O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 1852/1-2 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
04.09.2025. S3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJIUJAT INETPOBUHR (3OPAH) CAIbA

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT TOKTOPCKUX CTY/Hja Ha CTYAH]CKOM Iporpamy dapmMalleyTCKe Hayke

NPUjaBHUO je JOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

»1IPOIIEHA VTHIIA]ja CTAPOCTH M 110J1a HAIMjeHATa HA HCH0/bABAILEe XeNATOTOKCHYHOCTH AHTHENMNJIENTHKA
YIIOTPeOOM MOJATAKA U3 IJ100aJIHe 0a3e Hexke/beHUuX edexkara jekona'

U3 Hay4IHEe 00JIaCTH: OAPMAIEYTCKE HAYKE

Vuusepsurer je nana 18.03.2025.romune cBojum akrtom moa Op. 02-01 6poj 61206-41124/2-25 nao cariacHOCT Ha

TIPEIJIOT TeME JOKTOPCKE AUCEpTaIlje Koja je riacuia:

LIIpOIeHA MOBE3AHOCTH KAPAKTEPUCTHKA NAIHjeHATA M XeNATOTOKCHYHOCTH AHTHENNJICNTHKA HA OCHOBY
rjyooajgHe 0a3e HexkeLeHUX edpexara JekoBa“

HNme u npe3ume MeHTOopa ! -Jlp cu. bpanncmaBa MusekoBuh, penoBHU mpodecop, YHuUBEp3UTeT y beorpany —
dapmarieytcku pakynrer (Vika HaydHa obmact: PapMaKOKHHETHKA);

Kommucuja 3a olleHy JOKTOPCKE IMCEPTALUje MMEHOBaHa je Ha cequuiu oapxkanoj 20.06.2025.roaune

omIyKoM (aKyiarera 1oz op. 01 6p.1241/2 , Y CacTaBy:
Nwme u mpe3ume wiaHa 3Bambe Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3amociieH

1. Hp cu. Cagapa Besmap Kosauesuh - OpCACCAHUK KOMI/ICI/Iie, PEAOBHHU HDOd)eCOD, YHUBEP3UTET Y
beorpany - ®apmaneyrcku d)aKVJ'ITeT (Y)Ka HaydHa obuacr: dapMaKOKMHETHKA W KJIMHHUYKA

hapmarmja)

2. Ip cu. Munena Kosauesuh, morienr, YHuBepsurer v Beorpany — ®@apmaneyrcku dakyiarer (Yxka

HayyHa oOnacT: @apMakOKHHETHKA U KIIMHUYKA (hapmaryja)
3. [p ci. Coma Byukosuh, penosau npodecop, YHusepsuret y beorpany — Meaunmnacku daxkyiurer (Yxka
HayuyHa oOnacT: @apMakojioruja, KIMHUYKa hapMakoJI0oruja U TOKCUKOJIOruja)

Hamowmena: ykonuko je unan Komucuje y neH3uju HaBeCTH aTyM NEH3WOHHCAHA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje ua ysua jasaoctu: 10.07.2025.ronpune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JlaHa 04.09.2025.ronunue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTalje uMeHoBaHa je Ha cequuim oapxanoj_ 20.06.2025.ronune

omnykom (akyrrera noa 6p. 01 6poj 1241/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. Hp cu. Cauapa Besmap Kosaueuh - npencenunk Komucuie, penosau npodecop, YHUBEP3UTET vV beorpany
- @apmarteyrcku dakyirer (Yika HayuHa obnact: @apMakOKHHETHKA W KIMHMYKA (hapMarinja)
2. Jp cu. Munena Kosauesuh, nouenr, Yausepsurer v beorpany — @apmaneyrcku daxyiarer (Yka HaydyHa

oOnact: PapMaKOKMHETHKA U KIIMHAYKA dhapmairiija)
3. JIp ci. Coma Byukosuh, penosuu npodecop, Yausepsurer v beorpany — Memnuunacku dakyiarer (Yxka
HayyHa 00gact: PapMakoI0orija, KIMHUYKA PapMaKoJIOTH]a U TOKCHKOJIOTH]A)

Hanomena: ykonuko je wiaH KoMucuje y IeH3Mju HaBECTH AAaTyM NEH3UOHHUCAHA.

JEKAH ®AKVIITETA

Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIIH]je

IIpunosu: 1. . :
U oanyKa o MMeHoBamy Komucuje 3a onOpaHy IOKTOpCKe AHcCepTalyje
2. WM3Bemraj Komucuje o olieHu JOKTOPCKE IUcCepTalnuje

3. Tlpumenbe Ha usBeniTaj Komucuje o omeHu 10KTOpCKe qucepTandje (YyKOIHUKO UX je Ouio) u
Munubewe Komucuje o mpumendama

Hamowmena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPWIO3UMA Y eNEeKTPOHCKO] GOPMH H Y jeTHOM IHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET Y BEOI'PA1Y
OAPMAILIEYTCKU ®AKYJITET
11000 - BEOT'PA ]

Y. Bojsoae Crene 450.

01. opoj 1852/1

04.09.2025. rogqune

Ha ocnoBy wrana 28. Craryra u mpemiora Komucuje 3a MOCIEIUIUIOMCKE CTyIHje —
NoKTOpcke crynuje, HacraBHo-Haydno Behe YHuBepsutera y beorpamy — ®dapmarneyrckor
dakynrera Ha cemauIy onpxkanoj 04.09.2025.romune, noHENO je

ONJYKY

IMPUXBATA CE no3utuBan u3Bemnitaj Komucuje 3a oreny u o0paHy 3aBpIiieHe JOKTOPCKE
mucepranuje, kanaunara wmarucrpa ¢gapmanmje IlerpoBuh 3. Came mon HacioBOM:
,,HpoueHa IMMOBE3aHOCTH KAapaKTCPUCTHUKA naqueHaTa 1 XCIMIATOTOKCUYHOCTHU aHTUCIINIICIITUKA
Ha OCHOBY Iiio0anHe 0a3e HexxeJbeHUX edekara ynekoBa“ u ynyhyje Behy nHayunux oOnactu
MEIMIIMHCKUX HayKa Ha yCBajame, a Mo J0OWjeHO] MHCaHO] carjlaCHOCTH 0J00paBa jaBHA
onbpana npen Komucujom y cacrany:

1. JIp cu. Cangpa Besmap KoaueBuh - mpencennuk Komwucuje, peqoBau mpodecop,
VYuupep3uter y beorpamy - ®apmaneyrcku daxkynrer (Yka HaydHa 00JacT:
dapmMaKkOKMHETHKA U KIMHUYKA (papMmarimja)

2. Jlp cu. Munena Kopaueuh, morient, YHuBep3urer y beorpamy — dapmarneyrcku
(dakynret (Vxa HayuHa oOiacT: apMakoKUHETHKA M KJIMHUYKA dapmaliija)

3. lp cu. Comwa ByukoBuh, pemoBHu mpodecop, YuuBepsuter y beorpaxy —
Memumuuackn  dakynrer (Yxa HayuHa obOmnact: ®apmakosoruja, KIMHHYKA
(hapmakoJIoTHja U TOKCUKOJIOTH]a)

Obpasznoxwceme

Mar.dapm. Ilerpopuh Cama npujaBuiia je TeMy gokropcke aucepramnuje 27.01.2025.
rOJIMHE a UCTY je ycrmemHo oadpanuia npen Komucujom 3a mpociequmnioMcke — JTOKTOPCKe
akajmeMcke cryauje mana 28.01.2025. Hayuno-nactaBHo Behe YHuBep3uteTa y beorpamy —
dapmarneyrckor (akynrera, je Ha penoBHOj ceauunu Aana 30.01.2025.roauHe, jeAHOTIIACHO
ycBojunio mpemior Komucuje 3a HOCHEAUIIIIOMCKE — JOKTOPCKE aKaJeMCKe CTyAuje u
uMeHoBano Komucujy 3a olieHy UCITyH€HOCTH YCJIOBa KaHUAATKUIHE U HAyYHE 3aCHOBAHOCTH
TeMe JOKTOPCKe aucepraiuje no Ha3uoM "lIporieHa yTuiiaj crapocTy u noJja namyjeHara Ha
UCIOJhaBAKE XEMATOTOKCUYHOCT aHTHEMWJIENTHKA YNOTpeOOM Mojaraka u3 riodanHe Oaze
HexeJbeHHX edekara jJexoBa'. Komucuja 3a olieHy HCITYEEHOCTH YCIIOBa je OMla ucTa Kao Ha
nocieTky uMeHoBana Komucuja 3a orieHy u oJ10pany 3aBpliieHe JOKTOPCKE JucepTaluje.

Komucuja 3a o1ieHy UCITYEHEHOCTH YCIIOBa KaHAWIATKUIGE U HAyYHE 3aCHOBAaHOCTH TEMeE
MoJIHeNa je MO3UTHBAaH W3BElITa) a Ha mpemior Komucuje 3a MmociaenuIuioMcKe JIOKTOPCKe
akazieMcke cryauje, HayuHo-HacTaBHO Behe je jeIHOTIIacHO, Ha PeIOBHO) CETHUIIM OJIPYKaHO)]
06.03.2025.roanHe NpUXBAaTUIIO HAaBEICHH M3BEILTaj U YIYTHIIO 3axTeB Bahy HayuHux obiactu
MEIMLMHCKUX HayKa YHuBep3uTeTa y beorpany Ha ycBajame.

VYuusep3uret je nana 18.03.2025.roqune cBojum aktom 6p.: 02-01 6p: 61206-1124/2-25
20 CarjJacHOCT Ha IMpeUIor TeMe JOKTOpCKe AMcepTalyje aiu Mmoja HasuBoM: ,JlIpouena



MOBE3aHOCTH KapaKTEPUCTHKA MalMjeHaTa U XeMaTOTOKCUYHOCTH aHTHETIUJICTITHKA Ha OCHOBY
rio6anHe 0aze HeXeJbeHNX ederaTa JIieKoBa™.

Kanmunar mar. ¢apm. Cama IletpoBuh, o0jaBuia je pe3yarare U3 OBe JAOKTOpPCKe
AucepTranuje y aBa paaa kareropuje M21 m jenHom pany kareropuje M22 y
Mehynapoanum yaconucuma ca CU nucre:

1. Petrovi¢ S, Kovacevi¢ M, Vezmar Kovacevi¢ S, Miljkovi¢ B. Hepatotoxicity of newer
antiseizure medications in children: an overview and disproportionality analysis of
VigiBase. Expert Opin Drug Metab Toxicol. 2024;20(3):165-173. doi:
10.1080/17425255.2024.2322114
IF (2023) = 3,9; Pharmacology & Pharmacy (85/354); M21

2. Petrovié¢ S, Kovacevic M, Vezmar Kovacevi¢ S, Miljkovic B. Drug-induced liver
injury associated with the use of newer antiseizure medications in the elderly: an
analysis of data from VigiBase. Expert Opin Drug Metab Toxicol. 2023;19(3):175-
183. doi: 10.1080/17425255.2023.2203859

IF (2023) = 3,9; Pharmacology & Pharmacy (85/354); M21
3. Petrovié¢ S, Kovacevi¢ M, Vezmar Kovacevi¢ S, Miljkovi¢ B. Influence of patient age

and sex on drug-induced liver injury caused by antiseizure medications: a
disproportionality analysis of VigiBase. Int J Clin Pharm. 2025. doi: 10.1007/s11096-
025-01935-x.

IF (2023) = 2,6; Pharmacology & Pharmacy (173/354); M22

Hakxon nmenoBama Komucuje 3a omieHy u 010paHy 3aBpIlieHe TOKTOPCKE AUCEpPTaInje
UCTa je MOJIHela MO3UTUBAH U3BEIITaj U 3aBpIlieHa AUcepTaltja KaHTUAATKULE CTaBJ/beHa je
Ha yBuj jaBHocTtu 10.07.2025.roausne.

JHana 05.08.2025. roguHe ynokeHa je mpuMea0a Ha TOKTOPCKY AUCEPTaIn]y 3aBe/ICHe
o mocioBuM Opojem 01 Op. 1676/1, a Hakon uera je Kommucuja 3a oreHy u oadpany
3aBplIeHE JOKTOPCKe aucepTanuje nogHena OaroBop y mpaBUIHUKOM oJjpe)eHOM POKY U IpU
TOM OCTaJja MPH CBOM MO3UTHUBHOM H3BEITA]jy.

Ha penoBHoj ceqnunn Hayuno-nacrasHor Beha gana 04.09.2025.roqune, oapxana je
Kkpaha nuckycuja o nuTamy npumende u oarosopa Komucuje na npumenOy. [Ipe npenacka
Ha TJlacame, KOHCTATOBAHO j€ MOCTOjaleé KBOpyMa 3a OJJyYUBAHE MO0 OBOj TAUKH JTHEBHOT
pena. Hakon cropoBoleHor riacama, koHctatoBaHo je na je HHB ycBojuno mo3utuBaH
u3BemTaj Komucuje 3a onieHy 1 o10pany 3aBpIlieHe JOKTOpcke aucepTaiuje mar.dapm. Came
[TerpoBuh y3 14 y3apxkaHuX riacoBa u 0€3 TiacoBa MPOTHUB.

Onnyky JAOCTaBUTH: KaHIUAATKUEM, YHUBEP3UTETY, WIAHOBMMAa KOMHCHjE, JEKaHy,
CeKpeTapy, MpoJIeKaHy 3a IMOCIEIUIIIOMCKE CTyIWje U KOHTUHYUpPaHy €AyKaljy, MEHTOpY
(IIpod. np bpanucnaBa MubkoBuh), Oxiceky 3a HacTaBy M CTyJEHTCKa muTama, OIceKy 3a
IpaBHE U ONINTE TIOCIOBE, IOCIOBHOM CeKperapy, mpeacenHuky Komucuje 3a



nociueuIuioMcke cryamje — gokrtopcke cryauje (IIpod. np bussana AntonujeBuh),
MMOTHOCHOILY MPUMEION U apXUBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpo¢. ap Harama borasan
Cranojesuh



HACTABHO-HAYYHOM BERY
YHUBEP3UTETA Y BEOI'PALLY - PAPMALEYTCKOI' ®PAKYJITETA

KOMUCHUJIN 3A TIOCVIEJUIIJIOMCKY HACTABY - IOKTOPCKE CTYIUJE

IIpenmer: M3Bemraj Komwucuje 3a orneHy M onOpaHy 3aBpIIEHE JOKTOPCKE IUCEpTalyje
kaHauaara maructpa dapmanuje Came [lerpoBuh

Ha ocuHoBy Omutyke 6poj 1241/2 0120.06.2025. romune HacraBHo-HayuHO Behie YHUBep3uTeTa
y beorpagy - ®apmaneyrckor Qakynrera, mMeHoBaHa je Komucuja 3a oueHy m omOpaHy
3aBpIIeHe JOKTOPCKE ANCepTalyje Kanauaatkume Mar. papm. Came [letrpouh mox Ha3uBOM:

,, ] [polieHa MOBE3aHOCTH KapaKTEPUCTHKA MAIHjeHATa U XeTIATOTOKCHYHOCTH aHTHETIMIICTITHKA
Ha OCHOBY mio0anHe 0a3e HeKeJbeHnX e(exara jekoBa”

MenTop:

Hp cu. bpanucnara MusskoBuh, penoBHu mpodecop,
Yuusepsuter y beorpany - ®apmaneyTcku dakynTer,

Karenpa 3a ¢papMakOKHMHETHKY U KIMHUYKY (papmanujy

VYika Hay4dHa obnacT: papMakOKHMHETHKA U KIMHUYKA (hapMaiiyja

Komucuja y cacraBy:
1. Hp cu. Canmpa Besmap KoaueBuh - mpeacennnk Komucuje, pemoBam mpodecop,
VauBepsuter y beorpamy - ®apmaneytcku Gaxynter. Yka HaydHa 00acT:
(apMakoKMHETHKA 1 KITMHWYKA (hapMariija

2. Hp cu. Munena KosaueBuh, mounenr, YuuBep3uteT y beorpamy - ®apmaneyrcku
daxynreT. Yka HaydHa o0nacT: (hapMaKOKWHETHKA M KITMHHYKA (papMarija

3. Jp cu. Comwa Byuxosuh, penoau npodecop, Yausep3uteT y beorpany - Meauuuxcku
dakynTer. Yka HayyHa oOnacT: (apmakoiordja, KIMHHYKAa (apMakojoruja |
TOKCHKOJIOTH]a

HaxkoHn nperiena npuiioxkeHe JOKTOPCKe aucepranuje, wiaHoBu Komucuje nonHoce HacrasHo-
HayyHoM Behy YHuBep3utera y beorpany - ®apmarneyrckor daxynrtera cieaehy n3Bemra;.



MN3BELITAJ

1. IIpuxka3 caap:kaja JOKTOpCKe AucepTanuje

Kannunarkuma wmar. ¢apm. Cama [lerpoBuh je Hammcana JOKTOPCKY JUCEPTANHUjy TOJ
HacimoBoM ,,IIporieHa TOBE3aHOCTH KapaKTepUCTHKA TMAalMjeHara W XeMaTOTOKCHYHOCTH
aHTHENMJICTITHKAa Ha OCHOBY ToOaiHe 0a3e HexeJbeHHX edekara yiekoBa” Ha 112 crpana,
MUCAHUX JATUHHYHUM THCMOM, poHTOM Times New Roman, BennauHe 12 U ca jeTHOCTPYKUM
npopenom. OBa Te3a je moaesbeHa y 8§ moriasiba: Veoo (31 crpana), Lumwesu ucmpasxicusaroa
(1 crpana), Memoode ucmpascusarwa (8 crpana), Pesyimamu ucmpasxcusarba (38 crpana),
Jluckycuja (15 ctpana), 3axmyuax (2 ctpane), Jlumepamypa (17 ctpana) u Ilpunosu (6
ctpana). Cagpxu ykymHo 6 civka (3'y Veody, 1 y mornasmwy Memoode ucmpasxicusaroa u 2’y
nornasiby Pesyrimamu ucmpascusarna), 41 tadeny (8 y Veooy, 2 y mornaBmy Memode
ucmpanxcusarba 1 31 y nomasiby Pezynmamu ucmpasicugarsa), 218 nutepaTypHUX HaBoia U 3
npusora. Y ckiaay ca 3aXxTeBHMMa Ha MouyeTrky ce Hanmasu Caxetax/Abstract, a Ha Kpajy
ouorpaduja KaHIUAATKUEBE U MOTIHCAHE W3jaBeé O ayTOPCTBY, MCTOBETHOCTHU INTaMIIaHE U
eJIEKTPOHCKE Bep3Hje U KopuIlllhewy TOKTOPCKE JUcepTalyje.

Ha nmouerky nomnaBsba Y600 Hanasu ce neTajbaH Mperiesl XemaToTOKCUYHOCTH, YKIbY4yjyhu
eMUJEMUOJIOIIKE TO/IaTKe, TUIOBE XEMaTOTOKCHYHOCTH, MEXaHM3aM HACTaHKa, KIMHHUYKE
MaHudecrammje, pakrope pu3nKa U MPUCTYTI TTIOCTaBJbay AMjarHO3e. Y OKBUPY MOTIIOTIIABIba
Koje pa3marpa (haKTope pH3HMKa 3a HACTAHAK XEMATOTOKCHYHOCTH MOjEAMHAYHO Cy OMHCaHU
(axTopu pu3MKa IMOBE3aHU Ca MAlKjEHTOM, YKJbYUdyjyhn cTapoCT U IO MaIHjeHTa, U hakTopu
pH3HKa TIOBE3aHU Ca JIGKOM. 3aTUM Ce HaJla3W KPaTKH OCBPT Ha CMHJICTICH]Y W aHTHETINIICTITHKE.
VY okBHpY MOCEOHOT MOTHOIVIAB/ba JAT je MPerie]l XeNaTOTOKCHYHOCTH aHTHENMIICNTHKA Ha
ocHOBY LiverTox Ga3e monaraka. Y 3aBpIITHOM JeNy ToTiaBiba Y800 nate cy uHbopMaiuje o
(apMaKOBUTMIIAaHII M 3HAYajy CHCTEMa CIIOHTAHOT IpHjaBJbHUBamba HEXKEJbEHUX aorahaja y
OTKPHBAKY PETKHX HEKEJHEHUX peakiifja, Kao MTO je MIUOCHHKPATCKA XETAaTOTOKCHYHOCT.
HcrakHyT je W 3HaUaj OBHX CHCTEMa y MCTpaKMBamHMa 0e30€IHOCTH JICKOBAa y TOCEOHUM
noryJanyjama maiyjeHara, Kao mro Cy jKeHe Y PernpOoayKTHBHOM MEpHOY, NIela U CTapuje
ocobe, ¢ 003MpOM Ja Cy OBE HOITyJalije YeCTO UCKJbYUEHE U3 KIMHUYKUX UCTIUTUBAKbA UIH
Cy HENOBOJbHO 3acTyllJb€He. Y OBOM Jelny JaT je M OCBPT Ha I0jaM CHUrHaja y
(apMaKOBUTMIIaHIH, KA0 U HA PAa3IMYUTE IPUCTYIIE HEroBOj AETEKIH]H.

VY oxBupy nomasba [Jumesu ucmpasdcueéarba HABEACHU Cy LMJBEBH HCTPAKUBAKA KOJH
YKJbYUyjy YTBphHBame XenaToTOKCHMYHOT IIOTEHIMjala TOjeJHHAYHUX aHTHEIHJICTITHKA
NPUMEHOM aHaJIM3e JUCIPONOPIIMOHATHOCTH Ha M3BELITaje O HEXEeJbeHUM Jorahajuma Ha
JIEKOBE KOjU Cy JOCTYNMHHU Yy TiobanmHoj 0a3u HexeheHHX edekara yekoBa VigiBase,
UCIUTHBAkhEC TIOBE3aHOCTH  KApPAaKTEpUCTHKA NanujeHta (CTapocTH W Moja) ¢
XEMAaTOTOKCUYHOCTH aHTHENWICNTUKA U YTBphUBambe KapaKTEpUCTHUKA XENAaTOTOKCHYHOCTH
aHTHENIJICTITHKA IpyTe U Tpehe reHepariyje Ko MeInjaTpujCKIX 1 CTapujuX IalyjeHara.

VY okBupy nornasiba Memoode ucmpasicusarba HaBEJECHO je a C€ Pagu O PETPOCIEKTUBHO)]
aHanM3W monataka w3 VigiBase-a. HaBenmeHo je ma je 3a yTBphuBame XemaTOTOKCHYHOT
noTeHnHjaza 24 aHTHENHIICTITHKA Y TEJIOKYITHOj MOy Ialyj! MaIijeHaTa i aHTUEeTTHIICTITHKA
npyre u Tpehe reHepanyje Ko MeIujaTpHjCKUX M CTApHjUX MalMjeHaTa MPUMEHEeHa aHaIn3a
JUCTIPONOPIMOHATHOCTH Ha TOjeIMHAYHE M3BEIITaje O HeXeJheHHM Joraljajuma Ha JIEKOBE
KOju cy nocTtymHu y VigiBase-y, TOK je 3a CyMUpame KapaKTEPUCTHKA XETIaTOTOKCHYHOCTH



aHTHeNHJIENTHKA Apyre U Tpehe reHepanyje Koj NEAMjaTPHjCKUX M CTAPUjUX TMalHjeHaTa
KopumheHa JIECKpUIITHBHA CTATUCTHKA.

Jlar je netasbaH mpervie]] aHaIu3e AUCIPOIIOPIIMOHATHOCTH ¥ HaBeleH je copTBep kopuiiheH
3a MPHUCTYN TOAAIMMa W aHaimu3y. JeTaJbHO Cy ommMcaHe KapaKTepUCTHUKE MpPHjaBJBEHHX
M3BEIITaja KOjU Cy AOCTYIHH y VigiBase-y, Ka0 W KPUTEPHUjyMHU 3a CEJICKIH]y H3BEIITaja O
WHTEpeca W 3a crpoBoheme aHamm3e IUCTporopIHoHaTHOCTH. HaBemeHo je ma cy 3a
CTIpOBOheme aHaIM3e AUCIPOTIOPLIMOHATHOCTH 3a 24 aHTHENTHIISTITHKA Toral)aju o mHTEepeca
OWnM  TOjeMHAYHM  HEKEJbeHHW  jorahjajuy  XemaTOTOKCMYHOCTH.  3a  aHalm3e
JUCTIPONOPIMOHATHOCTH Ha TOJICKYTIOBE MoJaTaka Koju Cy J0OHjeHH NebereM 0asze mpema
CTapoCHO] Tpynu manyjeHata (memujarpujcku nanujeHtu [0-17 rommna), ompacmu [18-64
romuHe], U cTapuje ocobe [65 ronuHa WM BUIIE]|) U TIpeMa Moy, Y by WACHTU(UKALIN]E
JIeKOBa ca yuyecTanonhy U3BenITaBamba 3aBUCHOM O] CTAPOCTH M/WJIH 1oJia, GopMupaHa cy 1Ba
norahaja om wHTepeca — jelaH KOjU je YKJbYYHMBao CBe HaBeleHE HeXesbeHe porahaje
XEMAaTOTOKCUYHOCTH (,,yKyITHa XEMaTOTOKCHMYHOCT) M JAPYTM KOjU je YKJbYYHBAO CaMo
Hajo30wbHUje norabhaje (,uMHCypunmjeHnuja jerpe). OOjammeHn Cy KpUTEpUjyMH 3a
yo4aBame AUCTIPONOPLIHOHATHO Behe y4ecTanoCTH H3BeIITaBamka y jeIHOj CTApOCHO] TPYIH Y
OJIHOCY Ha Jpyre CTapOCHE IPyIe U KOJ jeJHOT 1ojla y OJJHOCY Ha JIPYTH I0J1. 3a crpoBoherse
aHaNM3e IUCIPONOPIMOHAIHOCTH 33 aHTHENWIENTHKe apyre u Tpehe reHepamuje y
MeANjaTpUjCcKOj M CTapujoj Tomynanuju, norahaju of WHTEpeca Cy OWIHM TOjeAMHAYHU
HekeJbeHH jorahaju xenarotokcnyHoctu. Onucane cy craructudke ananuse (Fisher's exact
TecT W chi-square TecT, ca win 0e3 JejTcoBe Kopekumje) KopumiheHe 3a mnopeheme
KapaKTEepUCTHKA M3BEIITaja u3Mel)y pa3nmuuuTux crapocHuX rpymna u uzmely momosa y oBUM
nomynanyjama. 3a ananusy je kopuiihen SPSS coprsep, Bepsuja 29.0 (IBM Corp., Armonk,
New York, USA). [IBoctpana p BpenHoct <0,05 cMaTpaHa je CTaTUCTHYKY 3HAYAjHOM.
Hageneno je ma, ¢ 003upoM Ha Kopumiheme aHOHUMHUX 3JpaBCTBEHUX TOaTaka, HUje OMIIo
noTpeOHO ETHYKO 000pEeE 3a CIIPOBOl)eHE HCTPAKIBAA.

Pezynmamu ucmpasicusaroa HaBeIeH! Cy y UICTOUMEHOM IOIVIaBJbY, Y OKBUPY 3 HOTIIOITIABIbA.
VY npBOM NOTHOINABIBY, XenamomokCuyHOCH aHMuenuienmuka y yeioKynHoj nonyiayuju
nayujenama, TPEACTABIBEHH Cy pE3ylTard aHalIW3e AWCHPONOPUUOHAIHOCTA 3a 24
AaHTHETIWICTITHKA y je[HOj Tabenu. Y IpyroMm HOTIOMIABIbY, [logesanocm cmapocmu u nona
nayujenma ca XxenamomokcuyHowhy anmuenunienmuka, NPUKa3aHU Cy pe3yiITaTH aHalnu3a
JUCIIPONOPLMOHATHOCTH 3a TEPMMHE ,,yKyIIHa XeMaTOTOKCHMYHOCT M ,,MHCY(UIIM]jEeHIja
JjeTpe* mpema cTapoCHOj TPyIH U MOJy HauujeHTa y 4 tabene. O3HaueHH Cy aHTHETTWIICNTHLN
ca JucrpornopiuoHanHo BehoMm ydecranomhy u3BelITaBamba HABEJCHUX TEPMHUHA Yy jEIHO]
CTapOCHO] TPYIH Y OJHOCY Ha Jpyre CTapoCHE TPpyIe M KOJ jEAHOT 1ojia y OJHOCY Ha JIPYTH.
Tpehe moTnornasise, Xenamomoxcuunocm anmuenunenmuxa opyee u mpehe eenepayuje Koo
neoujampujckux u cmapujux nayujenama, je oAeJbeHO Ha JBa Jieja.

e VY mpBoM Jeiy, Xenamomokcuunocm anmuenuienmuka opyze u mpehe eenepayuje ko0
neoujampujckux nayujenama, NpuKa3ase cy y 6 Tabena KapakTepUCTUKE IPH]jaBJbEHUX
M3BEIITaja XENaTOTOKCUIHOCTH KO TIEAMjaTPHjCKUX TalfjeHaTa y KOjuMa je HajMame
jeIaH on aHTHeNHWJIeTITHKA Apyre Win Tpehe reHeparje o3Ha4eH Kao CYyCHEKTHU WM
uHTeparyjyhu nek. Tabene ykipydyjy umHGpOpManuje 3a IEIOKYIHY IEAHjaTPHjCKy
MOITYJIAlKjy ¥ 33 CBAKU MOJ. 3aTHUM Cy M3BEILTAjH MOJCJHeHU Ha OHE Ca MPUjaBJbeHUM
peakimjaMa TIPEOCET/PMBOCTH M Ha OHE 0€3 peakiuja NpPeoCEeTIbUBOCTH U
KapakTepUCTHKE OBUX Ipyla U3BEIlTaja Cy NpUKazaHe y 4 Tabene, 10K 2 CIUKE Jajy
MpuKa3 Hajuenrhe NpujaBbeHNX Jorahaja MpeoceTIbUBOCTH IPeMa CTapOCHO] TPYIH U
MOy TManMjeHTa. 3atuM cy y 2 Tabene MpHUKa3aHU pe3yATaTH aHajIu3e
JUCTIPOTIOPIIMOHAIIHOCTH Y TIEJIOKYITHOj TIe/INjaTpHjCKOj MOMYIalUju U Y 3aBUCHOCTH
071 10J1a Mal1jeHTa.



e VYV npyroM nemy, Xenamomoxcuunocm anmuenuienmuxa opyee u mpehe cenepayuje ko0
cmapujux nayujenama, npukazane cy y 11 Tabema KapaKTEpHUCTHKE TPHjaBIHEHUX
M3BEIITaja XETTATOTOKCHYHOCTH KOJI CTApHjUX TalyjeHara y KojuMa je HajMame jedaH
O aHTHENWIENTHKA Jpyre WiH Tpehe reHepamnuje O3HAYCH KAao CYCIEKTHH WU
uHTeparyjyhu nek. Tabene ykibydyjy nHPOpMAIHje 3a IEeTOKYITHY CTapH]y TOITyIaIjy
U JIBE CTapOCHE moarpymne (65-74 roguHe i >75 rognHa) WK 3a CBaKH MOJI. 3aTHM CY Y
3 Ttalene mpHKa3aHU pPeE3yJNTaTH aHAJINW3€ IUCIPONOPLHOHAIHOCTH Yy IEIOKYIHO]
CTapyjoj MOMyJalHju U y 3aBUCHOCTH O] CTAPOCTH H I10JIa TalMjeHTa.

