O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 1528/1-2 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
18.06.2026. 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:

KAHJUJIAT NBAHA (JOCHUII) CTEBUR

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

CTYCHT JOKTOPCKHX CTYJH]ja Ha CTYIHM]CKOM IPOTrpaMy JOKTOPCKE AKAJEMCKE CTYJIUJE- PAPMANEYTCKE HAVYKE-
COLIMJATTHA ®APMATINIA U UCTPAXKUBABE PAPMATEYTCKE ITPAKCE

NPUjaBHUO je JJOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

L~DapMaKoenmuIeMHOJOIIKH U (DapMaAKOCKOHOMCKH ACEKTH HUTONECHU]a V3POKOBAHUX NIPUMEHOM JieKoBa“

n3 HayuyHe oomactu:  COLIMJAJIHA ®APAMAILIMIJA U NICTPAXKMBAIE ®APMAILIEYTCKE ITPAKCE

Vuusepsurer je gana 28.01.2025.roamue cBojum akroM mox 6p. 02-01 6poj 61206-270/2-25 mao carmacHoCT Ha

TIPEIJIOT TeME TOKTOPCKE AUCEpTaIlije Koja je riiacuia:

n(I)a[!MaKOCIIP[g!eMPIOJIOIHKH ) 4 Qa[!MaKOCKOHOMCKI/I ACINCKTH !!I/[TOIICHI/Iia Y3POKOBAHUX NMPUMEHOM

JeKoBa‘

Hme u pe3nMe MeHTOopA - 1.1dp cu. J[parana Jlakuh, pemoBHu mpodecop, YHuuBepsuter y beorpany —
@apmaneyrckn  dakynarer (Yxa Hayuna obmact: ConujanHa dapmamndja u
(bapmarieyTcka mnpakca)
2.lp cu. Banentuna Mapunkosuh, penosau npodecop, YHusepsuter y beorpaay —
@apmaneyrckn  dakynrer (Yxa Hayuna obmact: CouumjanHa dapmamndja u
(bapmarieyTcka mpakca)

KoMucuja 3a oLieHy TOKTOPCKE AUCepTaltje HMeHoBaHa je Ha cexnuuu oxpxkanoj 09.04.2026.ronuHe

OIITYKOM (paKyinTeTa mogu op. 01 6p.812/2 , y cacTaBy:
Nwme u mpe3ume wiaHa 3Bambe Hay4YHa 00JIacT YcranoBa y K0j0j
KOMHCH]e je 3amociieH

1. Jp cu. Jdymanka Kpajaosuh, penoBHu mnpodecop, Yuusepsurer v beorpaay — ®@apmaneyrcku daxyarer (yxka

HayyHa obOsiact: ConmjanHa gapmarmija u dhapManeyrcka npakca), npeacegank Komucuje

2. p cu. Ciobonan Jankosuh, penosau npodecop, Yuusepsurer y Kparyjesuny — @akyirer MEAUIMHCKUX HavKa (yKa

HayuHa oOuacT: PapMakKoIormja ca TOKCHKOJIOTH]OM; KIMHAYKa dhapMariuja)

3. p cu. Mapuna Onanosuh, penosau npodecop, Yausepsurer v beorpaay — @apmaneyrcku dakyiurer (yka HaydyHa

o0nact: Conujanga dhapmanmia v dhapMaleyrcka mpakca)

Hamomena: ykonuko je unan Komucuje y neH3uju HaBeCTH aTyM NEH3WOHHUCAHA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha ysua jasaoctu: 14.05.2026.roaune.

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

JaHa 18.06.2026.roanue

Komucuja 3a on0paHy JOKTOPCKE uCepTalje uMeHoBaHa je Ha cequunu oapxkanoj_ 09.04.2026.ronune

omnykom (akyrera noa 6p. 01 6poj 812/2, y cacrasy:

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

4. Ip cu. dymanka Kpajuosuh, penosuu npodecop, Yuusepsurer v beorpaay — @apmaneyrcku dakyiarer (yka HayyHa
obusract: Conmjanda gapMarnmja u apMareyrcka mnpakca), npencegauk Komucuje
5. dp cu. Crnobonan Jaukosuh, penosau mpodecop, Yuusepsurer v KparyjeBuy — Dakyirer MEAULIMHCKUX Havka (yKa

HayyHa obyiact: @apMakKoIorija ca TOKCUKOIOIHjOM: KIMHWYKA dhhapMmarija)
6. Ip cu. Mapuna Opanosuh, penoBHu mpodecop, Yuusepsurer v beorpany — @apmaneyrcku daxyarer (yka HaydHa
oonacr: Coumjanna dapmarmija ¥ hapmalleyrcka rnpakca)

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

JEKAH ®AKVIITETA

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

IIpunosu: 1. . :
U oanyKa o MMeHoBamy Komucuje 3a onOpaHy nOKTOpCKe AHCepTalyje

2. WM3Bemraj Komucuje o olieHu JOKTOPCKE IUcepTanuje

IMpumenGe Ha u3BemTaj KoMucuje o oleHn JOKTOpPCKe auceprarmje (YKOIHKO UX je GHIT0) U
Munubewe Komucuje o mpumendama

Hamomena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPWIO3UMA Y eNEKTPOHCKO] GOPMH H Y jeTHOM IMHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET Y BEOI'PAY
OAPMALIEYTCKU ®AKVYJITET
11000 - BEOI'PA ]

V1. Bojoae Crene 450.

01. 6poj 1528/1

18.06.2026. roguue

Ha ocHoBy wrmana 28. Craryra u npemiora KomucHje 3a MOCIEIUIUIOMCKE CTyIUje —
JIOKTOpcke cryauje, HacraBHo-Hayyno Behe YuuBepsutera y beorpany — ®apmaneyrckor
(dakynTera Ha cexHuIM onpkanoj 18.06.2026.roauue, q0HEO je

ONJAYKY

INIPUXBATA CE nosutuBaH wusBemitaj Komwucuje 3a oueHy u oa0paHy 3aBpLICHE
JNOKTOpPCKE Aucepraryje, kanaugata wmar. ¢gapm. MBanma CreBuh mox HacmoBoM:
»@PapMaKoenuaeMHOJIOMKH U (GapMaKOeKOHOMCKH ACHEKTH LUTONEHHja Y3POKOBAHMX
npuMeHOM JekoBa“ u ynyhyje Behy HayuyHux o0macTi MEIUIIMHCKUX HayKa Ha yCBajame, a
1o 100MjeHoj MICaHO0j carjJacHOCTH oJ00paBa jaBHa ofOpaHna npea Komucujom y cacraBy:

Komucwuja 3a orieHy u o0paHy 3aBpIICHE JOKTOPCKE AUCEPTAIIUjE Y CACTaBY:

1.0p cu. Jymanka Kpajuosuh, pemoBHu mnpodecop, YuuBepsurer y beorpany —
dapmaneyrckn  (akynrer (yxa HayuyHa oOmact: ComwmjamHa Qapmamuja u
dapmarieyTcka npakca), npeacennuk Komucuje

2./Ip cu. Cnobonan JankoBuh, penoBam mpodecop, YHupepsureT y KparyjeBimy —
dakynTeT MEOUIMHCKUX Hayka (yxa Haydna o0Omact: @apmakojoruja ca
TOKCHKOJIOTHJOM; KJIMHUYKA (hapmaliija)

3.Jp cu. Mapuna Opanosuh, penoBam mnpodecop, YHuBep3utTeTr y beorpangy —
@®apmarnieyrcku  pakynrer (yxa HayuHa obOmact: ConujanHa ¢apmamuja  u
(dhapmareyTcka mpakca)

Vuusep3uret je nana 28.01.2025.rogune cBojum aktoM Op.: 02-01 6p: 61206-270/2-25 nao
CarJlaCHOCT Ha MPEJIOT TeMe JOKTOPCKE JHCepTalltje.

