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1. HWwme, ume jegHor poauTesba, npesume: Mua (Casa) [maBamku
2. [Jarym pohema, onmuTrHa, apxxasa: 22.03.1985., Cenra, Cpouja

3. HasuB dakynrera, Ha3UB MPETXOTHO 3aBPLICHOI HMBOA CTYIHja M CTEYCHH CTPYYHH/aKaIeMCKH
Ha3MB:




Dapmarneyrcku akynreT YHHBep3uTeTa y beorpany, IUmioMcKe OCHOBHE CTYH]j€, JUIUIOMHPAHH
(hapmareyT—MeIUIMHCKA OroXeMmdap

Menmummackn ¢akynrer u [IpupogHo-maremarnuku dakynrer YHmBep3urera y Hosom Cany,
MacTep aKaJeMCKe CTyAHje, MacTep eMOpHOIIorHje

4. TopwuHa ynuca Ha JOKTOPCKE CTYAMj€ M Ha3MB CTYIH]CKOT IpOrpaMa JOKTOPCKUX CTy/Hja:
2016. ronune, Jlokropcke akageMcke cryauje—[IpeTKIMHNYKa HCTpaKuBamba

IIT  HACJIOB JOKTOPCKE JUCEPTAIINJE:

Vr1BphuBame MOBE3aHOCTH TIeHOTMNA M (EHOTHIIA XUNEepPTPOpHYHE KapIUOMHOINATHje PUMEHOM
MAIIMHCKOT y4ema

IV HOPEI'VIEJ JOKTOPCKE JUCEPTAIIUJE:
HagecTn kparak cagprkaj ca Ha3HaAKOM Opoja CTpaHHIIA, IOTJIaBJba, CIMKA, CXeMa, TPaQHKOHa H CIL.

JlokTopcka aucepTandja je HalHWCaHa CHCTEMAaTHIHO, MPErJeJHO, jaCHUM M Pa3yMJbUBHUM CTHIIOM,
obOyxBaTa 428 cTpaHuIIa U CaJp>KH HEOIIXOJHE eIeMEHTe HayIHOT paja. Jlucepramyja je opraHn3oBaHa y
7 normnasspa:

1. YBO/] — HanwmcaH Ha 76 cTpaHa, yKJbydyjyhn YKynHO 2 cimke U 5 Tabena.

2. HUJBEBU NCTPAXKUBABA N XUIIOTE3E— mnpuka3aHu Cy IMWBEBH MOCTABJHEHH HAa OCHOBY
roJlaTaka MPUKa3aHUX y YBOIHOM IIOTJIABJbY, PATHE XUIIOTE3€ CY IMIPOUCTEKIIE U3 TIOCTABJhEHHUX IIHJbEBA.
3. MATEPUJAJIN U METOJIE — y oBoM moOriaBjby Hajla3u Ce JETa/baH OMKUC HauWHa u3bopa U
BEJIMYMHE Y30pKa, POTOKOJIA U METO/[a NCTPAKMBAKa Ka0 U CTAaTUCTHYKe 00paze mojaraka. Iloriasise
je HanmcaHo Ha 24 ctpaHa, ykibydyjyhu u 1 cnuky.

4. PE3YJITATHU — pe3ynraTu cy IpHKa3aHH CUCTEMAaTHYHO y3 TEKCTYaJIHH onKc. [lornasibe je HanucaHo
Ha 249 ctpana, ykbyuyjyhu ykynHo 50 cnuka, 149 rpadukona u 126 taberne.

5. JUCKYCHJA — Hamucana je neTajbHa TUCKyCHja JOOHMjCHUX pe3yiTaTa i nopeheme ca peeBaHTHUM
myOnukoBaHUM cTyaujaMa. [lornasibe je Hamucano Ha 11 crpaHa.

6. BAKJbYUAK — u3BeicH Ha OCHOBY JOOMjEHUX pe3ynrTaTa qucepranyje. [Ipukasas je Ha 2 cTpaHe.
1-6. [IpommpeHn caxkeTak Ha CPIICKOM je3UKy 00yXBaTa CBa IPETXOAHO HaBeAeHa Noriasiba. HamucaH je
Ha CPIICKOM je3UKy Ha 25 cTpaHa.

7. JUTEPATYPA — murtupano je 349 6ubnmorpadckux jeMHANA Y CKIIaAy ca BakehiM mpaBrinMa 3a
LUTUpabe BaHKYBEpCKUM IIUTATHUM CTHIIOM.

VY noceOHOM zeiy JOKTOPCKE AMCepTalfje JatT je CIHcak CBUX ckpaheHuna KOpuIIheHnX y pyKomucy
JIMcepTallije U HaBelleH je Ha 8 cTpaHa.

VY nuceprauuju je npexacraBibeHa 131 Tabena, 53 ciuke u 149 rpadukona. Ha moderky moKTopcke
nucepranyje gara je KibyuHa mokyMmeHTanujcka hHGpOpMAIMja Ha CPIICKOM M CHIVIECKOM je3UKY ca
M3BOJIMMA, a Ha KPajy, W3a TeKCTa JAUcepTalnje, Hanasu ce [lnan TpeTMaHa moaaraka.

\ BPEJHOBAIBE NOJEAMHHUX JEJOBA JTOKTOPCKE JUCEPTALINJE:

HacaoB mokropcke aucepraidje ,,YTBphuBame MOBE3aHOCTH TeHOTHNA W (EHOTHNA XHIepTpoduyHe
KapJMOMHUOTIaTHje TPUMEHOM MAalIMHCKOI yuera™ je jaCHO W Npenu3Ho (HOpMyJIUCaH M Yy MOTIHYHOCTH Yy
CKJIa/ly Ca U3HETHUM Ca/Ip)KajeM HCTPaKHBamba.

Komucuja cmaTpa 1a je Hac10B JOKTOPCKe JHCepPTanHje jacHO H Npenn3Ho GOopMYJINCAaH H aleKBaTHO
0CJIMKABA CAa[pKaj H TEMATHKY JOKTOPCKe AucepTanuje.

¥YBoa IOKTOpPCKE AMCEepTalyje jeé HamucaH CHUCTEMAaTHYHO, Ca JETaJbHUM M CaAp)KajHUM IPHKa30M
aKTYeIHUX Ca3Hama 0 M3y4aBaHO] MPOOJEMATHIN M jJaCHO yKa3yje Ha KOMIUIEKCHOCT yOueHOT rpobiema u
notpeode 3a cipoBol)emeM HcTpaxknBama. OBO MOTJIABIbE j€ MO/AEJHEHO y 8 MamuX IeIHMHA ca MO/IeIHaMa.
VY npBOj HENMHU /AT je MpUKa3 XUIEepTopUIHE KapJUOMHOINATHje, a Y APYroj NpHKa3 KapAHOMHONAaTHja
reHepainHo. [Tomro ce xunepTpoduaHa KapJMOMHOTIATH]a TOHEKAaT OTIHCYje Kao ,,00JIeCT capkoMepe*’, HAKOH
TOTa je JIeTaJbHO IPeICTaBbeHA CAapKOMeEpa U FbeHe KOMITOHEeHTe. HakoH Tora ¢y mpuka3aHu TeHOTHII, 3aTUM
(heHOTHT XHIIEPTPODUIHE KAPAUOMHOTIATH]€E, @ TOTOM ITOBE3aHOCTH T€HOTHIIA M (PEHOTHITA XUTIEPTPOPHIHE
KapauoMuonaruje. HakoH Tora, ommcaH je 3Ha4aj XumnepTpouyHe KapIHOMHOMNATHjE€ Y CaBPEMEHO]




KapAWOJIOTHjU U KapIHOXUPYPTHjH. Y MOCIEIH0] Mak0j IIETUHH YBOJIA IaT j& OCBPT Ha MAITUHCKO YUCHe U
ETOBY MPUMEHUBOCT y OMOMEIUIIHH.

