
genske mutacije može da ima neke prednosti, kao što je 
povećana motivacija za redovno praćenje svog zdravst-
venog stanja i uzdržavanje od izlaganja faktorima rizika 
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governments and societies have to ensure that appro-
priate and recommended policies related to building 
a healthy environment are launched and applied. The 
best negative example of this in the Republic of Serbia 
is the tobacco control strategy that was signed and rat-
ified almost 20 years ago, followed by a set of national 
legislation that envisaged creating smoking-free pub-
lic spaces, among other initiatives. However, nowadays, 
indoor smoking (and therefore passive exposure) in 
Serbia is still not banned in many restaurants and cafes, 
which means that people are greatly exposed to sec-
ond-hand smoke. This is a direct risk factor for all onco-
logical diseases, primarily lung cancer, whose ASIR was 
40.4 per 100,000 population in 2022, which put Serbia 
in fourth place globally, preceded by Hungary, China, 
and New Caledonia [46].  

Being aware of the fact that one is a carrier of a 
gene mutation with a relatively high penetrance po-
tential to develop oncological disease may have a 
considerable negative impact on one’s psychological 
well-being, especially if not communicated properly. 
The effect it has on family members of pathogenic mu-
tation carriers is also an aspect to be considered. Good 
practice proposes counseling before and after genom-
ic testing and adequate disease risk management [47]. 
Without these resources in place, it would be irrespon-
sible to leave individuals to deal with genomic testing 
themselves, in any setting. In more developed environ-
ments, there are some ideas and projects related to 
promoting genomic testing in primary healthcare ser-
vices [48,49]. To be successful and do no harm, these 
projects have to be followed by complex infrastructure 
that enables preventive interventions and high-quali-
ty communication between providers and individuals/
patients, assuring that advantages are well understood 
and strategies for risk management are in place after 
receiving test results.   

Criteria for any kind of population screening were 
established in 1968, and genomic testing for detecting 
genes associated with malignant diseases in healthy 
populations is no exception [50,51]. Criteria are relat-
ed to the availability of an appropriate screening test, 
which has to be sufficiently sensitive and specific, avail-
able at a low cost, easy to apply, acceptable, non-inva-
sive, safe, comfortable, and cost-effective. The majority 
of these criteria could be met by NGS as a screening 
tool, with cost-effectiveness still being debated, even in 
simulated cohorts with modeled expected outcomes, 
such as incidence and quality-adjusted life years (QALY) 
after survival [52-54].   

The other criterion for population screening is 
the availability of effective interventions that make a 
difference in survival and QALY. Basically, in the case 

u kontekstu određenih ponašanja koja su pod individu-
alnom kontrolom. Istovremeno, ove informacije mogu 
da izazovu strah i anksioznost. Štaviše, faktori rizika 
koji potiču iz životne sredine su javna odgovornost, a 
države i vlade moraju da obezbede kako donošenje, 
tako i primenu odgovarajućih i preporučenih politika 
koje se odnose na stvaranje zdrave životne sredine. Na-
jbolji negativan primer za to u Republici Srbiji je Strate-
gija kontrole duvana koja je potpisana i ratifikovana pre 
skoro 20 godina i propraćena donošenjem niza zakon-
skih i podzakonskih akata koji su, između ostalog, pred-
viđali kreiranje javnih prostora bez duvanskog dima. 
Međutim, pušenje u zatvorenim prostorima mnogih 
ugostiteljskih objekata (a samim tim i pasivno izlaganje 
duvanskom dimu) u Srbiji danas još uvek nije zabran-
jeno, što znači da su ljudi u velikoj meri izloženi pasiv-
nom pušenju. Pušenje je direktni faktor rizika za sva 
onkološka oboljenja, prevashodno za rak pluća, čiji je 
ASIR 2022. godine iznosio 40,4 na 100.000 stanovnika, 
što je Srbiju svrstalo na četvrto mesto u svetu (ispred 
Srbije su Mađarska, Kina i Nova Kaledonija) [46].