Kangunar mar. ¢gapm. cnen. MBana CreBuh, o6jaBuia je pesyiTaTe U3 OBE JOKTOPCKE
TUcepTalyje y jeIHOM pany kateropuje M21a, jennom pany kareropuje M21 u jeqHom pamy
kareropuje M22 y mehyyrapoaaum gaconmcuma ca CLIU nmucre:

1. Stevi¢ I, Jankovi¢ SM, Mihailovi¢ M, Jovi¢ I, Odalovi¢ M, Marinkovi¢ V, Laki¢ D.
Cytopenias as Adverse Drug Reactions: A 10-Year Analysis of Reporting Structure,
Rate, and Trend. Pharmaceuticals (Basel). 2025 Dec 20;19(1):14. doi:
10.3390/ph19010014.

Oo6aact: Pharmacology & Pharmacy
Nmnakr dakrop: IF2 (2024) = 4,8 (51/352); IF5 (2024) = 4,9 (58/344) M21a

2. Stevié I, Jankovi¢ SM, Georgiev AM, Marinkovi¢ V, Laki¢ D. Factors associated with
hematological adverse reactions of drugs authorized via the centralized procedure. Sci
Rep. 2024 Apr 20;14(1):9074. doi: 10.1038/s41598-024-59710-3.

Ooaact: Multidisciplinary sciences
HNmnakr dakrop: IF2 (2024) = 3,9 (25/136); IF5 (2024) = 4,3 (25/135) M21



3. Stevi¢ I, Jankovi¢ SM, Petrovié N, Canak-Balti¢ N, Marinkovi¢ V, Lakié¢ D.
Nonchemotherapy drug-induced cytopenias: A cost-of-illness study using the
microcosting methodology based on real-world data. Br J Clin Pharmacol. 2025 Jun 11.
doi: 10.1002/bcp.70122. Epub ahead of print.

Oo6.aact: Pharmacology & Pharmacy
HNmmakr gakrop: IF2 (2024) = 3,0 (138/352); IF5 (2024) = 3,4 (129/344) M22

Onnyky MOCTaBUTH: KaHAMIATY, YHHBEP3UTETY, WIAHOBMMAa KOMHUCH]E, JIEKaHy, CEKpeTapy,
NpoACKaHy 3a MOCIEAMITIOMCKE CTyauje, MeHropy (mpod ap. [parana Jlakuh wu
npod.ap.Banentuna Mapunkosuh), Oaceky 3a HacTaBy M CTyAEHTCKa mutama, OJceKy 3a
IpaBHE ¥ ONINTE IIOCJIOBE, IIOCIOBHOM CeKperapy, mnpencennuky Komucmje 3a
MOCJIeTUTIIOMCKE cTyauje — mokTopcke crynuje (IIpod. np busbana AnTonujeBuh) u apXuBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMAIEYTCKOT
®AKYJTETA

IIpo¢. np Hartama Borasan
Cranojesnh



HACTABHO-HAYYHOM BERY
OAPMALEYTCKOI' ®AKYJITETA YHUBEP3UTETA Y BEOI'PALLY

KOMHUCHUJINA 3A TOCTEIUIIJIOMCKY HACTABY — TOKTOPCKE CTYUJE

Ha cemnumm HacraBHO-HaydHor Beha ®apmarieyrckor ¢akynrera YHuBep3uteta y beorpany,
onpkanoj 09. anpuna 2026. rogune (omtyka Op. 812/2), umenoBanu cy wiaHoBu Komucwuje 3a
OlleHy W oAOpaHy 3aBpIIeHE JOKTOPCKE AucepTanuje KaHaupata Mmar. Qapm. cren. lBane
CreBuh, mon HacimoBoM: ,,apMaKoenuaeMUOJOIIKH H (apMaKOEKOHOMCKH aCMEKTH
LMTONEHNja Y3POKOBAaHMX NpPHMeHOM JiekoBa”. OBa [OKTOpcka Te3a ypaheHa je mon
MeHTOpcTBOM 1p. ci. [lparane Jlakuh, pemoBHOr mpodecopa YHuBep3utera y beorpamy —
@apmaneyrcku  ¢akynteT U ap. cu. Bamentune MapunkoBuh, penoBHoOr mpodecopa
VYuusep3utera y beorpany — ®apmaneyrcku dakynrer.

YnaHoBH KOMMCHje 32 OLIEHY U 010pPaHy JOKTOPCKe QUcepTalHje y cacTaBy:

1. Ap cu. Aymanka Kpajuosuh, pemouu mpodecop, Yuupep3uter y beorpamy —
®dapmaneyrckn  dakynrer (yka HaydyHa ob6mact: ComujanHa dapmaruja ¥ dapmareyrcka
npakca), npeacennuk Komucuje

2. Ap cu. Caobonan JanmkoBuh, penoBHm mnpodecop, YHuBep3uteT y KparyjeBmy —
dakynrer MEAWIIMHCKUX Hayka (yxka HaydHa oOnact: dapmakoyiorrja ca TOKCHKOJIOTHjOM;
KJIIMHWYKA (apmaruja)

3. Ap cu. Mapuna OpanoBuh, penoBau mnpodecop, YuuBepsurer y beorpany —
dapmarneyrcku dakyiTeT (yka HaydyHa oosact: Conujanna dhapmanuija u papMaieyTcka mpakca)

nperjenaid cy MpUIoKeHy TUcepTalujy U MponpaTHy AOKyMeHTalujy u mnogHoce HacraBHo-
HayuyHoM Behy YHuBepsurera y beorpany — ®@apmaneyrckor dakynrera cienehu:

MN3BEILITAJ

Kanmunar MBana J. CreBuh pohena je 22. anpuna 1990. ronune y ['opwem Munanosiy, rae je
3aBpIIWJIA OCHOBHY M Cpelmy IKony. VMHTerpucane akaneMcke ctyauje 3aBpiimna je 2016.
roavHe Ha YHuBep3utery y beorpany — ®apmarnieyrckoM ¢dakynTeTy, a Ha UCTOM (PaKyiTeTy je
3aBpIIMIA M CIHEHUJATUCTHYKE aKaJeMcke CTyauje u3 obmactu DapMakoeKOHOMHjE U
¢dapmaneyrcke nerucnatuBe (2018. rommne), u u3 obractu dapmaineyrckor MeHalMEHTa U
MapkeTuHra (2022. roaune). Kangupar wMa BUIle Ol JeCeT TOAMHA PagHOT HCKYyCTBa Ha



Pa3TMYUTUM MO3UIMjaMa Yy 00JIACTH peryJaTHBE, MApPKETHHTA U TIOJUTUKE IieHa (hapMaIleyTCKIX
pou3Boja y AoMahuM U CTpaHUM KOMIaHHjama, a o] HopeMOpa 2020. roguHe 3amocieHa je Ha
dapmanieyrckoMm  ¢dakynrery (Ha Kareapu 3a comujanHy dapmanujy u  (dapMameyTrcko
3aKOHO/IaBCTBO).

1. TIPUKA3 CAJAPKAJA JOKTOPCKE JUCEPTAIINJE

Joxropcka aucepranuja kanauaara Misane CreBuh noa HacioBom ,,DapMakoenuIeMUOIONIKA U
(apMaKOEKOHOMCKH AacCHeKTH LUTONEHH]a Y3pOKOBAHMX IPUMEHOM JIEKOBA', HalKCaHa je
jacHUM ® mperiemHuM cTwioM Ha 139 crtpana, gopmara A4, dourom Times New Roman,
BenmuuuHe 12 W jeAHOCTPYKHMM MpopenoM. Y CKIIOMy AHMcepTalldje MpHUKa3aHo je YKymHOo 32
tabene, 30 ciuka u 262 nurepaTypHa HaBona. [ucepranmja caapxu cieneha mormasipa: YBog,
uwmweBu, Metononoruja, Pesynraru, uckycuja, 3akspydru u JIureparypa.