Y yBoaHOM JAeny KAHIAMIAT je jacHO, AeTa/bHO, CBeOOYXBATHO, CHCTEMATH4YHO U Y3 YHOTpedy
AKTYeJTHUX H peJIeBAHTHHUX JUTEPATYPHHUX M3BOPAa YKa3a0 HA KOMILUIEKCHOCT YOUeHOT MmpodjemMa H
ONpaBJIa0 CBPCHCXOTHOCT cIpoBol)ema ucTpakuBama.

ImbeBH HMcTpakuBama cy jacHO neduHHcaHM M oMoryhaBajy NOHOIICHC KOHKPETHHX 3aKJbydaka.
LlwbeBn HMCTpaKMBamba KOjU Cy HaBeJCHH Yy AMCEPTALMjH 3aCHOBAHU Cy Ha pe3ylTaTUMa paHHjuX
UCTpa)XMBamba 00jaBJbEHNX y PEJICBAaHTHUM HAYyYHUM ITyOnuKanujama. [{upeBu cripoBeeHOT HCTPaKUBabha
cy 6unm cienehn:

Hus 1. Unentudukanmja cyddenoTnnoBa XumepTpopudHe KapAHOMHUONATHje IIPIMEHOM KIlacTepH3alije
Hus 2. YBphuBame kopenanuje m3mel)y reHoTunoBa 1 cy0(heHOTHIIOBA XUTIEPTPOPHIHE
KapINOMHUOTIaTHje

Huss 3. YTBphuBame MOBE3aHOCTH TEHOTHIIA U MicXoaa (peHoTHIa XUTIepTpoPUIHE KapIHOMHUOTIATH]E Y3
nomoh anropuramMa MamMHCKOT yYerbha

b 4. Vzpaga Mozena MalImHCKOT yuema 3a npeasuhame ucxona xunepTpoduune KapIuoMHuonaTrje Ha
OCHOBY I'€HOTHUIICKUX U (beHOTI/IHCKI/IX nmojartraka

Hub 5. Unentudukanyja reHoTHI-ClIeNU(DUYHUX Halaza exoKkapuorpamMma XunepTpoduise
KapJuoMHuoInaTyje y3 momoh anropurama ManimHCKOT y4ema

Xunorese HCTPAKUBAKA Cy JIOTHYHE, jaCHO U NMPELM3HO (GOopMyIIHCaHe U y CKIIaly Cy ca NOCTaBJbCHUM
MJFEBUMA HCTPAKHBAA!

Xumnorte3a 1. CyOpeHOTHIIOBH XUTIEPTPOPHUIHE KapIHOMUOIIATH]je MOTY C€ HACHTU(UKOBATH
KJTaCTepU3aLjOM

Xwumnorte3a 2. [Toctoju xopenanuja u3mely reHoTrunoBa u cyod(eHOTHIIOBA XUTIEPTPOPIIHE
KapAUOMHOTIATH]C

Xwunoresa 3. [ToBe3aHOCT reHOTHNA U UCX0Aa (EHOTHUIIA XUTIEPTPOPHYHE KApANOMHUOIIATH]E MOXKE CE
YTIBPIUTH Y3 TIOMOh aropuTaMa MallliHCKOT y4erha

Xunore3a 4. Mojienu MaIMHCKOT y4era MOTY J1a TIpeJIBUJIE UCXOe XUIIEPTPO(YUUHE KapJHOMHUOTIATH]Ee
Ha OCHOBY T'€HOTHIICKUX 1 (PEHOTUIICKHX MOJaTaKa

Xwunoresa 5. ['eHotun-crienuduyHu HaJla3u eXoKapAUorpamMma XunepTpopuyHe KapANOMHUONIATH]E MOTY ce
UIeHTU(HUKOBATH Y3 IOMON ajiropUTamMa MaIlMHCKOT yuerha

Komucuja cmarpa na cy nm/beBH HMCTPaKMBakba M PajHe XHIOTe3e JIOTHYHO M NpPenHu3HO
¢opmynucaHu, jacHO H3JI0KEHM, HAYYHO APryMEHTOBaHHM, Kao M jJa omoryhaBajy noHomeme
KOHKPEeTHHUX 3aK/by4YaKa.

Marepujajin 1 MeTOe — y OBOM IIOIJIaBJby Cy JaCHO U MPELM3HO ONUCAHU MATEPHjaIl U METO/IE KOJH Cy
kopumheHn y paay: Npenu3HoO je NeGuHHCAaH HAauuH M300opa M BEIMYMHA Y30pKa HCTPaXKHBamba, Kao W
KPHUTEPHjYMH 33 YKJbYUHBabhe UCIIMTAHUKA Y CTY/IH]Y, OJIHOCHO UCKJbYUYHBame U3 1he. JleTabHo je onucan
TOK HCTPaXXMBama, a MpeJUIokKEeHe MEeTo/Ie paja cy jacHo popMynucaHe. MeTomoioruja paja je y ckiaay ca
NPUHLIMIIMA HayYHOMCTPA)XMBAUKOT paja y MEAMIMHM W oMoryhaBa IOHaB/bamke HCTPAKHUBAA.
Kopumthene mMeToze cy nmpuMepeHe BpCTH cTyauje, npuxaheHe U KopHuiiieHe Y UpOoj HAyYHO] 3ajCaHUIIH.
Wzabpane MeTose oaroBapajy MOCTAaBJBEHUM LMJbeBUMAa W oMoryhaBajy mnoOujambe KOHKPETHHX U
KBAJIMTETHUX Hay4HUX pe3ynrara. CripoBoleme HCTpakuBama je 0J00pEHO OIyKaMa eTHYKHX KOMHCH]ja
CBake OJ MHCTUTYLHMja KOje Cy Y4eCTBOBaJle Y MCTpaXXMBamy, kKao U KomucHje 3a eTHYHOCT KIMHUYKHX
ucnuTHBamba MeauuHackor (akynrera Yausepsutera y Hoom Cany. Ctyauja je Ouna MyJITHIEHTPUYHA U
peTponpocneKkTiHBHa, 00yxBariia je 143 oxpaciia nanujeHTa ca IOTBph)eHOM 1ujarHo3oM xurnepTpoduune
KapINOMHOTIaTHje, KOjU Cy HCHyHWIM ykibydyjyhe m wmckipydyjyhe kputepujyme. IlpukymseHun cy
JgeMorpad)CKi ¥ aHaMHECTHYKH TMOJAIM, M3BpIICHA Cy aHTPOIOMETPHjCKA MEperha, y30pPKOBame KPBH U
TEHETHYKO TECTUPAE, XEMAaTOJIONIKe W OMOXEMHjCKe aHAIIM3€e KPBH, TPAHCTOpaKallHa exokapauorpaduja ca
JIOTUIEPOM, KapAMOITyJIMOHAIHH TecT omnTepehemem, emektpokapauorpaduja (EKT) m EKI'-xomrep
MOHHUTOPHHT. 3aTUM Cy HPUKYIUbEHH IOJAIM IPUIPEMIBCHN 3a aHanu3y (Hajehum memom xopumrhemem
6ubamoreke Pandas mporpamckor jesuka Python), aHanusupann npuMeHoOM Kiractepusanije (Kopumhemem