VY okBupy nomiaBiba J{uckycuja AETaJbHO Cy KOMEHTApHCAHU M OOpa3iIoKeHH pe3ylaTaTd
UCTpaXkuBama y3 nopeheme ca noganuma AOCTYIHUM Y JUTEpaTypu. Y OBOM JIeNy je Takohe
pa3MOTpeHa MOTeHIMjajIHa IPUMEHA OBUX pe3yJsITara y KIMHUYKO] IPaKCH.

VY nomaBspy 3akmyuyu Cy TaKCATUBHO HAaBEJEHW OCHOBHM 3aKJbYHULM Y BE3U ca JOOMjEeHUM
pe3yinTarumMa y CKJIONy OBOI MCHUTHBama, a KOjU Cy y CarlaCHOCTH ca IOCTaBJbEHUM
[UJBEBUMA.

Jlumepamypa obyxBara criucak pedepeniu (218) koje cy kopumrhere y OKBUPY OBE TOKTOPCKE
JUcepTanyje.

[Mornasibe Ilpunosu obOyxsara 3 nena, /Ipunoe 1 - Jlucra ckpahenuna u o3Haka, [lpunoe 2 -
Cnucak tabena u [lpunoe 3 - Crincak cimka.

2. Onuc NOCTUTHYTHX pe3yJTara

Y OKBUpDY OBe JOKTOpPCKE JUCepTanuje Cy Yy IEIOKYIHOj TMOMyTalyju NalyjeHara
UICHTU(UKOBAHU CUTHAJIM JAWCIIPONOPLHOHAIHOI M3BEIITaBamkba 3a HajMame jeJaH Of
norahaja XemaToTOKCUYHOCTH 3a 14 anThenwientuka: gemndamar, pernnronH, penodapourai,
kapOamaszenuH, Kioba3aM, JaKo3aMHI, JIaMOTPUTWH, JIEBETHpAleTaM, OKCKapOa3eIuH,
NPUMHJIOH, CTHPHUIICHTON, TOIMPaMar, BaJIIPOUHCKY KHCenuHy M 3oHucamuz. Hajsehm Opoj
UICHTU(HUKOBAHUX CUTHAlA UMaH Cy BalIPOMHCKA KUCENIMHA M KapOaMmas3enuH, 0K Cy
OpUMHJIOH MW TONMpaMaT WMald 1O jelaH curHajl. 3a Hajo30uspHHje jorabaje
XEMaTOTOKCUYHOCTH  ,,MHCYQHIMjCHIIMja jeTpe YyoueHH Cy CHUTHaiau 3a Qendamar,
(enobapOuTan, kapdaMazenuH, JeBETUPALETaM U BaJIIPOUHCKY KUCEIIUHY.

WnenTnukoBaHn Cy aHTHEMWISNTHIN ca JAUCHPONOpUUOHANHO Behom yuectanmomthy
W3BEILTABAKA ,,YKYITHE XETIaTOTOKCUIHOCTH ;
® KO TEIMjaTpUjCKUX TMaljeHata y mnopehemy ca ApyruM CTapoCHUM Tpylnama:
denbamar, ¢enutonH, QeHodbapOUTan, ITAMOTPUTHH, CTUPHUIICHTON, TOMUpaMaT |
BaJIMPOMHCKA KHUCEINHA
e KO CTapHjuX MallMjeHaray nopehemy ca ApyruM CTapoCHUM rpyrnamMa: JeBeTupareram
e xox xeHa y mopehemy ca Mymkapuuma: (enbamar, ¢enutouH, (peHodbapOuTa,
KapOamasenuH, JaKo3aMH[, JIAMOTPHTHH, JIEBETHpaleTaM, OKCKapOa3enmuH W
BAJIMPOMHCKA KHACENNHA

WnenTnukoBaHN Cy aHTHEMWISNTHIN ca JAUCHPONOpHHOHANTHO BehoMm yuectanmomthy
M3BEIITaBamkA ,,AHCYPHIINjCHIIN]E jeTpe



® KO TEIMjaTpUjCKUX TMaljeHata y mnopehemy ca ApyruM CTapoCHUM Tpynama:
(dennTonH, kKapOaMasenuH, JaMOTPUTHH, CTUPHIICHTOJ, TOMHpAMaT M BaJIPOMHCKA
KHCEeIHHA

e KoJ keHa y mopehemy ca Mymkapuuma: GpeHHUTOWH, KapOaMa3enuH U BaJIIPOMHCKA
KHCEITMHA

AHanmu3oM ciydajeBa XEMaTOTOKCUYHOCTH YCJeA NPUMEHE aHTHENWIENTHKa aApyre u Tpehe
reHepaiyje KoJI MeIujaTpHjCcKMX U CTapHjuX [alMjeHaTa youeHe Cy KapaKTepUCTHKE
XEMaTOTOKCUYHOCTH Yy OBUM IIOITyJIalijama.

Y meaujatpujckoj momynanuju uiacHTHuKoBaHO je 870 M3BeIlTaja XeMaTOTOKCHYHOCTH Y
KojuMa je HajMame jefaH O] aHTHUeNHJIeNTHKA JApyre win Tpehe reHepanuje O3HadeH Kao
CYCHIEKTHU WJIM HHTeparyjyhu jek.

e VYoueHa je CTaTUCTUYKH 3HAYajHA pa3iuka u3Mel)y neBojumia m nedaka y OfHOCY Ha
cTapocHy rpymy nanujenta (p <0,001). Behu 0poj ciyuajeBa (53,10%) 3a0enexeH je
KOJI JIeBOjuMIla HeTro Koja jaedaka. Takohe, Behu Opoj ciayuajeBa 3a0eliexeH je KOi
nanujenara yspacra 2-11 roguna (47,59%) y onHocy Ha Jpyre crapocHe rpymne. 3a
yKJby4deHEe aHTHETIWIENTHKE, CTAaTUCTUYKY 3HaUajHe pa3iIMKe Cy YOUeHe 3a JJAMOTPUTHH
(p <0,05) u neserupaneram (p <0,05). Huje yodeHa cTaTMCTHYKHM 3HauajHA Pa3jivKa
nu3Mel)y neBojuMia ¥ Aedaka y OJHOCY Ha THIl U3BEIITaja M M3BEITada, 030MIbHOCT
W3BEIITaja, Opoj CyCNeKTHUX/MHTeparyjyhmx JexkoBa, Hcxoa jgorahaja ¥ HUCXOn
MOBJIaYeH-a JIeKa.

e Bucok nporenar ciydajeBa (31,61%) mmao je Takohe u peakiuje mpeoceTIbUBOCTH.
CnyuajeBu ca m 0Oe3 mpHjaBJbeHHX noralaja MPeoCceTBUBOCTH Cy C€ CTaTUCTHYKU
3HaYajHO PA3IMKOBAIN Y OHOCY Ha CTapOCHY rpymy u noi nanujerra (p<0,001), 3atum
npeMa o30msbHOCTH ciydaja (p <0,001), mpema Opojy cycmekTHUX/uHTEeparyjyhux
nexoBa (p <0,001) 1 mpema yKJbY4EHUM aHTHEMWICNTHIMMA — JIAMOTPUTHH je OHO
Hajuemhe yKJbYYeHH aHTHETWICTITHK U y ClydajeBUMa ca NpHjaBJbeHUM norahajuma
NPEOCEeTJbUBOCTH Wy chydajeBuMa Oe3, amm je mnpumehena 3HadajHo Beha
3aCTYyIUBEHOCT y CIy4ajeBUMa ca TMpHjaBJbeHHM JorahajuMa MpeoceTbUBOCTH (p
<0,001). 3nauajue paznuke (p <0,001) mocrojane cy u 3a ocrajie Hajuenthe ykjbydeHe
aHTHeNWIenTUKe: gendamar, JeBeTHpaleTaM U TOUpaMaT, OCUM 3a OKCKapOa3emuH.
Kana je y nuramy ucxon norahaja XxemaroTOKCHYHOCTH, HUje puMehieHa CTaTUCTUYKH
3Ha4ajHa pa3nuka u3Mel)y manujeHatra ca W 0e3 mpujaBlbeHUX jorabhaja
IIPEOCETIHUBOCTH.

e AHamM30M JUCIPOMOPIIMOHATHOCTH, YOU€HA j& AUCIPOIIOpIHNOHATHO Beha yuecTanoct
W3BEIITABakhba HajMamke jeAHOT of jorahaja XemaTOTOKCHYHOCTH 3a (Qendamar,
JIAMOTPUTHUH, JIEBETHpalleTaM, OKCKapOa3enuH, CTUPUIIEHTON U Tonupamar. Pasnuke y
yUYEeCTaJIOCTH W3BEIITaBamka Y 3aBUCHOCTH Of M0JIa MallMjeHTa YyOueHe Cy 3a 4EeTUpPHU
KoMOWHaIMje JexoBa u Joraljaja: JekOBUMa H3a3BaHO omTehewme jerpe 300r
JAMOTpUTHHA W XHWIIEPaMOHEMHja TIIOBE3aHa Ca CTUPHIICHTOJIIOM Cy TIOKa3ajH
JMCIIPONOPIMOHATHO Behy ydYecTaloCT W3BEIITaBamba KOA JIEBOJYHUIIA, JIOK CY
TONMpPaMaTOM HM3a3BaHa aKyTHAa MHCY(WIMjeHIMja jeTpe W XUIEpaMOHEMHja UMali
JMCIPONOPLMOHATHO Behy yyecTaaocT U3BeIlTaBamba KoJl Ae4aKa.

Kop crapujux manujenara, nneatudukoBano je 1399 uzBemnraja XemaroTOKCUYHOCTH Y KOjuMa
j€ HajMame jeaH o] aHTHENWJIENTHKA Apyre Ui Tpehe reHepanuje 03HaueH Kao CyCIEKTHU
WM UHTEeparyjyhu jex.
e Behin Opoj cnyuajera (56,97%) omHOCHO ce Ha KeHe, JOK je pacmojiena usMmehy
pa3IMYUTUX CTapoCcHUX rpyna (65-74 roquHe u >75 roguna) Ouna cimyna. Kana cy ase
CTapocHe rpyne ynopelheHe, youeHa je CTaTUCTHUKY 3Ha4ajHa pa3inka u3mehy rpynay



onHocy Ha moi nanujerta (p <0,001) u tun u3Bemrava (p <0,05), mox HUje youeHa
CTaTUCTUYKH 3HauajHa pas3liiKa y OJHOCY Ha THIT M3BEINTaja, 030MIPHOCT M3BEIITAja,
Opoj CyCHeKTHUX/HHTeparyjyhux jgekoBa, ykJbyudeHe aHTHEIIIICITUKE, UCXO/ goral)aja
W WCXO TOBIaderma Jeka. [lopehemeM MymKkor W JKEHCKOT TOJNa, yodeHa je
CTaTHUCTUYKHM 3HadajHa pa3iuka u3Mmely ImojioBa y OOHOCY Ha THII H3BEINTaja U
u3pemTaya (p <0,05) u y onHOoCy Ha ucxof nosinadewa jeka (p <0,05). 3a ykipyueHe
AHTHENIJICTITUKE, CTATUCTUIKY 3HaUajHE pa3iiuKke Cy youeHe 3a jamoTpurud (p <0,05),
nesetupaneram (p <0,001), mperadamus (p <0,05) u Tonupamar (p <0,05). Huje youena
CTaTUCTUYKH 3HaYajHa pa3nuka m3Mmel)y monoBa y omHOCY Ha 030MJPHOCT M3BEINTAja,
Opoj CycneKTHUX/HHTeparyjyhux jJexoBa u ucxoj norahaja.

e JlucnponoprmoHanHo Beha ydecTanocT M3BelITaBama HajMame jeHOT of jJorahaja
XEMaTOTOKCHYHOCTH YyOuYeHa je 3a JIaMOTPUIMH, JIeBeTHpaleTaM, OKcKapOasemuH,
Tonmupamar M 30HUcaMM[. Pasiuke y ydecTalloCTH W3BELITaBamba y 3aBHCHOCTU Of
CTapOCTH U I10J1a MalljE€HTa yOueHe Cy 3a XUIIepaMOHEMHU]y U3a3BaHy TONHPAMaToM, ca
JMCIIPONOPLMOHATHO BehoM yuecTanomhy n3BelTaBama KoJ MalyjeHara cCTapujux o
>75 roguHa U MalMjeHaTa MyIIKOT TT0JIa.

YoueHe cy pasnuke y HACHTH(UKOBAHHM CHUTHAJIMMa TUCIIPONIOPIIMOHAIHOT W3BEIITAaBamha
n3Mel)y nmeamjaTpujcke U cTapuje Mmoryamje — 3a JAMOTPUTHH | JIEBETHPAIIETaM Cy y CTapHjoj
MOy alUji  MACHTH()HUKOBAaHM CHTHAIM 32 XOJecTa’y KOjU HHCY WICHTU(DUKOBAHH Y
TIeINjaTPHjCKO]j MOTTYJIAIHjH.

3. VYnopeana anaju3a pe3yJTara ca noganuMa u3 JuTeparype

JlaHac ce cMmarpa Ja HM CTapoOCT HM IIOJ MalMjeHTa HUCY ONMITH (AaKTOpU pHU3HKa 3a
XEMaTOTOKCUYHOCT, Beh mpexacraBibajy (axrope pusuka camo 3a oxpehene nexose [1].
HcTpaxnBame CIPOBEAECHO Y OKBUPY OBE JOKTOPCKE AUCEpTalyje MpeCTaBiba MPBY CTYAU]Y
KOja je MCTpakuBaJla CTapoCT U MOJ MalUjeHTa Kao (GaKkTope pU3MKa 32 XENaTOTOKCUYHOCT
MOjEeIMHAYHUX aHTUETIUIICTITHKA.

Xenamomoxcuunocm anmuenuienmuxa y yeioKynHoj nonyiayuju nayujenama

ITpBo cy naeHTU(UKOBAaHU CUTHAIM AUCIIPONIOPLHOHAIHOT N3BEIITAaBaba 32 HajMabe je/laH O]
norahaja XenaToTOKCUYHOCTH 3a 14 aHTuenuientuka. Behnna naeHTHGUKOBaHUX CUTHANA y
CKJIaJly je ca MojaliMa HaBEJICHUM y Cakel[Ma KapaKTepUCTHKa JIeKa, aJi Cy OTKPUBEHH U
MOTEHIIMjaJJTHO HOBH CHTHAJH. 3a JeceT aHTuenmientuka (OpuBapameram, ecaukapOa3enuH
amerar, €TOCyKCHMUJ, TabaleHTHH, KJIOHAa3emaM, NepamIlaHeN, mperadanvH, pyhuHamu,
THarabMH ¥ BHUTaOaTpUH) HHUCYy WICHTU(PHUKOBAHA CHTHAIM JIUACIPOTIOPIIOHAIHOT
W3BEIITaBakba HU 3a jedaH on porahaja xemarotokcmuHoctu. Ilpema Oasu  LiverTox,
OpuBapareram, ETOCYKCUMHU/I, IepaMnane, pyGuHamMu1 1 THaraOuH CBPCTaHM Cy y Kinacy E —
MaJi0 BEpOBaTaH y3pOK KIMHWYKH OYUIIIEAHOr omrTehema jerpe; ecrukapOas3enyH,
KJIOHA3emaM W BUrabaTpuH npunanajy kmacu /[ — moryh penak y3pok KIMHWYKA OYHTTICTHOT
omrehema jeTpe; oK cy radarneHTHH U nperadainH cBpcTaHu y kiacy L[ — BepoBaran pemak
Y3pOK KJIMHUYKH OUYMIIIEHHOT omTehema jetpe [2].

Ilosesanocm cmapocmu u noia nAyujeHma ca XenamomoxkcuyHouwhy anmuenuienmuxa

3aTMM je Ha OCHOBY pe3ylTara CIPOBEICHOI HCTPakKMBamkba YOUYEHO Ja CTapoCT U II0J
NalujeHTa MOTY YTHLATH Ha y4YecTaloCT IpHjaBJbUBamba XEMAaTOTOKCHYHOCTH oapeheHux
anTuenmientrka. OBaj yTHIIA] je BEpOBAaTHO MOCIENNIIa UHTEPaKIMje onpeleHnx cBojcTaBa
JIeKa U KapakTepucTuka nanujenta [3]. Haume, ox cBojcTaBa jeka, HHAYKIMja OKCUIATHBHOT



crpeca, (opMHUpame PEaKTUBHUX METa00INTa, MUTOXOHIpUjalTHa TOKCHYHOCT U WHXUOUIIH]ja
XenmaToOMIIMjapHUX TpaHCIIOpTepa C€ H3/1Bajajy Kao CBOjCTBAa ca MOTEHIHWjaTHO HajBehum
yTHIIajeM Ha pa3Boj xemarotokcmuHoctd [4]. [lo3nato je ma BehmHa aHTHenmmiIenTHKa ca
UICHTU(PHUKOBAHUM CHTHaJIMMa (OPMHpa PEaKTHBHE META0OJIUTE, JOBOAHM JI0 OKCUIATHBHOT
cTpeca W/WiH n3a3uBa MUTOXOHPHjaIHy TOKCHIHOCT [5-9].

®enbamar, pernronH, peHOOApOUTAI, TAMOTPHUTHH, CTHPUIICHTOI, TOITUPaMaT U BaJIPONHCKA
KHCENMHA TIOKa3ald Cy AUCIPONOpHHMOHANHO Behy yuecTamocT u3BemTaBama YKYITHE
XEMaTOTOKCHYHOCTH KOJI TIEIWjaTpHjCKUX MalHjeHara y mnopehemy ca Ipyrum CTapoCHUM
rpynama, JIOK je JeBeTUpaIeTaM UMao JUCIIPONIOPIIOHAIHO Behy ydecTanocT n3BemraBama
KOJI CTapHjux 0c00a. 3a BAIMPOMHCKY KUCEIMHY j€ MPETo3HaTo Jia feta, moceOHo miaha, Mmory
outn msnoxena BeheMm pu3MKy o pa3Boja xemarotokcuuHoctu [10]. OBo ce mpunmcyje
pasnukama y Meraloiau3My JIeKOBa M CMambeHOM Be3MBamy 3a IpoTenHe miasme [11].
l'enepanno, BaxkHe pasnuke cy npoHal)eHe Koj TeAujaTpHjcKe Mmomynainuje y nopehemy ca
onpaciuma u 3a eHzume dase 1 u daze 2 merabonuzma nexosa [ 12]. OBe paziauke MOTY IOBECTH
no BehmMx HUBOA TOKCHMYHUX METaboNHMTa Koj TEAUjaTpUjCKUX TManvjeHara, yunHehn ux
MOJJIOKHUJUM XEMAaTOTOKCHUYHOCTH yciel npuMeHe oapeheHux antuenwientuka. JlomartHo,
MpeTXO/lHa CTyJAWja MoKa3ajda je Ja MHUTOXOHJpHjallHa TOKCHMYHOCT TmpeoBialyje wmebhy
nexoBMMa ca mnoBehaHoMm yuecTanmomhy IpHjaB/bUBamba  XEMAaTOTOKCMYHOCTH  KOJ
MeANjaTPUjCKUX TMalijeHara, BEPOBAaTHO 300 OCHOBHUX YpPONEHHUX MHTOXOHAPH]jaTHUX
nedexara koju ce MaHupecTyjy paHo y xkuBoTy [13]. Tako je XemaToTOKCUYHOCT BaJIIPOMHCKE
KacennHe dYemha Koj TandjeHara ca MPHCYTHUM MyTalHjamMa y Tama IIOJIHMepasu,
nomuaanTHO] JIHK monmMepasu koja ce Hamasm y MuToXoHApujama. Ilopen BammpowHCKe
KHCEIWHE, HEKOJIMKO AaHTHENHWJIeNTHKA ca JauchpornopuuoHanmHo Behom yuecramomthy
M3BEIITaBamkbha YKYITHE XEMaTOTOKCHYHOCTH KOJ| TEMjaTPUjCKUX TIallijeHaTa IMoBe3aHo je ca
onpeheHUM HeXe/beHUM edeKTHMa Ha MUTOXOHJpHje [8], mTO MOXKe JenoM 00jacHUTH
noOujeHe pesysrare.

Ca gpyre cTpaHe, pasJor 3a YOUeHY AMCIPONOPHHMOHATHO Behy ydecTalocT M3BEIITaBamba
XEMaTOTOKCHYHOCTH JIEBETHpaleTamMa KoJl CTaphjix 0coba 0cTaje HejacaH Ha OCHOBY IOAaTaKa
IocTynHHX y jurteparypu. llltaBuime, neBetmpameram ce 300T MOBOJFHOT 0€30€JHOCHOT
npoduna u ofcycTBa 3HAYAjHUX MHTEPAKIIMja, cMarpa JeKoM u30opa Koj maiujeHara ca Beh
noctojehnM obosbemeM jetpe [14]. Y HemaBHO CITPOBECHOM MpPETIeNy JIUTEpaType camo JBa
o7 17 cinydajeBa XemaTOTOKCUYHOCTH JIeBETUpalieTamMma OJJHOCHIIA Cy ce Ha cTapuje ocobe [15].
JleBeTuparieraM nMa MUHUMaJIaH MeTabo0JIN3aM Yy jeTpu ¥ He yTU4e Ha aKTUBHOCT W30€H3MMa
CYPAS0. Jenna crtyauja mokaszana je Ja cy BHUCOKa JMMOQHIHOCT W OWiIMjapHa eKCKpelHja
yemhu mehy nexkoBuMa moBe3anuM ca BehoMm yuecrtanomhy mpujaBJbHBama KOJ CTapUjUX
ocoba [13], anmu To HUCY KapakTepucTHKe JeBeTupanerama. Oapehene Gpusnononike npoMeHe
KOJI cTapHjux ocoda, Kao MTO cy cMameHa QyHKirja OyOpera, cMameHa 3anpeMuHa jeTpe u
CMam€eH MPOTOK KPBH Y jJETPH, MOTY JOBECTH J10 Behux KOHLIEHTpalMja JIeKa y jeTpu, Maja ou
OB€ IIPOMEHE IIpe Moryie 00jacHUTH Behy y4ecTaaoCT MHTPUH3UYHE XEIIaTOTOKCHYHOCTH HETO
uauocuHkparcke [ 16,17]. Kao mto je u HaBeneHo y Juckycuju nucepTraiuje, moTpeOoHo je 00Jbe
pasyMeBame MeXaHH3Ma KOjH JIS)KH Y OCHOBH XEIaTOTOKCHYHOCTH JIEBETHpaIieTama aa Ou ce
pasjacHmIa youeHa oBe3aHocT U Moryh yruimaj omerajyhux dakropa.

Kana je y muramy mon, ¢endamar, ¢perntonH, peHoOapOuTan, kapdamasenuH, JaKo3aMul,
JAMOTPUTHH, JIeBETHpAIleTaM, OKCKapOa3emuH W BaJIPOMHCKA KHCEIMHA WMalIH Cy
JIUCTIPONOPIMOHATHO Belly ydecTaaoCcT HW3BEIITaBamba XEMAaTOTOKCHYHOCTH KO JKeHa Yy
nopehemy ca Mymkapiuma, a HjeiaH aHTHETIMIICTITHK HHje TMao TUCTIPOIIOPIIMOHATHO Behy
Y4eCTaJIOCT W3BEIITaBamka KO MyIIKapana y nopehemy ca skeHama. Y JUTEpaTypH ce HaBOIU



HEKONMKO (akTopa Koju MoOry oOjacHUTH BehW PH3WK OJ] XEeMaTOTOKCHUYHOCTH KO/ JKEHa,
yKIbydyjyhu monHe pa3nuke y eKCIpecHju TeHa WIM aKTHBHOCTH €H3UMa KOjU METaOOoIUIITy
JIEKOBE, IIITO MOXKE IOBECTH JI0 BUIINX HIBOA PEAKTUBHUX METa0O0INTa KOJI ’KEHa, 3aTuM Moryh
HETaTHBaH YTHIA] €CTPAJAHOJia Ha MHUTOXOHIpHjadHy OeTa OKCHIAIMj)y Kao M jadd
MMYHOJIOUIKH OAToBOp Ha omTeheme jerpe kox skeHa [18-20]. 3akipydyje ce 1a HEKOIUKO
KapaKTEepUCTHKA CIeNM(UIHUX 32 TTOJI MOTY WHTEPAaroBaTH ca CBOjCTBUMA aHTHEIHJICITHKA,
mro JgoBoAM A0 Behe TOAJOKHOCTH — XEMAaTOTOKCMYHOCTH — H3a3BaHe onpeheHnm
AHTHENIJICTITUIIMMA KOJI KEHa.

VY1BpheHo je ma jkeHe mMmajy Behw pH3HK O JIOMIMjEr MCXO/Aa XETMaTOTOKCHUYHOCTH U Jia
XEMaTOTOKCHYHOCT KOJ| *KeHa yerhe mporpeaupa A0 akyTHe HHCyummjeHnurje jerpe [21,22].
Pe3ynTary y OKBUpY JOKTOPCKE JHCEpTalMje CYTepHILy Ja je Taj pU3UK crennuyaH 3a JeK, 1
11a )KeHe Ha Tepanuju (peHUTONHOM, KapOaMa3eIMHOM WII BAJIIIPOUHCKOM KHUCEINHOM MMajy
Behn pusuk. Takohe, youena je aucnpornopuuoHanHo Beha ydecTanocT H3BELITABamba
uHCY(UIMjEeHINje jeTpe moBe3aHe ca ofapeleHrM aHTHENMIICNITUIIMMA KOJl TIeINjaTPHjCKUX
nanyjeHara, mpyu 4emy je 3a BaJIPOUHCKY KHCEIHHY youeHa HajBeha pasnuka, IITo je y CKiIaay
ca muteparypom [10]. Mako je pasnmka y u3BemraBawy WHCy(UIUjeHIHje jeTpe u3Mmelhy
MEeANjaTPUjCKUX TMalyjeHara W JAPYyTruX CTapoCHUX rpyna 3a (EeHUTOMH, KapOamasemuH,
JAMOTPUTHH, CTUPUIICHTOJN U TOIMPaMar Oujia Mambe M3pakeHa, Pe3yNTaTd ykasyjy jaa Tpebda
00paTuTH NMaXKy U Ha TIEANjaTPHjCKe TALUjeHTe JICYSHEe OBUM JIEKOBHMA, Maja ce y Juckycuju
JMCepTanyrje HaBOMM Jla JOOMjEHHM PEe3ylTaTd MOTY JAEJIOM OWTH IMocjieauia KOMOWHOBaHE
MpHUMEHE Ca BAJMIPOMHCKOM KHCEITMHOM.

Xenamomoxcuunocm anmuenuienmuka opyze u mpehe zcenepayuje K00 neoujampujckux u
2epujampujckux nayujeHama

Crynmja XemaToTOKCHYHOCTH aHTHEeNHJIeNTHKa Apyre u Tpehe reHepanuje GpoxKycupaHux Ha
MeINjaTPHjCKy U TePHjaTPHUjCKy MOMyIalrjy HeMa y JIUTeparypH u 'y Juckycuju nucepranuje
j€ aT mperies CTyauja CIpoBEeICHUX Y OBUM MOITyJTallijamMa a Koje Cy YKIbyUHBaJe Pa3InIuTe
TepamnujcKe TPyIe JICKOBa.