Ha mouetky mucepramuje npenactaBibeH je CakeTak paja Ha CPIICKOM M €HIJIECKOM Je3UKy U
caZpikaj, JOK Ce Ha Kpajy HaJla3u celaM NpHora, KpaTka Ouorpaduja KaHauaaTa U MOTIHUCAHE
n3jaBe KaHIHUaTa O ayTOPCTBY, NCTOBETHOCTH IITAMITAHE U EIIEKTPOHCKE BEp3Hje U KOpUIThemy
JOKTOPCKE AMCEepTaInje.

YBOJ NOKTOPCKE IHCEpTaldje CaapKh CBeoOyXBaTaH IpErJie]] PEIEBAaHTHUX JINTEPATYPHUX
mojaTaka O HeXeJbeHHM peakidjama Ha sekoBe (HPJI), ca ocBprom Ha xematomomke HPJI,
OJIHOCHO Ha IMTOICHHje (aHEeMHja, JICYKOIIEHH]a, TPOMOOIIMTOIIEHH]Ja) KOje CYy Y3pOKOBaHE
MIPUMEHOM JIeKOBa. Y yBoay je HaBeneHa Aehununmja HPJI koja je y ckimamy ca JuTepatypom,
€BPOTICKMM PETYJIATOPHUM OKBHPOM M 3aKOHCKOM peryiaatuBoMm y CpOuju. HaBemena je
knacudukanuja nuronenuja kao HPJI mpema Tumy w MexaHM3My HAacTaHkKa, y3 IpHKa3
neuHUIMja U TPAaHUYHUX BPEIHOCTH 33 CBaKy BPCTY LUTOIICHU]E, U JIaT je Tperiie/l JIeKoBa 3a
KOj€ je y JIUTepaTypH IMO3HATO Ja MOTY JIa KX H3a30BY.

Y yBomy je y OJeJbKYy KOjU c€ OJHOCH Ha (hapMaKOemUJAEMHUOJIONIKH acIleKT, Ha OCHOBY
JIOCTYITHUX TOJIaTaka MpuKa3aHa ydectaioct nojaBe HPJI m muromeHuja xao moceOHE BpCTe,
3aTUM 00pa3iokKeHa je BAXKHOCT MOCTMApKETUHIIKOT npahema 0e30eIHOCTH JIEKOBa M CUCTEMa
(hapMakOBUTHIIAHIIE Ca OCBPTOM Ha M3a30Be NpEIo3HaBama 1 npujaBbuBama HPJI, ca moceOHum
dokycom Ha nutonenuje kao HPJI. Omucana je ymnora peryiaTOpHOT Tella y HallMOHATHOM
cucreMy (apMakOBUTHJIAHIIE W HbErOBa IIOBE3aHOCT ca TJIOOAIHUM cucTeMuMa mpahema
6e30ennoctu siekoBa (Upsala Monitoring Center). Tlpeno3naro je aa je u mopena mocrojehnx
o0aBe3a MpujaBJbUBama, CTENEH MpHjaBbuBamba HPJI — a moceOHO muTOoneHuja — 3HAYajHO
HU3aK, T€ Ja y JIMTepaTypu HENOCTajy MpEeLM3HU MOJAIM O YUeCTaJOCTH, CTPYKTYpH U
TPEeHJ0BMMa NPHUjaBJbUBAA OBUX NMopeMehaja Ha HAI[MOHAIIHOM U IJI00aJTHOM HHUBOY.

VY yBoay je y 0J1eJbKY KOjU C€ OHOCH Ha (PapMaKOEKOHOMCKH acIeKT, IpUKa3aH U (UHAHCH]CKH
(eKOHOMCKHM) acHekT onrtepehema 3/paBCTBEHOr cHCTeMa W JpylTBa Koje cy nocienuiie HPJI
YONIITEHO, Kao U ontepehema koje je mocnenuna nocedbne rpyne HPJI ogHocHo muTonenuja, ca



ocBpTOM Ha moctojehe cTymuje TpomKoBa Koje Cy yriaBHOM Ouie (okycupaHe Ha
AaHTHKAHIEPCKE JIEKOBE WM Ha TOjeIMHAYHE JICKOBE y CIIy4ajy JIEKOBa KOjU HE TpUMaajy Tpynu
AHTHUKAHIEPCKUX JIEKOBA. YKa3aHO je Ha HEJOCTATaK CTYy/Hja TPOIIKOBA 0OJIECTH 3aCHOBAHUX Ha
MUKPOTPOIIKOBHOM MPUCTYIY 3a IUTONCHH]E Y3POKOBAaHE JIGKOBUMA KOjH HE MpPUMAIajy TPYyIu
AHTHUKAHLEPCKUX JICKOBA.

Y HacTaBKy yBOJa WU3JOKEHH CY OCHOBHU KOHIICTITH 3JIPABCTBCHE EKOHOMHjE U
(hapMaKOCKOHOMCKHX  aHalm3a, yKJbYdyjyhm BpCTE TpPOIIKOBA, TMEPCIEKTHBE, BPCTE
(apMakOEKOHOMCKUX  CTyAWja, Kao M  OCHOBHM  KOHIIENITM  TMpUKa3a  pe3yirara
(hapMakOeKOHOMCKUX eBaiyanuja. OmnucaH je 3paBCTBEHH CUCTEM W CHCTEM 3JPaBCTBEHOT
ocurypama y Cpouju, ca ynorom Pemyonuukor donaa 3a 3apaBcTBeHo ocurypame (PD30).

Ha «kpajy yBoma jacHo jJe oOpa3noxeHa mnorpeba 3a HCTpakMBambHMa Yy 00JacTH
(apmakoenueMuosioruje 1 (GpapMakoeKOHOMH]E LUTONEHHJa Y3POKOBAHUX IMPUMEHOM Kako
AHTHUKAHIIEPCKUX JIEKOBA, TAaKO W JICKOBA KOjU HE TPHUIIAIajy TPYIMH OBUX JIEKOBa, Kako O ce
yHanpeauia caBpeMeHa KIMHUYKa Ipakca, apmakoBurmiania osux HPJI u goHomeme oanyka
y TIpoliecy Jieuera manvjeHara. [{nipeBu ucTpakuBama y OKBUPY OBE JOKTOPCKE JHCEpTaIuje
MOCTaBJCHU Cy y OJHOCY Ha Haja3e y JIUTepaTypu KOjU yKa3yjy Ha moTpede 3a J0JaTHUM
HCTpaXKUBambUMa y o0actu dapMakoenuaIeMruosiorije U (papMakoeKOHOMHJE, a Ha OCHOBY jaCHO
MPEMO3HATOT HENOCTaTKa TMPEIU3HUX IoJaTaka O Y4YeCTAIOCTH, CTPYKTYpH W TPEHIOBUMA
MpHUjaBJbHBAA IIUTONICHW]a HA HAIIMOHAJTHOM W IIOOATHOM HUBOY, KA0 M HEJOCTAaTKa CTyauja
TPOILIKOBA IMTOINEHHJAa Y3POKOBAHMX JIEKOBHMA KOJU HE MpUMAAajy TpyNu aHTUKAHLEPCKUX
JIeKoBa M (papMaKOEKOHOMCKHX aHaJIM3a Jieueha OBUX opeMehaja (Xumore3a uCTpakuBama).