Scikit-learn moxyima mporpamMckor jesuka Python), kpeupameMm Mojena sa npensuhame ncxoaa HeHOTHIIA
(xopumhemem Scikit-learn 1 SHAP moxmyma mporpamckor jesuka Python), kao u kpeupameM Mozena 3a
pauyHapCKH BHJA INPHIMKOM HACHTH(HUKALMje TeHOTHH-CHeNU(DUYHUX Hajasa exoKapauorpama
(xopumrhemem OHOIHOTEKA 32 TyOOKO YUEHe U padyHApCKH BH IIPOTpaMCKoOr je3uka Python).

Komucuja cmaTtpa na cy nzadpaHe MeToJe NPUKYIJbalkha MOJATaKa M MeTO/Je CTATUCTHYKe o0paje
NMOJAaTaKa aJeKBaTHe, Yy CKJIAAy Cy M INPHMepeHe IOCTaB/beHHM IUW/beBMMAa W XHIOTe3ama, Te
omoryhaBajy nodmjame moy3gaHux, aKTyeJJHHX M KBAJIUTETHHX HAYYHHX pe3yJiTaTa, a ONMHCaHe Cy
jacHo M AeTa/bHO, YUMe ce Y IOTIYHOCTH OMOoryhaBa OHOB/LHBOCT eKCIIepUMEHATA.

Pe3yJsiraTu cy yBepJbUBO, IPETJICIHO U CTPYYHO IIPHUKa3aHH TaberapHo U rpadudkd. [Ipukasu cy npahenn
JacCHUM TEKCTyallHMM TyMadewHnMa. PesynraTu jacHO nmponsuinase U3 NpUMEmbEeHe METOOJIOTH]E, Y3
kopumrheme onroBapajyhnx cratucThakux mMetoaa. [loaTumoBu XunepTpodudHe KapAHOMHIOIATHje
HICHTU(HUKOBAaHU Cy HAa OCHOBY CBHX JOCTYITHUX Hozgaraka o ¢peHotuiry. [Iponalene cy onpehene 3HauajHe
Koperanuje m3mel)y reHoruna u cyodenorumnona. [Ipeaukunja ucxona GpeHoTrna U3BpIICHA je HA OCHOBY
uH(pOpMaLHje 0 MyTHPaHUM I'eHUMAa, Ka0 M Ha OCHOBY IOJIaTaka O TCHOTHUITY U (CHOTHITY.
WneHTn(UKOBaHU CYy TeHOTUN-CIIELU(PHUIHN Hala3U eXOKapuorpama.

Komucuja cmaTpa aa cy pe3yJiTaTH OpUTHHAJHM, CBeOOYXBATHM M jaCHM 32 HHTepPIpeTalujy, 1a
Npou3uiIa3e U3 NpUMemeHe MeT00JI0THje M 1A ¢y PUKA3aHU CUCTEeMaTHYHO, NPerJie/iHo, JOTHYHIM
peaoc/ieloM U Ha HAYMH KOjH je IPUMepeH TUIlY oAaTaKa, ca 0AroBapajyhuM craTuCTHYKUM
MeToJaMa o0paje nogaraka.

Juckycuja je cBeoOyxBaTHA U jaCHO, TIPETJICIHO U AETaJbHO HAIMCAHA, 110 JJOTHYHOM PElOCEy.
Kananpat apryMeHTOBaHO M KPUTHUKH aHAJIH3UPA PE3yNTaTe HCTPaXKHBama 1 ynopehyje ux ca HaBoauMa
U3 peNieBaHTHE JuTepatype. JIurepaTypHu nogamy cy aJleKBaTHO 0Ja0paHH, aKTYEJTHU 1 PEJICBAHTHH 3a
n3Boleme BAMAHUX 3aKJbydaka U3 IpoydaBaHe npodiemarnke. KoMeHTapn u TymMadema pe3ynrara cy
WCLIPITHY, JIOTHYHH ¥ HAY4HO yTeMesbeHu. CTHII cama je jacaH, Npelu3aH, JOTHYaH U MperiieiaH, |
HEJIBOCMHCIICHO yKa3yje Ha yrmyheHOCT KaHaAnuAaTa y UCTpakuBaHy npobdieMaTtuky. Kanmunar je y tekery
JIICKYyCH]je 1M0Ka3a0 CIIOCOOHOCT KPUTHYUKE aHAIM3e U MHTEPIIPETallije HayYHUX 01aTaKa, Kako pe3ysraTa
COTICTBEHOT MCTPa)KMBamka, TAKO U I0/IaTaKa U3 PeIeBAaHTHUX JIUTEPATypHHUX H3BOPA.

Komucuja cmarpa aa je auckycuja 1o0MjeHux pe3yJiTata HCTPaXkKMBAaKka HCLPIHA, MPelU3HA, HAYYHO
yTeMe/beHa M CBeOOYXBATHA Y3 KPUTHYKH OCBPT KOJH je KAHAMAAT U3JI0KHO Y OTHOCY HA aKTyeJHe
JIMTepaTypHe MOaTKe, yKa3yje HA 3aBU/IHO MO3HABam-€ MPOy4YaBaHe MPodeMaTHKe 0/1 CTPaHe
KAHIUJIATa, Te 3HAYAjHO JONPHUHOCU HAYYHO] BPeIHOCTH OBe AMcepTanmje.

3ak/bydnu JUcepTalyje Cy MPEU3HH, KOHIIM3HH, HayYHO 3aCHOBAHU, jaCHO (POPMYJIHCAHH U MIPUKA3aHH
nperyieqHo. M3HeTH 3akibydlH Cy y CKIIaly ca MOCTaBJBEHHM LIMJbEBHMA U XUIIOTE3aMa JOKTOPCKE
ngucepranyje. Temesbe ce Ha pe3yaTaTuMa J0O0HjeHUM UCTPaKUBakbeM OBE JOKTOPCKE AUCEpTaLyje,
3aCHOBaHOM Ha a/IeKBaTHO W3a0paHUM U IIPUMEHEHUM MeToziama paja. JloOujeHun pesynraTu MOry UMaTH
3Ha4ajHy BPEIHOCT y NPENo3HaBamy MOBE3aHOCTH FEHOTHIA U (PeHOTHIA XUIIepTPODUUHE
KapJHOMHUOTIaTHje, a uICHTH(UKAIM]ja TOATUIIOBA XUIIEPTPOPUIHE KapANOMHUONIATH]E MTPECTaBba IOMaK
Ka MPeUU3HOj MEAUIMHU XUIIEPTPOPHUIHE KapIMOMHOIIATH]E.