Informacija o tome da je neko nosilac genske 
mutacije sa relativno visokim potencijalom da se razvije 
u onkološku bolest može imati značajan negativan uticaj 
na nečije psihičko blagostanje, posebno ako se ne saop-
šti pravilno. Efekat koji ova informacija može da ima na 
članove porodice nosilaca patogenih mutacija je takođe 
aspekt koji treba uzeti u obzir. Dobra praksa predlaže 
savetovanje pre i posle genomskog testiranja i adekvat-
no upravljanje rizikom od bolesti [47]. Bez ovih resursa, 
bilo bi neodgovorno ostaviti pojedince da samoinicija-
tivno i bez profesionalne podrške realizuju genomsko 
testiranje, u bilo kom okruženju. U razvijenijim sredina-
ma postoje neke ideje i projekti koji se odnose na pro-
movisanje testiranja genoma u primarnoj zdravstvenoj 
zaštiti [48,49]. Da bi bili uspešni i da ne bi naneli štetu, 
ovi projekti moraju da budu udruženi sa složenom infra-
strukturom koja omogućava preventivne intervencije i 
kvalitetnu komunikaciju između pružaoca usluga i po-
jedinaca/pacijenata, obezbeđujući da se prednosti do-
bro razumeju i da strategije za upravljanje rizikom budu 
postavljene nakon dobijanja rezultata testiranja.

Kriterijumi za sprovođenje bilo koje vrste popu-
lacionog skrininga ustanovljeni su još 1968. godine, i 
testiranje genoma radi otkrivanja gena povezanih sa 
rizikom za malignim oboljenjima kod zdrave populacije 
nisu u tom smislu izuzetak [50,51]. Kriterijumi se odnose 
na dostupnost odgovarajućeg skrining testa, koji mora 
biti dovoljno osetljiv i specifičan, dostupan po niskoj 
ceni, lak za primenu, prihvatljiv, neinvazivan, bezbe-
dan, udoban i isplativ. Većinu ovih kriterijuma moglo bi 
da ispuni sekvenciranje sledeće generacije kao alat za 
skrining, pri čemu je još uvek upitna njegova isplativost, 
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of “omics” markers of risks for oncological disease, 
these interventions are just traditional public health 
promotion and prevention interventions, which have 
proven to be “best-buy” strategies. These are tobacco 
control measures, efforts related to the decrease of 
air pollution, and promotion of healthy lifestyles, but 
also programs for early detection of clinical diseases 
by traditional screening instruments with sufficient 
levels of sensitivity (ability to correctly identify cases 
of disease) and specificity (ability to correctly identify 
individuals who are disease free, i.e. true negative cas-
es).  This brings us back to the beginning, i.e., sending 
the message that without “old fashioned” individual 
and population measures, optimized and in place, we 
cannot expect robust evidence that early detection of 
genomic risk factors can improve survival and QALY 
in cases of known actionable genetic conditions such 
HBOC, and Lynch syndrome. Even when gene panel 
screenings for these conditions are performed as a 
personal choice, typically by those who can afford or 
are highly motivated to pursue genomic testing, the 
same individual and public health promotion and 
prevention measures should be available and acces-
sible. Public health measures affect everyone and 
should already be in place (such as creating tobac-
co-free environments, for example), while individu-
al health promotion measures (healthy lifestyles, for 
example) depend on the income and socio-economic 
status of an individual. Therefore, the overall response 
to the results of genetic testing might increase health 
inequalities [55]. 

POLICY IMPLICATIONS 

Public health measures, health promotion, and pre-
vention related to well-known risk factors for oncolo-
gical diseases did not lose their importance, and in-
novations such as genomics and artificial intelligence 
did not decrease their significance either [56]. Health 
governance bodies and health policy decision-ma-
kers should focus on building a healthy environment 
as much as on working on the technical and techno-
logical health information infrastructure necessary 
for further development of genomics and precision 
public health [57,58]. An environment for big genetic 
and health data sets storage that is protected and in-
teroperable according to FAIR (findability, accessibili-
ty, interoperability, and reusability) principles needs 
to be created [59]. Leveraging biomedical research 
and development in Serbia is associated with creating 
a national register of genomics and health data, as a 
great national step forward towards the health pro-
motion of our citizens, through precision medicine 
and precision public health.