VY menujarpujckoj momyiaanuju je youeHo na ce Behm Opoj cimydajeBa (53,10%) omHocmo Ha
JIEBOJUHMIIE HETO Ha Jieuake, ITO je y ckiany ca momauuMma w3 Drug Induced Liver Injury
Network peructpa v GOTHUYKOT CHCTEMa 32 U3BEUITaBamhe 0 HEeXeJbeHUM Jorahajuma [23,24],
3a pa3NuKy Of MPETXO/HE aHajIu3e nojaataka u3 VigiBase-a, crynuje cuposenene y Munuju n
HaIMOHaHe KoxopTHe cryauje u3 Kune [25-27]. YoueHo je u ma ce Behu Opoj ciydajeBa
OZIHOCHO Ha nanujeHrte y3pacra 2-11 ronguna (47,59%) y onHocy Ha apyre ctapocHe rpymne. Ca
Jpyre cTpaHe, MPeTXOHA CTy[Hja 3acCHOBaHA Ha mojanuma U3 VigiBase-a M HalMOHalHa
KOXOpTHa cTynuja u3 Kune yrBpaune cy aa ce BehuHa pHjaB/beHHUX CllydajeBa OAHOCHIIA Ha
naujente y3pacta on 12 go 17 romuna [25,27], MOK je cTyauja 3acCHOBaHA Ha KMHECKOM
HaIlMOHAJIHOM CHCTEMY CIIOHTAHOT M3BeIlTaBama yTBPANIA Jja Cy MallijeHTH 10 NpBe TOANHE
XKUBOTa HajoceTsbuBHja rpymna [28]. Illto ce Tuye mpHjaB/beHUX HEXKEIbEHUX Jorahaja
XEMaTOTOKCHYHOCTH, JOMHHHPAO j€ XemaToueNylIapHu TUll omTehema, mTo je y cKiamy ca
JUTEpaTYpHUM MoJanuMa 3a OBy momyianujy [22]. Youeno je na ce BehmHa mammjeHara
OTIOpaBHJIa WIIH CE OTIOpaBJbalia y BpeMe U3BEIITaja, 0K je 25 manujenara (4,94% nammjenara
ca TO3HAaTUM HCXOIOM) YMPJIO 300T XeMaTOTOKCHYHOCTH, IITO j& CIUYHO CTOIMU CMPTHOCTH
3abenexeHo] y Drug Induced Liver Injury Network peructpy, Tok cy Behe cTore cMpTHOCTH
npumehene y Manuju [23,26]. Mnak, kao mTo ce u HaBouu y JJuckycuju TACepTalmje, pa3inke
Y YKJbYYEHHUM JICKOBHMA U KPUTEPH]jyMHMa KOPUIITNEHUM 32 JIePHHUCAE XETTaTOTOKCHIHOCTH
Mmehy cpoBenennM crynrjama oHemoryhasajy aupektHo nopeheme pesynrara.



Hasbe, norahaju npeoceT/bUBOCTH cy 3a0enexxenu y 31,61% ciyuajeBa XemaTOTOKCUYHOCTH Y
TMIeINjaTPHjCKO] TIOMYIAIMjH a TeIIKe KoXXHe peakunje y 12,76% cinydajea. [Ipema mogannma
W3 JIUTEpaType, peakifje MpeoCceT/hUBOCTU ¢y 3abenexeHe kox 15 mo 23% manumjeHara y
Pa3IMYUTUM PETHCTpUMa XEMaTOTOKCHYHOCTH [29-31], JOK Cy TeIIKe KOXKHE peakiiHje
npujaBbeHe kox 1 go  11,17% mamujenara  [29,30,32,33]. Hajsumie cnydajeBa
XEMaTOTOKCHYHOCTHU 3a0esekeHo je 3a manujeHte y3pacra 2-11 roguaa. nak, HakoH mozerne
cllydajeBa Ha OCHOBY IIPHCYCTBa joralaja mpeoceTJbuBOCTH, Tpyna y3pacra of 12-17 ronuHa
je Ouya MOMHHAHTHA y CiIydajeBUMa ca MpHjaBJbeHUM JorahajuMa mpeoceTIbUBOCTH JOK je
BehnHa ciydajeBa O0e3 oBux noralhaja 3abenexena 3a rpymy 2-11 rogmna. Hacympot Tome,
MPETXOAHA CTyOWja Yy TMeAWjaTpUjCKOj NOMyNalMju Koja je YKJbyuuBalla W CTapHje
aHTHENIJISTITUKE TTOKa3aja je 1a cy qorahaju mpeoceTJbuBOCTH Yenhy KoJ| anyjeHara Miahux
on 12 ronuna [34]. YV chpoBeZieHOM HCTpaKWBamy HUje OWIIO pasnuke y ucxomay jaorabhaja
XeMaTOTOKCHYHOCTH u3Mely manujeHara ca u 6e3 jgorahaja mpeocetrsbmBoctu. Ca apyre
CTpaHe, IPETXOAHA CTy1ja KO ITeANjaTPHjCKHX MalljeHaTa ca XernaroTOKCHYHOIIhy okasasa
je 60sby IPOTHO3Y KOJI MallkjeHara Koju ¢y Takohe MMalli peakifyje mpeocersbuBoctH [26]. Kao
IITO ce W HAaBOJHU y JucKycuju qucepraiyje, y IOMEHYTOj CTYJMjH je CTETeH XOCTIUTalIn3alllje
KOJI TIaIfjeHara ca MpUIPYKeHUM peakiidjama MpeoceT/hUBOCTA OMo 3Ha4dajHo Behu, ma Ou
panuje 30pUmaBambe U WHTEH3WBHUjE mpahielme OBUX MalyjeHara Morjo JejoM Jia o0jacHu
00Jby MIPOTHO3Y.

AHanmm3oM JUCHPONOPIHOHAIHOCTY 32 AaHTHENWIENTHKe Jpyre u Tpehe reHepauuje y
MeNUjaTpHjCKOj TOMyNanuju WAeHTH(GHUKOBaHO je 17 cHurHama IUCTIPOTIOPIMOHAIHOT
M3BEIITaBakba KOjU Cy Ce OmHOCWiIM Ha (dendamar, JaMOTPHUTHH, JIEBETHpAIeTaM,
OKCKapOa3enuH, CTHPHUIIEHTON U Tormupamar. Yetnpu curnana cy Omia 3a 030MIpHO omTeheme
jerpe (akyTHa MHCY(pHIMjSHIMja jeTpe WM MHCY(QUIHMjCHIM]a jeTpe) U OIHOCHIIA Cy Ce Ha
(benbamar, TaMOTPUTHH, JIEBETHpaIieTaM u Tornupamar. [lok je gendamar mpemno3Har 1mo cBoM
XEMaTOTOKCUYHOM ITOTEHIIN]jally, CBeoOyXBaTHE HH(POpMAIHje O XeTTaTOTOKCHYHOCTH OCTaJINX
aHTHENIJICTITHKA IpyTe U Tpehe reHepalyje y MmeanjaTpHjcKoj MOMyIanji H30CTajy.

Kox crapujux manujenara youeHo je na ce Behu Opoj cimydajeBa oqHocuo Ha xkere (56,97%),
IpH 4eMy je pasimka y Opojy ciaydajeBa nsMel)y skeHa u Mymikapana Ouna Beha y rpymu >75
ronuHa. Pesynratu cy y ckiaay ca NPEeTXOJHO CHPOBEICHOM IPOCHEKTHMBHOM CTYIH]jOM
tdapmakoBurumianie [35], 1ok ce y cryauju u3 Janana Behu Opoj cirydajeBa OMHOCHO Ha JKEHE
y CTapocHOj rpymnu 65-74 ronuHe, anu He U y Tpynu >75 ronuHa [36]. Ox 1399 uzBemitaja,
3,36% je pesyntupano cMmphy, CIMYHO pe3yiaTaTMMa IPOCHEKTHBHE  CTyaHje
¢bapmaxoBurunanie. IIpernocrasiba ce 1a cMameHa Op31Ha pereHepanuje jeTpe Kox CTapujux
MO€ TOBECTH JI0 TEKUX MOCIIeIUIIa XeTaTOTOKCUYHOCTH Y 0Boj nonynauuju [37]. Ilopen Tora,
Behu Opoj mpunpyxenux 6onectu kao u Beha BeposaTHoha Beh mocrojeher o0oJbema jeTpe Kox
CTapujuX ManujeHara MoTy BOAUTH BeheM pU3UKy o1 cMpTHOT ucxoza [29,38].

Kon crapujux mnamujeHara cy 3a jedaH wWid Buile jorahaja  XemaTOTOKCUYHOCTH
WIACHTU(QHUKOBAHW CHTHAIW  JUCTIPONOPIIMOHATHOT  HM3BEIITaBamka 3a  JIAMOTPUIHH,
JeBeTUpaIeTaM, OKCKapOa3emuH, TomMpaMar H 30HUCAMHUI, TNPH UYeMy Cy TMOHalH O
XEMaTOTOKCHYHOCTH AaHTHENWJICTITHKA Apyre W Tpehe reHepamuje y OBOj MOIMyJIalUju y
nuTeparypu ockyaHH. [lajba aHanm3a mpeMa CTapOCHHM TpylaMa M TIO0Ny ToKaszaia je
IMCIIPONOPIMOHATHO Behe W3BemTaBamke XHWIIEPaMOHEMHjEe H3a3BaHE TOMHMPAMATOM KO
nanujeHara >75 roquHa cTapoCcTH Y OJHOCY Ha manujeHTe 65-74 ToauHa U KoJ MyIIKapama y
OZIHOCY Ha XEHe.



Kao mro je paHuje HaBeeHO, yOu€HE Cy pa3jiMKe y UICHTU(UKOBAaHUM CUTHAJIUMa HU3Mehy
MEeNUjaTpUjCKUX W CTapujuX TandjeHara — 3a JIAMOTPUTMH W JIeBeTHpaleTaMm cy y
TepHjaTPUjCKOj TOMYJNAMjH HWACHTH(QHUKOBAHM CUTHAJIM 3a XOJECTa3y KOju HHCY
UACHTU(HUKOBAHU Y TIEMjaTpyjcKoj momymnanuju. Beha croma xomecrarckor Tuma omrehema
KOZ cTapujux 3abenexxeHa je y amreparypu [36,39]. Kako ce m y mImaHCKOM perucrpy
XEMaTOTOKCHYHOCTU TUT omTehema jeTpe MOMEpHo Ka X0JIeCTaTCKOM 3a MCTE JIEKOBE KOJH Cy
Ko MiTahuX TMaryjeHaTa BOAIN XeTaToIeylIapHoM omTehemny, YnHH ce /1a je Tun omrehema
jeTpe TPBEHCTBEHO TOCJEINIa KapaKTepUCTHKA ITallijeHTa, He KapakTepucTuka jieka [38].
[Tpema pesynraTnMa U3 MMAHCKOT PErucTpa, HajOOJba TPAaHWYHA TavyKa 3a moBehane maHce 3a
XOJIECTATCKU THTI olTehema omia je 65 ronuHa [38].
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[TerpoBuh cy o6jaBibeHH Y OKBUpY clienehux yacomnuca:

Pax v BpxyHckoM MehiyHapoanoM yacomucy (M21)
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5. 3akibyudak - 00pasJjio:Ker-e€ HayqYHOT JONPUHOCA JOKTOPCKe JucepTanuje

AHTHETWIISTITHIIN ce YecTo HaBojae Melhy BogehuM y3ponrMa KIMHIYKY 3Ha9ajHOT omrehema
jeTpe, MTO je MPBEHCTBEHO MOCIIEANIIA XETIATOTOKCHYHOT MTOTEHIIMjajla aHTHENIIICIITHKA TIPBE
reHepanyje (aHTHEWICTITHIN CTaBJbeHH Ha Tpkumre mpe 1989. rommue), mok BehmHa
aHTHENIJICTITHKA IpyTe U Tpehe reHepanyje HOCH MambH PU3HK O]l XeTTaTOTOKCHYHOCTH. Mnak,
CBEOOyXBaTHU TOJAI O XEMAaTOTOKCMYHOCTH aHTHENHJICNTHKA Apyre W Tpehe reHeparyje
Henoctajy. [Topex Tora, nako je mozHaro na cy jaena miaha ox 10 roguna non BehuM pusukomMm
01 pa3BOja XeMAaTOTOKCHYHOCTH BAJIITPOMHCKE KHCETHHE, MAFhE j€ MMO3HATO KAKO CTApOCT U MO
NalMjeHTa yTuyy Ha XeraTOTOKCUYHOCT JAPYTUX aHTHENWIENTHKA.
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Pesynratu ucTpaxkuBama MOKa3aJd Cy Ja XEMaTOTOKCUYHOCT aHTHENWIENTHKA MMa IIUPOK
CTeKTap KIMHUYKUX MaHu(ecTalmja, y pacrony ox Omaror nmoBehama HIBOA €H3UMa jeTpe 10
aKyTHe WHCy(pHIMjeHIHje jeTpe ca CMPTHHM HCXOJOM, TpU YeMy ce€ TOTCHIHjal 3a
XEMaTOTOKCHYHOCT MOjeAMHAYHIX aHTHETIMIICTITHKA pa3uKyje. MneHTndrukoBaHu Cy CUrHAIN
JUCTIPONOPIMOHATHOT H3BEIITaBamka 3a HajMambe jean o qorahaja XemaroTokCHaHoCTH 3a 14
aHTHENHUJICITHKA, J0K 3a 10 aHTHenmienTuka HHje Owio curHana. YckialjenHoct Behune
IOOMjeHuX pe3ynTaTa 3a aHTHENWICNTHKE MpBE TE€Hepaluje ca IMomaliMa W3 JITepaType
omoryhmiio je 60Jby KOHTEKCTyaH3allljy HOBUX CHTHaJIAa MpUMEheHUX KOJ aHTHETTMICITHKA
apyre u Tpehe reHepamnmje, 3a Koje Mogany 0 MOryhoj XemaTOTOKCHYHOCTH jOII YBEK HHCY
JOBOJEHO YTBphEHHU.

VY OKBHPY HMCTpaXKUBama UACHTU(UKOBAHU CY aHTHEIMJICNTHIN KOJ KOJUX CTApOCT M IOJ
NalujeHTa MOTY YTHIIATH Ha y4YecTaJoCT NPHjaBJbHBamba XeMaTOTOKCHYHOCTH. OBH Haja3u
yKazyjy Ha motpely Ja ce NPHIMKOM IPOIEHEe PU3HKA O] XEHMaTOTOKCHYHOCTH oapehenux
aHTHETIWIICTITHKA y3My Yy OO3Mp MHAMBHUAYyaJHE KapakTepucTuke nanujeHara. [lopex Tora,
yTBpleHe cy KapaKTepUCTHKE XeTIaTOTOKCHYHOCTH aHTHEIWICTITHKA Apyre U Tpehe reneparyje
y MeINjaTPHUjCKOj U CTAPpHjoj MOMyIAIHjH, IITO je OJ 3Hauaja Kajga ce y3Me y o03up cBe Beha
yrnorpeba OBHMX JIEKOBa Yy HaBEIACHUM CTapoCHUM rpynama. Kako oBe mnomynamuje He
Npe/CTaB/ba XOMOIeHE I'pyIle MCIUTAaHUKa, youeHe cy oxpeleHe pasmuke uimely nomnosa u
CTapOCHHMX Ipylia yHyTap OBHX IOITyNaIMja, yKkasyjyhu Ha 3Hauaj Aajber pa3Marparma yTulaja
CTapOCTH M OJIa MAaIMjeHTa YHYTap CAMHUX ITOITyJIaIlH]a.

OBH pe3yiTaTH MOTY TOTEHIHjalHO OMOryhutn wHpOpMHCaHHje OUIyKE O JEe4YCHhy H
npuiarohaBame CTpaTeruja Jieuemha y by MUHUMHU3HPAmha PU3HKA Ol XeTTaTOTOKCHIHOCTH
onpehennx anTrenwmientuka u yHanpehema 6e30ennoctu Tepamuje. C 003upom /1a je riaBHa
TepanujcKa Mepa 3a XEMaTOTOKCHYHOCT TOBIAYCHE Y3pOUHOT JIeKa, paHa HIACHTU(UKAIM]ja
XEMaTOTOKCHYHOCTHU j€ O]l CYIITHHCKOT 3Hadaja JAa OM ce CIpedmio Jajke omreheme jerpe.
Hekn nexoBu cy ckIoHWjU na u3a3oBy oapeherm Ttum omrehema jeTpe W mo3HaBame
KapaKTEpPUCTHKA XEMaTOTOKCHYHOCTH I0jeJMHAYHUX aHTHEMWIENTHKa MoXe mnomohu y
UACHTU(HUKALIN]U XeTAaTOTOKCHYHOCTHU | ofipehiBamy y3pOoYHHKA Yy cydajeBuMa Kaaa IOCTOj!
BUIIIE CYCIIEKTHHUX JICKOBA.

6. Munubeme M MpeAJior KOMHCHje

JlokTopcka nucepranuja Kanauaatkume mar. papm. Came [lerpoBuh, unja je uzpaaa ogodpeHa
omtykoM Opoj 61206-1124/2-25 ox 18. mapra 2025. ronune Ha ceanuiu Beha HayuHux
obnmacTH MEOUIMHCKAX Hayka Ha YHuBep3uTeTy y beorpamy mnox nHasuBom ,IIpomena
MOBE3aHOCTH KAPAKTEPHCTHKA MANMjeHATA U XeNaTOTOKCHYHOCTH AHTHENHJIeNTHKA Ha
OCHOBY Ij100ajiHe 0a3e Heke/beHHMX edekara JieKoBa” HCIyHaBa YCIOBE aJIEKBaTHO
HAIMMCAaHOT HAy4YyHOT paZa Ha OCHOBY caapkaja u ¢opMe, amu Takoje W Ha OCHOBY
CBEOOyXBaTHO HAIMCAHOT YBOAHOT JIENa, jaCHO MOCTaBJbEHUX HMCTPAKUBAYKHX IIMIJHEBA,
JeTaJbHO 00jallll-eHEe METOIOIOTHj€ UCTPAKUBAha, TIPEICTAB/LEHNX PE3yNITaTa UCTPAKUBAHA
U TIOCIEINYHO AETaJbHUX OO0pa3iokema y IUCKYCHjH, Ka0 W KOHIIM3HO NPEICTaBIBEHHUX
3aKJbydaka. Y3umajyhu y o03up pesyarare HCIIUTUBAakha M YHIbEHUILY J1a Cy UCTH 00jaBJbEHU Y
MehyHapomHIM dacomucumMa (IBa paaa y BpXyHCKOM Mel)yHapomHOM 4acomucy — Kareropuja
M21 u jenan panx y HCTaKHYTOM Mel)yHapomHOM dacomucy — Kareropuja M22), KoHCTaTyjeMo
Jla Cy YCIIEITHO PeaIr30BaHy UJEBH JOKTOPCKE AUCEPTAIIH]e.
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Ha ocnoBy HaBenenor, Komucuja ca 3amoBojbcTBOM mnpeiaxe HacraBHo-HayuHoM Behy
dapmarieyTckor (akynrera - YHUBep3uTeTa y beorpamy i1a mpuxBaTé MO3WTHBAH U3BEIITaj O
u3paljieHoj  JOKTOPCKOj  JUCEpTalMju  TMOXx  HacioBoM  ,IlpoimeHa moBe3aHoCTH
KApPaKTePUCTUKA MNalMjeHaTa M XeNaTOTOKCHYHOCTH AHTHUENWJIENTHKA Ha OCHOBY
riio0anHe 0aze He:xkeJbeHHX edpekaTa JieKoBa” W Ja ce KaHAWIATKUEU Mar. ¢apm. Camu
[TerpoBuh omoOpu jaBHa of0paHa TOKTOPCKE AMCEPTalMje HAaKOH T00Hjama CarllaCHOCTH O
crpane Beha HayuHmnx 00macT MEIUIIMHCKUX HayKa YHHUBep3uTeTa y beorpamy.

Komucnja:

Hp cu. Cannpa Beamap Kosauesuh, pegosuu npodecop,
Yuuep3uteT y beorpany - @apmarieyTcku Gaxynrer
Vxa HayuHa obnact: (hapMaKOKWHETHKA U KIIMHIYKA (hapMalyja

Hp cu. Munena Kosayepuh, gorneHT,
Vausepsuret y beorpany - ®@apmaneyTcku GaxynTer
V>ka HaydHa 00nacT: papMakOKWHETHKA ¥ KIIMHIYKA (apmariija

Hp cu. Coma Byukosuh, penoBuu npodecop,
Yuusep3uteT y beorpany — Meaununcku dakynrter
Vxa HayuyHa o6nact: hapMakooryja, KIIMHUYKA (GapMaKoIoTHja U TOKCHKOJIOTH]ja

Beorpan, 04.07.2025. rogune
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Paklitakselu", University of Belgrade (Serbia), 2023
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KOMUCHUJIA 3A TIOCJIEAUITTIOMCKY HACTABY - JOKTOPCKE CTYJANJE
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26.06.2025.
[NPOBEPA OPUTMHAJIHOCTU AOKTOPCKE JUCEPTALIUJE
MATI'. ®APM. CABE IIETPOBUhR

Kopumhemem nporpama iThenticate y YHuBep3urerckoj oubdmunorenn Cero3zap MapkoBuh u3BpIIieHa je
MpoBepa OPUTHHATHOCTH JOKTOPCKE AucepTanuje /Ipoyena noge3anocmu Kapaxmepucmuka nayujeHama
U XenamomoKCUYHOCIU AHMUENULeNMUKA Ha OCHO8Y 2100anHe 0aze Hedice/beHUX egexama J1eKosd
kauaumara mar. papm. Came [lerpoBuh.

Hob6ujena BpenHoct 3a similarity index n3nocu 9% u nmocneanna je Kopumhema THYHIX UMEHA, [TUTATa,
KOHCTPYKITHja KOpUITNEHNX Y OIUCY METOAOJIOTHje U (hpasa Koje ce yoOruajeHO KOPHUCTE Y ONMCHBALY H
TyMadewy pe3yiTara UCTPaXXHBamba, TEPMUHOJIOTH]jE KapaKTePUCTUYHE 3a O00JIACT UCTPAKHUBAIha, TAYHO
NeUHUCAHUX Ha3WBa W ONIITHX II0jMOBa W TMOJAATaKa, NPUMEHEHUX CTATUCTHYKHX METOJa,
Ooubnrorpad)CKUX IMojataka, Kao U MPeTXOAHO MyOJIMKOBaHUX pe3yiTara JOKTOPaHAOBUX MCTPAKUBAA
(kKoju Cy MPOUCTEKIIM M3 JIOKTOPCKE JUCEpTaIyje), MTOo je CBe y ckiaay ca wiaHoM 9 [lpaBunHuka o
MOCTYIKY IPOBEPE OPUTMHATHOCTH JOKTOPCKUX JAMCEPTalrja Koje ce OpaHe Ha YHuBep3urety y beorpany.

Hajseha nojenunauna nogyaapsocrt je 1% wumu <1%.

Ha ocHoBy cBera msHeTor, a y ciiagy ca uigaHoM 8. craB 2. [IpaBuiHMKa O TMOCTYNKY NpoBeEpe
OPUTMHAJIHOCTH JAOKTOPCKHX TUCEpTaluja Koje ce Opane Ha YHuBep3utery y beorpany, usjaBmbyjem na
W3BEIITaj yKa3yje Ha OPUTMHAIHOCT AOKTOPCKE Iucepranuje kanauaata mar. papm. Came IlerpoBuh, Te
ce MPONHUCaHH MOCTYIaK MPHUIIPeMe 3a leHY 0J0paHy MOXe HACTaBUTH.

Menrop:

Hp cu. bpanuciaBa MwbkoBuh, penoBaH Ipodecop
VYuusepsuret y beorpany - @apmaneyTcku pakynTer,
Katenpa 3a papMakoOKMHETHUKY U KIMHUUKY (hapMarijy
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ABSTRACT

Background: Data on drug-induced liver injury (DILI) caused by newer antiseizure medications (ASMs)
in the elderly are scarce and mainly come from literature case reports. We analyzed Individual Case
Safety Reports (ICSRs) of DILI in elderly patients treated with newer ASMs reported to VigiBase.
Research design and methods: Empirica™ Signal software was used to retrieve ICSRs reported to
VigiBase up to 31 December 2021 and to calculate Empirical Bayesian Geometric Mean and correspond-
ing 90% confidence intervals (EBO5, EB95) for each drug-event pair. EBO5>2, N>0 was considered
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a signal. Analysis by age subgroups and gender was performed to assess the influence of these factors pharmacovigilance; signal
on ICSR characteristics and identified signals. detection

Results: There were 1399 ICSRs reporting 1947 events of hepatotoxicity. 56.97% of the reports were
reported in females, 67.05% were serious, and 3.36% resulted in death. For one or more events of
hepatotoxicity, signals were detected for lamotrigine, levetiracetam, oxcarbazepine, topiramate, and
zonisamide. Age- and gender-biased reporting frequency was identified for topiramate-induced hyper-
ammonemia, with disproportionally higher reporting frequency in >75-year-old male patients.

Conclusions: The results of our study indicate differences among newer ASMs in their potential to
cause DILI in the elderly. Further studies are needed to confirm the associations identified in this study.

1. Introduction

Elderly patients, usually defined as individuals aged 65 years or
older, are currently the group of patients with the highest
incidence of epilepsy [1]. Based on Medicare data, the esti-
mated incidence of epilepsy in the elderly population is 241/
100,000 in the United States [2]. In the United Kingdom,
annual incidence rate is estimated to be 85.9/100,000 in
those between 65 and 69 years, and more than 135/100,000
in those older than 80 [3]. Antiseizure medications (ASMs)
represent the mainstay of treatment. Over the last three dec-
ades, several newer ASMs have been approved. Considering
comparable efficacy between older- and newer-generation
ASMs, their adverse-effects profile and potential for drug
—drug interactions mainly guide the choice of initial treatment
[4]. Among adverse effects, drug-induced liver injury (DILI) is
the potential complication of ASM therapy.

DILI refers to damage of the liver caused by drugs encompass-
ing a wide variety of phenotypes, ranging from asymptomatic
biochemical abnormalities to acute liver failure [5]. The majority
of hepatotoxic reactions associated with drugs are idiosyncratic
and, although rare, can lead to serious complications [6]. Previous
studies showed that DILI resulted in death or liver transplantation
in 4—11% of cases, whereas DILI resulted in chronic liver disease in
7-17% of cases [6]. When patients who underwent liver transplan-
tation in the United States between 1990 and 2002 were analyzed,

phenytoin and valproic acid were among the most common
causes [7]. However, recent data showed that overall liver injury
due to ASM therapy significantly decreased over the last two
decades (p=0.01), probably due to the decreased use of older
ASMs [8]. Although newer ASMs appear to be better tolerated and
have lower hepatotoxic potential, cases of both mild and severe
DILI have been reported with this group of agents [9].

The mechanism underlying idiosyncratic hepatotoxicity is
not yet fully understood, but several potentially contributing
factors have been identified. Along with drug-related risk
factors, patient characteristics, such as age, gender, genetics,
and underlying diseases, may determine someone’s predispo-
sition to DILI, as well as DILI phenotype, severity, and outcome
[10]. In a prospective study from Iceland, a clear correlation
between incidence of DILI and age was observed; age-
standardized incidence increased from 12.6/100,000 in those
aged 25-39years to 41/100,000 in those 80 years of age or
older [11]. To account for age, Roussel Uclaf Causality
Assessment Method scale adds one point to the score for
those older than 55years of age [12]. However, analysis of
the Spanish DILI Registry failed to confirm the validity of this
cutoff point and modifications were proposed [13]. They, how-
ever, confirmed previous findings that age is a strong deter-
minant of DILI phenotype, with older patients being more
likely to develop cholestatic type of liver injury [13-15].
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When it comes to gender, several studies described associa-
tion between female gender and poor DILI outcome [13,16].

Taking into account that DILI can be reversed if the offend-
ing drug is discontinued and that many drugs cause liver
injury with characteristic ‘signature’ [6], it is important to
identify drugs with hepatotoxic potential, as well as to char-
acterize patterns of hepatotoxicity caused by a specific drug.
For the drugs with lower incidence of hepatotoxicity, the
potential for DILI usually cannot be recognized based on the
data from preclinical studies and clinical trials. Furthermore,
elderly patients are often excluded from clinical trials or are
underrepresented. Given a higher number of patients exposed
to the drug after its approval, the hepatotoxic potential of the
drug is often first recognized based on post-marketing data
[17]. That makes reporting systems of adverse drug events
(ADEs), such as VigiBase, the World Health Organization global
database of reported potential side effects of medicinal pro-
ducts, developed and maintained by Uppsala Monitoring
Centre [18], a valuable source of information.

With an aging population, the prevalence of both epilepsy
and DILI in the elderly is expected to increase [19,20].
Considering a rising preference to prescribe newer ASMs in
this population [21-23], it is worthy to focus on hepatotoxic
potential of this group of agents. By using data available in
VigiBase, we aimed to characterize Individual Case Safety
Reports (ICSRs) of DILI reported in elderly patients treated
with newer ASMs and to detect disproportional increase in
reporting frequency, hereafter also referred to as a signal. Data
were analyzed by age subgroups and gender to study the
influence these factors had on ICSR characteristics and gener-
ated signals.

2. Methods

This study is a retrospective, signal detection pharmacovigi-
lance analysis of hepatotoxicity-related ADEs associated with
the use of newer ASMs in the elderly. Ethical approval was not
needed for this non-interventional study as it was conducted
using anonymized health-related data.

The analysis was performed using data from VigiBase, invol-
ving only patients aged =65years. Deduplicated ICSRs
recorded in VigiBase and released in the fourth quarter of
2021 were accessed using Empirica™ Signal software,
Version 9.1 (Oracle Corporation, Redwood Shores, CA). The
drugs recorded on the reports have been coded according
to WHODrug and the following newer ASMs were included in
the search: brivaracetam, eslicarbazepine, felbamate, gabapen-
tin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
perampanel, pregabalin, tiagabine, topiramate, vigabatrin,
and zonisamide. Stiripentol and rufinamide were not included
because of their approved use in infants and children with
Dravet and Lennox — Gastaut syndrome, respectively. Of note,
we only searched for cases in which newer ASMs were marked
as suspected/interacting drugs and concomitant medications
were not analyzed.