Komucuja cmarpa aa cy 3ak/byqnu jacHo ¢popMyJIHCAHHU U NPerjieHO NPUKA3aHHU, CATJIACHH Ca
NMOCTAB/beHUM IIM/bEBHMA U XHIIOTE3aMa U y CKJIaLy €¢a NPHMEHEHOM METOM0J0THjoM paja u
A00HjeHNM pe3yaITATHMA HCTPAKHBaIbA.

Jlutepartypa - kopuinhieHa TuTeparypa je 0OMMHa, aKTyeJIHa ¥ pelIeBaHTHA Y OJJTHOCY Ha TeMy Koja ce
pasMarpa, a oubnrorpadcke jequHUIE Cy UTHPaHe BaHKyBEPCKUM UTATHUM CTHJIOM Ha MPOIUCAH
HaA4YUH.

Komucuja cMaTpa 1a cy JuTepaTypHH HABOIAM AKTYeJHHU U aJ1eKBaTHO 0Ja0paHu 3a MpUKa3
HCTpaskMBaHe MPo0JieMaTHKe, Kao U 3a nopeleme ca 106MjeHNM pe3ysITaTHMAa HCTPAKUBAIbHA.




Ha ocHOBY BpeaHOBama MojeAMHAYHHX JEJIOBA JOKTOPCKE AUCEpTaLyje,
Komucuja no3uTHBHO ollelbYje cBe AeJI0Be JOKTOPCKe ANcepTanmje.

VI CIHHCAK HAYYHHUX U CTPYUYHUX PAJTOBA KOJH CY OBJABJBEHHU NJIN
INPUXBAREHHU 3A OBJAB/bUBAIE HA OCHOBY PE3YJITATA HCTPAXKUBAIbA Y
OKBHPY PAJIA HA JTOKTOPCKOJ JUCEPTAIINJH:

TakcaTMBHO HaBECTH HAa3WBE PalioBa, TJie W Kajna cy oOjaBibeHH. [IpBO HaBeCcTH HajMame jeldaH paj
00jaBJbeH win npuxBaheH 3a 00jaBJbUBake y CKIany ca [Ipasuiuma 0okmopckux cmyouja Yuusepzumema
y Hosom Cady koju je oBe3aH ca caJipikajeM TOKTOpCKe auceprainumje. Y ciiydajy paaosa npuxpaheHux 3a
00jaBJbUBabE, TAKCATUBHO HABECTH HA3WBE PaJoBa, I1i¢ U Kaja he OMTH 00jaBJbeHU U MPIIOKHUTH TOTBPIY
YpEIHUKA YacOoIuca O TOME.
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VII  3AK/bYYIHN OJHOCHO PE3YJITATH HCTPAKNBAIbA:

Ha ocHoBY no0ujeHHX pe3yJiTaTa HCTPa’KUBamba, (OpMyJHCAHU CYy jacHH 3aK/bYYUH KOjU Jajy
O/IrOBOpeE HA NMOCTAB/bEHE IIHJbeBe U XUIOTE3e:

1. Yerupu noaruma xunepTpopuyHe KapAHOMHUOIIATHje HACHTH(UKOBAHA CYy HA OCHOBY CBUX
JOCTYIIHUX ITOJaTaKa o0 GeHOTHUILY.

2. Waxo uutH jenHa on oapeheHUX nmoctaBKy CyO(pEeHOTHIIOBA HE KOpeIpa y MOTIYHOCTH ca
TeHOTHUIIOM, HEKe 3Ha4YajHe Kopenanuje cy npoHaleHe y nocraBkama ca 3,4, 5u 6
cyOdeHOTHITOBA.

3. Ipenukuuja ucxona GpeHoTUna Ha OCHOBY MH(MOPMALUje 0 MyTHPaHUM I'eHUMa je Moryha 3a
MPUCYCTBO WJIN OJICYCTBO CHHYCHOT PUTMa M IIPUCYCTBO MJIH OJICYCTBO omTeliela MUOKap/a.

4. ANTOpHTMH MalIMHCKOT y4YeHa M3BPILWIN Cy NpenuKIHjy cieaehnx ucxoa Ha OCHOBY MojaTaKka
0 TeHOTHITY U (PEHOTHITY: 3aMOp, AUCIHE]ja, 00 y TpYyANMa, MaJIHTaIllje, CHHKOIA, IITyM Ha CPITY,
MPeTHOWjaTHN e[IeM, TOKpETamhe MUTPATHOT 3aJIUCTKA YHAIIPEl, a0HOPMAaTHOCT HaIHIapHUX
mumnha, XUTIOKAHE3H]ja, aTpujarHa GuOpuiIanyja, aTpHOBEHTPHUKYIApHH OJIOK IIPBOT CTEIICHA,
0JI0K JIeBe rpaHe, OJIOK IeCHe rpaHe, NPeIby JIeBU XeMHOIIoK, abHopManHocTH CT cermeHTa n
HeratuBHH T Tanac.

5. HWnentuukoBaHH Cy TCHOTUI-CIICIU(PIIHI HANA3H eXOKapauorpama. 3a myranujy y MYH7 reny,
CTPYKTYpE KOje HajBUILIe YTUIY Ha PACIO3HABAIE Cy CENTYM, U3JIa3HU TPAKT JIEeBE KOMOpE,
NpeaBH 31, BPX Cplia, AeCHa KOMOpa U MUTpaiiHU anapat; 3a mytauujy y TNNT2 reny, To cy
CeNTYM H JIeCHa KoMopa; 0K cy 3a myTauujy y MYBPC3 reny oBe cTpykType centym, jieBa
KOMOpA U IIYIUbHHA J€BE KOMOPE.

Komucuja cmarpa aa cy ¢gopmyiaucanm 3aK/by4ly JOrM4YHO U3BeJIeHN U3 100MjeHuX pe3yarara u
jacHo oapaxkaBajy 3Ha4aj M HAYYHHU JAONPUHOC CIPOBEICHOT HCTPAKMBaMbA.

VIII OHEHA HAYHNHA ITPUKA3A U TYMAYEIbA PE3YJITATA HCTPAXKNBAIDBA:
ExcrummnyuTHO HaBeCTH MO3UTHBHY WM HETaTUBHY OLIEHY HauMHA MpHKa3a M TyMadema pe3ynraTa
HCTpa’KHBamba.