Lu/beBu ucTpaKuBama Cy jacCHO Je(UHUCAHU U MOJIEJbEHU Ha YETUPH LIETIMHE:

1. Ananuza mOBE3aHOCTH PEryJlaTOpPHUX (PAaKTOpa M Y4YECTaJOCTH OYEKHBAHHMX LMTOINCHH]jA
Y3pOKOBaHMX MPUMEHOM JIEKOBa (aHTHUKAHIEPCKUX JIEKOBA U JIEKOBA KOJU HE MpUIajajy Tpynu
AHTUKAHIEPCKUX JIEKOBA);

2. AHanv3a npHjaBa HEXKEJHCHUX Peakilfja Ha JIK TUIIA [IUTOIICHH]ja Ha TJI00AJTHOM HUBOY;

3. AHanm3a TpPOIIKOBA JIeUeHha UTOICHUja Y3POKOBAHUX IPUMEHOM JIEKOBA KOjU HE NPHIIANajy
IpyNH aHTUKAaHLEPCKUX JekoBa y Penyomuuu Cpouju;

4. ®apMakOeKOHOMCKa e€Ballyalldja Jieuema LHUTONEHHja (aHeMHuje, JIEYKONEeHHje U
TPOMOOIMTONIEHH)€) KOje Cy Y3pOKOBaHE NPUMEHOM JIEKOBa KOJU HE TMpHUManajy Tpymnu
AHTUKAHIIEPCKUX JIEKOBA.

VY nornasby MeTomo/10ruja, HaBeJIeHo je Ja Cy KOpUIIheHHW pa3HOBPCHHM HAYYHH METOJIM: 3a
IpPBH U JPYTU IMJb - CEKyHJapHa aHainu3a noctojehux 0a3a mojaraka, 3a Tpehu muib: cTyauja
TpOIIKOBa OOJIECTH TO TUIY CTyIAHja MpeceKka, 3a YeTBPTU LMJb: U3paga (papMaKOEKOHOMCKHX
Mojiena. 3a crpoBoleme NepuHrucaHuX IIMJbeBa JI0OMjeHa Cy CBa HEOMXO/IHA 0J100pemha eTHUKUX
KOMHUTETa OJIHOCHO 0J00pa M CcarjlaCHOCT peryiJaTopHor Tteia (AreHuuje 3a JIEKOBE H



meaunuHcka cpeactBa Cp6uje — AJIMMC) 3a ymoTpeOy moparaka 3a HM3pagy TOKTOPCKE
JFcepTaIuje.

3a mpBH UJb JIETAJBHO je OMUCAHO HCTPAKUBAKE CEKYHIAPHOT THITA KOje j€ 3aCHOBAHO Ha jaBHO
JIOCTYIHUM HH(OpMaIjama, 0OJHOCHO Ha 0a3aMa perucTpoBaHUX JIEKOBA U JINCTE €CEHIMJATHUX
nexoBa Cercke 3npaBctBeHe Opranmszamuje (C30). [eraspHo je onucan mocTynak GopMupama
ceToBa MoOJaTaka 3a aHauu3y (M0 3alITHNEHOM HMMEHY, WHTEpHAIIMOHAIHOM He3alTHheHOM
nmeny (MHH), 3a Ouomnomike sekoBe u Ounocumumiiape). HaBeneHe cy 3aBHCHE M HE3aBHCHE
Bapujabie cryauje, Ka0 U CTaTUCTUYKE METOJE — JIECKPUNTUBHA CTaTUCTHKA, MyJATHBAapHjaHTHA
OWHapHa JIOTUCTHYKA PETPEeCHOHA aHalIMW3a Cca METOJOM OOpHYTOT YCIOBHOT YKJIambama
MPEIUKTOPa, ¥ MOJIEN JApPBETa OJUTyduBama 3a Kilacu(uKaiujy JIeKoBa MpemMa pU3HKy O] T0jaBe
o4yeknBaHUX xemarojomkux HPJI.

3a apyrd 1IWJb, OMHCAHA j€ METOJOJIOTHja CEKYHJAapHE aHaliu3e TMojaTaka J0O0WjeHUX U3
riobanne 6a3e crontanux npujasa HPJI — VigiBase — 3a gecetoroaumimu nmepros (2014-2023),
KaKo Ha TJIOOATHOM HUBOY Tako u 3a CpOwujy. [leTasbHO Cy mpHKazaHe eKcTpaxoBaHe Bapujadie
3a CTPYKTYpy INpHJaBJbEHUX ClIydajeBa, Ka0 W METOJI0JIOTHja MU3payyHaBamwa TOJUIIIE CTOIEe
NpHjaB/bUBafba M aHAIW3e TpPEHJa NPUMEHOM MeToje joinpoint perpecuje. Omucan je u
MOCTYIaK aHaJM3e KOMIUIETHOCTH MHpOopMaIiija o moTpebu 3a mpahemeM IUTOIEHH]a KOja je
HaBeleHa y caxenuma kapakrtepuctuka Jieka (CKJI) 3a oHe nekoBe KOJ KOJUX je yOUEHO Yy
pe3ynTaTiMa IpBOT 1IKWJba JIa Ce IUTOTICHHU]E jaBJbajy ca ydecTtanomhy "Beoma decTto".

3a tpehu 1usb AeTasbHO je omucaHa cTyauja TpomkoBa 6omectu (enri. cost-of-illness, COl) koja
je cripoBeieHa TPUMEHOM MUKPOTPOIIKOBHE aHAJIM3€ MPUCTYIIOM 010310 Ka Tope', Kao 3J1aTHOT
CTaHIapAa 3a oOBaj TUm cryauje. [lomamy cy NPUKYIUBEHU PETPOCIEKTHBHO W3 PEaTHOT
OKpYXeHha Ha TEePIHjapHOM HUBOY 31paBcTBeHE 3amTuTe (KIMHUYKKM YHUBEP3UTETCKU LIEHTAp
KparyjeBan), 3a nepuon 2020-2022. JacHo cy nepuHUCAHU KPUTEPUJYMH 32 YKJbYUYHBAHE H
HCKJbyUHBamE IMalMjeHaTa, ONUCaH je MPOIIEC Y30PKOBama (CENIEKIMje ClydajeBa), a HaBElIeH je
M KOHauaH Opoj ciy4ajeBa mo BpcTh nurtomneHuje (46 neykomnenuja, 71 anemuja, 80
TpombOonmronenuja). Ilpukazane cy Bapujabie o1 HMHTEpeca W METOJOJIOTHja HM3padyHaBamba
JTMPEKTHUX W WHAMPEKTHHX TPOIIKOBA, ca oOpa3iokemeM mepcrektuBe mationa (PO30,
MAIMjeHT, TMOCJI0/IaBal), Ka0 M HA4YMH W3pakaBamka TPOIIKOBa 3a MoTpede MmehyHapomaHor
nopehema. Onucana je U CTaTHCTHYKA aHAIHM3a, YKIbY4yjyhu reHepain30BaHu JTMHEAPHU MO
3a yTBphUBame MpeIuKTOpa YKYITHOT TPOIIKA JICYCHA.

3a 4eTBpTU LWJb ONMCaHE cy (PapMaKOEKOHOMCKE aHalIM3€ OJHOCA TPOILKOBAa U edekara (eHIJI.
cost-effectiveness analysis, CEA) u omHoca TpomikoBa u kopuct (eHri. cost-utility analysis
CUA), koje cy crpoBe/ieHEe 3a CBaKy BpPCTY LHUTOMNCHHje MOCEOHO (aHEMH]y, JICYKOTCHH]y U
TPOMOOLIMTONICHN]Y), NMPUMEHOM MoJiesla JapBa ojiayke. JletrasbHo cy oOpasnokeHH H300pu
nopeAdeHUX cTpaTeruja, U3BOPH MOJaTaka 3a TPOILIKOBE, BepoBaTHOhe 3a mojenuHe norahaje,
e(EeKTUBHOCT MOpEA0EHUX CTpaTeruja M BPEIHOCTH KBaJuTeTa KMBOTa. HaBeneHo je nma cy
aHanmu3e crpoBeneHe M3 nepcrnektuBe PP30-a, y3 npumeny Moute Kapino cumynamnuje, u
CIPOBENIEHY jJEAHOCTPAHy aHAJIN3Yy CEH3UTHBHOCTHU ca IpadUUKUM MPUKA30M pe3yaTara Kpo3
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Topuano nujarpam. Pesynraru cy npukaszanu y ckiany ca CHEERS Bonndem 3a n3BeniraBame o
eKOHOMCKHUM eBaJTyalfjama.