The Preferred Term (PT) classification hierarchy of the
Medical Dictionary for Regulatory Activity (MedDRA; version
24.0) was used to identify events of hepatotoxicity.

The case reports were summarized using descriptive statis-
tics. Information on age, gender, report type, reporter, serious-
ness of the report, seriousness criteria, suspected/interacting
drug, and ADEs, including outcome of ADEs and outcome of
dechallenge, if applicable, were collected. If two or more ADEs
were coded under the same PT in the same case, they were
counted only once.

To assess associations between ASMs and hepatotoxicity-
related ADEs, disproportionality analysis was used. This
method compares observed ADE count to the count that
would be expected if occurrences of drugs and events in
reports were independent. There are several disproportionality
analysis methods that can be used. In the present study,
disproportionality analysis was conducted using the Multi-
item Gamma Poisson Shrinker algorithm which estimates
Empirical Bayesian Geometric Mean (EBGM) and its lower 5%
(EBO5) and upper 95% (EB95) confidence limits. Empirica
Signal software calculates EBGM scores taking sample size
into account and stratifying data by age group, gender
(male, female, and unknown), and report year, to adjust for
background differences in relative reporting ratios by these
variables. In signal detection activities, EBO5 is typically used
instead of EBGM for extra conservatism, to reduce false-
positive results [24]. We used the commonly applied threshold
of EBO5>2, N>0 to detect a disproportional increase in
reporting frequency [25]. EBO5 > 2 suggests that a particular
drug—ADE pair occurs more than twice the expected rate,
based on the data in the database.

To further evaluate generated signals, disproportionality
analyses for two age subgroups (65-74 years and =75 years)
and genders were performed. ASMs associated with an
increased reporting frequency of hepatotoxicity-related ADEs
in one subgroup were identified by EBO5 for that subgroup
higher than EB95 for the other subgroup (65-74 years old vs.
>75 years old and female vs. male patients).

3. Results

Up until 31 December 2021, there was a total of 68,262 ICSRs
referring to ADEs associated with the use of newer ASMs in
the elderly. Of these, 1399 case reports included hepatotoxi-
city-related ADEs (PTs related to hepatotoxicity are provided in
Supplementary Table S1). Higher number of reports was
reported in females (56.97%) compared to males, with even
distribution between patients aged 65-74 years and =75 years
(Table 1).

Most of the reports were from spontaneous sources
(92.42%) and notified by health care professionals (86.06%).
Out of 1399 case reports, 938 (67.05%) were serious, with
caused/prolonged hospitalization, other, and unknown being
the most frequently reported seriousness criteria. Death
(either due to hepatotoxicity- or non-hepatotoxicity-related
ADE) was reported in 47 (3.36%) case reports.

The most common suspect drugs in the analyzed cases
were pregabalin, levetiracetam, gabapentin, lamotrigine, and
oxcarbazepine. In half of the cases (50.60%), there were two or
more suspected/interacting drugs reported. The most fre-
quently reported other drugs (drugs not classified as newer
ASMs) in these cases were paracetamol (n=79), atorvastatin
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Table 1. Characteristics of individual case safety reports.

>65 Years Old 65-74 Years Old >75 Years Old Female Male
Characteristics N=1399 N =686 N=713 N=797 N=595
Age N % N % N % N % N %
65-74 686 49.04 686 100 0 0 359 45.04 323 54.29
>75 713 50.96 0 0 713 100 438 54.96 272 45.71
Gender
Female 797 56.97 359 5233 438 61.43 797 100 0 0
Male 595 42.53 323 47.08 272 38.15 0 0 595 100
Unknown 7 0.50 4 0.58 3 0.42 0 0 0 0
Report type
Spontaneous 1293 92.42 627 91.40 666 93.41 753 94.48 533 89.58
Report from study 49 3.50 26 3.79 23 3.23 25 3.14 24 4.03
Post Marketing Surveillance/Special monitoring 1 0.07 0 0.00 1 0.14 1 0.13 0 0.00
Other/Unknown 56 4.00 33 4.81 23 3.23 18 2.26 38 6.39
Reporter
Health Care Professionals® 1204 86.06 572 83.38 632 88.64 684 85.82 514 86.39
Non-Health Care Professionals® 88 6.29 53 7.73 35 491 63 7.90 25 4.20
Unknown 107 7.65 61 8.89 46 6.45 50 6.27 56 9.41
Case seriousness
Serious 938 67.05 470 68.51 468 65.64 539 67.63 395 66.39
Non-serious 344 24.59 153 2230 191 26.79 198 24.84 143 24.03
Unknown 117 8.36 63 9.18 54 7.57 60 7.53 57 9.58
Number of suspected/interacting drugs
1 691 49.40 336 48.98 355 49.79 395 49.56 292 49.08
2 300 21.44 152 22.16 148 20.76 161 20.20 137 23.03
>3 408 29.16 198 28.86 210 29.45 241 30.24 166 27.90
The most commonly implicated ASMsc
Pregabalin 395 28.23 198 28.86 197 27.63 250 3137 142 23.87
Levetiracetam 380 27.16 178 25.95 202 28.33 183 22.96 197 33.11
Gabapentin 309 22.09 155 22.59 154 21.60 181 22.71 125 21.01
Lamotrigine 166 11.87 79 11.52 87 12.20 109 13.68 56 9.41
Oxcarbazepine 86 6.15 40 5.83 46 6.45 51 6.40 35 5.88

NOTE: °Health care professionals include physicians, pharmacists, and other healthcare professionals; "Non-health care professionals include consumers/non-
healthcare professionals and lawyers; “More than one suspected/interacting drug could be reported in one case report. Only ASMs reported in more than 5% of
the cases are listed in the table. ASM: Antiseizure Medication; N: number of cases.

Table 2. Characteristics of hepatotoxicity-related ADEs.

265 Years Old 65-74 Years Old =75 Years Old Female Male
Characteristics N=1947 N =947 N=1000 N=1107 N= 836
ADE? N % N % N % N % N %
Hepatic enzyme increased 234 12.02 121 12.78 113 11.30 130 11.74 102 12.20
Hepatic function abnormal 209 10.73 103 10.88 106 10.60 98 8.85 112 13.40
Alanine aminotransferase increased 145 7.45 72 7.60 73 7.30 93 8.40 53 6.34
Aspartate aminotransferase increased 129 6.63 62 6.55 67 6.70 80 7.23 49 5.86
Gamma-glutamyltransferase increased 128 6.57 65 6.86 63 6.30 79 7.4 49 5.86
Cholestasis 117 6.01 52 549 65 6.50 69 6.23 48 5.74
Hepatic cytolysis m 5.70 54 5.70 57 5.70 69 6.23 41 4.90
Liver function test abnormal 89 4.57 44 4.65 45 4.50 57 5.15 31 371
Blood alkaline phosphatase increased 85 437 41 433 44 4.40 48 434 37 443
Hepatitis 85 437 40 4.22 45 4.50 53 4.79 32 3.83
Jaundice 76 3.90 36 3.80 40 4.00 37 3.34 38 4.55
Transaminases increased 73 3.75 37 391 36 3.60 37 3.34 36 4.31
Drug-induced liver injury 56 2.88 34 3.59 22 2.20 35 3.16 22 2.63
Hepatic failure 45 2.31 22 232 23 2.30 23 2.08 22 2.63
Hepatitis cholestatic 42 2.16 20 2.11 22 2.20 27 2.44 15 1.79
Outcome
Died — reaction may be contributory 15 0.77 10 1.06 5 0.50 5 0.45 10 1.20
Died — unrelated to reaction 1 0.05 0 0.00 1 0.10 0 0.00 1 0.12
Fatal 57 293 17 1.80 40 4.00 30 2.71 27 3.23
Not recovered/not resolved 250 12.84 125 13.20 125 12.50 153 13.82 97 11.60
Recovered/resolved 687 35.29 329 34.74 358 35.80 393 35.50 296 3541
Recovered/resolved with sequelae 11 0.56 5 0.53 6 0.60 5 0.45 6 0.72
Recovering/resolving 411 2111 182 19.22 229 22.90 215 19.42 196 23.44
Unknown 515 26.45 279 29.46 236 23.60 306 27.64 203 24.28
Dechallenge Action-Drug withdrawn 992 50.95 433 45.72 559 55.90 570 51.49 419 50.12
Effect unknown 154 15.52 83 19.17 71 12.70 84 14.74 69 16.47
Fatal 21 2.12 4 0.92 17 3.04 13 2.28 8 191
No effect observed 117 11.79 55 12.70 62 11.09 82 14.39 35 8.35
Reaction abated 700 70.56 291 67.21 409 7317 391 68.60 307 73.27

NOTE: “One case report may comprise several ADEs. Only the most frequently reported ADEs (=2%) are listed in the table. ADE: Adverse Drug Event; N: number of
ADEs.
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(n =49), valproic acid (n = 44), and tramadol (n =39). The most
frequent combinations were pregabalin/paracetamol (n=37),
gabapentin/paracetamol (n=27), pregabalin/tramadol (n=
26), and levetiracetam/valproic acid (n = 23).

As shown in Table 2, there were 1947 hepatotoxicity-
related ADEs reported in 1399 cases (one case report may
comprise several ADEs). Of these, the most frequently
reported were Hepatic enzyme increased, Hepatic function
abnormal, and Alanine aminotransferase increased.

The outcome was favorable (resolved or resolving) for more
than half of the reported ADEs (56.40%), whereas fatal out-
come or death to which hepatotoxicity-related ADE might
have contributed were reported for 72 (3.70%) ADEs.

Fifty-seven events with fatal outcome were reported in 47
cases. Most of these cases (33, 70.21%) were reported in
patients aged 75 years or older and had almost equal gender
distribution (25 of 47 cases were reported in females). The
most frequently reported events with fatal outcome were
Acute hepatic failure (n=8), Hepatic failure (n=8), and
Hepatitis fulminant (n=7). In 33 cases (70.21%), there were
more than one suspected/interacting drug reported. Of newer
ASMs, pregabalin (n=18), levetiracetam (n=14), and gaba-
pentin (n=7) were the most frequent suspects.
Levetiracetam/valproic acid (n=3) and pregabalin/loxopro-
fen/famciclovir (n=3) were the most frequently reported
combinations.

One or more suspected/interacting ASMs were withdrawn
for 992 (50.95%) ADEs, leading to favorable outcome (reaction
abated) for 70.56% of the events. Fatal dechallenge outcome
and no effect observed were reported for 21 (2.12%) and 117
(11.79) ADEs, respectively, with no effect observed being
slightly more prevalent among females compared to males
(14.39% vs. 8.35%).

Using EBO5 > 2, N> 0 as a threshold, signals were detected
for five newer ASMs. Levetiracetam was disproportionally
associated with nine PTs, with the highest EBGM value of
5.98 for Cholestasis, followed by 5.96 for Hepatic cytolysis
and 5.61 for Hepatic enzyme increased. Lamotrigine was dis-
proportionally associated with two PTs (Cholestasis and
Hepatic cytolysis), whereas oxcarbazepine, topiramate, and

zonisamide were associated with one PT each. Data mining
results for detected signals are presented in Table 3.

Disproportionality data by age subgroups and gender are
presented in Table 4. As shown in the table, age- and gender-
biased reporting frequency was detected for topiramate-
induced hyperammonemia, with disproportionally higher
reporting frequency in >75-year-old male patients.

For the 14 detected signals, evolution of signal scores over
time (from 2007 to 2021) is presented in Figure 1. The signal
threshold was first reached in 2011 by oxcarbazepine-
associated gamma-glutamyltransferase increased, while lamo-
trigine-associated cholestasis and hepatic cytolysis reached
the signal threshold in 2020 and 2021, respectively.

4. Discussion

This study provides an overview and disproportionality analy-
sis of hepatotoxicity-related ADEs in elderly patients treated
with newer ASMs. Recently, one study investigated reports of
DILI attributed to all ASMs and reported to the Food and Drug
Administration Adverse Event Reporting System [26]. To our
knowledge, this is the first study of this type focusing on the
elderly and presenting data by two age subgroups and gen-
der. Based on 1399 case reports in VigiBase, a higher number
of reports was reported for females, more reports were ser-
ious, and 3.36% resulted in death. In cases of hepatotoxicity-
related ADEs with fatal outcome, there was a prevalence of
older age subgroup. For one or more hepatotoxicity-related
ADEs, signals were detected for lamotrigine, levetiracetam,
oxcarbazepine, topiramate, and zonisamide. Further analysis
by age subgroups and gender showed disproportionally
higher reporting of topiramate-induced hyperammonemia
among >75-year-old male patients.

4.1. Patients’ demographic and clinical characteristics

Although one study showed that VigiBase has more ICSRs
reported for women than men in general [27] and the pattern
seen in our study may not be attributable to DILI alone,
a higher number of DILI reports in females is in accordance

Table 3. Disproportionality for hepatotoxicity-related ADEs associated with the use of newer ASMs in the elderly.

ASM ADE N EBGM (90% Cl)
Lamotrigine Cholestasis 16 3.36 (2.20, 4.96)
Hepatic cytolysis 16 3.79 (2.48, 5.60)
Levetiracetam Acute hepatic failure 9 3.62 (2.05, 6.04)
Cholestasis 35 5.98 (4.48, 7.86)
Gamma-glutamyltransferase increased 24 3.58 (2.53, 4.94)
Hepatic cytolysis 35 5.96 (4.47, 7.83)
Hepatic enzyme increased 94 5.61 (4.72, 6.63)
Hepatic function abnormal 60 2.99 (2.41, 3.68)
Hepatitis acute 10 3.57 (2.08, 5.81)
Liver function test abnormal 24 3.02 (2.14, 4.17)
Mixed liver injury 8 5.52 (2.84, 12.09)
Oxcarbazepine Gamma-glutamyltransferase increased 18 4.28 (2.87, 6.19)
Topiramate Hyperammonaemia 7 30.88 (10.48, 60.53)
Zonisamide Hepatic function abnormal 17 6.50 (4.20, 10.14)

NOTE: ADE: Adverse Drug Event; ASM: Antiseizure Medication; Cl: Confidence Interval; EBGM: Empirical Bayesian

Geometric Mean; N: number of cases. .
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Table 4. Disproportionality for hepatotoxicity-related ADEs associated with the use of newer ASMs in the elderly by age subgroups and gender.

65-74 Years Old

>75 Years Old

Female Male

ASM ADE N  EBGM (90% Cl) N EBGM (90% CI) N EBGM (90% Cl) N EBGM (90% Cl)
Lamotrigine Cholestasis 5 1.91(0.89 369 11 3.73 (2.23, 5.95) 10 3.12(1.82,5.06) 6 2.55 (1.27, 4.70)
Hepatic cytolysis 6 250 (1.25 461) 10 3.76 (2.19, 6.12) 1 3.60 (2.15, 4 2.06 (0.87, 4.27)
5.73)
Levetiracetam  Acute hepatic failure 2 1.26(039,328) 7 4.37 (2.25, 8.10) 2 1.39(043,360 7 4.03 (2.10, 7.26)
Cholestasis 18 6.65 (4.33, 17 4.31 (2.85, 6.31) 19 5.75 (3.86, 16 4.75 (3.10, 7.06)
10.34) 8.40)
Gamma-glutamyltransferase 14 3.67 (2.33, 5.57) 10 2.67 (1.56, 4.33) 15 3.93 (2.53, 9 2.45 (1.39, 4.08)
increased 5.88)
Hepatic cytolysis 21 7.96 (5.19, 14 3.59 (2.28, 5.44) 18 5.21 (3.48, 17 5.22 (3.44, 7.69)
12.71) 7.62)
Hepatic enzyme increased 47 4.96 (3.88, 6.27) 47 5.76 (4.50, 7.29) 45 5.18 (4.03, 49 5.54 (4.36, 6.97)
6.58)
Hepatic function abnormal 24 227 (1.60,3.12) 36 3.50 (2.64, 4.56) 27 3.33 (2.41, 33 2.60 (1.94, 3.43)
4.52)
Hepatitis acute 4 224(096,4.64) 6 3.27 (1.62, 6.06) 6 3.31(1.64,6.12) 4 2.26 (0.96, 4.69)
Liver function test abnormal 8 1.75(0.96,299) 16 3.83 (2.51, 5.67) 12 272 (1.67,4.25) 12 2.82 (1.72, 4.41)
Mixed liver injury 2 1.89(0.58,49) 6 5.25 (2.36, 15.07) 4 338(1.41,745 4 3.56 (1.47, 7.91)
Oxcarbazepine Gamma-glutamyltransferase 11 4.00 (2.39, 6.39) 7 3.02 (1.58, 5.36) 8 277 (1.52,4.73) 10 4.73 (2.73, 7.83)
increased
Topiramate Hyperammonaemia 2 208 (063,554 5 71.49(30.55,147.62) 1 1.21(0.25 4.06) 6 56.69 (26.37, 109.70)
* *
Zonisamide Hepatic function abnormal 8 4.29 (2.32,7.51) 9 5.68 (3.05, 11.34) 5 3.09 (1.44, 6.02) 12 6.89 (3.96, 13.01)

NOTE: Asterisk indicates ADE-ASM combination for which reporting frequency is disproportionally higher in one subgroup (i.e. EBO5 for that subgroup is higher than
EB95 for the other subgroup). Bold indicates signal of disproportionate reporting in respective subgroup. ADE: Adverse Drug Event; ASM: Antiseizure Medication;
Cl: Confidence Interval; EBGM: Empirical Bayesian Geometric Mean; N: number of cases. .
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with some previous studies [28-30]. One recent analysis [31]
showed relatively equal gender distribution in elderly DILI
patients (54.4% females) with increasing proportion of females
in those 75 years of age or older (58.63%), a pattern similar to
that seen in our study. In addition, population-based study
from French reported similar incidence of DILI between gen-
ders in patients up to 50 years of age, whereas for the older
group, the incidence was two times higher for women com-
pared to men [32]. However, data from Spanish DILI registry
and Iceland population-based study did not confirm this
increase in DILI incidence for older women [11,16].

While it is currently unclear if women have a higher
susceptibility to all-cause DILI, it has been shown they
may be more susceptible to DILI caused by specific drugs
[33]. Also, females are more likely than males to have more
severe injury and progress to acute liver failure [15,20,34].
In the Spanish DILI Registry, female gender and hepatocel-
lular injury were independent predictors of liver-related
death and transplantation [16]. However, in our study,
both number of serious cases and number of fatal ADEs
were equally distributed between genders. The difference
between genders was noticed for the outcome once the
drug was withdrawn; more events with unfavorable out-
come (fatal/no effect observed) were reported for females
compared to males (16.67% vs. 10.26%).

Similarly to the rate observed in a prospective pharmacov-
igilance study [31], death was reported in 3.36% of the cases. It
has been suggested that impaired rate of liver regeneration
related to aging may lead to more severe consequences of
DILI in the elderly [5]. In addition, it may be that higher
comorbidity burden and/or presence of preexisting liver dis-
ease put the elderly at a higher risk of DILI mortality [20,35]. As
shown previously, model for end-stage liver disease score and
comorbidity burden in patients with suspected DILI were
associated with both liver-related and overall mortality
[20,36]. In our study, there were 57 fatal events reported in
47 cases, with the higher number of cases (70.21%) reported
in patients 75years of age or older. However, the medical
history was not available and therefore we were unable to
determine if the patients from the older subgroup had higher
rate of liver and/or non-liver diseases that predisposed them
to worse outcome.

Additional reasons for advanced age to be considered as
a risk factor for DILI are commonly presented polypharmacy
and accompanied drug—drug interactions. A population-based
case-control study from the United Kingdom showed that the
risk of developing DILI was increased by a factor of six when
a combination of two or more hepatotoxic drugs was present
[37]. Moreover, a recent cross-sectional study found that
patients with epilepsy took an average of 5.3 medications,
with both age and number of chronic conditions increasing
this number [38]. In the present study, in half of the cases
across all subgroups there was one suspected drug that led to
DILIL In the remaining cases, there were two or, more fre-
quently, more than two implicated agents. Therefore, DILI
related to polypharmacy and concurrent use of multiple hepa-
totoxic drugs is of particular concern in elderly patients trea-
ted with newer ASMs.

4.2. Newer ASMs associated with DILI

Among 899 subjects from the Drug Induced Liver Injury
Network Prospective Study who had definite, highly likely, or
probably DILI, newer ASMs were the cause in 15 cases [35].
Lamotrigine was the cause in most of these cases (n=9),
followed by gabapentin (n = 3), topiramate (n =2), and prega-
balin (n=1). In our analysis, gabapentin and pregabalin were
among the most frequently implicated agents; however, sta-
tistical score did not reach the threshold suggesting dispro-
portional increase in reporting frequency for any of the
hepatotoxicity-related ADEs. Disproportional increase in
reporting frequency was detected for lamotrigine, levetirace-
tam, oxcarbazepine, topiramate, and zonisamide.

Clinically apparent hepatotoxicity from lamotrigine has
been described and is estimated to occur in one in 2,000
—10,000 treated patients [39,40]. Hepatotoxicity is typically
hepatocellular and may occur as part of drug reaction with
eosinophilia and systemic symptoms [9,17,41]. In the present
study, lamotrigine was disproportionally associated with hepa-
tic cytolysis but also with cholestasis. Cholestasis may be
attributed to the population studied as older age was found
to be a predictor of cholestatic injury [13-15,20]. Actually, the
best cutoff point for increased odds of cholestatic DILI was 65
years [20].

Levetiracetam is often regarded as the drug of choice in
patients with liver disease due to its safety and lack of sig-
nificant pharmacokinetic interactions [9]. However, since its
approval for use and widespread availability, cases ranging
from mild liver injury to severe hepatotoxicity or liver failure
have been reported [42-44]. In our analysis, levetiracetam was
disproportionally associated with acute hepatic failure and
eight other hepatotoxicity-related ADEs, encompassing all
three types of DILI: cholestatic, hepatocellular, and mixed
liver injury. Further analysis of the cases reporting acute hepa-
tic failure revealed that seven of nine cases concerned >75-
year-old male patients (data not shown), suggesting that
monitoring of liver function may be particularly useful in this
group of patients. The exact mechanism underlying this toxic
effect of levetiracetam is not well understood, but it is likely to
be a hypersensitivity reaction [44]. Considering that our find-
ings might have been confounded by levetiracetam use in
patients with preexisting liver disease, further studies are
needed to characterize levetiracetam hepatotoxicity and to
determine which patients are at risk.

Oxcarbazepine, zonisamide, and topiramate have rarely
been linked to hepatotoxicity. Increased liver enzymes were
reported in less than 2% and in 2-4% of patients treated with
oxcarbazepine and zonisamide, respectively [45,46]. Our study
suggests signal of disproportionate reporting for oxcarbaze-
pine-induced increase in gamma-glutamyltransferase, how-
ever, gamma-glutamyltransferase is a nonspecific marker of
liver toxicity and is often elevated during treatment with
ASMs [46]. When it comes to topiramate, clinically apparent
hepatotoxicity is quite rare in patients on monotherapy. As
topiramate may increase the risk of other anticonvulsant hepa-
totoxicity, DILI usually arises in patients receiving multiple
other ASMs [40]. Specifically, hyperammonemia due to



valproate therapy is more common when valproate is com-
bined with topiramate than when used alone (0.6% vs. 0.06%)
[47,48]. This is in line with our study; five of the seven cases
reporting hyperammonemia during topiramate treatment also
included valproic acid. Four of these five cases concerned >75-
year-old male patients (data not shown) which, along with the
disproportionality data by age subgroups and gender, sug-
gests that clinicians should pay special attention to male
patients 75 years of age or older, especially when topiramate
is co-administered with valproic acid.

Even though gabapentin, lamotrigine, and levetiracetam
have shown firm evidence supporting their efficacy in elderly
patients [49,50], increased use of newer ASMs in this population
has been relatively delayed [21,50-52]. Moreover, some studies
suggest phenytoin, carbamazepine, and valproic acid are still
most preferred [51,53]. The time trend cumulative analysis of
detected signals showed that most of them reached the signal
threshold after 2014 and then persisted throughout the analyzed
period. We may suspect that the observed time trend reflects
a rising prescription of newer ASMs to elderly patients but also
highlights the time needed for rare events to be detected.

4.3. Study limitations

Our study has several limitations. A major limitation is that
reporting systems of ADEs, such as VigiBase, depend on volun-
tarily reporting and are therefore subject to reporting bias; there
is a risk of underreporting or selective reporting [54]. The number
of reports received for a specific drug may be influenced by
several factors, such as prescription patterns, recent publication
of an ADE in the literature, media safety alerts, and the nature of
the ADE. Data available on case level vary, and missing data
could bias the results. In addition, duplication of reports can
occur. Even though suspected duplicate reports were excluded
by using standardized algorithm [55], not all duplicates can be
captured by this algorithm. Also, due to the possible influence of
comedication and/or comorbidity, a direct causal relationship
between a drug and an ADE cannot be assumed. Therefore,
data mining of these systems should only be used as exploratory
tool to detect signals and generate hypothesis. Once a signal is
detected, it must be verified, meaning that other sources of
safety data (e.g. clinical trials and literature) must be analyzed
to confirm if the signal is clinically significant. Despite these
limitations, spontaneous adverse event reporting systems
remain an important and valuable source to obtain information
from real-world use of marketed drugs. Disproportionality ana-
lysis of these systems is a validated method for drug safety
research and signal detection activities [56]. Moreover, signals
generated using the threshold used in this study are shown to
have high enough specificity to be further investigated [57].

5. Conclusion

The results of our study indicate differences among newer
ASMs in their potential to cause DILI in the elderly. Namely,
for one or more events of hepatotoxicity, signals were
detected for lamotrigine, levetiracetam, oxcarbazepine, topir-
amate, and zonisamide. Levetiracetam was responsible for
most of these signals, showing associations with all three
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types of liver injury. Analysis by age subgroups and gender
revealed that =75-year-old male patients may be at
a particular risk of developing topiramate-induced hyperam-
monemia, especially when topiramate is co-administered with
valproic acid. In addition, fatal outcome of hepatotoxicity-
related ADEs was reported predominantly in the older age
subgroup (=75 years). Considering the limitations of our
study, further research is needed to confirm the identified
associations, specifically in relation to other risk factors.
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ABSTRACT

Background: We aimed to characterize newer antiseizure medications (ASMs)-induced hepatotoxicity
in children and identify signals of disproportionate reporting of hepatotoxicity-related adverse drug
events (ADEs).

Research Design and Methods: Case reports reported to VigiBase were accessed using Empirica™
Signal software. To summarize characteristics of the retrieved cases, descriptive statistics were used.
A disproportionality analysis was conducted using the Multi-item Gamma Poisson Shrinker algorithm,
which calculates Empirical Bayesian Geometric Mean value and its lower and upper 95% confidence
limits (EBO5 and EB95, respectively). EBO5 > 2, N >0 was considered a signal.

Results: Based on 870 analyzed cases, a higher proportion of cases was reported in girls than in boys
and in patients aged 2-11years than in other age groups. Most cases were serious. In 25 cases,
hepatotoxicity resulted in death. A high proportion of patients (n =275, 31.61%) experienced hyper-
sensitivity reactions, mostly due to lamotrigine. The disproportionality analysis yielded 17 signals
concerning felbamate, lamotrigine, levetiracetam, oxcarbazepine, stiripentol, and topiramate. Four
signals were for severe liver injury and concerned felbamate, lamotrigine, levetiracetam, and topira-
mate. Gender-biased reporting frequency was detected for four ASM-ADE combinations.

Conclusion: Our results should serve to raise clinicians’ awareness about the potential association
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between several newer ASMs and drug-induced liver injury in children.

1. Introduction

Epilepsy is one of the most common neurological disorders in
children, with an incidence of 41-187/100,000 and
a prevalence of 0.5-1% [1,2]. Antiseizure medications (ASMs)
are the main treatment option. Since 1989, many newer ASMs
have become available. A systematic review conducted in
2017 showed a declining prescription of older ASMs and
increasing utilization of newer ASMs in pediatric patients [3].
Subsequent studies confirmed a significant increase of newer
ASMs use in this population, with levetiracetam replacing
valproic acid as the most frequently prescribed [4-6].
A better safety profile of newer ASMs, including their lower
potential to cause drug-induced liver injury (DILI), has contrib-
uted to this shift.

DILI is a rare hepatic disorder presenting with a variety of
phenotypes and ranging in severity from mild asymptomatic
liver injury to life-threatening acute liver failure. Due to age-
related differences in drug metabolism, lower exposure to
drugs, and fewer comorbidities, the incidence of DILI in chil-
dren is lower compared to adults [7,8]. However, the lower
incidence observed in this population could also be due to the
failure to recognize and report hepatotoxicity [7].
Nevertheless, DILI in children is associated with serious mor-
bidity and mortality and non-paracetamol DILI accounts for
approximately 5% of acute liver failure cases in this population

[9-11]. ASMs are consistently reported among the most com-
monly implicated drug classes in children with DILI, with the
majority of cases attributed to older ASMs [10-13].