Munuseme Kommucuje je na cy pesynraTd HCTpaXHBarma Yy OKBHPY JJOKTOPCKe aucepTanuje Muie
I'nmaBamiky CUCTEMATUYHO, TPETJICAHO, JaCHO, IETaJbHO U MPHUKIAHO MPUKA3aHU U UHTEPIIPETHPAHH, KA0
U KPUTHYKH TPOJUCKYyTOBaHU. Tabene u rpadMKOHH JIOMPUHOCE MPETNIEAHOCTH U jacHohu pesynrara.
TyMaueme pe3yirarta ce 3aCHHBA Ha CABPEMEHHUM M JIOCTYITHAM HAyYHHM Ca3HAmbUMa, TE C€ HAUYWH MPUKa3a
U TyMaueha pe3ysiTaTa HCTPAKHBAKA OICHYje MO3UTHUBHO. 3aKJbYUIlH Cy aJeKBATHU, HAYYHO OIpPaBIAHH
U JIOTHYHO MPOU3MIIa3e U3 N0OUjeHUX pe3ynTara paja.

TectupameMm Ha TarmjapusaMm momohy mporpamckor makera iThenticate (https://www.ithenticate.com),
yTBpljeH je mpoueHar npekianama of 27% (TeKcT JOKTOpCKe AUCepTalije Ha SHIVICCKOM je3HKy) U 4%
(TeKCT MPOINMPEHOr M3BOJA HA CPICKOM jE3UKY). YBHIOM Y M3BELITa] O TECTHPamkby Ha IUIardjapuiam
Komucuja KoHCTaTyje [a je KaHAuIaT aJeKBaTHO [UTHPAO KOPHUIITEHY JTUTEPaTypYy.

Komucuja no3uTUBHO oLemyje HAYMH NPUKa3a M TyMadyewe pe3y/TaTa UCTPAKMBakba HA OCHOBY
3aK/bYYKa a2 je MCTPa’kKMBambe CIPOBENEHO Y CKJIaAy ca CTaHAApPAMMA HCTPA’KMBamba y 00J1acTH
MeIMIMHe, HA penpe3eHTATHBHOM Y30PKY, 1a Cy /A00HjeHH pe3yJTaTH OBOI HCTPAKHBAMHA
OPUTHMHAJIHY, penpe3eHTATHBHH, NMPENU3HO MPHKA3aHH W AJIeKBAaTHO WHTEPNPETHPAHM, Te /A Cy
HAY4YHO ONPABJAHU U NPUMEHbUBH.

IX KOHAYHA OLIEHA JOKTOPCKE JUCEPTAILIMJE:
EKCIIMIMTHO HaBeCTH Ja JM JuUcepTaldja jecTe WM HHUje HalKkcaHa y CKIaJy Ca HaBeIeHUM
o0pa3noxkermeM, Kao U Jia I OHa CaApXKH WM He CaApiKH CBe OMTHe eneMeHTe. JlaTu jacHe, npenusHe U
KOHIIM3HE OJTOBOpe Ha 3. u 4. IuTame:

1. [la 1 je nucepTaldja HamMcaHa y CKJIaay ca o0pa3ioKemeM HaBeIeHUM Y TIpHUjaBu TeMe?
JucepTamyja je HamumcaHa y WOTOYHOCTH Yy CKJAQAy ca THpeNJIOKEeHHM HCIHTHBABUMA U
00pa3Jio:Keh-eM HaBe/IeHUM Y IPHjaBH TeMe.




\Y% Ja nu qucepraidja caap K CBE OUTHE eIEeMEHTE?
JducepTanuja caap:xu cBe OUTHe eJleMeHTe, YK/bY4uyjyhu cBa moTpedHa mor;aas/ba U cBeoOyXBaTHe
OpUTHHAJHe pe3yJTaTe HCTPaxKuBamba. /lucepranuja je HaNnMcaHa KOHIU3HO, PA3yM/bHBO U
pe3yaTaT je caMOCTAJIHHX HCTPAKMBAYKIX HANIOPA KAHAHIATA.

\Y% ITo wemy je mucepTalija OpUrHHANAH JOTPUHOC HAYIIHA?
JlokTopcka ucepralyja 1o CBojoj CBEOOYXBaTHOCTH, TOOM]EHUM PE3yITaTHMa M U3HETHM 3aKJby4lUMa
Npe/ICTaBJba OPUTMHAIHYU JIONPUHOC Haylu. Pe3yntatu oBor nucrpaxusama oMoryhyjy laba HCTpakuBamba
y obnacTu kapauosoruje. VineHTnpukoBana 1 onucana ¢y 4YeTHPH MOATUIIA XUIEPTPODHIHE
kapauomuonaryje. [Iponalene cy Heke 3HauajHe kopenanyje n3mel)y reHoTunosa u cyodeHnoTumnona.
ANTOPUTMH MAIIMHCKOT y4€Ha M3BPIIMIK Cy NPETUKIM]y ciiefiehnX ucxoa Ha OCHOBY T0/1aTaKa O
TeHOTUITY U ()EHOTHITY: 3aMOp, AUCIIHEja, 00 Y rpyIuMa, NaJHUTAlKje, CHHKOIIA, IIyM Ha CpILy,
peTHONjaTHN e[IeM, TOKpeTarkhe MUTPAITHOT 3aJIFCTKA YHAIPE ], a0HOPMAITHOCT MalWIapHuX MAmmha,
XHUIIOKWHE3M]ja, aTpHjanHa Guopnmaiuja, aTpuOBEHTPUKYIApHU OJIOK MPBOT CTEIeHa, OJIOK JIeBe TpaHe,
OIIOK JiecHe TpaHe, IpeamH JIeBU XeMHu0I0k, abHopManHocTH CT cermenTa u HeraTuBHE T Tanac. 3a cBaku
0]l OBHX HCX0Ja OZipeljeHn Cy HOACKYIIOBH ITapaMeTapa KOjH Cy TOBOJBHH 32 BPIUECHE MPSIUKIHjE H
YTBpleH je BUXOB pEIATHBHE 3HA4aj y CBAKOj oA Mpeaukiuja. neHTrnrukoBaH cy TeHOTHIT-CIIEIU(PUIHA
HaJla3d exoKapAnorpaMa (CTpyKType Koje HajBHIIEe YTHIY Ha paclio3HaBame) 3a MyTanyje y reanma MYH?7,
TNNT2 u MYBPC3. [lo6ujeHu pe3yaTat TOKTOPCKE AUCEPTAIUje CY jaCHU U MIPUMEHHBH Y CBAKOHEBHO]
MeIUIUHCKO] Tpakcu. [Topen HaBegHOT, TOOMjCHU pe3yNITaTH 0TBapajy MOTYNHOCTH 3a cripoBolere
JIOZIATHUX UCTPAXXMBakba y MOTJIely OCTBAPHBamka MIOMEHYTHX IIMJbEBA, a IPE CBEra NPe/ICTaBIbajy KOpaK
Ka Mpeuu3H0j MEAUIIHU XUIIepTpopHYHE KapAnOMHUONaTHje Koju 6u y OynyhHOCTH MOTao Jia mpeacTaBba
OCHOBY 3a CTBapame CTpaTeruja 3a IpeBeHTHBY U TpeTMaH opel)eHux rpyna nanujeHara ca aujarHo3om
XHUMepTohUIHE KapAHOMIONATH]E.