Muckycuja je oOyxBaTwia aHAIM3Y W pa3Marpame NOOWjCHMX pe3yiTrara ca KPUTHYKHM
OCBPTOM Ha pe3yiTaTe CIMYHHX HCTpakuBama. HaBeneHe Cy MPEeIHOCTH W OTrpaHUYCHA
UCTPaXUBaka Yy OKBUPY JAUCEPTALIMjE, KA0 U CMEPHHUIIC 32 Jlajba MCTPAXKHUBAba Y OBOj 00JIACTH.

[Tornassbe 3ak/byduM CaZpXu CaXKETO INPUKA3aHE HAJBAXKHH]E 3aKJbydyKe MPOUCTEKIE U3
pe3yiiTaTa HCTpaXkHBamwba, a KOJH Cy y CKJIQAy ca MPETXOAHO NOCTABJbEHUM IIHJbEBUMA.

VY okBupy moriariba Jluteparypa HaBeneHo je 262 pedepeHne koje cy kKopuirheHe TOKOM
u3pajie J0KTOPCKE JAUCepTaIuje.

[Ipuno3u canpke HaBe[eHa M0JaTHA U IOTpeOHA TOKYMEHTa, yKJbydyjyhu crnmcak ckpahenwiia,
cncak Ta0ena, Kao U J0AaTHE pe3ynrare ca 12 tabenapHUX mpHKasa.

Buorpaduja canpxu kpatky ouorpadujy KanauaaTa.

Ha camom kpajy AOKTOpCKe aucepTairje Hajga3e ce HEeONXOJHEe Mu3jaBe cxXoaHO [IpaBuiHHKY O
JTOKTOPCKUM CTyJMjaMa Ha YHHUBEp3UTETy y beorpany.

Oonyke Emuuxe xomucuje @axynmema u ocmane HeONXooHe emudke 00yKe

3a chnpoBohewme nehUHHUCAHMX IUJbEBA JO0OMjeHAa Cy CBa HEOMXOJHA OJ00peHma ETHUYKHX

KOMHUTETa OJJHOCHO 0A00pa:

e Ernuxkor xomutera YHuBep3uTeTa y beorpamy — ®apmaneyrckor dakynrera (2956/2 on
24.12.2024), u

e Ertuukor ongbopa VYHuBep3uTeTckor KiIMHMYKOT weHTpa Kparyjesanm (01/22-340 on
10.10.2022)

U carjacHOCT peryiaropHor tena (AreHIHje 3a JeKoBe M MeauiuHcKa cpenctBa CpOuje —
AJIMMC) 3a ynoTpeOy mojataka 3a u3paay J0KTopcke aucepranuje (mapt 2026).

2. OIIUC NOCTUTHYTHUX PE3YJITATA

vy IOTJIaBJbY Pe3yJ'ITaTH ONMCaHU CYy pEe3yiTaTu CIipaM HNPETXOAHO IOCTABJbCHUX IHUNJbCBA
HUCTpaXKUBAKA.



llpsu yun

Anamm3om 1349 Bakehmx m03BOJa 3a JIEKOBE OJOOPEHUX HEHTPAIM30BAHHM IOCTYIKOM O]
crpane EMA-e (883 jemuncrBenux MHH-oBa), yrBpheHo je ma je BuIe OJ NMOJOBHHE JIEKOBA
(54,78%) moBe3aHO ca OYEKHMBAHOM TIOjaBOM Heke xemarosiomke HPJI, a cBaku meru Jiek ca
IBEHOM BEOMa 4YeCTOM ydecTanomhy. AHeMHja, TPOMOOLUMTONEHWja U JieyKoreHuja kao HPJI
ouekuBane cy koxa 40,47%, 41,14% u 36,17% nekosa, pecnektuBHO. JlekoBu u3 ATC rpyme L
(aHTUHEOIUTACTHIIM W WMYHOMOIYJIATOPH) CY JIEKOBH KOJ KOjuX ce dyemhe OdYeKyje IojaBa
xematosiomkux HPJI  O6mno koje ydecrtamocT y OJHOCY Ha Jpyre Tpymne JieKoBa.
MynTtuBapujaHTHOM OWHApPHOM JIOTUCTHYKOM pPErpecujoM HACHTU(DUKOBAHU CY KJbYYHU
perynatopuu (aktopu nosehanor pusuka o ouekuBaHe nojaBe xemarosjomkux HPJI 6umno koje
yuecTanoctu: reHepuuku cratyc jeka (OR 1,76-2,37), craryc bmocumunapa (OR 3,26-11,25) u
MPHUCYCTBO Ha eceHnujaHoj uctu jgekoBa C30 (OR 2,08-2,53), nok je myT npumeHe jieka 0uo
JemMHU TPOTEeKTHBHU ¢akTop. 3a BeoMa decTy ydectamocT xematosomkux HPJI, cratyc
OmocuMmIIapa, yCIIOBHA JI03BOJIa M TIPUCYCTBO Ha eceHInjamHoj aucTH JekoBa C30 moka3zanu cy
ce kao 3Hauyajuu ¢akropu. Ha HuBoy Omocummiiapa, xon nexosa uctor MHH-a nuje yrphena
pasnuka y ydecTasocTH mojaBe xemaroiowmkux HPJI, a pasnuka y oaHocy Ha pedepeHTHe
OMOJIOTIIKE JICKOBE yOUe€Ha je camMo y Cy4ajy coMarponuHa. Pe3ynTaTu cy 1oJaTHO MpUKa3aH!
KpO3 MojIelie JpBETa OJUTyduBama. Y TPHIIOTY JOKTOPCKE IHCepTanuje Cy AaTh JIOJaTHH
pe3yiTaTi W3 OBOT Jefa, yKJbydyjyhum nucty sekoBa Ha HuBoy MHH-a kom kojux ce jaBiba
cnenuduyHa NUTOTICHU]a Ka0 HEXeJbeHa Peakilja Ha JIeK ca yuyecTajolrhy Beoma 4ecTo.