All forms of idiosyncratic DILI can be accompanied by
a variety of hypersensitivity reactions, ranging from mild and
transient skin rashes to severe cutaneous adverse reactions
(SCARs), such as drug reaction with eosinophilia and systemic
symptoms (DRESS), Stevens-Johnson syndrome (SJS), and toxic
epidermal necrolysis (TEN) [14-16]. In a study of DILI asso-
ciated with SJIS/TEN, ASMs were the main cause, contributing
to 47% of the cases [15]. Moreover, hypersensitivity reactions
caused by ASMs are more common in children than in adults
[17]. Children, however, are not a homogenous group and,
apart from pharmacogenetic variations in drug metabolism,
co-medications, and immunological status, age and gender
may modify their susceptibility to DILI and hypersensitivity
reactions [17]. A high degree of suspicion and knowledge of
the risk factors and culprit drugs is needed to ensure early
diagnosis and timely withdrawal of the offending drug.

Because idiosyncratic DILI occurs in a very small number of
exposed patients, clinical studies often fail to identify the
hepatotoxic potential of a drug, and DILI is usually recognized
based on post-marketing data [7]. This is especially true for
children because they are not frequently included in clinical
trials. However, studies on DILI in children are scarce, and data
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regarding the hepatotoxicity of newer ASMs in this population
mostly come from small case series or isolated case reports.
Therefore, using data available in VigiBase, the World Health
Organisation global database of reported potential side effects
of medicinal products, developed and maintained by Uppsala
Monitoring Centre [18], we aimed to characterize cases of
newer ASMs-induced hepatotoxicity in children and identify
signals of disproportionate reporting of hepatotoxicity-related
adverse drug events (ADEs).

2. Methodology

Deduplicated case reports reported to VigiBase from its incep-
tion in 1968 through 31 August 2022 were accessed using
Empirica™ Signal software, Version 9.1 (Oracle Corporation,
Redwood City, CA). Cases involving patients aged <18 years
were analyzed. In VigiBase, reported drugs and ADEs are
coded according to the hierarchical structures of the WHO
Drug Dictionary and Medical Dictionary for Regulatory
Activities (MedDRA). In this study, we analyzed cases in
which at least one of the newer ASMs (brivaracetam, eslicar-
bazepine, felbamate, gabapentin, lacosamide, lamotrigine,
levetiracetam, oxcarbazepine, perampanel, pregabalin, rufina-
mide, stiripentol, tiagabine, topiramate, vigabatrin, and zoni-
samide) was marked as suspected or interacting drug in cases
of hepatotoxicity. The Preferred Terms (PTs) of MedDRA (ver-
sion 25.0) related to various types and degrees of liver injury
were used to extract the relevant cases [19]. Further, the cases
were divided based on the presence of hypersensitivity reac-
tions. To extract cases with co-reported hypersensitivity reac-
tions, Standardised MedDRA Query (SMQ) Hypersensitivity
(narrow) was used. SMQ is a group of MedDRA terms that
relate to a defined medical condition or area of interest.

To summarize the characteristics of the retrieved cases,
descriptive statistics were used. Categorical variables (age,
gender, type of report and reporter, case seriousness, number
of suspected/interacting drugs, the most commonly impli-
cated ASMs, hepatotoxicity-related ADEs, outcome of those
ADEs, and dechallenge action, if applicable) are presented as
numbers (percentages) for the overall pediatric population
and for each gender. In addition, categorical variables (age,
gender, case seriousness, number of suspected/interacting
drugs, the most commonly implicated ASMs, and outcome of
hepatotoxicity-related ADEs) are presented as numbers (per-
centages) for cases with and without co-reported hypersensi-
tivity reactions and tested using the chi-square test, with or
without Yates correction. A two-sided p-value <0.05 was con-
sidered statistically significant. Of note, ‘sex’ and ‘gender’ are
used interchangeably here because only the ‘gender’ field is
available in VigiBase and the information collected in that field
refers to biological sex.

Empirica Signal software was then used to conduct
a disproportionality analysis of the VigiBase database (for the
subset of data reported for patients aged 0-17 years). Using all
other drugs reported in VigiBase as a comparator, the dispro-
portionality analysis compared observed ADE count to the
count that would be expected if occurrences of drugs and
events in reports were independent. The analysis was

conducted using the Multi-item Gamma Poisson Shrinker algo-
rithm [20], which calculates Empirical Bayesian Geometric
Mean (EBGM) value and its lower and upper 95% confidence
limits (EBO5 and EB95, respectively). The EBGM value indicates
the strength of the association between a drug and an ADE.
When calculating EBGM, Empirica Signal software stratifies
data by age group, gender (male, female, and unknown),
and year of report, to deal with confounding due to, for
example, a drug being new on the market. The EBGM value
was considered a signal if EBO5 was > 2 and at least one case
of interest was reported, which suggests that a particular
drug-ADE pair is being reported more than twice as often as
expected.

The disproportionality analysis was also conducted for gen-
der subgroups (female and male). EBGM values were calcu-
lated separately within each subgroup and signals of
disproportionate reporting were detected using the above
criteria. To assess differences in reporting between genders,
90% confidence intervals of EBGM values for each drug-event
pair were compared. If the EBO5 for one subgroup was higher
than EB95 for the other subgroup, the subgroup with a higher
EBGM value was considered to have a disproportionally higher
reporting than the other subgroup.

Ethical approval was not required for this study as it was
conducted using anonymized health-related data.

3. Results

As of the third quarter of 2022, there have been 870 cases of
hepatotoxicity-related ADEs associated with the use of newer
ASMs in pediatric patients. The characteristics of these cases
are shown in Table 1. Most cases concerned girls (53.10%) and
children aged 2-11 years (47.59%). Among girls, approximately
equal number of reports concerned children aged 2-11 and
12-17 years, while among boys, children aged 2-11 years had
the highest number of reports. Most cases originated from
spontaneous sources and were reported by healthcare
professionals.

The most commonly reported newer ASMs were lamotri-
gine (n=356), levetiracetam (n=172), topiramate (n=121),
oxcarbazepine (n=89), and felbamate (n=48). There were
no case reports for brivaracetam. Other frequently reported
suspected/interacting drugs were older ASMs, including val-
proic acid (n=168), carbamazepine (n=41), phenytoin
(n = 39), phenobarbital (n=32), and clobazam (n=31). The
most frequently reported combinations were lamotrigine/val-
proic acid (n = 64), topiramate/valproic acid (n =46), and leve-
tiracetam/valproic acid (n =40).

The most frequently reported ADEs were Alanine amino-
transferase increased (n=138), Hepatic function abnormal
(n = 129), Hepatic enzyme increased (n=126), and Aspartate
aminotransferase increased (n=120). More severe events of
liver injury were also reported and included Hepatic failure
(n = 74), Acute hepatic failure (n=29), Hepatitis fulminant
(n = 8), Liver transplant (n=4), and Coma hepatic (n=2).
Characteristics of hepatotoxicity-related ADEs are presented
in Table 2.

Of the events with a known outcome (n = 688), the majority
(73.40%) had a favorable outcome (resolved, resolved with



Table 1. Characteristics of individual case safety reports.
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0-17 Years Old Female Male
Characteristics N=2870 N =462 N =391
Age N % N % N %
0-27 days 42 483 17 3.68 23 5.88
28 days-23 months 84 9.66 34 7.36 47 12.02
2-11 years 414 47.59 202 43.72 203 51.92
12-17 years 330 37.93 209 45.24 118 30.18
Gender
Female 462 53.10 462 100.00 - -
Male 391 44.94 - - 391 100.00
Unknown 17 1.95 - - - -
Report type
Spontaneous 791 90.92 416 90.04 358 91.56
Report from study 30 3.45 18 3.90 12 3.07
Post Marketing Surveillance/Special monitoring 8 0.92 5 1.08 3 0.77
Other/Unknown 41 471 23 4.98 18 4.60
Reporter
Health Care Professionals® 640 73.56 338 73.16 290 74.17
Non-Health Care Professionals® 55 6.32 29 6.28 26 6.65
Unknown 175 20.11 95 20.56 75 19.18
Case seriousness
Serious 542 62.30 286 61.90 246 62.92
Non-serious 94 10.80 44 9.52 48 12.28
Unknown 234 26.90 132 28.57 97 24.81
Number of suspected/interacting drugs
1 500 57.47 268 58.01 216 55.24
2 212 24.37 120 25.97 91 23.27
>3 158 18.16 74 16.02 84 21.48
The most commonly implicated ASMs*
Lamotrigine 356 40.92 208 45.02 141 36.06
Levetiracetam 172 19.77 76 16.45 920 23.02
Topiramate 121 13.91 57 12.34 62 15.86
Oxcarbazepine 89 10.23 54 11.69 35 8.95
Felbamate 48 5.52 27 5.84 21 537

Health care professionals include physicians, pharmacists, and other healthcare professionals.
PNon-health care professionals include consumers/non-healthcare professionals and lawyers.
“More than one suspected/interacting drug could be reported in one case report. Only ASMs reported in more than 5% of the cases are listed in the

table.
Abbreviation: ASM = Antiseizure Medication.

sequelae, or resolving), whereas 25 events (3.63% of the
events with a known outcome) reported in 25 cases (4.94%
of cases with a known outcome of hepatotoxicity-related
ADEs) had a fatal outcome. For almost half of the events
(46.04%), at least one suspected/interacting ASM was with-
drawn, leading to a favorable outcome (reaction abated) for
81.19% of the events with a known dechallenge outcome.

Of the 870 analyzed cases, 275 (31.61%) had co-reported
hypersensitivity reactions. As shown in Table 3, cases with and
without co-reported hypersensitivity reactions differed signifi-
cantly (p <0.001) with respect to age group and gender dis-
tribution, case seriousness, ASMs involved, and number of
suspected/interacting drugs. Patients from hypersensitivity
cases were generally older, with 12-17-year-old being the
most frequently reported age group. Also, patients from
hypersensitivity cases were more often girls. When analyzed
by age groups, girls slightly outnumbered boys in the 0-2 and
2-11-year-old age groups, but the difference was striking in
the 12-17-year-old age group, where 115 cases concerned
girls compared to 32 concerning boys. Lamotrigine was the
most commonly implicated ASM in both hypersensitivity and
non-hypersensitivity cases, but significantly higher reporting
was observed in hypersensitivity cases (p <0.001). When it
comes to the outcome of hepatotoxicity-related ADEs, no
statistical difference was observed between patients with
and without co-reported hypersensitivity reactions (p =0.13).

The most frequently reported hypersensitivity reactions
were Rash, DRESS and SJS. Overall, SCARs were reported in
111 (12.76%) cases. The most frequently (=2%) reported
hypersensitivity reactions and their distribution by age groups
are shown in Figure 1.

As shown in Table 4, disproportionate reporting of at least
one of the hepatotoxicity-related ADEs was detected for fel-
bamate, lamotrigine, levetiracetam, oxcarbazepine, stiripentol,
and topiramate. Gender-biased reporting frequency was
detected for four drug-event combinations: DILI due to lamo-
trigine and Hyperammonemia associated with stiripentol
showed higher reporting in girls, while topiramate-associated
Acute hepatic failure and Hyperammonaemia had higher
reporting in boys.

4. Discussion

To our knowledge, this is the first study to explore real-world
data on DILI associated with the use of newer ASMs in chil-
dren. Based on 870 analyzed cases, a higher proportion of
cases was reported in girls than in boys and in patients aged
2-11 years than in other age groups. Most cases were serious.
In 25 cases (4.94% of cases with a known outcome of hepa-
totoxicity-related ADEs), hepatotoxicity resulted in death.
Cases with and without co-reported hypersensitivity reactions
differed with respect to age group and gender distribution,
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Table 2. Characteristics of hepatotoxicity-related ADEs.

0-17 Years Old Female Male
Characteristics N=1186 N=620 N =547
ADE? N % N % N %
Alanine aminotransferase increased 138 11.64 68 10.97 68 12.43
Hepatic function abnormal 129 10.88 74 11.94 52 9.51
Hepatic enzyme increased 126 10.62 60 9.68 66 12.07
Aspartate aminotransferase increased 120 10.12 58 9.35 60 10.97
Hepatic failure 74 6.24 39 6.29 34 6.22
Gamma-glutamyltransferase increased 61 5.14 29 4.68 31 5.67
Hepatitis 56 4.72 29 4.68 27 4.94
Liver function test abnormal 50 422 31 5.00 18 3.29
Transaminases increased 50 422 25 4.03 24 439
Hyperammonaemia 45 3.79 20 3.23 24 4.39
Blood alkaline phosphatase increased 38 3.20 20 3.23 18 3.29
Jaundice 32 2.70 17 2.74 13 2.38
Drug-induced liver injury 32 2.70 23 3.71 9 1.65
Acute hepatic failure 29 245 16 2.58 13 238
Blood bilirubin increased 27 2.28 1 177 15 2.74
Outcome
Died-reaction may be contributory 1 0.93 3 0.48 8 1.46
Died-unrelated to reaction 4 0.34 4 0.65 - -
Fatal 25 2.1 14 2.26 1 2.01
Not recovered/not resolved 143 12.06 73 11.77 67 12.25
Recovered/resolved 369 31.11 187 30.16 177 3236
Recovered/resolved with sequelae 10 0.84 4 0.65 6 1.10
Recovering/resolving 126 10.62 61 9.84 64 11.70
Unknown 498 41.99 274 4419 214 39.12
Dechallenge Action-Drug withdrawn 546 46.04 292 47.10 250 45.70
Effect unknown 110 20.15 67 22.95 43 17.20
Fatal 9 1.65 4 1.37 5 2.00
No effect observed 73 13.37 41 14.04 32 12.80
Reaction abated 354 64.84 180 61.64 170 68.00

?Only most frequently reported ADEs (=2%) are listed in the table.
Abbreviation: ADE = Adverse Drug Event.

case seriousness, ASMs involved, and number of suspected/
interacting drugs. However, there was no difference in the
outcome of hepatotoxicity-related ADEs. The disproportional-
ity analysis yielded 17 signals concerning felbamate, lamotri-
gine, levetiracetam, oxcarbazepine, stiripentol, and
topiramate. Four signals were for severe liver injury (Acute
hepatic failure or Hepatic failure) and concerned felbamate,
lamotrigine, levetiracetam, and topiramate. In addition, gen-
der-biased reporting frequency was detected for four ASM-
ADE combinations.

4.1. Demographic and clinical characteristics of patients

In one previous study in VigiBase, which studied DILI in chil-
dren regardless of the offending drug, most of the reported
hepatic injuries concerned children 12-17 years of age, while
a study based on China’s National Spontaneous Reporting
System found patients aged 0-1 year to be the most sensitive
group [12,13]. Depending on a drug, age-related differences in
drug metabolism may put young children at different risk of
developing hepatotoxicity compared to older children and
adults. For example, children under 10years of age are at
greater risk of developing valproic acid-induced hepatotoxicity
[21]. In the present study, the highest number of reports
concerned children aged 2-11 years. However, because the
number of exposed patients was unavailable, true incidence
rates could not be estimated from these data.

The higher number of reports in girls is in line with data
from the DILI Network (DILIN) registry [22] and a hospital-
wide adverse drug reaction reporting system [23], in con-
trast to other studies in children with DILI [11,12,24]. Further
analysis by age group however showed that girls outnum-
bered boys only in children aged =12 years. Gender differ-
ences in prescription patterns should be considered when
interpreting these results. Namely, valproic acid use during
pregnancy is associated with the risk of congenital malfor-
mations and impaired cognitive development in children
exposed during fetal life [25,26]. Several studies have
found decreased use of valproic acid in girls, particularly
in those aged 12years and older, with a higher increase in
lamotrigine and levetiracetam use than in boys [27-29].
These gender differences in the use of newer ASMs could
bias the results.

As shown in Table 2, the clinical spectrum of hepatotoxicity
caused by newer ASMs in children is broad, ranging from
biochemical abnormalities to acute liver failure. Most patients
recovered or were recovering at the time of the report,
whereas 25 patients (4.94% of patients with a known outcome
of hepatotoxicity-related ADEs) died due to hepatotoxicity.
Similar fatality rates were observed in China and the DILIN
registry [22,24], while higher fatality rates were observed in
India [11]. Differences in the criteria used to define DILI across
studies make it difficult to compare their results. When it
comes to the clinical course after drug withdrawal, it can
vary; many patients start to improve, but some develop
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Table 3. Characteristics of cases with and without co-reported hypersensitivity reactions.

Non-hypersensitivity cases

Hypersensitivity cases

Characteristics N =595 N=275 p-value®
Age N % N % <0.001
0-27 days 39 6.55 3 1.09
28 days-23 months 77 12.94 7 2.55
2-11 years 297 49.92 117 42.55
12-17 years 182 30.59 148 53.82
Gender <0.001°
Female 278 46.72 184 66.91
Male 304 51.09 87 31.64
Unknown 13 2.18 4 1.45
Case seriousness <0.001°
Serious 338 56.81 204 7418
Non-serious 91 15.29 3 1.09
Unknown 166 27.90 68 24.73
Number of suspected/interacting drugs <0.001
1 314 52.77 186 67.64
2 152 25.55 60 21.82
>3 129 21.68 29 10.55
The most commonly implicated ASMs®
Lamotrigine 161 27.06 195 70.91 <0.001
Levetiracetam 148 24.87 24 8.73 <0.001
Topiramate 112 18.82 9 3.27 <0.001
Oxcarbazepine 54 9.08 35 12.73 0.10
Felbamate 44 7.39 4 1.45 <0.001
ADEs of hepatotoxicity — outcome 0.13¢
Died-reaction may be contributory 8 1.02 3 0.75
Died-unrelated to reaction 4 0.51 - -
Fatal 19 241 6 1.51
Not recovered/not resolved 99 12.56 44 11.06
Recovered/resolved 235 29.82 134 33.67
Recovered/resolved with sequelae 6 0.76 4 1.01
Recovering/resolving 87 11.04 39 9.80
Unknown 330 41.88 168 42.21

Chi-square test, with or without Yates correction, was used to compare the categorical variables. A two-sided p-value <0.05 was considered statistically

significant.

BVariables were tested using the chi-square test after exclusion of cases with missing data.
“ASMs reported in more than 5% of non-hypersensitivity cases are listed in the table. More than one suspected/interacting drug could be reported in one

case report.

9ADEs of hepatotoxicity were grouped into two categories based on the outcome: favorable outcome (recovered/resolved, recovered/resolved with sequelae,
recovering/resolving) and unfavorable outcome (died-reaction may be contributory, died-unrelated to reaction, fatal, not recovered/not resolved), and
tested using the chi-square test after exclusion of ADEs with unknown outcome.

Abbreviations: ADE = Adverse Drug Event; ASM = Antiseizure Medication.

acute liver failure and die or require liver transplantation [30].
In the present study, at least one suspected/interacting ASM
was withdrawn in 46.04% of reactions. Most reactions (81.19%
of reactions with a known outcome) abated, highlighting the
importance of recognizing the offending drug and promptly
discontinuing the treatment.

4.2. Hypersensitivity vs. non-hypersensitivity cases

The presence of hypersensitivity features in patients with DILI
varies depending on the study population, offending drugs,
and study design; hypersensitivity reactions accompanied DILI
in 15% of patients from the DILIN registry, 19% of patients
from an Indian DILI registry, and 23% of patients from the
Spanish DILI registry [14,16,31]. Generally, rash is the most
common cutaneous manifestation, while SCARs have been
reported in 1.00% to 9.29% of patients in different DILI regis-
tries [14-16,32] and 11.17% of patients in a nationwide study
in Taiwan [33]. In the present study, hypersensitivity reactions
occurred in 31.61% of DILI cases, with rash being the most
frequently reported. SCARs were reported in 12.76% of the
analyzed cases. Our study design did not allow the calculation
of incidence rates, but ASM-induced hypersensitivity

reactions, particularly those caused by lamotrigine, are
known to be more common in children [17].

Older children (aged 12-17 years) were predominant in
cases with co-reported hypersensitivity reactions. In contrast,
previous studies of children on ASMs (including older ASMs)
showed that hypersensitivity reactions were more frequent
among children under 12years of age [34,35]. Regarding
gender, a meta-analysis of seven studies found that females
are more likely to develop skin reactions to ASMs than males,
with the highest difference noted for lamotrigine and carba-
mazepine [36]. This is in line with the present study; 67% of
the hypersensitivity cases concerned girls. The difference
observed between genders may be due to differences in
the immune response caused by sex steroids — while female
sex steroids enhance immune responses, androgens have the
opposite effect [37]. Indeed, in the present study, the differ-
ence between genders was mainly noted in children aged
12-17 years, further suggesting the role of sex hormones.
However, the previously mentioned gender differences in
prescription patterns should also be considered.

Cases with and without co-reported hypersensitivity
reactions also differed with respect to ASMs involved.
Lamotrigine and oxcarbazepine, both classified as aromatic
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Figure 1. The most frequently (=2%) co-reported hypersensitivity reactions.
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Abbreviations: ADE = Adverse Drug Event; DRESS = Drug Reaction with Eosinophilia and Systemic Symptoms.

Table 4. Disproportionality for hepatotoxicity-related ADEs associated with the use of newer ASMs in pediatrics (overall and by gender).

0-17 years old

Female Male

ASM ADE N EBGM (90% Cl) N EBGM (90% Cl) N EBGM (90% CI)
Felbamate Blood alkaline phosphatase increased 9 5.27 (2.94, 9.07) 5 5.24 (2.12, 18.01) 4 2.89 (1.22, 6.03)
Hepatic failure 9 6.54 (3.50, 13.08) 4 3.65 (1.50, 8.36) 5 4.62 (2.06, 10.25)
Hepatic function abnormal 13 413 (2.57, 6.37) 8 4.31 (2.34, 7.56) 5 2.48 (1.15, 4.81)
Lamotrigine Drug-induced liver injury 18 6.30 (4.19, 9.27) 18 11.98 (6.72, 19.53)* - -
Hepatic enzyme increased 62 3.57 (2.89, 4.38) 31 3.29 (2.43, 4.37) 31 3.66 (2.70, 4.87)
Hepatic failure 37 425 (3.22, 5.52) 22 4,04 (2.82, 5.66) 14 3.69 (2.34, 5.60)
Hepatic function abnormal 71 4.00 (3.28, 4.85) 44 4.76 (3.69, 6.05) 26 2.98 (2.14, 4.07)
Transaminases increased 23 2.95 (2.07, 4.10) 13 2.83 (1.77, 4.34) 9 2.37 (1.34, 3.95)
Levetiracetam Acute hepatic failure 1 411 (2.45, 6.57) 9 5.03 (2.79, 8.86) 2 1.42 (0.43, 3.73)
Gamma-glutamyltransferase increased 15 4,06 (2.62, 6.09) 4 1.86 (0.79, 3.83) 10 4.70 (2.73, 7.73)
Oxcarbazepine Alanine aminotransferase increased 32 2.94 (2.19, 3.90) 17 3.11 (2.06, 4.54) 15 2.51 (1.62, 3.76)
Aspartate aminotransferase increased 29 3.03 (2.22, 4.07) 15 3.16 (2.04, 4.73) 14 2.56 (1.63, 3.89)
Gamma-glutamyltransferase increased 13 4,73 (2.94, 7.31) 7 3.94 (2.05, 7.09) 6 3.45 (1.71, 6.40)
Stiripentol Gamma-glutamyltransferase increased 4 9.99 (2.31, 52.27) 1 1.40 (0.29, 4.77) 3 10.67 (1.74, 79.58)
Hyperammonaemia 7 55.76 (27.91, 102.11) 5 67.12 (28.64, 138.56)* 2 3.09 (0.82, 19.56)
Topiramate Acute hepatic failure 11 7.83 (4.29, 15.85) 2 1.72 (0.53, 4.48) 9 21.38 (7.72, 40.40)*
Hyperammonaemia 23 15.89 (9.83, 23.30) 8 5.78 (2.95, 12.73) 15 22.77 (13.64, 35.02)*

Asterisk indicates ASM-ADE combination for which reporting frequency is disproportionally higher in one subgroup (i.e. EBO5 for that subgroup is higher than EB95
for the other subgroup). Bold indicates signal of disproportionate reporting in respective subgroup.
Abbreviations: ADE = Adverse Drug Event; ASM = Antiseizure Medication; Cl = Confidence Interval; EBGM = Empirical Bayesian Geometric Mean.

ASMs, were the most commonly implicated drugs in hyper-
sensitivity cases. It has been recognized that ASMs with
aromatic ring structure have a two to five times higher rate
of hypersensitivity reactions than nonaromatic ASMs
[17,34,38,39]. One hypothesis is that aromatic ASMs can
form an arene-oxide intermediate, which may become
immunogenic through interactions with proteins or cellular
macromolecules [40]. On the other side, there was no
difference in the outcome of hepatotoxicity-related ADEs.
One study in children with DILI showed better prognoses
in patients with DILI accompanied by hypersensitivity fea-
tures [11]. Considering the limitations of both our and the
latter study, the available information is limited to draw
a conclusion in this regard, and further research is needed.

4.3. Newer ASMs associated with DILI in children

Using the disproportionality analysis, signals referring to differ-
ent severity of DILI were detected for felbamate, lamotrigine,
levetiracetam, oxcarbazepine, stiripentol, and topiramate.
Felbamate is known for its hepatotoxicity. Liver failure was
reported in nine children and nine adults taking felbamate
soon after its approval [41]. Seven cases (two of which were in
children) were assessed as likely related to felbamate, suggest-
ing an overall risk similar to that associated with valproate
[41]. Based on these cases, females appeared to be at a much
higher risk (78% of all cases and 85.71% of likely related cases
concerned females) of hepatotoxicity [41]. In the present
study, felbamate showed signals for three PTs of hepatotoxi-
city with the highest signal score for Hepatic failure. However,



there were no significant differences in reporting between
boys and girls for any PTs.

Lamotrigine has been increasingly used in the pediatric
population because of its effectiveness in both focal and gen-
eralized epilepsy. In an analysis of pediatric ADEs to ASMs,
alterations in liver enzymes/liver function tests accounted for
49% of the reactions reported for lamotrigine [42]. In
a prospective DILIN registry study, lamotrigine was among
the most commonly implicated drugs and was involved in
the development of DILI in three of 30 children [22]. In the
present study, lamotrigine was disproportionally associated
with five PTs, with the highest signal score for DILI and
Hepatic failure. A gender-biased reporting frequency was
noted for DILI, with all 18 cases reported in girls.

Further, the present study suggests a disproportionate
reporting of Acute hepatic failure and Gamma-glutamyl trans-
ferase increase in children on levetiracetam therapy. Nine of
the 11 Acute hepatic failure cases concerned girls; however,
no statistical difference was observed in the reporting
between genders. One recent prospective study evaluated
the effect of levetiracetam monotherapy on liver enzymes
concentrations in children with epilepsy and found that
gamma-glutamyl transferase concentration was significantly
increased after 2months of treatment, but all measured
gamma-glutamyl transferase levels were within normal limits
before and after the initiation of levetiracetam therapy [43].
A review of the literature found 14 cases of severe DILI caused
by levetiracetam in the overall population [44]. The mechan-
ism of this toxic effect of levetiracetam is unknown.
Considering it is predominantly eliminated unchanged by
the kidneys and lacks hepatic metabolism, severe liver injury
is extremely rare [44]. However, due to its increased use in
pediatric epilepsy patients [3-6] and possible fatal outcomes,
it is important to be aware of this potential complication.

Oxcarbazepine rarely causes hepatotoxicity. Elevated levels
of aspartate aminotransferase, alanine aminotransferase, and
gamma-glutamyl transferase have been observed in less than
2% of patients receiving oxcarbazepine treatment [45].
However, in the present study, oxcarbazepine was dispropor-
tionally associated with all these events, suggesting that mon-
itoring of liver function tests may be particularly useful in the
pediatric population. A signal of Gamma-glutamyl transferase
increase was also found for stiripentol, which is consistent
with data from a long-term safety and efficacy study of stir-
ipentol [46]. Stiripentol was also disproportionally associated
with Hyperammonemia. Five of the seven reported cases
included valproic acid as a suspected/interacting drug (data
not shown). Add-on stiripentol has been found to elevate
serum valproic acid concentrations [47], whereas dose-
dependent hyperammonemia is a known complication of
valproate treatment [48]. Additionally, one study found that
female gender was a risk factor for hyperammonemia caused
by valproic acid in children [49]. Based on the present study,
girls are also at a higher risk of reporting Hyperammonaemia
during stiripentol treatment.

Topiramate was disproportionally associated with Acute
hepatic failure and Hyperammonemia. The mechanism under-
lying topiramate-induced liver injury is not well understood,
but rare cases of acute hepatic failure attributed to topiramate
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have been reported [50]. Hyperammonemia is usually
reported in the setting of concomitant use of other ASMs,
especially valproic acid [49,51]. In this study, 16 of the 23
cases reporting Hyperammonaemia also had valproic acid as
a suspected/interacting drug (data not shown). Topiramate
can contribute to hyperammonemia through its ability to
inhibit carbonic anhydrase, which leads to decreased urea
synthesis and elevated blood ammonia levels [52].
Additionally, topiramate inhibits cerebral glutamine synthe-
tase, an enzyme involved in cerebral ammonia detoxification
[52]. Our study suggests that special attention should be paid
to male pediatric patients, since both Acute hepatic failure
and Hyperammonaemia had disproportionally higher report-
ing in boys than in girls.