čak i u istraživanjima na simuliranim kohortama i mod-
elovanim očekivanim ishodima kao što su incidencija i 
godine života prilagođene za kvalitet (engl. quality-ad-
justed life years - QALY) nakon preživljavanja [52-54].

Drugi kriterijum za populacioni skrining je dostup-
nost delotvornih intervencija koje utiču na preživlja-
vanje i QALY, a nakon identifikovanog prisustva rizika. 
U principu, kada su u pitanju „omika“ markeri rizika za 
onkološke bolesti, te delotvorne intervencije nisu ništa 
drugo do tradicionalne intervencije promocije javnog 
zdravlja i prevencije, koje su se pokazale kao strategije 
koje obezbeđuju najbolji rezultat naspram ulaganja. To 
su mere kontrole duvana, delovanje u smislu smanjenja 
zagađenja vazduha i promocije zdravih stilova života, 
ali i programi za rano otkrivanje kliničkih bolesti tradi-
cionalnim skrining instrumentima sa dovoljnim nivoom 
osetljivosti (sposobnost da se pravilno identifikuju 
slučajevi bolesti tj. tačno pozitivni slučajevi) i specifično-
sti (sposobnost da se pravilno identifikuju pojedinci 
koji su bez bolesti, odnosno tačno negativni slučajevi). 
Ovo nas vraća na početak pristupa kontroli onkoloških 
bolesti, odnosno na potrebu da se pošalje poruka da 
bez „staromodnih“ individualnih i populacionih mera 
koje su optimizovane i uspostavljene na nivou društva, 
ne možemo očekivati da rano otkrivanje genomskih 
faktora rizika može poboljšati preživljavanje i QALY u 
slučajevima poznatih genetskih stanja kao što su HBOC 
i Linčov sindrom. Čak i kada se skrining genskog panela 
za ova stanja obavlja kao lični izbor, obično od strane 
onih koji mogu to da priušte ili su visoko motivisani da 
preduzmu testiranje genoma, iste mere za promociju 
zdravlja i prevenciju bolesti treba da budu dostupne 
i pristupačne, i na individualnom i na populacionom 
nivou. Javnozdravstvene mere utiču na sve i trebalo bi 
da svakako postoje (kao što je stvaranje okruženja bez 
duvana, na primer), dok individualne mere promocije 
zdravlja (zdravi stilovi života, na primer) zavise od priho-
da i socioekonomskog statusa pojedinca, te bi ukupni 
odgovor na rezultate genetičkog testiranja mogao da 
poveća zdravstvene nejednakosti [55].

IMPLIKACIJE U DOMENU ZDRAVSTVENE 
POLITIKE

Javnozdravstvene mere, promocija zdravlja i prevenci-
ja usmerena na dobro poznate faktore rizika za onko-
loške bolesti nisu izgubile na značaju, niti su ih uma-
njile mogućnosti koje pružaju  genomika i veštačka 
inteligencija [56]. Nadležne zdravstvene institucije i 
donosioci odluka u oblasti zdravstvene politike trebalo 
bi da se fokusiraju na izgradnju zdravog okruženja isto 
koliko i na rad na tehničkoj i tehnološkoj zdravstvenoj 
informacionoj infrastrukturi neophodnoj za dalji razvoj 
genomike i preciznog javnog zdravlja [57,58]. Potreb-
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no je stvoriti okruženje za skladištenje velikih genetič-
kih i zdravstvenih skupova podataka koje je zaštićeno 
i interoperabilno, u skladu sa principima nesmetanog 
pronalaženja, pristupačnosti, interoperabilnosti i po-
novne upotrebe (engl. findability, accessibility, interope-
rability, and reusability - FAIR). [59]. Puna primena i dalji 
razvoj biomedicinskih istraživanja u Srbiji su u velikoj 
meri povezani sa formiranjem nacionalnog registra ge-
nomike i zdravstvenih podataka, što bi bio veliki isko-
rak ka unapređenju zdravlja građana, a putem primene 
precizne medicine i preciznog javnog zdravlja.
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