gZQ yeu yusb

VY necerorogummem neproay (2014-2023) rinobanHo je mpujaB/beHO YKymHO 74873 ciydajeBa
neykonenuje, 161631 cmyuaj anemuje u 141836 ciyuajea TpomOomutonenuje kao HPJIL, y
nopehemwy ca 88, 122 u 126 cinyuajeBa mpujaBibeHnx y CpOuju. YTBpheHe cy CcTaTUCTUUYKH
3HAYajHE Pa3IMKEe Y CTPYKTYpPH IPHjaBJbEHHUX cilydajeBa usmely cBera u CpOuje 3a CKOpo CBe
KaTteropuje (crapocHa rpymna, 1o, 030MJBHOCT, W3BEIITad), IPH 4YeMy jeé BeluunHa edexra
yKa3uBaJia Ha Mally TPaKTUYHY pa3nuky. Lluronenuje cy Hajuemhe npujaBJbUBaHE KOJ KEHA,
crapoctu 45—64 roauna, a y Cpbuju je yaeo mpujaBa oj CTpaHe JieKapa 3Ha4ajHO BHIIM HEro y
ceety (76,34% mnacnpam 31,72%), y3 3HaTHO HIKM y[Ieo TMpujaBa oJ cTpaHe (apmareyrta.
[Ipoceuna croma npujaB/bUBama UTONCHU]A Y JECETOTOUIIHLEM MEpHOAy Owiia je yrmopeauBa
u3mehy cera u CpOuje (4,87 nacnpam 4,83 HPJI/munuon/romumime). AHaIW30M TpeHIa
YTBpheH je pacT y npujaBJbHBamby CBUX TUIOBA LuToneHuja y Cpbuju, y3 Behy BapujaOUiIHOCT y
cTolnama IpHjaB/buBama y nopehemy ca cBeToM, MITO yKazyje Ha HEKOH3UCTEHTHOCT y MpPaKCH
(dapmakoBurniIaHue. AHaaM30M KoMiuleTHocTd uHpopmanuja y CKJI-oBuma jekoBa yrBpheHO
je na je moTmyHa uH(popmanuja o npahewy IUTONEHHMja HaBeleHa KOJ Mame of JaBe TpehuHe
JIeKOBa, TNpH dYeMy CTAaTUCTMYKAa aHalM3a HHje IoKas3ajla 3HayajHy IOBE3aHOCT u3Melhy
KoMIuleTHOCTH MHGpopmauuja o npahewy y CKJI-y u nocrojama npujase HPJI. ¥V npunory



JOKTOpPCKE Iucepranyje je HaBeAeH cmmcak JyiekoBa (mpema MHH-y) 3a xoje cy nHajuernhe
npujaBibuBaHe nurtonexuje kao HPJIL.

Tpehu yuw
Y cTynMju Cy aHaNM3WpaHH CIy4ajeBU IUTONCHHja Y3POKOBAaHMX NMPUMEHOM JICKOBA KOjU HE

MIPUIIAajy TPYIH aHTHKAIIEPCKHUX JieKoBa (46 neykonenuja, 71 anemuja, 80 TpomMOOIITOTICHH]A),
YHMe je UCIYHEH KPUTEPHjyM 32 MUHUMAIIHY BEIHUUHY y30pKa. [IpoceyHa crapocT manujeHara
m3Hocwia je 63,6 = 16,3 rogune, BehuHa ciaydajeBa je 3a0enexeHa KOJ| MarijeHaTa >KeHCKOT
0JIa, a MAIMjeHTH CY TOKOM XOCIHUTAJIN3aIje JeUeHH Y MPOCEKY ca BHIIE OJ 27 pa3induTUX
nexkoBa Ha HUBOYy MHH-a, ox uera je 15 nexoBa mMano MOTEHIMja)l Aa Y3POKYje LIUTOIEHU]Y.
[Ipoceuna myxxuHa Xocnurtanu3amuje Ouna je u3Haj 25 maHa, y3 mpeko 16 mperiema Jexkapa
cnenujanucta. Tpancdysuja je mpuMemeHa KOJ BUIIE OJ] MOJOBUHE MallMjeHaTa ca aHEMHUJOM
WU TPOMOOITUTOIIEHHJOM, a KOJ TeXHX 0O0JiMka (cTerneH > 3) KojA JBa OJ TpU TMallUjeHTa.
HajBehu npoceunn yKymHU TPOIITKOBHU TIO CITy4ajy 3a0enekeHu cy 3a JeykoneHujy (200.928,4 +
125.838,4 RSD), 3atum 3a TpomOonutoneHujy (115.065,2 + 73.064,2 RSD), a HajMamH KO
anemuje (109.502,5 + 68.604,2 RSD). Ko neykorneHuje CKOpO MOJIOBHHY YKYITHHX TPOIIKOBA
YUHWIN Cy TPOWIKOBU JekoBa (49%), MoK cy Ko aHeMHje M TPOMOOLMTONEHHU)E TPOIIKOBH
XOCITUTAIM3AIMje HajBUINE JTOTMPUHOCHIIA YKYITHHM TpPOINKOBMMAa. MYyJITHBapHjaHTHA aHAJIA3a
MPUMEHOM T'e€HEPAIM30BAHOT JIMHEAPHOT MOJela IMokKas3aia je Ja je Opoj KOMIjyTepHU30BaHUX
ToMorpaduja jenuH (PaKkTOp MOBE3aH ca YKYITHUM TPOIITKOBHMA 34 CBA TPH THIA IIUTOTICHU]E, Y3
JoJaTHe crienu(UvHe TPEAUKTOPE 32 CBAKH TUI. AHaIM3a WHIUPEKTHUX TPOIIKOBA yKa3aia je
Ha 3HAYajHy aCUMETPH]y Yy pacmnojenu (UHAHCHJCKOT TepeTa — IOocioaBai cHocu 4,3 myra
BHINIM JHEBHU WHIUPEKTHU Tpoimak y oxHocy Ha P®30, a mamujent ryou mpoceuno 41,2%
3apajie 1Mo eMu301 XOCIHTAIH3aIIje.

Yemspmu yuv
dapmakoekonomcke ananumze CEA u CUA, crnpoBeneHe mpuMEHOM Mojeia JIpBa OJJIyKe ca

MonTte Kapno cumynarnujom Ha koxoptama o 1000 BUpTyenHUX mamujeHaTa, mokasaie cy aa cy
CBE TpH NpO(UIAKTHYKE CTpaTervje TPOLIKOBHO HCIUIATHUBE (JIOMMHAHTHE. HIKU TPOIIKOBH,
Beha edexTUBHOCT/KOpUCHOCT) Yy mopehemy ca craHgapaHoM TepamnujoM. Hero HOBuaHU
OeHeduT y ciydajy JeyKoneHuje U npuMeHe ¢uiarpactuma je 6uo mosutuBad (Hop. kogq CEA
111.076,17 RSD), nok je y ciydajy aHeMuje KOoJ MpuUMeHe aapOemnoeTnHa-anda 6uo Takohe
nosutuBaH (arp. kog CUA 1.763.778,87 RSD). Ilo3uTrBan HeTO HOBYaHU OeHE(DUT je T00UjeH 1
y ciydajy TpoMOouuTomneHuje u mnpodunakTuuke npumeHe Qoumamapunykca (Himp. ko CEA
407.224,70 RSD). CripoBe/icHe aHaIM3e CCH3UTUBHOCTH 3a CBA TPU THIIA IIUTOINICHU]A MOTBP/INIIE
cy poOycHOCT pe3ynTaTa — HETO HOBUaHHM O€HE(HUT OCTao je MO3UTHBAH M MpPU €KCTPEMHHUM
BapupamUMa yIa3HUX MMapameTapa, IITo je mpukazano TopHamo aujarpaMuma.