\Y% Koju cy HenocTanm aucepraliyje 1 KakaB je ’bUXOB YTHIIA] Ha Pe3yaTaT HCTPaKUBAbha?
JokTopcka nucepranmja He cagpsku ¢popMaiHe HUTH CYIUTHUHCKE HEJOCTaTKe KOju 01 MOIJIM
YTHIATH HA pe3yJTaTe HCTPAKHBAahba H/UJIH HAYYHY BPETHOCT JOKTOpPCKe IHUcepTanMmje.

X HOPEJJIOT:

Ha OCHOBY HAaBCJCHOT, KOMI/ICI/Ija MpeaJIaxKe:

a) 1a ce JOKTOPCKa AucepTaumja NpuxBaTH, a KAaHAUAATY 0100pHu ogdpaHa;
0) ma ce MOKTOpPCKA AMCEepTalHja BpaTH KaHIUAATYy Ha opany (Aa ce JOITyHH OJHOCHO M3MEHH);
B) J1a ce JOKTOpCKA ITUcepTalnja oaouje.

JlokTopcka nucepranyja kanauaara Muie [1aBaiiky HamcaHa je jacHO M IperiieIH0. XOMOTEHOCT TEeKCTa
TIOKa3yje /1a KaHAWIaT U3BPCHO MT03HAje MTPOOIeMaTHKy Kao M CIIOCOOHOCT KaHAM/ATa Jja Ha ONTHMaJIaH
Ha4YMH KOPHUCTH PACIIONIOKHBE JINTEpaTypHe pecypce. Ha 0CHOBY MO3NTHBHO BpPEAHOBAHMX CBUX
MOjeIMHAYHNX JIeI0Ba JOKTOPCKE JIMcepTaltje, Kao U yKyIHe IO3UTHBHE oneHe, Komucuja 3a oneny
JIOKTOpCKe nucepTanyje npeiaxe HacraBHo-HayuyHom Behy MenunnHckor ¢dakynrera y HoBom Cany u
Cenaty YHuBep3ureta y HoBom Cany na ce gokTopcka mucepTandja Mute ['maBamku moa Ha3uBOM

,»Y TBphHBatbe OBE3aHOCTH I'EHOTHUIA U (PeHOTUTIA XUIIEPTPO(UIHE KApAHOMHUOTIATH]€ TPUMEHOM
MAIIMHCKOT yuera ' IPUXBATH, U KaHAUAaTy 0100pH cripoBol)eme MoCcTyIKa jaBHe 0Jj0paHe.

Mecto u natym: Hosu Can, 09.05.2023.
1.
[Ipod. np Anekcangap Peniek, penoBHu
npodecop, IPeICeTHUK

2.
IIpod. ap I'onyd Camapumja, BaHpEIHH
npodecop, WiaH

3.
[pood. np Henan Oununosuh, penoBHn
npodecop, wiaH




HAIIOMEHA: Unan koMHCH]j€ KOjU He XeJIH Jja MOTIHIIE U3BEIITa]j jep ce He ClIaXKe ca MUILJbereM BehiHe
YJIaHOBa KOMICH]E, Iy’KaH je 1a YHECe Y U3BEIITaj 00pas3ioKeHe OJTHOCHO pasjiore 300T KOjUX HE KeIH 1a
MOTIHIIE U3BEIITA] U a UCTU MOTIHUIIE.
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111 TITTLE OF THE DOCTORAL DISSERTATION:

Deciphering Genotype-Phenotype Associations in Hypertrophic Cardiomyopathy Using Machine Learning

IV OVERVIEW OF THE DOCTORAL DISSERTATION:
Concisely summarize the dissertation content with indicated number of pages, chapters, figures,
images, charts etc.

The doctoral dissertation has been written systematically, clearly, and comprehensibly in a style that includes
necessary elements of scientific research. It encompasses 428 pages and is organized into 7 chapters:
1. INTRODUCTION - written in 76 pages, including a total of 2 figures and 5 tables.
2. RESEARCH AIMS AND HYPOTHESES - presents the aims based on data presented in the
introduction, and working hypotheses derived from the aims.
3. MATERIALS AND METHODS - this chapter contains a detailed description of the selection and
sample size, protocols and research methods, and statistical analysis of data. The chapter is written in 24
pages, including 1 figure.
4. RESULTS - the results are systematically presented with textual descriptions. The chapter is written in
249 pages, including a total of 50 figures, 149 graphs, and 126 tables.
5. DISCUSSION - a detailed discussion of the obtained results and comparison with relevant published
studies. The chapter is written in 11 pages.
6. CONCLUSION - derived from the obtained results of the dissertation, presented in 2 pages.
1-6. EXTENDED ABSTRACT IN SERBIAN LANGUAGE - includes all previously mentioned chapters.
It is written in Serbian and spans 25 pages.
7. LITERATURE - 349 bibliographic units were cited in accordance with the Vancouver citation style.
A distinct part of the doctoral dissertation is a list of all abbreviations used in the manuscript, which is
given on 8 pages.

The dissertation presents 131 tables, 53 figures, and 149 graphs. Key documentation information in
Serbian and English with abstracts is given at the beginning of the doctoral dissertation, and a data
treatment plan is located at the end of the text.

V EVALUATION OF INDIVIDUAL DISSERTATION CHAPTERS:

The title of the doctoral dissertation “Deciphering Genotype-Phenotype Associations in Hypertrophic
Cardiomyopathy Using Machine Learning“ is clearly and precisely formulated and entirely in line with the
research content presented.

The committee considers that the title of the doctoral dissertation is clearly and precisely formulated
and adequately reflects the content and topic of the doctoral dissertation.

The introduction of the doctoral dissertation is systematically written, with a detailed overview of current
knowledge on the researched problem, and clearly indicates the complexity of the identified problem and the
need for research. This chapter is divided into 8 smaller sections with sub-sections. The first section provides
an overview of hypertrophic cardiomyopathy, and the second discusses cardiomyopathies in general. Since
hypertrophic cardiomyopathy is often described as the "disease of the sarcomere," a detailed presentation of
the sarcomere and its components follows. After that, genotype of hypertrophic cardiomyopathy is presented,
followed by phenotype of hypertrophic cardiomyopathy, and then, the associations between the genotype
and phenotype in hypertrophic cardiomyopathy are presented. After that, the importance of hypertrophic
cardiomyopathy in contemporary cardiology and cardiac surgery is described. The last section of the
introduction provides an overview of machine learning and its applicability in biomedicine.

In the introductory section, the candidate clearly, comprehensively, systematically, and using current
and relevant literature sources, identified the complexity of the identified problem and justified the
significance of conducting research.