4.4. Study limitations

Analysis of post-marketing safety data and signal detection
activities are essential and reliable elements of drug safety
monitoring [53]. This is particularly true for idiosyncratic reac-
tions, which are rare and require the exposure of a very large
patient population in order to be detected [54]. However, the
present study has several limitations that should be consid-
ered. Namely, databases of spontaneous reports are hetero-
geneous and subject to reporting bias, including under-
reporting or selective reporting of suspected ADEs [55].
Some reports include limited data and missing information
can bias the results [55]. The probability that an ADE is drug-
related is not the same in all cases. As mentioned earlier,
information on the population exposed to a drug is unavail-
able; therefore, the specific risk associated with a drug is
difficult to estimate. While disproportionality analysis aims to
overcome this limitation, it can only indicate differences in
reporting rate, not differences in the occurrence of an event.
Additionally, VigiBase does not provide information on the
level of increase in liver enzymes when these findings are
coded as an event. Therefore, it was not possible to use
a specific threshold to define DILI nor was it possible to assess
if the increase was clinically significant. Lastly, reactions cap-
tured by SMQ Hypersensitivity may be due to causes other
than hypersensitivity. However, the unavailability of case nar-
ratives in VigiBase precluded a more detailed analysis of the
cases retrieved by this SMQ.

5. Conclusion

DILI caused by newer ASMs in children ranges from non-
serious liver enzyme abnormalities to acute liver failure.
Although recovery is common, fatal outcomes also occur.
A high proportion of patients develop hypersensitivity reac-
tions, mostly due to lamotrigine, without affecting the DILI
outcome. As most reactions abate after withdrawal of
a causative drug, a high index of suspicion that considers
knowledge about potentially hepatotoxic ASMs and the risk
factors is needed. In the present study, felbamate, lamotri-
gine, levetiracetam, oxcarbazepine, stiripentol, and topira-
mate showed association with hepatotoxicity-related ADEs
in children. Felbamate, lamotrigine, levetiracetam, and topir-
amate showed association with severe liver injury. Our results
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should serve to raise clinicians’ awareness about the poten-
tial association between several newer ASMs and DILI but,
owing to the limitations of the study, further research is
needed to draw conclusions that contribute to clinical
practice.
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Abstract

Background While it has been recognised that children may be at a greater risk of developing valproic acid-induced hepato-
toxicity, it is less known if age and sex represent risk factors for drug-induced liver injury (DILI) caused by other antiseizure
medications (ASMs).

Aim To investigate the influence of patient age and sex on DILI caused by ASMs.

Method To estimate hepatotoxic potential of 24 ASMs, deduplicated safety reports from VigiBase were accessed and
disproportionality analysis was conducted by calculating Empirical Bayesian Geometric Mean and its 90% confidence
interval (EBO5, EB95). For ASMs with identified signals of disproportionate reporting (EB0O5 > 2, N > 0) for at least one
hepatotoxicity-related event, we compared reporting frequency of overall hepatotoxicity among different age groups and
between males and females by combining all events of interest into one custom term “overall DILI”. The same analysis was
conducted using the custom term “liver failure”.

Results Signals of disproportionate reporting were identified for 14 (58.33%) ASMs. Valproic acid and carbamazepine had
the highest number of identified signals (25 and 17, respectively). Among the 14 ASMs with identified signals, seven (50%)
had disproportionally higher reporting of overall DILI in children, one (7.14%) in older people, and nine (64.29%) in females.
Further, six (42.86%) ASMs had disproportionally higher reporting of liver failure in children and three (21.43%) in females.
Conclusion Our study suggests the importance of considering patient age and sex when assessing the risk of DILI from
specific ASMs. However, the results are mainly hypothesis-generating and the identified signals require further investigation.

Keywords Adverse drug reaction reporting systems - Age factors - Anticonvulsants - Drug-induced liver injury - Sex
factors

Impact statements ment should be integrated into treatment planning for
patients with epilepsy.

¢ Given that diagnosing drug-induced liver injury (DILI)

e The findings highlight the broad spectrum of hepatotoxic

effects associated with certain antiseizure medications
(ASMs), ranging from liver enzyme elevations to acute
liver failure.

The observed differences in hepatotoxic risk based on
patient age and sex suggest that personalised risk assess-
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often requires a high index of suspicion, these findings
may assist healthcare professionals by clarifying the spe-
cific hepatotoxicity profiles of individual ASMs and the
influence of patient age and sex, supporting earlier DILI
recognition and improved patient safety and therapeutic
outcomes.

While the study provides important real-world insights,
the findings are primarily hypothesis-generating and war-
rant further investigation.
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Introduction

Drug-induced liver injury (DILI) is an adverse reaction to
drugs that results in alteration of liver enzymes when all
other aetiologies of liver injury have been excluded. Clini-
cally, it presents with a variety of phenotypes and ranges in
severity from mild asymptomatic liver test abnormalities
to acute liver failure. The occurrence of DILI is uncom-
mon in clinical settings and reported incidence rates
vary considerably across different countries, likely due
to inconsistent diagnostic criteria and differences in the
study design and population [1]. Although rare, DILI is
one of the most common reasons for failure of drugs in
clinical trials or their withdrawal from the market [2]. For
this reason, it has been a subject of increasing interest, and
extensive efforts have been made to increase knowledge
regarding responsible drugs, mechanisms, risk factors, and
diagnostic tools in recent years [3, 4].

DILI is classically divided into two types: intrinsic and
idiosyncratic. Intrinsic DILI is generally dose-dependent
and predictable. In contrast, idiosyncratic DILI is unpre-
dictable and lacks a clear dose dependence. This type
of DILI is considered a complex process influenced by
an interplay of multiple factors, including drug proper-
ties, individual patient characteristics, and environmental
conditions [5]. It is believed that drug exposure and drug
properties play primary roles at the initial stages of cellu-
lar damage [5]. However, as the process advances, patient
factors become important in determining the response
to toxic insults [5]. Among these patient factors are age
and sex. Namely, as age and sex may influence drug han-
dling, toxicological response, inflammation and immune
response, and tissue injury and repair, they may interact
with drug specific properties at multiple levels to deter-
mine high-risk populations for specific drugs [5].

As a therapeutic class, antiseizure medications (ASMs)
are consistently reported among the leading causes of clin-
ically apparent liver injury and drug-induced acute liver
failure [6-8]. This is primarily attributed to the hepato-
toxic potential of some older generation ASMs (carbamaz-
epine, phenobarbital, phenytoin, and valproic acid) and
lamotrigine, while majority of newer ASMs seem to have
a lower likelihood of causing liver damage [9]. While it
has been recognised that children may be at a greater risk
of developing valproic acid-induced hepatotoxicity [10],
it is less known if age and sex represent risk factors for
DILI caused by other ASMs. Therefore, the aim of this
study was to explore the influence of patient age and sex
on DILI caused by ASMs.

For this aim, we used VigiBase, the WHO global data-
base of reported potential side effects of medicinal prod-
ucts, as a data source. VigiBase was founded in 1968 by
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the WHO Programme for International Drug Monitoring
and is currently maintained by Uppsala Monitoring Centre
[11]. It contains over 30 million reports collected glob-
ally, representing the largest database of its kind world-
wide [12]. Clinical trials, primarily focused on assessing
efficacy endpoints, often lack the power to detect rare
adverse events. Consequently, spontaneous adverse event
reporting systems like VigiBase have an important role
in providing drug safety information. This is particularly
true for women of childbearing potential, children, and
older people who are often excluded from clinical trials
or are underrepresented. Considering this and the rarity
of DILI, we assumed this large dataset would provide us
enough cases to analyse data across different age and sex
categories.

Aim

The aim of this study was to explore the influence of patient
age and sex on DILI caused by ASMs.

Ethics approval

Ethical approval was not required for this study as it was
conducted using anonymised health-related data.

Method

Using Empirica™ Signal software, Version 9.1 (Oracle
Corporation, Redwood Shores, CA), deduplicated safety
reports reported in VigiBase and released in the fourth quar-
ter of 2022 were accessed to obtain information on hepato-
toxic potential of 24 ASMs (brivaracetam, carbamazepine,
clobazam, clonazepam, eslicarbazepine, ethosuximide, fel-
bamate, gabapentin, lacosamide, lamotrigine, levetiracetam,
oxcarbazepine, perampanel, phenobarbital, phenytoin, pre-
gabalin, primidone, rufinamide, stiripentol, tiagabine, topira-
mate, valproic acid, vigabatrin, and zonisamide). ASMs
were searched by their generic names and cases in which
at least one of them was marked as suspected or interacting
drug were identified. To search for hepatotoxicity-related
adverse drug events, Preferred Terms (PTs) of Medical Dic-
tionary for Regulatory Activities (version 25.0) related to
various types and degrees of liver injury were used [13].
Then, using all other drugs reported in VigiBase as a com-
parator, a disproportionality analysis was conducted.
Disproportionality analysis compares the observed
adverse drug event count to the count that would be
expected if occurrences of drugs and events in reports
were independent. It is based on the null hypothesis that
reporting is random, and a given event may be attributed
to any of the drugs taken by the patient [14]. If there
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is an association of the event with a drug, that drug-
event combination will appear more often than expected
from chance [14]. Therefore, by comparing the observed
adverse drug event count to the expected count derived
from the overall database, disproportionality analysis
quantifies “unexpectedness” [15]. Various algorithms can
be used to determine “unexpectedness” [15]. We used
the Multi-item Gamma Poisson Shrinker algorithm which
estimates Empirical Bayesian Geometric Mean (EBGM)
and its 90% confidence interval (CI; EBOS, EB95).

EBGM is an improved estimate of the relative report-
ing ratio (RRR) and indicates the strength of the report-
ing relationship between a particular drug and event.
It is defined as the exponential of expectation value of
log(RRR), where, in this case, the probabilities deter-
mining expected value are not based on assuming inde-
pendence of drugs and events, but are based on statistical
measures of the dependencies exhibited in the data-
base overall and for each drug-event combination, and
is described in detail elsewhere [16]. To detect a signal
of disproportionate reporting, we used the commonly
applied threshold of EBO5>2, N> 0 [17]. EBOS > 2 sug-
gests that a particular drug-event pair occurs more than
twice the expected rate, based on the data in the database.
Standard stratification by age group, sex, and report year
was applied to deal with confounding due to, for example,
a drug being administered only to older people or being
new on the market.

For ASMs with identified signals of disproportionate
reporting for at least one of hepatotoxicity-related events,
we compared reporting frequency of overall hepatotoxic-
ity among different age groups and between males and
females. All PTs of interest were combined into one
custom term “overall DILI” and age- and sex-specific
EBGM values for the custom term were calculated for
the subsets of data concerning different age groups (chil-
dren [0—17 years], adults [18—64 years], and older people
[65 years or older]) and each sex (male and female). To
identify drugs with age- and/or sex-biased reporting fre-
quency, corresponding 90% Cls of EBGM values were
compared; drugs associated with an increased report-
ing frequency of hepatotoxicity in one age group were
selected by EBOS for that age group being higher than
EBO95 for the other age groups and drugs associated with
an increased reporting frequency in one sex were selected
by EBOS for that sex being higher than EB95 for another
sex. The same analysis was conducted using the custom
term “liver failure” which was created by combining PTs
Acute hepatic failure, Coma hepatic, Hepatic encepha-
lopathy, Hepatic failure, Hepatitis fulminant, and Liver
transplant.

Results

Based on the disproportionality analysis, signals of dis-
proportionate reporting for at least one of hepatotoxic-
ity-related events were identified for carbamazepine,
clobazam, felbamate, lacosamide, lamotrigine, lev-
etiracetam, oxcarbazepine, phenobarbital, phenytoin,
primidone, stiripentol, topiramate, valproic acid, and
zonisamide. Valproic acid and carbamazepine had the
highest number of identified signals (25 and 17, respec-
tively), while primidone and topiramate had one signal
each. Most of the signals corresponded to hepatocellular
type of liver injury, but mixed and cholestatic types were
also reported. For the most serious events of hepatotoxic-
ity (any of the following PTs: Acute hepatic failure, Coma
hepatic, Hepatic encephalopathy, Hepatic failure, Hepatitis
fulminant, or Liver transplant), signals were detected for
carbamazepine, felbamate, levetiracetam, phenobarbital,
and valproic acid (Table 1).

When different age groups were compared, felbamate,
lamotrigine, phenobarbital, phenytoin, stiripentol, topira-
mate, and valproic acid had disproportionally higher
reporting of overall DILI in children compared to the
other age groups, while levetiracetam had disproportion-
ally higher reporting in older people (Fig. 1).

Carbamazepine, felbamate, lacosamide, lamotrigine,
levetiracetam, oxcarbazepine, phenobarbital, phenytoin,
and valproic acid had disproportionally higher reporting
in females compared to males (Fig. 2).

For the custom term “liver failure”, carbamazepine,
lamotrigine, phenytoin, stiripentol, topiramate, and valp-
roic acid had disproportionally higher reporting in children
compared to the other age groups, while carbamazepine,
phenytoin, and valproic acid had disproportionally higher
reporting in females compared to males (Table 2).

Discussion
Statement of key findings

A growing body of evidence suggests that neither age nor
sex are general risk factors for DILI but that age- and sex-
differences in DILI risk are drug-specific [5]. While one
previous study examined DILI associated with ASMs using
data from the FDA Adverse Event Reporting System—with-
out stratifying by patient age or sex [18]—this is, to our
knowledge, the first study to investigate age and sex as risk
factors for ASM-induced DILI in the overall population.
Using VigiBase, we identified signals of dispropor-
tionate reporting of hepatotoxicity-related adverse drug
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Table 1 Signals of disproportionate reporting of hepatotoxicity-related adverse drug events in the overall population

ASM MedDRA preferred term N EBGM (90% CI1)
Carbamazepine Acute hepatic failure 46 2.82(2.20, 3.57)
Blood alkaline phosphatase increased 413 3.24 (2.98,3.51)
Cholestasis 122 4.14 (3.56, 4.79)
Drug-induced liver injury 171 6.05 (5.33, 6.85)
Gamma-glutamyltransferase increased 695 6.77 (6.35, 7.20)
Hepatic cytolysis 130 4.71 (4.07,5.43)
Hepatic enzyme increased 616 2.79 (2.61,2.98)
Hepatic function abnormal 1254 3.06 (2.92, 3.20)
Hepatic necrosis 54 2.53 (2.01, 3.14)
Hepatitis 770 2.83 (2.67, 3.00)
Hepatitis cholestatic 221 2.61 (2.33,2.91)
Hepatitis fulminant 20 2.95(2.02,4.19)
Hepatitis toxic 38 3.19 (2.43,4.13)
Hyperammonaemia 42 3.74 (2.89, 4.79)
Liver function test abnormal 239 2.24 (2.02,2.49)
Liver injury 99 3.19 (2.70, 3.75)
Mixed liver injury 17 4.43 (2.93, 6.48)
Clobazam Gamma-glutamyltransferase increased 26 3.36 (2.41,4.58)
Hepatic cytolysis 22 4.11 (2.86, 5.75)
Hyperammonaemia 15 6.19 (3.94, 9.54)
Felbamate Gamma-glutamyltransferase increased 18 3.27 (2.19, 4.74)
Hepatic failure 21 5.85 (4.03, 8.30)
Hepatic function abnormal 73 3.59 (2.95, 4.34)
Lacosamide Cholestasis 18 3.21 (2.15, 4.64)
Hepatic cytolysis 26 3.34(2.40, 4.56)
Hyperammonaemia 15 6.13 (3.91, 9.44)
Lamotrigine Drug-induced liver injury 144 4.68 (4.07, 5.35)
Hepatic cytolysis 90 3.32(2.78,3.93)
Hepatic function abnormal 364 2.26 (2.08, 2.47)
Levetiracetam Acute hepatic failure 54 3.50 (2.78, 4.35)
Cholestasis 104 5.28 (4.48, 6.19)
Cholestatic liver injury 11 4.25 (2.54, 6.80)
Gamma-glutamyltransferase increased 98 2.49 (2.11,2.94)
Hepatic cytolysis 145 5.30 (4.61, 6.06)
Hepatic enzyme increased 473 3.24 (3.00, 3.49)
Hepatitis acute 33 2.85(2.12,3.75)
Hyperammonaemia 56 7.11 (5.67, 8.84)
Liver function test increased 83 2.41 (2.00, 2.87)
Mixed liver injury 17 4.97 (3.28,7.28)
Oxcarbazepine Cholestasis 23 2.86 (2.01,3.97)
Gamma-glutamyltransferase increased 96 4.85 (4.09, 5.72)
Hyperammonaemia 14 3.46 (2.20, 5.25)
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Table 1 (continued)

ASM MedDRA preferred term N EBGM (90% CI)
Phenobarbital Acute hepatic failure 13 3.28 (2.04, 5.04)
Cholestasis 28 4.99 (3.62, 6.74)
Drug-induced liver injury 18 3.09 (2.07, 4.47)
Gamma-glutamyltransferase increased 85 6.00 (5.00, 7.15)
Hepatic cytolysis 24 4.01 (2.84, 5.53)
Hepatic failure 37 3.20 (2.43,4.16)
Hepatic function abnormal 123 2.40 (2.07,2.78)
Hepatitis 101 2.84 (2.40, 3.33)
Hepatitis toxic 11 4.41 (2.63,7.06)
Hyperammonaemia 35 14.39 (9.86, 19.68)
Liver injury 33 5.20 (3.87, 6.86)
Transaminases increased 38 3.12 (2.38, 4.04)
Phenytoin Blood alkaline phosphatase increased 282 2.92 (2.64,3.22)
Gamma-glutamyltransferase increased 309 3.70 (3.37, 4.06)
Hepatic function abnormal 684 2.19 (2.05, 2.33)
Hepatitis 483 2.36 (2.19,2.54)
Hepatotoxicity 88 2.79 (2.33,3.31)
Hyperammonaemia 32 3.16 (2.34,4.18)
Liver function test abnormal 298 2.81 (2.55, 3.09)
Mixed liver injury 17 4.59 (3.03, 6.72)
Primidone Gamma-glutamyltransferase increased 16 3.22(2.10,4.76)
Stiripentol Gamma-glutamyltransferase increased 6 5.22(2.40, 13.91)
Hyperammonaemia 10 42.82 (24.35, 70.96)
Topiramate Hyperammonaemia 110 24.05 (20.50, 28.06)
Valproic acid Acute hepatic failure 127 5.22 (4.50, 6.02)
Alanine aminotransferase increased 860 2.64 (2.50, 2.79)
Aspartate aminotransferase increased 787 2.99 (2.82,3.17)
Blood alkaline phosphatase increased 286 2.50(2.27,2.75)
Coma hepatic 37 8.35(6.23,11.22)
Drug-induced liver injury 157 3.86 (3.38, 4.40)
Gamma-glutamyltransferase increased 338 3.20(2.92, 3.49)
Hepatic cytolysis 140 3.51 (3.05, 4.02)
Hepatic encephalopathy 81 5.03 (4.18, 6.02)
Hepatic enzyme increased 811 3.00 (2.83,3.17)
Hepatic failure 552 6.29 (5.86, 6.74)
Hepatic function abnormal 1844 4.94 (4.75, 5.13)
Hepatic necrosis 90 4.25(3.57,5.04)
Hepatitis 533 2.24 (2.09,2.41)
Hepatitis acute 69 3.34 (2.73, 4.05)
Hepatitis fulminant 34 4.10(3.07, 5.38)
Hepeatitis toxic 35 2.72 (2.05, 3.56)
Hepatocellular injury 234 3.91(3.51,4.35)
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Table 1 (continued)

ASM MedDRA preferred term N EBGM (90% CI)
Hepatotoxicity 213 4.54 (4.06, 5.08)
Hyperammonaemia 1519 95.92 (91.94, 100.04)
Liver function test abnormal 394 2.82 (2.59, 3.06)
Liver injury 275 6.03 (5.46, 6.65)
Mixed liver injury 18 3.78 (2.53,5.48)
Transaminases abnormal 11 4.58 (2.73,7.34)
Transaminases increased 394 4.52 (4.16, 4.90)

Zonisamide Drug-induced liver injury 16 4.52 (2.95, 6.69)
Hepatic function abnormal 41 3.10 (2.38,3.97)
Hyperammonaemia 13 8.24 (4.60, 16.89)

No signals of disproportionate reporting for any of the hepatotoxicity-related adverse drug events were identified for brivaracetam, clonazepam,
eslicarbazepine, ethosuximide, gabapentin, perampanel, pregabalin, rufinamide, tiagabine, and vigabatrin

ASM, antiseizure medication; CI, confidence interval; EBGM, empirical Bayesian geometric mean; MedDRA, medical dictionary for regulatory

activities

events for 14 ASMs (carbamazepine, clobazam, felbamate,
lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
phenobarbital, phenytoin, primidone, stiripentol, topira-
mate, valproic acid, and zonisamide) and found that age
and sex may influence the reporting frequency of some
ASMs-induced hepatotoxicity. Specifically, seven ASMs
had disproportionally higher reporting of overall DILI in
children, one in older people, and nine in females. Further,
six ASMs had disproportionally higher reporting of liver
failure in children and three in females.

Interpretation

Drugs may initiate hepatotoxicity through diverse mecha-
nisms such as reactive metabolites (RMs) formation, oxida-
tive stress, mitochondrial injury, and inhibition of bile acid
excretion. Indeed, most of the ASMs with identified signals
are known to form RMs, to lead to oxidative stress, and/or
to cause mitochondrial toxicity [19-23]. As noted above,
patient age and sex may interact with these drug specific
effects at multiple levels to determine high-risk populations
for specific drugs [5]. In the present study, felbamate, lamo-
trigine, phenobarbital, phenytoin, stiripentol, topiramate,
and valproic acid had disproportionally higher reporting of
hepatotoxicity in children compared to the other age groups,
while levetiracetam had disproportionally higher reporting
in older people.

For valproic acid it has been recognised that children,
particularly younger ones, may be at a greater risk of devel-
oping hepatotoxicity [10]. This has been attributed to dif-
ferences in drug metabolism and reduced plasma protein
binding [24]. Generally, important differences have been
found in the paediatric population compared with adults
both for phase I and phase II drug-metabolising enzymes
[25]. These differences can result in increased levels of RMs
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in children, making them more susceptible to DILI caused
by certain ASMs. Further, a previous data-mining analy-
sis showed that mitochondrial liability was more prevalent
among the drugs with an increased paediatric reporting
frequency, likely due to underlying inborn mitochondrial
defects that manifest early in life [26]. This may explain
the results from our study as felbamate, lamotrigine, phe-
nobarbital, phenytoin, topiramate, and valproic acid have
been linked to mitochondrial toxicity [22]. However, carba-
mazepine, levetiracetam, oxcarbazepine and zonisamide may
also impar mitochondrial function [22] and did not show
age-biased reporting, although for carbamazepine age-biased
reporting was detected for liver failure. Lastly, age-biased
reporting may be expected for some drugs considering the
treated population. Specifically, higher reporting in children
for stiripentol is expected due to its approved use in treat-
ing seizures associated with Dravet syndrome, which mostly
develops during the first year of life [27].

The reason for disproportionally higher reporting of lev-
etiracetam hepatotoxicity in older people remains unclear.
Levetiracetam has minimal hepatic metabolism and does not
affect CYP-450 isoenzyme activity [28]. The mechanism
underlying its hepatotoxicity is not well understood, but
one study found that high fever, allergies and elevated liver
enzymes occurred in the early stage of levetiracetam admin-
istration, indicating immune-mediated hepatotoxicity [29].
However, the increased risk in older people is not supported
by the literature, as in the recent literature review only two
of 17 cases concerned older people [30]. Already mentioned
data-mining analysis showed that high lipophilicity and
biliary excretion were more common among drugs associ-
ated with a higher reporting frequency in older people [26],
but these are not characteristics of levetiracetam. Deeper
understanding of the mechanism underlying levetiracetam
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Fig.1 Overall drug-induced liver injury reporting frequency by age
group for ASMs with identified signals of disproportionate reporting
for at least one of hepatotoxicity-related events Abbreviations: ASM:
antiseizure medication; CI: confidence interval; EBGM: empirical
Bayesian geometric mean. Note: For ASMs with identified signals of
disproportionate reporting for at least one of hepatotoxicity-related
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events, all hepatotoxicity-related events were combined into one
custom term “overall DILI” and age-specific EBGM values for this
custom term were calculated for data subsets corresponding to differ-
ent age groups: children (0-17 years), adults (18-64 years), and older
people (65 years and above)
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Fig.2 Overall drug-induced liver injury reporting frequency by sex
for ASMs with identified signals of disproportionate reporting for
at least one of hepatotoxicity-related events Abbreviations: ASM:
antiseizure medication; CI: confidence interval; EBGM: empirical
Bayesian geometric mean. Note: For ASMs with identified signals of

hepatotoxicity is needed to clarify the observed association
and the possible influence of confounding factors.

When it comes to sex differences, carbamazepine, fel-
bamate, lacosamide, lamotrigine, levetiracetam, oxcar-
bazepine, phenobarbital, phenytoin, and valproic acid had
disproportionally higher reporting of hepatotoxicity in
females compared to males and no ASMs had dispropor-
tionally higher reporting in males compared to females.
There are several factors that may put women at a higher
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disproportionate reporting for at least one of hepatotoxicity-related
events, all hepatotoxicity-related events were combined into one cus-
tom term “overall DILI” and sex-specific EBGM values for this cus-
tom term were calculated separately for the male and female subsets
of the data

risk of hepatotoxicity caused by certain ASMs. First, sex-
specific differences in gene expression or activity of drug
metabolising enzymes [31] may lead to higher levels of
RMs in women. Second, estradiol, while having some pro-
tective effects on hepatocytes, can also impair mitochon-
drial f-oxidation and thus can contribute to mitochondrial
adverse effects caused by ASMs [32, 33]. Lastly, a sex bias
in immune response and inflammation has been observed,
with females having more severe hepatitis, more antibody
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Table 2 Disproportionality analysis for liver failure cases by age group and sex

ASM Age group Sex

0-17 18-64 >65 Female Male

N  EBGM (90% CI) N  EBGM (90% CI) EBGM (90% CI) N  EBGM (90% CI) N  EBGM (90% CI)
Carbamazepine 54 4.25(3.38,5.29) 117 1.96(1.68,2.28) 25 1.23(0.88,1.69) 139 2.85(2.47,3.27) 80 1.51(1.25,1.81)
Clobazam 2.57 (1.34, 4.56) 7 150(0.78,2.66) 1 0.72(0.15,2.46) 12 2.51(1.53,3.92) 5 0.95(0.44,1.84)
Felbamate 5.90 (3.25, 10.48) 12 511(3.11,8.05 0 - 14 6.20 (3.87,9.79) 7 2.99(1.56,5.30)
Lacosamide 0.75 (0.15, 2.62) 9 1.23(0.70,2.06) 7 2.33(1.22,4.12) 11 1.60(0.96,2.54) 11 1.40(0.84,2.23)
Lamotrigine 47 3.94 (3.08,4.97) 113 2.00(1.71,2.32) 6 0.76(0.38,1.40) 124 2.22(1.91,2.57) 62 1.69 (1.37,2.07)
Levetiracetam 17 2.50(1.65, 3.65) 72 2.53(2.08,3.06) 24 2.55(1.81,3.52) 66 2.68(2.18,3.27) 63 2.15(1.74,2.63)
Oxcarbazepine 9 1.82(1.03,3.04) 11 0.81(0.48,1.29) 1 0.28(0.06,0.96) 17 1.30(0.86, 1.90) 6 0.48 (0.24,0.88)
Phenobarbital 24 5.21(3.69,7.21) 33 3.62(2.70,4.78) 2 0.68(0.21,1.78) 34 4.41(3.30,5.79) 26 2.73(1.96,3.72)
Phenytoin 35 4.37 (3.28,5.71) 124 2.27(1.95,2.62) 21 1.06(0.73,1.49) 96 2.57(2.17,3.03) 95 1.69 (1.43,2.00)
Primidone 2.18 (0.65, 5.82) 4 1.51(0.64,3.16) 2 0.94(0.29, 2.46) 6 1.97(0.98, 3.64) 0.41 (0.08, 1.42)
Stiripentol 5 6.39 (2.46, 24.80) 0 - 0 - 2 1.99(0.59, 5.29) 5 6.74(2.33,31.43)
Topiramate 22 4.413.07,6.17) 36 1.35(1.02,1.76) 3 1.02(0.38,2.32) 45 1.63(1.27,2.07) 27 1.79(1.29,2.42)
Valproic acid 230 11.26 (10.06, 12.59) 303 4.36 (3.96,4.79) 64 4.15(3.36,5.07) 341 6.46 (5.90,7.05) 315 4.75(4.33,5.21)
Zonisamide 3 1.80(0.67,4.13) 7 1.40(0.73,249) 0 - 4 0.94 (0.40, 1.95) 7 1.60(0.84,2.84)

For ASMs with identified signals of disproportionate reporting for at least one of hepatotoxicity-related events, six most serious hepatotoxic-
ity-related events (acute hepatic failure, coma hepatic, hepatic encephalopathy, hepatic failure, hepatitis fulminant, and liver transplant) were
combined into one custom term “liver failure” and age- and sex-specific EBGM values for this custom term were calculated for data subsets
corresponding to different age groups (children [0-17 years], adults [18-64 years], and older people [65 years and above]) and for the male and
female subsets of the data. Bold indicates disproportionally higher reporting in respective subgroup compared to the other subgroup(s)

ASM, antiseizure medication; CI, confidence interval; EBGM, empirical Bayesian geometric mean

production, and a higher level of pro-inflammatory hepatic
cytokines compared to males [34]. Therefore, several sex-
specific attributes may interact with ASMs properties, lead-
ing to a higher susceptibility to hepatotoxicity caused by
certain ASMs in females.