3. YIIOPEAHA AHAJIM3A PE3VYJITATA JUCEPTAIIMJE CA IIOJAIIUMA H3
JIMTEPATYPE

VY amcKycHju TPBOT IHMJbA j€ HABEJCHO Jla je MO cCa3HamkMMa ayropa OBO MpBa CTyAHja Koja
UCTpaxyje Be3y u3Mel)y perynaTopHux (GakTopa U y4ecTaTOCTH OYEKMBAHMX XEMATOJIOMIKHX H
cneunpuunux mmronendja kao HPJI, m mpBa cryamja koja y MOTHYHOCTH KOPUCTH jaBHO
JIOCTYIIHE TOJIaTKe HA HUBOY CBUX JIEKOBAa OJOOPEHHMX IEHTPAIM30BAHUM IIOCTYIKOM, 0e3
TEPaIMjCKIX OTpaHWUECHa WM OrpaHHueHha JaTymMa oJo0pema. Pesynratu mokasyjy Ja craTyc
OnocuMmIIapa, TCHEPUUYKH CTATyC JIEKa W MPUCYCTBO JIeKa Ha €CeHIIMjasIHO] JUCTH JiekoBa C30
Mpe/CTaB/bajy KJbY4HE peryiatopHe (akrope mnoBehaHor pusMka OuYEKHMBaHE IOjaBe
xematoJsiomkux HPJI. YTuna) myra npumene jeka kao MPOTEKTUBHOT (hakTopa OWOJIOMIKU je
00pa3nioxkeH n30eraBambeM CUCTEMCKE allCoOPITINje U MOCIEANYHO 3aHEMapJbUBOM H3JI0KEHOIINY
KOILITAaHE CPKH, a MOTKPEIJbCH je Haja3zuMa Ingrasciotta u capamHuka y CTyQuju O aruia3uju
EpUTPOIIMTA TIOBE3aHO] ca MpuMeHoM enoetuH-anda (1). Hama3 ma je mpucycTBO Jieka Ha JTUCTH
eceHuujanHux JekoBa C30 ¢akrtop pu3uka o0jalllbeH je 3aXTeBHMa 3a YKJbyYUBaWkE Ha TY
JUCTYy — JIEK MOpa OWTH y NMpPUMEHH AYXKM HU3 TojuHa, yuMme je oMoryheH noOpo mo3Har
0e30eJHOCHH MPOGHI, a CAaMUM THM M BHINIA CTOIA Tperno3HaBama U npujaBsbuBama HPJI (2).
Craryc ycioBHe J03BOJIE W JojaTHOr mnpahema Jeka TOBE3aH je ca  CTPOXKHM
MMOCTMApKETHHIIKKUM o0aBe3aMa M aKTUBHHjUM Ham3opoMm (3,4), a Hanma3 ja yOp3aHa IpolleHa
noBehaBa pu3HMK y CKJIaay je ca APYTUM CTyAWjama Koje MOoKa3yjy MOTSHIMjaTHy Be3y u3Mmehy
ckpaheHor moctymka onoOpaBama W 0€30€MHOCHHUX MpoOJieMa HAKOH CTaBJhbama JieKa Ha
tpxumTe (3). OACyCTBO MPOTEKTUBHUX perynaropHux ¢akropa Ha HUBOy MHH-a nmpencraBiba
BAKHY MPAKTUYHY UMIUTHKAIN]y — YIpaBJbamkhe PUHUKOM Tpeda fa Oyne 00e30e)eHo aKkTHBHUM
KIIMHUYKAM MOHUTOPUHIOM KOMIUIETHE KpBHE CJHMKE, a HE OC/IambalkbeM HCKJbYYHBO Ha
perynaropuu cratyc jieka. [lopeheme ca apyrum ctyaujama Koje cy KopucTuie 0a3y mojaaraka
EMA (Mol u cap. (3), Francisca u cap. (5), Zeitoun u cap. (6), Meregaglia u cap. (7) ykasyje Ha
CHary oBe CTyZAMje Y OJIHOCY Ha MpeTXxo/aHe, Oyayhu 1a oHe HUCY YKJby4HBaJie CBE JIEKOBE, HUTH
Cy aHaJIM3Mpase yTUIlaj HAaYuHa PUMEHe U eceHuujanne gucre gexkoBa C30.

Jpyru uusb JOKTOpCKE AucepTanuje 6uo je mopeheme mpujaBibuBama IUTONEHU]a Y CBETY U Y
Cpbuju u mokaszaHo je Ja MoCToje CTATUCTUYKU 3Ha4YajHe pa3iuKe y CTPYKTYpH MpHjaBa, y3 Mally
IpakTUYHY BenuuuHy edekra. Hanaz na je y CpOuju yneo mpujaBa oJi CTpaHe JieKapa 3Ha4ajHO
BUIIM HETo y cBeTy (~76% Hacnpam ~32%) y ckiiany je ca IpyruM myOiuKangjama y Kojuma je
npujaBbuBambe HPJI mperexno gonaswino ox crpaHe Jekapa (8-10). Hucka croma
IpUjaBJbUBamka IUTONEHU]a o] cTpaHe ¢apMmaneyra y Cpouju (1,69%) y nopehemwy ca ynenom y
rio0anHOM MpHjaBibuBaBy (~9%) y CKIaay je ca YMIEHHUIIOM Ja je MpucTyn (apmareyra
nabopaTtopujckuM pesyiratuma y Cpbuju orpaHuyeH, a cryauje u3 Kanane nokasane cy aa
npucTyn Qapmaiieyra J1JabopaTopujCKUM pe3yaTaThMa 3HauajHO MoOOJblIaBa KBAJIUTET HEre U
Npero3HaBame MpodiieMa MmoBe3aHuX ca nmpuMmeHoM siekosa (11-14). Behu yneo npujaBsprBama
y KaTeropuju KEHCKUX MalyjeHara, y paaHo cnocoOHoM 100y (45—64 roanHa) KOH3UCTEHTHO je

8



ca IpyruMm myoOnukanujama o cTpykrypu npujaBibuBama HPJI (10, 15-22), a y ckiany je u ca
pesyararuma Rademaker-a na sxene umajy Buimm pusuk oj pasBoja HPJI (23). Bucok ymeo
030MJBHHX CJyYajeBa OYCKHMBAH je MMajyhu y BUAY Ja Mame 030upHU mopemehaju y Opojy
KpBHHUX heruja 4ecTo He MPOU3BOJIE jaCHY KIIMHUYKY CIIMKY W OCTajy Henpeno3Haru (24,25), a'y
CKJIaJTy je ca yaesoMm 030usbHEX citydajeBa y 6asu FAERS (enrs. Food and Drug Administration
Adverse Event Reporting System) (26). Tpena pacra npujaBJbuBamba CBUX THIIOBA IIUTOIICHU]A Y
CpOuju, y3 Behy BapujabmimHOCT y cTromama IpHjaBJbMBama HETO y CBETYy, yKazyje Ha
HEKOH3WCTEHTHOCT y Tpakcu (apmakopuruianie (24, 27-29), motBpheHy M pesyinraTuma u3
Tpeher HCTpaXMBAUKOT IHMJba OBE JHUCEpPTalMje — y camMoO JeJAHO] OOJHUIM TeplujapHe
3/IpaBCTBEHE 3alUTUTE HUACHTU(UKOBaH je 71 ciydaj aHemHje y TPOTOAMILLEM IEPUOLY,
HacripaM cBera 40 rpujaBa Ha HallUOHATHOM HUBOY Y JIECETOTOIUIILEM IEPUOTY Ha HUBOY IIeNIe
apxkaBe (30). OncycTBO CTAaTHCTHYKM 3HAYajHE MOBE3aHOCTH U3Mel)y KOMIUIETHOCTH
unpopmanuja o npahewy y CKJI-y u npujaBbuBama HPJI Tpeba Tymauutu y3 orpaHuyeme
Major Opoja mpujaBa mo rpymnu, a pesynraT aa 36,6 — 41,4% CKJl-oBa Hema mnoTmyHy
uHpopmanrjy o mpahemy KpBHE CIMKE 3a JIEKOBE KOJ KOJUX je IUTONEHMja HaBeJEeHa Kao
ouekuBana HPJI ca Beoma yecTom ydecranornhy, cam 1Mo ceOu je KIMHWYKY 3Ha4dajaH U y CKIaay
je ca crymujom Ferner um capagamka (31), koja je Takohe ykaszama Ha HEAOCTaTKe V
uHdopmarmjama o npahemy xemarosomkux HPJI y CKJI-oBuma (32-35).