The research aims are clearly defined and enable the drawing of specific conclusions. The research aims
outlined in the dissertation are based on the results of previous studies published in relevant scientific
publications. The objectives of the conducted research were as follows:

Aim 1. Identification of HCM subphenotypes using clustering

Aim 2. Correlation determination between genotypes and subphenotypes in HCM




Aim 3. Determination of associations of genotype and phenotype outcomes in HCM using ML algorithms
Aim 4. Creation of ML models for HCM outcomes prediction based on genotypic and phenotypic data
Aim 5. Identification of genotype-specific echocardiogram findings in HCM using ML algorithms

The research hypotheses are logical, clearly and precisely formulated, and in line with the research
objectives:

Hypothesis 1. HCM subphenotypes can be identified using clustering.

Hypothesis 2. There is a correlation between genotypes and subphenotypes in HCM.

Hypothesis 3. The associations of genotype and phenotype outcomes in HCM can be determined using ML
algorithms.

Hypothesis 4. ML models can predict HCM outcomes based on genotypic and phenotypic data.
Hypothesis 5. Genotype-specific echocardiogram findings in HCM can be identified using ML algorithms.

The committee considers that the research objectives and working hypotheses are logically and
precisely formulated, clearly presented, scientifically justified, and enable the drawing of specific
conclusions.

Materials and methods - In this chapter, the materials and methods used in the study are clearly and
precisely described. The selection criteria and sample size of the study are defined precisely, as well as the
criteria for inclusion and exclusion of participants in the study. The course of the study is described in detail,
and the proposed work methods are clearly formulated. The research methodology is in accordance with the
principles of scientific research in medicine and enables the reproducibility of the study. The methods used
are appropriate for the type of study, accepted and used in the wider scientific community. The chosen
methods correspond to the stated aims and enable the obtaining of specific and high-quality scientific results.
The conduct of the research was approved by the decisions of the ethical committees of each institution
participating in the research, as well as of the ethical committee of Faculty of Medicine, University Novi Sad.
The study was multi-centric and retroprospective, involved 143 adult patients with a confirmed diagnosis of
hypertrophic cardiomyopathy, who met the inclusion and exclusion criteria. Demographics, medical and
family history, anthropometric measurements were recorded; blood sampling, genetic testing, blood markers,
transthoracic echocardiography with Doppler, cardiopulmonary exercise testing, electrocardiography (ECG)
and ECG-holter-monitoring were all performed. Next, the collected data was prepared for analysis, mostly
using the Pandas library in the Python programming language. It was analyzed using clustering techniques,
employing the Scikit-learn module in Python. Models were created for predicting phenotypic outcomes using
both the Scikit-learn and SHAP modules in Python. Additionally, a computer vision model was created for
identifying genotype-specific echocardiogram findings, utilizing deep learning and computer vision libraries
in the Python programming language.

The committee considers that the selected methods for data collection and statistical analysis are
adequate, in line with the research objectives and hypotheses, and allow obtaining reliable, up-to-date,
and high-quality scientific results. They are described clearly and in detail, thus enabling experiment
reproducibility.

The results are presented convincingly, clearly, and professionally in tables and graphs. The displays are
accompanied by clear textual explanations. The results are clearly derived from the applied methodology,
using appropriate statistical methods. Hypertrophic cardiomyopathy subtypes were identified based on the
overall phenotypic appearance. Some significant correlations between genotype and phenotype were found.
Phenotypic outcomes were predicted based on mutated genes and using genotypic and phenotypic data.
Genotype-specific echocardiogram findings were identified.

The committee considers that the results are original, comprehensive, and clear for interpretation,
stemming from the applied methodology, and presented systematically, coherently, and in a way
appropriate to the data type, with appropriate statistical methods for data processing.

The discussion is comprehensive and clearly and detailed written in a logical sequence. The candidate
provides well-supported and critical analysis of the research results and compares them to citations from




relevant literature. The literature data is appropriately chosen, current, and relevant for drawing valid
conclusions from the studied problem. The comments and interpretations of the results are exhaustive,
logical, and scientifically grounded. The writing style is clear, precise, logical, and organized, and
unambiguously indicates the candidate's knowledge of the researched problem. In the discussion text, the
candidate demonstrates the ability to critically analyze and interpret scientific data, including the results of
their own research, as well as data from relevant literature sources.

The committee considers that the discussion of the obtained research results is exhaustive, precise,
scientifically grounded, and comprehensive, with a critical review presented by the candidate
regarding current literature data, indicating an admirable knowledge of the researched topic by the
candidate, and significantly contributing to the scientific value of this dissertation.

The conclusions of the dissertation are precise, concise, scientifically grounded, clearly formulated, and
presented in an orderly manner. The conclusions are consistent with the set objectives and hypotheses of
the doctoral dissertation, and they are based on the results obtained from the research carried out in this
doctoral dissertation, which was based on adequately chosen and applied research methods. The obtained
results can have significant value in recognizing genotype-phenotype associations in hypertrophic
cardiomyopathy. Hypertrophic cardiomyopathy subtypes identification represents a shift towards precision
medicine of hypertrophic cardiomyopathy.

The committee considers that the conclusions are clearly formulated and presented in a clear
manner, consistent with the stated aims and hypotheses, and in accordance with the applied research
methodology and obtained results.

The literature used is extensive, current, and relevant to the topic being discussed, and the bibliographic
units are cited using the Vancouver citation style in the prescribed manner.

The committee considers that the literary references are current and adequately selected to present
the researched issues, as well as to compare with the obtained research results.

On the basis of the evaluation of individual parts of the doctoral dissertation,
the committee positively assesses all parts of the doctoral dissertation.

VI  LIST OF SCIENTIFIC AND PROFESSIONAL MANUSCRIPTS PUBLISHED OR
ACCEPTED FOR PUBLICATION, WHICH ARE BASED ON THE RESULTS OF THE
DOCTORAL RESEARCH:

Glavaski M, Preveden A, Jakovljevi¢ B, Filipovi¢ N, Velicki L. Subtypes and mechanisms of hypertrophic
cardiomyopathy proposed by machine learning algorithms. Life (Basel). 2022;12(10):1566. (M22)

Glavaski M, Velicki L. Shared molecular mechanisms of hypertrophic cardiomyopathy and its clinical
presentations: Automated molecular mechanisms extraction approach. Life (Basel). 2021;11(8):785. (M22)

Glavagki M, Velicki L. Humans and machines in biomedical knowledge curation: Hypertrophic
cardiomyopathy molecular mechanisms’ representation. BioData Min. 2021;14(1):45. (M21)

Glavaski M, Velicki L. More slices, less truth: Effects of different test-set design strategies for magnetic
resonance image classification. Croat Med J. 2022;63(4):370-8. (M22)

Glavaski M, Stankov K. Epigenetics in disease etiopathogenesis. Genetika. 2019;51(3):975-94. (M23)

Preveden A, Golubovic M, Bjelobrk M, Miljkovic T, llic A, Stojsic S, Gajic D, Glavaski M, Maier LS,
Okwose N, Popovic D, Barlocco F, Ristic A, MacGowan GA, Olivotto I, Filipovic N, Jakovljevic DG,
Velicki L. Gender related differences in the clinical presentation of hypertrophic cardiomyopathy—An
analysis from the SILICOFCM Database. Medicina (Kaunas). 2022;58(2):314. (M22)