Female patients have been found to be at a greater risk of
progressing to acute liver failure [35, 36]. Our study suggests
that this risk is drug-specific, with women receiving carba-
mazepine, phenytoin, and valproic acid requiring particular
attention. Further, we found a disproportionate reporting of
liver failure associated with certain ASMs in children, with
valproic acid showing the highest disparity — an observation
consistent with existing literature [10]. Genetic variants of
certain enzymes have been shown to play a role in valproic
acid-induced hepatotoxicity [37]. As noted above, underly-
ing inborn mitochondrial defects that manifest in the first few
years of life can make children a more vulnerable popula-
tion. In particular, acute liver failure and death from valproic
acid-induced liver injury have been reported more frequently
in patients with inherited neurometabolic syndromes caused
by mutations in the gene encoding polymerase gamma [38].
Although the difference in liver failure reporting between
children and other age groups for carbamazepine, lamo-
trigine, phenytoin, stiripentol, and topiramate was less pro-
nounced, our study suggests that clinicians should also pay
attention to children treated with these drugs, although the

findings may be confounded by an increased risk of valproic
acid-induced hepatotoxicity in children on polytherapy [37].

Strengths and weaknesses

The study is limited by inherent flaws of post-marketing
spontaneous reporting systems. Namely, the number of
reports received for a specific drug is subject to reporting
bias and may be influenced by several factors; high signal
scores can arise from a drug being frequently co-prescribed
with another drug that causes a particular event, back-
ground disease in the treated population, or publicity about
an adverse event [39]. Therefore, the probability that an
adverse event is drug-related is not the same in all cases
and data mining of these systems should only be consid-
ered as an exploratory tool to detect signals and generate
hypothesis. Once a signal of disproportionate reporting is
detected, it needs validation through analysis of other safety
data sources including non-clinical and clinical trials, obser-
vational studies, and literature. Nonetheless, recent study
provided evidence that relative risks obtained from meta-
analyses and from disproportionality analyses correlated
in most cases [40], suggesting the utility of this approach
in investigating drug safety. Moreover, spontaneous report-
ing systems are considered the most valuable resource for
investigating designated medical events i.e., rare but serious
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adverse events with strong drug-attributable component
[41]. Examples of such events include PTs Acute hepatic
failure, Drug-induced liver injury, Hepatic failure, Hepatitis
fulminant, and Hepatic necrosis [42].

Conclusion

Our study suggests the importance of considering patient
age and sex when assessing the risk of DILI from specific
ASMs. While confirming previous findings that children are
at a higher risk of developing valproic acid-induced hepa-
totoxicity, including liver failure, our results suggest that
children may also be at a higher risk of overall DILI and
liver failure from several other ASMs. In contrast, our data
indicate that older people are more susceptible to hepato-
toxicity from levetiracetam. Compared to males, females
appear more susceptible to overall DILI and liver failure
caused by several ASMs. These findings may potentially
enable more accurate risk assessment and the development
of personalised treatment approaches for individuals using
ASMs. However, the results are mainly hypothesis-generat-
ing and the identified signals, particularly for levetiracetam,
require further investigation. Also, interactions of specific
age/sex with other risk factors, such as comorbid diseases,
concomitant medications, and genetic risk factors, should
be investigated.
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PRIGOVOR NA DOKTORSKU DISERTACIJU

“Procena povezanosti karakteristika pacijenata i hepatotoksi¢nosti antiepileptika na
osnovu globalne baze nezeljenih efekata lekova” (“Assessment of the association between
patient characteristics and antiseizure drug — induced hepatotoxicity based on the global

adverse drug effect database”)

i objavljene nauéne radove kandidatkinje magistra farmacije Sanje Petrovi¢



Postovane profesorke i ¢lanovi Komisija,

Obraéam vam se u vezi sa doktorskom disertacijom kandidatkinje magistra farmacije Sanje
Petrovié, koja je 11. 7. 2025. godine stavljena na uvid javnosti pre odbrane na Univerzitetu u
Beogradu, u sekciji Fakulteta medicinskih nauka, sa prethodnom najavom na sajtu
Farmaceutskog fakulteta Univerziteta u Beogradu od 10. 7. 2025. godine.

Jako ovo istrazivanje ima vrednost i donosi korisne informacije, uvidom u doktorsku
disertaciju, Izveitaj komisije za ocenu i odbranu zavrSene doktorske disertacije kandidata
magistra farmacije Sanje Petrovi¢, tri objavljena nau¢na rada koja su osnov ove doktorske
disertacije i Izvestaj komisije o oceni nau¢ne zasnovanosti teme doktorske disertacije uz
Odluku nastavno-nauénog veéa o prihvatanju teme i odredivanju mentora konstatovanih na
26. Sednici Veéa nauénih oblasti medicinskih nauka koja je odrzana 18. 3. 2025. godine,
uogeno je nekoliko ozbiljnih propusta i nedostataka koji se odnose na metodolosku preciznost,
transparentnost u vezi sa pristupom podacima, pojedinaénim doprinosima autora, kao i
potencijalni konflikt interesa. Vazno je ista¢i ove nedostatke kako bi se osiguralo postovanje
principa integriteta istraZivanja kao $to su otvorenost i pristupacnost, odgovornost prilikom
sprovodenja istrazivanja, odgovornost prema budu¢im istraZivatima i nau¢nicima, kao 1
odgovorno ¢uvanje podataka uz postovanje principa otvorene nauke. Imajuci u vidu da Kodeks
ponaSanja u naucnoistrazivackom radu Nacionalnog saveta za naucni i tehnoloski razvoj
Republike Srbije definide dobru praksu kori§¢enja podataka — dostupnost i pristup, kao jednu od
kategorija dobre nau¢ne prakse, razja$njavanjem sledecih nedostataka obezbedila bi se
reproducibilnost rezultata ovog istraZivanja i povecala njegova nau¢na vrednost.

1. Nedostatak transparentnosti u vezi sa pristupom podacima globalne baze nezeljenih
efekata lekova - VigiBase i koriséenjem softverskog alata Empirica™ Signal razvijenim od
strane kompanije Oracle Life Sciences

Autorka Sanja Petrovié u delu doktorske disertacije Metode istrazivanja, navodi sledece:
“Sprovedena je retrospektivna analiza podataka iz VigiBase-a.” [str. 33]

“Nacionalni centri za farmakovigilancu imaju pristup prijavljenim slucajevima neZeljenih
dogadaja u VigiBase-u.” [str. 36]

“Dodatno, VigiBase podacima se moZe pristupiti pomoéu Empirica™ Signal softvera. Empirica
Signal softver je veb-bazirani softver za farmakovigilancu, razvijen od strane kompanije Oracle
Life Sciences, namenjen farmaceutskim kompanijama i regulatornim agencijama za
otkrivanje, analizu i upravljanje signalima.” [str. 36]



“Koriste¢i Empirica Signal softver, verzija 9.1, pristupilo se dedupliciranim izveStajima
prijavljenim u VigiBase-u i objavljenim u &etvrtom kvartalu (decembru) 2022. godine kako bi se
dobile informacije o hepatotoksiénom potencijalu slede¢ih antiepileptika.” [str. 36]

Imajuéi u vidu da VigiBase, globalna baza Svetske zdravstvene organizacije o prijavljenim
potencijalnim neZeljenim efektima lekova nije otvorena za pristup javnosti, delom i usled
poverljivosti podataka o pacijentima i pojedinacnim sluajevima prijavljenih nezeljenih efekata
leka, iz disertacije se zakljutuje da je podacima iz VigiBase-a pristupljeno putem komercijalnog
softvera Empirica™ Signal. Budu¢i da Empirica™ Signal softver nema otvoreni pristup (“open-
access”) veé mu se moZe pristupiti jedino kori§¢enjem placene licence/unoSenjem kompanijskih
kredencijala, i uzev§i u obzir da je namenjen farmaceutskim kompanijama i regulatornim
agencijama, u disertaciji nije jasno objasnjeno kako je autorka dola do podataka za istraZivanje i
na koji nadin i od strane koga joj je omogucen pristup njima.

U metodologkom delu disertacije bi moralo biti precizno navedeno od strane koga i na koji na¢in
je autorima omogucen pristup podacima iz VigiBase-a, kao i pristup Empirica™ Signal softveru,
imajuéi u vidu da je bez ove informacije tesko proceniti u kojoj meri je metodoloSki okvir
istrazivanja pouzdan i da li je autorima bilo omoguceno kori$¢enje specifi¢nih resursa u vezi sa
pristupom VigiBase bazi Svetske zdravstvene organizacije. Radi moguénosti ponavljanja
istrazivanja od strane drugih istraZivaca, te kako bi se proverila reproducibilnost rezultata, a i u
skladu sa Kodeksom pornasanja u naucnoistrazivackom radu Nacionalnog saveta za naucni i
tehnoloski razvoj Republike Srbije o dobroj praksi kori§¢enja podataka koja podrazumeva
dostupnost i pristup podacima kao jednu od kategorija dobre naucne prakse, neophodno je
priloziti formalno potpisanu potvrdu o saglasnosti za pristup podacima baze VigiBase
ukoliko je takav pristup bio odobren od strane kompanije ili sponzora.

2. Ukljuéenost firmi u istrazivanje

lako je prema navodima o finansiranju u okviru tri objavljena nau¢na rada koji €ine osnovu ove
disertacije, finansiranje ovog istraZivanja obezbedeno kroz Ministarstvo nauke, tehnoloskog
razvoja i inovacija Republike Srbije, trebalo bi jasno i eksplicitno navesti sve potencijalne veze
izmedu autora i farmaceutskih ili drugih industrijskih subjekata.

Uporednom analizom elektronskih verzija sazetaka ovih radova, koji u celosti nisu dostupni
javnosti u elektronskom obliku, kao i §tampanih “full text” verzija radova koje su trenutno
dostupne na uvid javnosti u okviru doktorske disertacije u Odseku za nastavu i studentska pitanja
Farmaceutskog fakulteta Univerziteta u Beogradu i same doktorske disertacije autora Sanje
Petrovi¢, uogena su znacajna odstupanja i nepodudaranje u delovima nau¢nih radova, kao $to su
sekcije: “Author’s affiliation”, “Acknowledgement”, “Declaration of interests”, “Data
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availability statement” i “Funding”, u odnosu na neformalni deo doktorske disertacije pod
nazivom “Zahvalnica”, kao i informacije o autoru navedene u odeljku “Biografija”.

Naime, u pocetnim delovima sva tri objavljena nau¢na rada, pored imena 1 prezimena autorke
Sanje Petrovi¢, kao njena institucija (“author’s affiliation”) navodi se kompanija
“PrimeVigilance d.o.o, Belgrade Serbia”. Medutim, ova firma nije pomenuta ni u jednom
drugom delu nau¢nih radova iako im se autorka u neformalnom delu “Zahvalnica” doktorske
disertacije zahvaljuje na omoguéenom pristupu podacima.

Naucni radovi koji su predmet analize sa prinscreen-ovima sekcija od znacaja (identi¢ne sekcije
uradovima 1 i 2):

1. Nauéni rad broj 1: Petrovi¢ S, Kovatevi¢ M, Vezmar Kovacevi¢ S, Miljkovic B. Drug-
induced liver injury associated with the use of newer antiseizure medications in the
elderly: an analysis of data from WigiBase. Expert Opin Drug Metab Toxicol.
2023;19(3):175-183

2. Naucni rad broj 2: Petrovi¢ S, Kovaéevic M, Vezmar Kovacevi¢ S, Miljkovi¢ B.
Hepatotoxicity of newer antiseizure medications in children: an overview and
disproportionality analysis of VigiBase. Expert Opin Drug Metab Toxicol.
2024;20(3):165-173
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4. Doktorska disertacija “Procena povezanosti karakteristika pacijenata i
hepatotoksi¢neosti antiepileptika na osnovu globalne baze neZeljenih efekata lekova”,
sekeija “Zahvalnica” (printscreen)

Zahvalnica

Doktorska disertacifa wradena je na Katedri za farmakokinetiku i klini¢kn farmacijn Univerziteta u
Beogradu — Farmaceutskog fakulteta, U istrazivanju su koridéeni podaci iz FigiBase-a. globalne baze
Svetske zdravstvene organizacije o prijavljenim potencijalnim neZeljenim efektima lekova. koju odizava
Saradnicki centar za medunarodno pracenje lekova u Upsali. Zakljuéci doneti na osnovn dobijenih
rezultata ne predstavljajn zvanicno miskjenje ove instimucije.

Najpre Zelim da izazim ogrommm zahvahost svojoj mentorki. prof dr Branislavi Miljkowic, na
ukazanom poverenju, nesebi¢noj podrici, razunevaniu i strpljenju tokom svih faza izrade ove doktorske
disertacije.

Veliku zahvalnost dugujem prof. dr Sandri Vezmar Kovadevic i doc. dr Mileni Kovacevi¢ na podrici i
dragocenim sugestijama koje su doprinele kvalitetu ove disertacije.

Zahvaljujem se i prof dr Sonji Vuckovié na izdvojenom vremenu i uéesén u Komisiji za ocems
disertacije. .

Zahvaljujem se kompaniji PrimeVigilance na omogucenom pristupu podacima neophodnimi za
sprovodenie istrazivanja, kao ina prilici da svoje prvo profesionalno iskustvo u oblasti farmakovigilance
steknem vpravo u njihovom tinu.

Citaju¢i same nauéne radove van uvida u doktorsku disertaciju nije jasno kako su podaci
prikupljeni i pod kojim uslovima, te se dolazi do kljuénog pitanja: Na koji nacin je autorka
imala pristup podacima i ko je omogucio taj pristup? Ova nesigurnost u vezi sa metodoloskim
detaljima stvara osnovanu zabrinutost u pogledu transparentnosti i reproducibilnosti istraZivanja,
Sto je kljuéno za validnost i nauéni kredibilitet ovog rada.

Dodatno, uvidom u opisanu metodologiju istraZivanja u okviru same doktorske disertacije,
gorepomenuta pitanja takode ostaju validna, dok odgovori na njih krucijalni za potvrdu nauéne
Cestitosti, eti€nosti nauénog rada, kao i opsteg principa dobre nauéne prakse opisanog u ¢lanu 1.
Eti¢kog kodeksa naugno-istrazivackog rada da “Korigéena metodologija i rezultati treba da se
prezentuju na nacin koji obezbeduje njihovu proverljivost.”

Imajuéi u vidu da “Zahvalnica” ne predstavlja obavezan deo doktorske disertacije i da se
kompanija “PrimeVigilance” ne pominje ni u jednom njenom drugom delu, a pre svega u opisu
metodologije istraZivanja, kao ni u jednom od tri objavljena nau¢na rada autorke Sanje Petrovié,
postoji potreba za formalnom, potpisanom i overenom potvrdom od strane kompanije
“PrimeVigilance” sa datumom kada je potvrda izdata, koja bi morala biti priloZena, opisana i
stavljena na uvid u sklopu doktorske disertacije kao dokaz da je kompanija dala odobrenje svojoj
zaposlenoj, Sanji Petrovié, da koristi komercijalni softver kao $to je Empirica™ Signal i pristupi
podacima neophodnim za sprovodenje istraZivanja. Radi oluvanja akademske Cestitosti,



integriteta i transparentnosti, ovakav pismeni dokaz mora biti neophodan prilog u sklopu ove
doktorske disertacije sa omogucenim uvidom u takav prilog tj. odobrenje, naroCito ukoliko se
naknadno bude vrsila njena korekeija ili korekcija objavljenih nauénih radova.

3. Potencijalni konflikt interesa

Na osnovu prethodno navedenih podataka i uvida u sekciju “Declaration of Interests”
objavljenih nauénih radova, autori navode da nemaju finansijske ili druge veze koje bi mogle
uticati na nauéno-istrazivacki rad. Medutim, ¢injenica da je autorka, Sanja Petrovi¢, zaposlena u
kompaniji “PrimeVigilance” ukazuje na potencijalni konflikt interesa, posebno u svetlu
informacija iz odeljka “Zahvalnica” doktorske disertacije, prema kojima je upravo ova
kompanija omoguéila pristup podacima i komercijalnom softveru za analizu podataka.

S obzirom na to da je pristup podacima i koriS¢enje odgovarajucih softverskih alata za njihovu
analizu kljuan aspekt istrazivanja u ovom tipu nau¢nih radova, kao i u samoj doktorskoj
disertaciji, smatram da je od esencijalnog znafaja da se 'jasno navede kako je firma
“PrimeVigilance* bila ukljuena u istrazivanje, u kojoj meri je uticala na pristup podacima i
komercijalnom softveru, i na koji na€in je omogucila realizaciju analize podataka. Takode, vazno
je precizirati da li su podaci analizirani isklju¢ivo od strane autora rada, ili je bila ukljucena i
treca strana u interpretaciju podataka, kako bi se obezbedila potpuno transparentna metodologija.

Ova razja$njenja, pored priloZene zvaniéne potvrde da je firma odobrila pristup podacima i
komercialnom softveru Empirica™ Signal, su neophodna kako bi se otklonile eventualne sumnje
u imparcialnost i objektivnost sprovedenog istraZivanja, kao i u njegovu naucnu validnost.
Transparentnost u vezi sa ulogom i doprinosima svih uklju¢enih strana nije samo eti¢ka obaveza,
vec je i klju€na za oCuvanje nauénog integriteta disertacije 1 buduéih naucnih istraZivanja u ovoj
oblasti.

Prema Kodeksu ponaSanja u naucnoistraZivaCkom radu Nacionalnog saveta za naucni i
tehnoloski razvoj Republike Srbije, ¢lan 8. odnosi se na ponasanje tokom objavljivanja
rezultata istrazivanja, gde se jasno definiSu dva klju¢na aspekta Koji su potencijalno
prekrieni u procesu izrade ove doktorske disertacije i objavljenih nau¢nih radova koji ¢ine
njen 0snov:

o Svi autori duZzni su da prijave sve relevantne oblike sukoba interesa, koji mogu biti
finansijski, komercijalni, li¢ni, akademski ili politicki;

o Finansijske ili druge vrste podrSke za istrazivanje i njegovo objavljivanje treba da
budu pravilno pomenute i priznate.



U ovom konkretnom slu¢aju, Cinjenica da je autorka Sanja Petrovi¢ zaposlena u firmi
“PrimeVigilance”, koja je omoguéila pristup podacima 1 softveru za analizu, predstavlja
ocigledan sukob interesa. Medutim, u “Declaration of Interests” sekcijama objavljenih radova,
nijedna takva veza nije jasno navedena, niti je ovaj potencijalni sukob interesa prijavljen. Ovaj
propust moZe stvoriti ozbiljnu zabrinutost u vezi sa nepristrasno§¢u istraZivanja i njegovom
nau¢nom validnoscu.

Iako je u okviru tri objavljena nau¢na rada autorke Sanje Petrovi¢ naveden izvor finansiranja
kroz Ministarstvo nauke, tehnoloskog razvoja i inovacija Republike Srbije, vaZno je
napomenuti da je u tim radovima izostavljeno jasno priznavanje uloge i podrike koju je
firma “PrimeVigilance” pruzila kroz obezbedivanje pristupa podacima i koriiéenje
specijalizovanog softverskog alata Empirica™ Signal. Ovaj nedostatak transparentnosti u
vezi sa uloZenim resursima i podrskom od strane firme “PrimeVigilance“ stvara sumnje u
eti¢nost istrazivanja i njegovu nepristrasnost.

U skladu sa Kodeksom ponaSanja u naucnoistraZivackom radu Nacionalnog saveta za naucni i
tehnoloski razvoj Republike Srbije, ovakvi propusti nisu samo eti¢ki neprihvatljivi, ve¢ mogu
ozbiljno narusiti integritet celokupnog nau¢nog rada, te se stoga mora zahtevati da se jasno i
precizno navedu sve relevantne informacije o finansijskoj i institucionalnoj podrici, kao i
sukobima interesa koji su mogli uticati na sprovodenje istrazivanja. -

4. Nedostatak transparentnosti u “Data Availability Statement” sekciji i potencijalna
obmanjujuéa informacija o dostupnosti podataka

U dva od tri objavljena nau¢na rada autorke Sanje Petrovié¢ prisutna je sekcija “Data Availability
Statement” (“Izjava o dostupnosti podataka”), dok je u poslednjem objavljenom nau¢nom
radu ova sekcija izostavljena. U radovima u kojima je pomenuta, definisana je na slede¢i nacin:

“The data that support the findings of this study are not the property of the authors and thus
cannot be shared. The data may be available on request from Uppsala Monitoring Centre.”

Imajuéi u vidu da pristup podacima za potrebe ovih naucnih istrazivanja i izrade doktorske
disertacije nije dobijen direktno od Uppsala Monitoring Centre-a, ostaje potpuno nejasno zasto
autori upucuju druge istrazivace ili Siru javnost da se konkretni podaci koriSéeni u ovim
istrazivanjima mogu dobiti na zahtev od pomenutog centra.

Osim §to je baza VigiBase u vlasniS§tvu Uppsala Monitoring Centre-a koji se ujedno 1 bavi
njenim odrzavanjem, Upsala Monitoring Centre se iz prilozenih radova i doktorske disertacije ni
na koji nacin ne moZe dovesti u vezu sa ovim istrazivanjima, niti istrazivaéima koji su radili na
ovom projektu. Prema prirodi stvari, jasno je da ¢e Uppsala Monitoring Centre u okviru svoje
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globalne baze VigiBase svakako posedovati i podatke koji su odabrani na osnovu odredenih
kriterijuma i kojima je tokom izrade ove doktorske disertacije pristupljeno posredstvom trece
strane, bez znanja Uppsala Monitoring Centre-a.

Nije bilo nikakvih naznaka da je Uppsala Monitoring Centre direkino bio ukljuden u
obezbedivanje ili deljenje podataka neophodnih za ovo istraZivanje, te je upucivanje na
kontaktiranje Uppsala Monitoring Centre-a za pristup podacima iz ovih istraZivanja, koji po
svemu sudec¢i nema bilo kakve informacije o ovim nauénim radovima, obmanjujuce.

Upuc¢ivanje Citalaca na kontaktiranje Uppsala Monitoring Centre-a, kada je o€igledno da oni
nemaju nikakve informacije o podacima koji su kori§éeni u pomenutim istraZivanjima,
predstavlja ozbiljan propust u nau¢noj etici i transparentnosti. Ovo je potencijalno obmanjujuée
za druge istraZivace i moZe se smatrati ozbiljnim krienjem etickih principa nau¢nog istraZivanja,
Jer stvara iluziju da su podaci dostupni putem relevantnog centra, iako to nije slu€aj. Takvo
ponasanje nije u skladu sa odgovorno§éu istraZivata da pruza talne, jasne i transparentne
informacije u vezi sa pristupom podacima, $to je osnovni princip nauénog integriteta i dobre
nau¢ne prakse.

Ovaj propust stvara ozbiljnu zabrinutost u pogledu tadnosti, objektivnosti i verodostojnosti
navoda u istraZivanjima, te se stoga mora zahtevati precizno obja$njenje zasto je ta formulacija
koriS¢ena, kao i korekcija ove netatne i obmanjujuce izjave.

Takode se dovodi u pitanje i potrebno je odgovoriti na to zasto je sekcija “Data Availability
Statement” izostavljena iz rada: Petrovi¢ S, Kovacevi¢c M, Vezmar Kovacevié¢ S, Miljkovié B.
Influence of patient age and sex on drug-induced liver injury caused by antiseizure medications:
a disproportionality analysis of VigiBase. Int J Clin Pharm. 2025. doi: 10.1007/5s11096-025-
01935-x.

Prema Kodeksu ponaSanja u naucnoistraZivackom radu Nacionalnog saveta za nauéni i
tehnoloSki razvoj Republike Srbije, €lan 5. govori o dobroj naucnoj praksi koriSéenja
podataka: dostupnost i pristup, koji su potencijalno prekrSeni u procesu izrade ove
doktorske disertacije i objavljenih nauénih radova, na sledeéi naéin:

o Svi primarni i sekundarni podaci treba da se ¢uvaju na sigurnom mestu u
pristupacnom obliku;

© Originalni nauéni ili nauénoistraZivacki podaci treba da budu dokumentovani i
arhivirani u odredenom periodu (najmanje 5 godina, a poZeljno je 10 godina);

o Istraiivacke podatke treba staviti na raspolaganje kolegama koji Zele da ponove
studiju ili da ih uporede sa svojim nalazima.

Radi ofuvanja transparentnosti, dokaza akademskog postenja, ofuvanja nau¢nog kredibiliteta i
reproducibilnosti nau¢nih publikacija, potrebno je dokazati i objasniti kako su gorenavedeni
stavovi ¢lana 5. Kodeksa ponaSanja u naucnoistrazivackom radu Nacionalnog saveta za naucni i
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tehnoloSki razvoj Republike Srbije ispunjeni prilikom izrade ove doktorske disertacije i kroz
objavljene naucno-istrazivacke radove.

5. Nepotpuna transparentnost u pogledu doprinosa ostalih autora istrazivanja

Ukoliko je prema navodima iz “Zahvalnice” doktorske disertacije, autorka Sanja Petrovié¢ kao
zaposlena u kompaniji “PrimeVigilance”, jedina imala pristup podacima i komercijalnom
softveru za analizu podataka Empirica™ Signal od cele grupe autora, ostaje nejasno da li su, na
koji' na¢in i u kojoj meri ostali autori, ukljuéuju¢i i mentora doktorske disertacije, mogli pristupiti
bazi VigiBase i Empirica™ Signal softveru. Pristup podacima iz VigiBase-a i moguénost da se
isti mogu analizirati kori§¢enjem pomenutog komercijalnog softvera smatrali bi se u datoj
situaciji neophodnim radi provere kako verodostojnosti i validnosti analiziranih podataka, tako i
kvaliteta i nauénog znacaja izvedenih zakljuaka od strane kandidatkinje i autorke doktorske
disertacije, Sanje Petrovi¢.

Radi potpune transparentnosti u vezi sa doprinosom svih autora istrazivanja, kao i ofuvanja
kredibiliteta nau¢nih radova, neophodno je priloziti zvaniéne potvrde ili dozvole koje bi
potvrdile da su ostali autori, zaposleni na Farmaceutskom fakultetu Univerziteta u Beogradu,
imali moguénost da pristupe bazi podataka VigiBase i Empirica™ Signal softveru. Ove dozvole
trebalo bi da budu sastavni deo kako same doktorske disertacije, tako i objavljenih naucnih
radova, da bi se izbegle bilo kakve sumnje u potpunu transparentnost i pravilnu raspodelu
odgovornosti medu autorima.

Ukoliko ostali autori, osim Sanje Petrovi¢, nisu imali pristup kljuénim podacima za istrazivanje
iz VigiBase-a i komercijalnom softveru Empirica™ Signal kori§¢enom za analizu tih podataka,
ostaje nejasan njihov doprinos konceptu i planiranju istraZivanja, interpretaciji podataka i
kritickoj reviziji rukopisa radi utvrdivanja znadajnog intelektualnog sadrzaja, pri ¢emu je
potencijalno povreden ¢€lan 13. Kodeksa ponasanja u nauénoistraZivackom radu Nacionalnog
saveta za naucni i tehnoloSki razvoj Republike Srbije, tj. €lan 23. Kodeksa profesionalne etike
Univerziteta u Beogradu.
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Zakljucak

Predlazem da se razmotre sve tatke ovog Prigovora i izvrie odgovarajuce korekcije i pojasnjenja
u doktorskoj disertaciji i samim nau¢nim radovima kandidatkinje Sanje Petrovi¢, uz dostavljanje
priloga kojima bi se potvrdila i unapredila metodoloSska preciznost, transparentnost i
verodostojnost rada. Ovaj rad ima potencijal da doprinese vaznoj oblasti farmakovigilance, ali
samo ako su svi aspekti istraZivanja jasno dokumentovani i ako se otklone nedostaci u vezi sa
pristupom podacima, metodologijom, pojedinaénim doprinosima autora 1 potencijalnim
konfliktom interesa.

S poStovanjem,

Milica Doki¢, magistar farmacije, specijalista Farmakoekonomije i farmaceutske legislative
Studentkinja doktorskih akademskih studija — farmaceutske nauke

Univerzitet u Beogradu, Farmaceutski fakultet

U Beogradu, 5. 8. 2025. godine

*Komisiji za ocenu i odbranu zavrsene doktorske disertacije kandidata magistra farmacije Sanje Petrovi¢,

u sastavu:

1. Dr sc. Sandra Vezmar Kovacevi¢ — predsednik Komisije, redovni profesor, Univerzitet u Beogradu —
Farmaceutski fakultet. UZa nau¢na oblast: farmakokinetika i klini¢ka farmacija

2. Dr sc. Milena Kovacevic, docent, Univerzitet u Beogradu — Farmaceutski fakultet. UZa nauéna oblast:
farmakokinetika i klinicka farmacija

3. Dr sc. Sonja Vuckovié, redovni professor, Univerzitet u Beogradu — Medicinski fakultet. Uza naucna
oblast: farmakologija, klini¢ka farmakologija i toksikologija
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HACTABHO-HAYYHOM BET®Y YHUBEP3UTETA Y BEOT'PAZLY -
GAPMAIEYTCKOI' ®PAKVITETA

OAI'OBOP Komucuje 3a oueHy U o10paHy 3aBplleHe JOKTOPCKe JMcepTaluje KaHAuaaTa
maructpa ¢apmanuje Came Ilerpouh na INPUT'OBOP Ha nokTopcky aucepraumjy
“IlpouneHa MOBE3aHOCTH  KAPAKTEPUCTHKA MalHUjeHATA W XeNaTOTOKCUYHOCTH
aHTHeNWJIEeNTHKA HA OCHOBY IJI00ajiHe 0a3e He:kebeHUX edekara jekoBa” (“Assessment of
the association between patient characteristics and antiseizure drug — induced hepatotoxicity
based on the global adverse drug effect database”’) w o0jaB/beHe Hay4dHe paaoBe
KaHIuJaTKube maructpa papmanuje Came [lerpoBuh ynyhen o crpane Musiune HBoxuh.