Glavaski M, Velicki L. HCM Map: Interactive knowledge resource about molecular mechanisms of
hypertrophic cardiomyopathy. 5th Disease Maps Community Meeting (DMCM20), 12-14 November 2020,
Conference abstract. (M34)

Glavaski M, Velicki L. Intersection—Simple, yet effective for exploring molecular mechanisms; Lessons
learned from the HCM representations. 6th Disease Maps Community Meeting (DMCM2021), 29-30
November 2021, Conference abstract. (M34)

Glavaski M, Velicki L. HCM Clinical: An interactive knowledge resource for HCM diagnosis, monitoring,
and treatment. 6th Disease Maps Community Meeting (DMCM2021), 29-30 November 2021, Conference
abstract. (M34)

Vil CONCLUSIONS AND RESEARCH RESULTS:

Based on the obtained research results, clear conclusions were formulated that provide answers to
the set goals and hypotheses:

1. Four hypertrophic cardiomyopathy subtypes were identified based on the overall phenotypic
appearance

2. Although none of the determined subtypes settings could be completely correlated with genotype,
some significant correlations with genotype were found in the 3-subtypes, 4-subtypes, 5-subtypes,
and 6-subtypes settings.

3. Two phenotypic outcomes that can be predicted from mutated genes are the absence or presence
of sinus rhythm and the absence or presence of myocardial injury

4. The ML algorithms were able to predict phenotypic outcomes — fatigue, dyspnea, chest pain,
palpitations, syncope, heart murmur, pretibial edema, systolic anterior motion, papillary muscle
abnormalities, hypokinesia, atrial fibrillation, atrioventricular block I, left bundle branch block,
right bundle branch block, left anterior hemiblock, ST segment abnormalities, and negative T
wave — using genotypic and phenotypic data.

5. Genotype-specific echocardiogram findings were identified: for mutations in the MYH7 gene, the
most discriminative structures are the septum, left ventricular outflow tract, anterior wall, apex,
right ventricle, and mitral apparatus; for mutations in the TNNT2 gene, the most discriminative
structures are septum and right ventricle; while for mutations in MYBPC3 gene these are septum,
left ventricle, and left ventricle chamber.

The committee considers that the formulated conclusions are logically derived from the obtained
results and clearly reflect the significance and scientific contribution of the conducted research.

VIII  EVALUATION OF STUDY RESULTS PRESENTATION AND INTERPRETATION:
Explicitly indicate positive or negative assessment of study results presentation and interpretation.

The committee considers that the research results presented in Mile Glavaski's doctoral dissertation are
systematically, clearly, thoroughly, and appropriately demonstrated and interpreted, as well as critically
discussed. Tables and graphs contribute to the clarity and comprehensibility of the results. The
interpretation of the results is based on contemporary and available scientific knowledge, and the way the
results are presented and interpreted is positively evaluated. The conclusions are adequate, scientifically
justified, and logically derived from the obtained results of the study.

After testing for plagiarism using the iThenticate software package (https://www.ithenticate.com), the
overlap percentages were determined to be 27% (for the doctoral dissertation text in English) and 4% (for
the extended abstract text in Serbian). Upon review of the plagiarism testing report, the committee has
determined that the candidate has adequately cited the used literature.

The committee positively assesses the presentation and interpretation of the research results based on
the conclusion that the research was conducted in accordance with the standards of medical research,
on a representative sample, that the results obtained from this research are original, representative,
precisely presented, and adequately interpreted, and that they are scientifically justified and
applicable.




IX FINAL ASSESSMENT OF DOCTORAL DISSERTATION:
Explicitly state if the dissertation is or is not written in accordance with submitted dissertation proposal, as
well as does it contain all the important elements. Provide clear, precise and concise answers to questions
3and 4:

1. Was the dissertation written in accordance with the previously submitted dissertation proposal?
Dissertation is written entirely in accordance with previously submitted dissertation proposal.

V  Does the dissertation contain all the important elements?
The dissertation contains all essential elements, including all necessary chapters and
comprehensive original research results. The dissertation is written concisely and clearly, and
the results are the independent research efforts of the candidate.

V  Why does this dissertation provide original contributions to science?
The doctoral dissertation, in terms of its comprehensiveness, obtained results, and presented
conclusions, represents an original contribution to science. The results of this research enable
further exploration in the field of cardiology. Four hypertrophic cardiomyopathy subtypes were
identified and described based on the overall phenotypic appearance. Some significant correlations
between genotype and phenotype in hypertrophic cardiomyopathy were found. Machine learning
algorithms predicted phenotypic outcomes — fatigue, dyspnea, chest pain, palpitations, syncope,
heart murmur, pretibial edema, systolic anterior motion, papillary muscle abnormalities,
hypokinesia, atrial fibrillation, atrioventricular block I, left bundle branch block, right bundle
branch block, left anterior hemiblock, ST segment abnormalities, and negative T wave — using
genotypic and phenotypic data. Subsets of features that are sufficient for prediction of these
phenotypic outcomes were identified and their relative importance was assessed. Genotype-specific
echocardiogram findings were identified for mutations in the MYH7, TNNT2, and MYBPC3 gene.
The results obtained from the doctoral dissertation are clear and applicable in everyday medical
practice. In addition, the obtained results open up possibilities for conducting further research in
order to achieve the mentioned goals, and above all they represent shift towards precision medicine
of hypertrophic cardiomyopathy that could serve as a basis for creating strategies for prevention
and treatment of specific hypertrophic cardiomyopathy patient groups.

V  What are the shortcomings of the dissertation and what is their impact on the research results?
The doctoral dissertation does not contain any formal or substantive shortcomings that could
affect the research results and/or the scientific value of the doctoral dissertation.

X PROPOSAL.:

Based on the indicated information, committee is proposing:

a) To accept the doctoral dissertation and approve the candidate's defense;
b) To return the doctoral dissertation to the candidate for revisions (to supplement or modify);
c) To reject the doctoral dissertation.

The Mila Glavaski's doctoral dissertation is written clearly and concisely. The homogeneity of the text
indicates that the candidate has an excellent understanding of the issues and is able to make optimal use of
available literary resources. Based on the positive evaluation of all individual parts of the doctoral
dissertation, as well as the overall positive assessment, the Committee for the Evaluation of the Doctoral
Dissertation recommends to the Academic Council of the Faculty of Medicine in Novi Sad and the Senate
of the University in Novi Sad to accept the Mila Glavaski's doctoral dissertation titled “Deciphering
Genotype-Phenotype Associations in Hypertrophic Cardiomyopathy Using Machine Learning” and
approve the public defense procedure.

Novi Sad, 09.05.2023.
1.
Prof. Dr. Aleksandar Redzek, Full
Professor, Chair of the comittee




2.
Prof. Dr. Golub Samardzija, Associate
Professor, Member of the committee

3.
Prof. Dr. Nenad Filipovi¢, Full Professor,
Member of the committee

NOTE: A committee member who does not want to sign the report because they disagree with the majority
opinion of the committee is obliged to provide an explanation or reasons why they do not want to sign the
report and to sign it accordingly.