Hana 5.8.2025. Mununa Bokuh, marucrap dapmanuje, cnenujamucta GapMakoeKOHOMHjE U
(hapmarieyTcke JICTUCIIATUBE U CTYJIEHTKUbA JIOKTOPCKUX aKaJeMCKUX CTyauja — dapMaleyTcKe
Hayke, Ha QDapmareyTckom (akynrery, YHuepsurera y beorpanmy, ymyTuna je mpuroBop Ha
JOKTOPCKY nucepranujy kanauaara Came [lerpoBuh koja ce Hanma3u Ha yBUy JaBHOCTH.

VY cknagy ca unanom 25. [IpaBuinuka o JlokTopckuM akaneMckm cryaujama, dapmMareyTckor
¢dakynreta YHuBep3uTera y beorpanay (meo dWiaHa racu: ,,YKOJMKO IOCTOj€ TpUMende Ha
W3BEINTA] WJIM Ha JIOKTOPCKY aucepranrja Komucuja 3a oleHy JOKTOPCKE AHMCEpTaInje y POoKy
on 30 nmana naje MUINBEHE O NpuMendamMa W IENOKYIHY JOKYMEHTalujy JoctaBjba Behy
Qaxkynrera.”) Komucuja 3a omeHy u on0OpaHy 3aBpIlleHE JOKTOPCKE NUCEpTaldje KaHauaaTa
Maructpa ¢apmammje Came IletpoBuh (HaBemeHa Ha Kpajy JOMUca) y TMPeaBUNEHOM pPOKY
J0CTaBJba OJITOBOP Ha MPUTOBOP.

OJAI'OBOPH IO TAUKAMA IIPUT'OBOPA
Tauxka 1. HemocTarak TpaHCHAPEHTHOCTH Y Be3H €a MPHUCTYNOM MoJanuMa

VY nucepramnuju ce jacHO HaBOAM JAa ce momanuma u3 VigiBase-a MpUCTYNWIO KOpHUIINEHEM
Empirica Signal codtBepa. AyTopka amcepraiyje je y TPEHYTKY CIpOBOhema HCTpaKMBamba
Ousia 3anociieHa y komnanuju PrimeVigilance, xoja kao €0 CBOje IE€TaTHOCTU MpYyKa yCiayre u3
obOmactu (QapmakoBUTHIAHIIE (apMalleyTCKUM KOMIaHujama W mocenyje Empirica Signal
co(TBep Kao W JMIEHITY 3a IPUCTYT nojganuma u3 VigiBase 6a3e. Ha 0cCHOBY MHTEpHOT 10TOBOpa
ca KOMIIaHUjOM, ayTOpku je omoryheH mpuctyn Empirica Signal codTBepy W momanuma u3
VigiBase 6a3e y okBupy co(dTBepa y CBpXy pealu3allije HCTPaKuBamba y OKBUPY TOKTOPCKE
miucepranmje. Jomarno, xomnanuja PrimeVigilance je motBpauna ca Uppsala Monitoring
Centrom (UMC) na ce nulieHna kojy uma 3a npuctyn VigiBase mnonanuMa MOXe KOPUCTUTH 32
norpebe akaJeMCKOT UCTpakKMBamba M 00jaB/bMBaba HAyYHUX PaJoBa OJ CTpaHE 3aroCiIeHuX, y3
MOIITOBALE MpaBUJIa JMIICHIIE Ja C€ He cMe]y 00jaBJbUBATH HUTH JCJIUTH CUPOBHU (HeoOpaleHn)
nojay ca ocobaMa Koje HHUCY 3amociieHe y KoMmnanuju PrimeVigilance, HaBoheme KOMIaHUje



PrimeVigilance y adbunujanmju u nomtoBatbe UMC cMepHUIIAa 3a TyMauewe W Kopulheme
VigiBase nonaraka (Caveat nokymeHT). OBa MOTBp/Ia je jJara y OKBUPY MHTEpHE KOMYHHUKAIH]e
u3mehy xomnanuje PrimeVigilance n UMC, ¢ 003upoM Ha TO J1a je JUIICHIIa TPEMET Capabe
m3mehy tux crpana. Hamomumemo na je kxopumihewme codTBepa W MPUCTYN MoganuMa H3
VigiBase 6a3ze ojf CTpaHe 3allOCJIICHOT y OKBUPY MOCTOjehux JUIEHIIM KOMITAaHHWj€ 3a KOjy paau
UCKJbYYMBO JIOTOBOp W3Mel)y 3amocieHOr M TOCIOAaBIla CTOra C€ 3aXTEB 3a J0CTaBIbambe
(dbopMaHO MOTMHCAaHE TOTBPJE O CarIACHOCTH 3a MPUCTYyN nomamuma u3 VigiBase 0aze of
CTpaHe CIIOH30pa WM KOMITaHWje HEe cMarpa omnpaBaaHuM. [Ipema mpuroBopy, TakBa MOTBpIA je
HeomnxonHa "Panu MoryhHOCTH MOHaBJbamba MCTPAXKHMBAaKa Ol CTPAHE OPYTHX UCTPAKMBava, TE
Kako OM ce mpoBepuia penpoaynuOuIHOCT pe3ynrara”’. TakBa moTBpja HE MOXKE JIONPUHETH
BepU(UKAIM]H HUTH PETPONYIIMOUITHOCTH UCTPAKUBamba, jep OU TakaB JJOKYMEHT MPEJICTABIbA0
aJIMUHUCTPATUBHY ()OPMAJHOCT, a HE METOJOJIOIIKH JOMPUHOC HAy4yHO] HPOBEPJHUBOCTH
pesynrara. Y aucepranuju cy Beh HaBeACHH:

*  codTaep kopuirheH 3a MPUCTYI MOJAIlMMa U Bep3uja copTBepa,
* 0a3a mojaraka

e kopumheHM KpHUTEpHjyMH IpeTpare, ykJbydyjyhu KOHKpETHE BpPEMEHCKE Iepuoje
U3BEILITaja,

o NPpUMCHCHE CTATUCTUYKE aHAJIN3C.

Tume Cy UCITYILCHU CBU 3aXTCBH BE3aHU 3a TPAHCIIAPCHTHOCT U IIOHOBJbUBOCT UCTPAKHBALA.

Tauxe 2 u 3. YK/by4yeHOCT pupMH Y HCTPAKUBAbE H KOH(PJIUKT HHTEpeca

[ToBomom mpuroBopa Koju c€ OJHOCH HAa HABOAHA OJCTyNama W HEMOIylapame HuzMehy
€JIEKTPOHCKUX BEp3HWja CaKeTaka paioBa, ,full text* Bep3uja pagoBa U TOKTOPCKE AUCEpTaLUje Y
NenoBUMa Kao wwto cy Author's affiliation, Acknowledgement, Declaration of interests, Data
availability statement u Funding, y onHocy Ha He(pOpPMaJIHH J€0 JOKTOPCKE TUCEPTAIH]je IO
HA3WBOM ,,3axBaJIHHIIA", Ka0 U HH(OpMaIMje 0 ayTopy HaBeleHe Y OAeJbKY ,,buorpadmja‘:

* Author's affiliation: Undopmarija o apunnjanuju ayTopke Koja ce€ HaBOAHM y paJioBUMa
j€ jacHO HaBeJieHa y OKBUpY Ouorpaduje y amcepraliju Kao BEeHO MECTO 3alociiema.
He nocroju pa3nuka nu3Mely nojaraka y 1ucepTaunju U 00jaB/beHUM paloBUMA.

* Acknowledgement. Tlpema 3BaHW4YHOM nokyMeHTy UMC Koju Caap>Kud CMEpHUIIE 3a
Tymadewe U kopuiiheme VigiBase monataka (Caveat NOKYMEHTY) HEOIXOIHO j€ Yy
panoBuMa HaBecTH "an explanation that the information comes from a variety of
sources, and the probability that the suspected adverse effect is drug-related is not the
same in all cases“ u "an affirmation that the information does not represent the opinion
of the UMC or the World Health Organization." OBe u3jaBe Cy €0 CTaHIapIHE



npoleaype MPWIMKOM 00jaBJbHBaka pajioBa kKoju Kopucre VigiBase monatke, U U3 TOT
paszinora cy ykjbydeHe y neo Acknowledgement. OHe HEe TpENCTaBIba]y 3aXBATHOCT y
y)keM cmucity Beh momroBame ycioBa smieHIe 3a VigiBase noaarke, 300r yera HHUCY
yKJbydeHe y HepOopMajHU €0 IUcepTalje MOoJ Ha3MBOM 3axBaJHMIA. TUME Cy
UCTIONITOBAHE CBE CMEPHUIIE U HHjE JIONUIO HU JI0 KAKBOT OJICTYyIamba.

* Declaration of interests: Y cBUM paJioBUMa jaCHO j€ HaBEJIEHO Jla ayTOpKa HeMa CYKOO
uHTepeca. OAcycTBO cykoba HMHTepeca je AOCIEIHO KOMYHHUIIMPAHO, T€ HU OBJE He
MOCTOjU OncTymame. Mako je ayTopka y TOKy cCHpoBohema HCTpakuBama Owuia
3amociieHa y koMmmanuju PrimeVigilance, xao mTo ce W HaBOAW y aduiivjanuju, HUje
ouno cykoba uHTepeca jep komnanuja PrimeVigilance Huje nMalla HUKAaKaB yTUIQ] Ha
UCTpaKUBame (MCTPAKUBAKHE HUJE CIIPOBEICHO O 3aXTeBy KoMmmanuje PrimeVigilance,
HUTH je KOMIIaHW]ja UMajia OMJI0 KakaB yTHIQ) HAa U300p TeMe, U3ajH CTyIH]je, TyMauyeHhe
pe3ynrTarta Wiu MHUCamke PajioBa, KOMIaHUja HUje Ouila CIIOH30p MCTPAKHUBAMba, HUTHU j€
“Maja KOMepIMjajdHu uHTepec y pesyatatuma ctyauje). [Ipuctyn VigiBase nonanuma u
Empirica Signal codtBepy on cTpaHe ayTopa IuUCEpTaIlfjeé OCTBApEeH j€ y CKIaay ¢
npaBuiuMa Beh mocrojehe nuieHne, a kopuiheH je UCKIbYYHMBO Y aKaJIeMCKe CBpXE.
VYuenthe ayTopke y HCTpakBamy j€ HE3aBUCHO U HE O/ipa’kaBa MHTEpece MOCIIO0aBIia.

* Data availability statement i Funding: Vadopmanuje 0 JOCTYIHOCTH MOJaTaka H
(buHaHCHpamky Cy YKJbyueHE y 00jaBJbeHE PaJOBE Yy CKJIAIy ca 3aXTEBHMa 4acoIuca H
MIOJIUTHKE TPAHCMAPEHTHOCTH, aJli HUCY 00aBE3HH JENOBH caMe nucepranuje. lbuxoBo
€BEHTYaJlHO HENOjaBJbUBAKE Y JUCEpTAlMjU HE TpelICcTaBba OJCTyMName, Beh
npunarohaBame hopmary.

Ha ocHOBy cBera HaBeIEHOI, MOXX€ C€ 3aKJbYYHTH Ja HHUje JOLUI0 N0 OACTymama u3mely
aucepranyje M 00jaBJbeHHMX HaydyHUX panoBa. CBe pasliMke Koje Cy youeHe Mpowm3jaze H3
pa3IMUMTHX 3axTeBa HAyYHHX 4dacomuca W (¢opmara JOKTOpCKE AHCepTalnuje, a He U3
HEYCarIaneHoCTH CaipiKaja.

VY npuroBopy ce HaBoau ,,Yutajyhu came HaydHe pajioBe BaH yBUAA Y JOKTOPCKY TUCEPTAIIH]y
HHUJ€ jaCHO KaKo Cy MOJaIy MPUKYIUbEHH U TOJ] KOJUM YCIOBHMMA, T€ C€ J0Ja3Uu JO KJbYYHOT
nuTama: Ha koju HaYuH je ayTopka MMaja MPUCTYI MoJalMMa U KO je omoryhuo Taj mpuctym?
OBa HECHUTYPHOCT Yy BE3M Ca METOOJOUIKMM JeTajbuMa CTBapa OCHOBaHY 3a0pHHYTOCT Yy
MOTJIely TPAHCHAPEHTHOCTH M PENpOAYHHOMIHOCTH HCTpPaKHMBama, INTO j€ KJbYYHO 3a
BaJIMTHOCT ¥ HAyYHU KPEAMOWIMTET OBOT paja.” Y CBHM paJOBUMa C€ jaCHO HABOIM Ja je 3a
MpUCTYN nonanumMa kopumthen Empirica Signal cohTBep u jacHO ce HaBoJe CBE MH(pOpMAIHje
JIOBOJBHE 32 TIOHABJbAKE UCTPAXKHBAKA O]l CTPAaHE JPYTUX MCTPAKMUBAYA KOJU UMAjy UCTH CTETICH
npuctyna mnomanuma VigiBase ©6a3ze u codTBepy, IITO 3a/l0BOJbaBa KPUTEpUjyME
penpoAYIMOMITHOCTY U TPAHCMIAPEHTHOCTH Yy HAyYHUM HCTpakMBamkbuMma. HaunmH Ha koju je
00e30ehen mpuctyn kopuntheHoMm codTBepy 1e0 je HHTEpHE capaame u3Mel)y ayropke u
KOMITaHHj€ y OKBUPY aduivjanuje, mMTO HE yMamwyje HM TPAHCIAPEHTHOCT METOAOJOTHjE HU



MOryhHOCT TIOHaBJbamkba UCTPAXKUBAMA Ol CTPAHE JPYTHX UCTPAXKHMBaya C MCTHM IPUCTYIIOM. 3a
norpede akaJeMCKe ¥ HaydyHe MPOIICHE BAIUTHOCTH pajia, jacHoha y morsieny KopuiheHux anara
1 MOryhHOCTH BUXOBE ynoTpede o] CTpaHe Apyrux HUCTpakuBaya (y3 oxarosapajyhe nuieHue)
jecTe OHO LITO je CYIITUHCKH BaXKHO, U TO j€ Y OBOM CIIy4ajy UCITYEHEHO.

VY Be3u ca HaBojOM Jna kommaHuja PrimeVigilance HHWje TIOMEHyTa y paJoBUMa HHUTH Y
aucepTanuju (ocuM y HeopMaliHOj CeKIMjH 3axBallHUIA), UCTUYEMO cienehe:

* Komnanuja PrimeVigilance je jacHO HaBeneHa y adwivjaniiju ayTOpKe Yy CBUM
00jaBJbEHIM PaJOBUMA.

* VYV Ouorpaduju aytopke, Koja jecte oOaBe3aH J€0 IUCEPTAIMj€, HABEIECHO j& HHEHO
3arocieme y kKommnanuju PrimeVigilance.

C o03upom Ha TO na je codTBep KOpUIINEH y CKJIaay ca HMHTEPHUM JIOTOBOpOM wu3Mmehy
3aIl0CJICHOT W TIOCTIOAABIla, a Ja Cy CBHM acleKTH aHanu3e (YKJbydyjyhu Ha3uB ajiata U HAuYWH
kopuithema 0a3e mojaraka) jaCHO OMUCAaHW y METOJOJIOTHjU, HE MOCTOjJH 3aXTEB Jia CE€ Yy TOM
JIeNTy TOJIaTHO HaBOAM MIME KOMITaHHWje Kao U3BOpa MPUCTYIA, jep je oHo Beh mpencTaBibeHO Kpo3
apmwmjanujy. Ctora, He cMarpamo Ja MOCTOju OWIO KakaB MPOMYCT Y METOJOJIOLIKOM OIIHCY,
HUTH OCHOBaHA CyMIba Y TPAHCIAPEHTHOCT HCTpaxuBama. CBe pejeBaHTHE MH(OpManuje Ccy
JOCTYIIHE, a METOIOJIONIKY OIKC 33JJ0BOJbaBa HAyuyHE CTaHJapAe U oMoryhasa mpoBepJbUBOCT U

PENPOaYKIH]Y pe3yaTara.

Tauka 4. Hemocrarak tpancnapentHoctu y ''Data Availability Statement" cexuuju u
NoTeHIMjaJHa o0Mamyjyha undgopManuja o 10CTYyIMHOCTH MOAATAKA

HNaxo UMC Huje 6MO IUPEKTHO YKJbYYEH Yy peaju3alfjy caMor UCTPaKUBamba, CBU KOpUITheHn
nonany notudy u3 6aze VigiBase xoja je y BracHuIITBY UMC -a, a IpUCTYIl UM j€ OCTBapeH
MyTeM JIMIICHIIE KOjy je kommnauuja PrimeVigilance, ka0 KOMIIaHHja Y KOjO] je ayTopka Owia
3armociieHa, umaina nornucany ca UMC -om. Jlakiie, mocpenan mpuctyn kpo3 tpehy crpany He
Mema YNEHUILY J1a tofal npunanajy UMC-y u nouiexy lUXOBUM MPpaBUIIMMa KOpHUIIhemna.

VY ckiany ca ycmoBuMa Kopuiihema JIMIIeHIIe, CHpOBU (HeoOpahenn) momany ce He MOTy JIeTTUTH
ol cTpane aytopa. M3 Tor pasnora je 3auHTepecOBaHHMM CTpaHama IMOHyheHa ajTepHaTHBa 3a
npucTyn nopanmuma. Kao mrto je HaBepeHo y nucepTauuju, "Jlpyre 3aMHTEpecOoBaHE CTpaHe
Takol)e MOTry 3axTeBaTH IpeTpary 0a3e mojgaraka W, Ja Ou ce u30eria morpenrHa Tymadema U
370ynoTpeda Iojaraka, CBaKd pe3yiaTaT IpeTpare JAojda3d ca JOKYMEHTOM KOJU CaIpikHu
CMEpHHULIE 3a HHUXOBO TyMauewme M Kopumtheme." (ctpana 36) Kako cy cBH KpuTepujymu
npeTpare HaBelACHM Yy paZoBuMa U aucepraunju 1 UMC Hymu onuMjy ciamba 3axTeBa 3a
npwiaroheny mpetpary (VigiBase Custom Searches, https://who-umc.org/vigibase-search-
services/vigibase-custom-searches/), n3jaBa Huje oOmamyjyha. Kao mTo ce HaBoau Ha JIMHKY
»VigiBase Custom Searches are generally used to request a limited set of data for specific



studies. Users of VigiBase Custom Search include contract research organisations, marketing
authorisation holders, national pharmacovigilance centres, academics, and researchers from
various sectors. Healthcare professionals, such as physicians, dentists and pharmacists, may
also use this service.” Kako ce mobujame pesynrara nperpare Harutahyje (,, VigiBase Custom
Search fees depend on the complexity of the search query. Eligible non-profit organisations, such
as universities, receive a discounted hourly rate. UMC will provide an estimated total fee for
confirmation before starting the search. WHO PIDM members can request a VigiBase Custom
Search free of charge. ), y ©3jaBu HUj€ HaBEJICHO J1a j€ IPUCTYN OecriiaTaH.

VY Be3u ca tpehum panoM, y kojeM Data Availability Statement HUje yKJbydeH Yy 00jaBJbEHY
BEp3Hjy, U3jaBa O JOCTYIHOCTH MOJATaKa je JOCTaBJbeHa MPHIIMKOM CJlama paja 4acomucy, ajau
OTyKa O YKJbYy4YHMBaIby TaKBE CEKIIMj€ 3aBUCH HCKJbYYHBO Of ypehHBauke MOJIMTUKE CaMmor
4acoMuca, Ha KOjy ayTOpH HEMajy HUKAKaB yTHIIQ].

IlIto ce Thue mpumende y Be3nm ca KojexkcoMm moHamama y HAyYHOHUCTPAKUBAYKOM Ppay,
uctuuemo cienehe:

* [Ilocroje orpanmvema y MOIEAy JOCTYIMHOCTH IOIaTaka KOju Cy KOpHIITheHu moj
JHIICHIIOM 33 CHpOBOhCHE HUCTpaXKUBama. YCIOB JHICHIE je Ja Ce CHpPOBHU
(HeoOpahenun) momanm He Mmory nenuTu. CTora, ayTopd HE MOTY CJIOOOIHO AETUTH
cupoBe (HeoOpaljeHe) moaarke.

* Kpurepujymu mnperpare M CIPOBEACHUX aHaIM3a Cy MPEHU3HO JOKYMEHTOBAHU Y
METOJIOJIONIKOM JIey AMCEpTalrje W HAydHHX pajaoBa, unMe je oMmoryheHo na apyru
UCTpaXXUBa4YM, y3 MPUCTYyN mnojmanuma u3 VigiBase 0aze m kopuihemeM HaBEICHHUX
CTaTUCTHYKUX aHAIN3a, MOTY TIOHOBUTH UCTPAKUBAKHE.

300r cBera HaBeJEHOI, CMAaTpaMo Jia HeMa KpIllelka Hadyesla HaydyHe €THKE, HUTU OACTYyINama O]
n00pe ucTpakuBadke mnpakce. HampoTus, y4umeHH Cy CBU KOpaly J1a ce 00e30e11 MakcuMaHa
TPAHCIIAPEHTHOCT, OJITOBOPHO YIIPaBJhakhe MOJAlMMa M MOMITOBAKHE BIACHUYKHUX M JIMIEHITHUX
npaBa, Kao M MOTYhHOCT TpPOBEpPJBUBOCTH HCTPAXKMBamba KpO3 JaCHO JIOKYMEHTOBaHE
METO/I0JIOIIKE KOpaKe U UTHPAE PEJIEBAHTHUX U3BOPA.

Tauka 5. HemoTrnmyHa TpaHCHapeHTHOCT Yy TOIJIeAy [OMPHUHOCA OCTAJHMX ayTopa
HCTPaKUBamba

TauHO je na je caMo ayTopkKa, Kao 3amocjieHa y KoMnaHuju PrimeVigilance, uMana mpuUCTYyI
Empirica Signal codpTtBepy u nonanuma u3 6asze VigiBase, 1 Taj IPUCTYI je OUO peannu3oBaH y
ckiaay ca Beh mocrojehoM JUIIEHIIOM KOMIIaHHWj€ W Y3 MOIITOBAalkE CBUX IpaBHUiia KOpHUIThema
6aze. Mehyrum, nipuctyn Empirica Signal codptBepy u VigiBase nomanuma OMO je HEonmXoaaH
WCKJbYYMBO 32 €KCTPaKIM]y U J0OHjarhe€ CUPOBUX MOJATaKa M HHHXOBY CTATHCTHUYKY aHAJIM3Y.
OBaj aeo mpolieca MpeacTaBba camMo jeaHy (dasy HCTpaKuBama, JOK Cy CBH OCTald acIeKTH
yKJbY4yjyhul miaHupame cryauje, u300p MeToaosoruje, AepuHUCcCambe KpUTEpHjyMa mperpare u
aHajM3e, MHTepIpeTauujy IoOMjeHHX pe3ynraTta, ynopehuBame ca mocrojehuM HaydHUM



Ca3HamHMMa, O0JIMKOBAkE 3aKJbydaKka U KpUTHUKY PEBU3U]Y MaHYCKPHUIITa, palleHu y capaamu ca
ocTauM ayTopuma. YWmeHHIla Ja caMO jelaH YjJaH HCTPAKUBAYKOT THMA HMa MPUCTYII
oapeheHOM pecypcy He yMamyje HayyHy BaJIMIHOCT HMCTPaXKHBamka, IO YCIOBOM Ja Cy
METOJIOJIONIKHM TMOCTYMIM JaCHO OINMCaHM, KAao IITO je ClIy4aj y OBOj AMCEpTAIUju, I1e Cy CBU
KOpalli aHaju3e W KPHUTEPUjyMHU TpeTpare TMpenu3HO JOKYMEHTOBAaHH W JIOCTYIHH 3a
MOHABJbAKE HCTPAKUBAKA OJf CTpPaHE JPYIHMX HUCTPaXHBada KOjU HMMajy HCTH TPHUCTYIL.
JlonpuHOC TOjeJMHAYHUX ayTopa je jacHO HaBeleH y JABa pajaa. 3a Tpehu paa, uzjaBa o
JOMPUHOCY TOjeIMHAYHUX ayTopa je, ucto kao W Data Availability Statement, nocraBjbeHa
IPUIMKOM Cllamba pajia 4acolUCy ajiM OUlyKa O yKJbY4MBamy H3jaBe y 00jaBJbE€HH pajl 3aBUCU
UCKJbYYHMBO O] 4AaCOIIUCA.

3ak/byyak

Ha ocHoBy cBux m3noxkeHux aprymenara Kommcuja 3a orieHy 1 o10paHy TOKTOPCKE TUCEpTaIje
kannuaara Came [letpoBuh noa HazuBom “TIporieHa moBe3aHOCTH KapaKTEpUCTHKA MallyjeHara
Y XEMaTOTOKCUYHOCTH aHTHEIIWICTITUKA Ha OCHOBY TJI00anHe 0a3e HexeJbeHuX edekara Jexosa’”
npeiaxe HacrtaBHo-HayuHom Behy dapmaneyrckor ¢akynrera, YauBepautera y beorpany na
onouje mpurosop Munmiie Boknh ka0 HeOCHOBaH U J1a MOTBPIM NMPBOOUTHY o1TyKy Komucuje o
MPUXBATalky MO3UTUBHOT M3BEIITaja 32 OLEHY W OAOpaHy JOKTOPCKE AMCEepTalyje KaHIuaaTa
Came [lerpoBuh

Komucwuja:

Hp cu. Cannpa Besmap KoBauesuh, peoBau npodecop,
VYuusepsurer y beorpany - ®apmaneyrcku Gpakynrer

Vika HayyHa 00s1acT: papMaKOKMHETHKA U KIIMHUYKA (papmarmja

Hp cu. Munena Koauesuh, fo1eHr,
VYuusepsurer y beorpany - ®apmarneyrcku gpakynrer

Vika HayyHa 00J1acT: papMaKOKMHETHKA M KIIMHUYKA (papmarmja

Hp cu. Coma ByukoBuh, penoBau npodecop,

VYuusepsurer y beorpany — Menutmacku gakynreT
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MPOAEKAHY 3A INOCHEUILJIOMCKY HACTABY U KOHTUHYWPAHY
EAYKALIUJY YHUBEP3UTETA ¥V BEOTPALY — ®PAPMAIIEYTCKOT
PAKVYJITETA

MowTosaHa npod. KpajHosuh,

HacrasHo-HayyHo Behe YHuBep3uTeTa y Beorpany — ®apmaueyTcrkor dakynteTa, Ha ceHULM OApKaHO]
04.09.2025. roguHe AoHeNo je oAnyKy O NpUXBaTarby MNO3UTMBHOr U3BELLTAjA Komueuje 3a oueHy u
oAbpaHy 3aBpleHe JOKTOPCKe AucepTauymje, KaHanaaTa maructpa dapmaumje Carbe 3. Metposuh nog
Hacnosom  ,lpoueHa NOBE3AHOCTM  KapakTEPUCTMKA  nalujeHaTa W XenaTOTOKCUYHOCTY
aHTHenunenTuka Ha ocHoBy mobanHe 6ase Hexe/beHUX edekata nexkosa”.

Ha poktopcky auceptaumjy je ynokeHa npumegba v Komucuja 3a oueHy M ogpbpaHy 3aBplueHe
[OKTOpCKe AucepTauuje je nogHena Oarosop Ha npumeabe y npaBuiHWKoM oapeheHom poky 1 npu
TOM OCTana npy CBOM NO3UTUBHOM W3BEWTajy. Kako je Ha HacTasHO-Hay4HOM Behy OMCKYTOBaHO O
notpebu fobujarba nucaHe camacHoCTU 3a kopulwhere nogaTaka M3 JOKTOPCKE Aucepraumje v Kako
je xaHgupar Carba 3. Metposuh HakOH cepHWUE HAacTaBHO-HayyHOr Beha NpUAOMMAA nMcaHy
carnacHocT (y npunory), y ume Komucuje 3a oueHy 1 ogbpaHry 3aBplueHe OOKTOpPCKe aucepTauuje Bac
MOAWUM A3 MPUIOrom AONyHWUTE matepujan koju he Butu nocnat Behy HayuHmx 0BAaCTU MeAULAHCKIX
HayKa.

XBana yHanpen,
CppavaH nosgpas,

Q}\C,UV\:%—_

Ap cu. CaHapa Beamap Kosauesuh, npegcegHuk Komncnje, peposHm npodecop,
YHusepauTtet y beorpagy - Papmaueytcku pakyater

Ya Hay4Ha obnacT: papMaKkoKMHETUKE U KNMHWYKa GapMatimja
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VHUDESQUTET V EFCTPARY,
oy |01 || ‘

H3JABA MEHTOPA H KAHTHIATA JJA HCTPAZKHBAILE 34 IOTPEBE IOKTOPCKE
AHCEPTAIIHJE HUJE PABEHO V 3 IPABCTBEHOJ YCTAHOBH

H3jaBibyjeMo 1a HCTPaKHBame 3a noTpede H3pAIC HOKTOPCKE JARCEPTALMIC O HACIOBOM:
"TIponeHa MOBe3aHOCTII KAPAKTePIICTIKA ITAINI|eHATA Il XeIaTOTOKCIIYHOCTII

aHTHEMMLTENTHKA Ha OCHOBY ITTo0a1He 0aze Hexe beHIIX edekara qexopa”

Huje paheHo v 371paBCcTBEHO] YCTAHORH.

[MTornuc menToOpa

V/j /Cé(«? ZC) e

Hornue kanamaara
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