[Ipema pesynratuma poktopcke aumcepranuje, COl cTymuja je mpBa Koja NpUMEBHYje
MUKpPOTPOILKOBHY METOJOJIOTH]y MPHUCTYIOM ,,0l03/10 Ka Tope" Ha LMTONEHH]e Y3POKOBAaHE
MPUMEHOM JIEKOBa KOJU HE MpHIManajy TPYNHU AHTHUKAHIIEPCKUX JIEKOBa, KPO3 MPUKYIIbaHmE
rmojaTaka M3 PeaTHOT OKPY)KEHha Ha HUBOY IMOjJeIMHAYHOT IMAlMjeHTa. TPOIIKOBU IO CIIydajy
nutonenuje y Cpbuju (109.502-200.928 RSD) kperanu cy ce y OICery YHOPEIWBHM ca
nanasuma apyrux COIl cryamja 3a crienuduune nuronenuje (36-38). yxkuHa XocCnuTaIn3amumje
UICHTU(PHUKOBAHA j€ Kao TJIABHU MPEIUKTOP YKYITHHX TPOIIKOBA, U TO j€ Y CKJIaay ca Halla3uMa
apyrux COIl crymuja (39-44). Pesynrar BHIIMX HHIUPEKTHHX TPOIIKOBA IO IOCIOAABIY Y
oanocy Ha P®30 npowusna3u u3 3akoHcke perynatuse y CpOuju, re mocioaaBal] CHOCH TPOIIaK
6onoBama mpBux 30 nana (45). Meromonoruja oBe CTyauje MOXE MOCIYKUTH Kao OCHOBa 3a
Oyayhe MynTuneHTpuuHe CTyauje, Oyayhu mga TpeHyTHO He IOCTOjU XapMOHM30BaHa
METO/I0JIOTH]a 3a CIPOBOEe MUKPOTPOIIKOBHUX CTYIH]a y 0BOj obsactu (46—49).

dapMakOeKOHOMCKE aHAJIM3€ CIPOBEACHE Y OKBHPY YETBPTOr IMJba TOKa3ayie Cy Jaa cy
NpopUIAKTUYKE CTpaTeruje Jedema TeIIKUX OONMKa CBUX aHAIM3UPAHUX [UTOINCHHUja
TPOIIKOBHO HcIulaTuBe M3 mnepcrektuBe PD30-a. JIoMHMHAHTHOCT cTpaTeruje npoduiakTuyke
npuMeHe GuiIrpacTiMa KoJ I0jaBe TelIKe JIEYKOIIeHH]e je Y CKIIaay ca JUTepaTypHUM HajlazuMma
O TPOIIKOBHO] WCIUIATMBOCTH (QHUITpacTUMa Yy OHKOJOmKUM wuHAukanujama (50,51).
JIOMUHAHTHOCT NpoQUIaKTHUKE MPUMEHEe AapOenoeTuHa-anda Ko TeUIKe aHeMHje y CKIIaay je
ca apyrum @E anHanuzama koje cy Takole mokazajie TPOLIKOBHY HCIUIATHBOCT JIeUeHa
napOermoeTnHOM y  pasnuuuTuM  nomynanmjama  (52,53).  TpomkoBHa — MCIIATHBOCTH
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npoduIakTuyke NpuUMeHe (OHIAMapHHyKCca KOJ TelIke TPOMOOLMTONEHHje y CKIaay je ca
APYrMM  CTyOMjaMa  KCIUIATUBOCTH  QJTCPHATUBHHX  aHTHKOaryiaHaca y  Jie4CHhY
TPOMOOIITONICHH]E y3pOKOBaHe MpuUMeHOM JsekoBa (54,55). Pobycnoct cBa tpu ®E mopmena
NoTBpheHa je aHam3aMa CeH3UTUBHOCTH, TPH Y€MY HETO HOBYaHH OeHE(UT OCTaje TO3UTHUBAH H
IpU SKCTPEMHUM BapupamHuMa yila3Hux mapamerapa. OBo je mpBa crymuja y CpOuju koja
KOMOUMHYje pe3yJiTaTe MUKPOTPOILIKOBHE CTY/IHje U3 pealiHOT OKpyxkemwa ca DE mozenoBamem 3a
OBy momynanujy nanujeHara (56), a modbujeHn pe3ynTaTu MpeAcTaBibajy KOHKPETaH apryMeHT 3a
noHocuole oanyka y CpOuju na pazMoTpe (pUHAHCHpame OBHX MPOQMIAKTHUKHX CTpaTeruja
kpo3 Mmexanusme PD30-a (57), nako je peu o tpenyrno Off-label mpumenu nexoma y marum
uHaukanrjama (58).
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3aKJbydyjy Jla TIPUKa3aHy Pe3yNITaTd, AUCKYCHja U 3aKJbYUIM IPEICTaBIbajy 3Ha4ajaH JOTPHHOC
y o0iactu UCTpaxuBamad (ApMaKOCTIUAEMHONOMKNX U (PapMaKOCKOHOMCKHX —acrekara
LUTONEHU]a Y3POKOBAaHUX IPUMEHOM JIEKOBA: MICHTU(UKALMJU pEryJaTopHUX (akTopa
MOBE3aHUX ca oyekuBaHUM xematojomkuMm HPJI (ykibyuyjyhu unuTonenuje), aHaausu
IpUjaBJbUBamka UTONEHNU]A Y KIIMHUYKO] MPAKCH Ha riobaiHoM HUBOY Uy Penybmuiu Cpbuju,
KBaHTU(UKAIMJU TPOIIKOBA JIeUeHa LMTONEHHUja Y3POKOBAaHMX INPHUMEHOM JIEKOBa KOjU He
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MpUIMAajy TPYIU aHTHKAHIEPCKHUX JICKOBa, Kao U (apMaKOCKOHOMCKO] €BallyallHju CTpaTeruja
neuyewa oux HPJL

Jlocanamma UCTpaKUMBamka y OBOj 00JacTH (oOKycHpajga Cy Ce Ha IOjeJMHE JICKOBE WU
onpehene Tepammjcke Tpyme, 0e3 CcBeoOyxXBaTHE aHaIM3€ CBUX JIEKOBA OJOOpPCHHMX
[EHTPAIM30BAaHUM TOCTYIIKOM O] cTpaHe EBporicke arenmmje 3a yexoBe. [[o caja HHKO HHje
CHCTEMATCKH HCIUTHBAO IOBE3aHOCT PEryJaTopHHX (akTopa ca ydecTasomhy OYEeKHBAHUX
[UTOTIEHHja Y3POKOBAaHHUX IIPUMEHOM JIEKOBA, HUTH j€ MPHUKA3a0 CTPYKTYPY MpPHjaBJbUBAha OBHX
HPJI na nuBoy cBera u nojenunaune 3emibe (Pemybnuka CpOuja), kao U BUXOBO nopeheme Ha
robanHoM HUBOY Uy PemyOmuiu Cpouju. Y Penyonuuu CpOuju 10 cajga HHCY crnpoBoleHa
HCTPAKUBAKHA O JUPEKTHUM W HHIUPEKTHUM TPOIITKOBHMA IIMUTOTICHH]a Y3POKOBAHUX MMPUMEHOM
JIEKOBa KOJU HE€ TMpuMazajy Trpynu aHTUKAHIEPCKUX JIEKOBa NPUMEHOM METOJI0JI0THje
MUKPOTPOIIKOBA, HUTH (PapMaKOEKOHOMCKE eBallyallfje CTpaTeTrja JIeYeha OBUX CTarba.

Pesynratu uctpakuBama 1MoKaszajiy Cy Jia 3HadajaH yAeo JIEKOBa 0JJ00PEHUX IIEHTPaTH30BaHUM
MOCTYIIKOM HOCH PH3UK 0J ouekuBaHe mnojaBe oBux HPJI, mpu yemy onpehenu perynatopHu
(daktopu nmoBehasajy — OnocumMmIIap, yCIOBHA JO3BOJIA, IPUCYCTBO JIeKa Ha JINCTH €CEHITH]aTHUX
nexoBa C30, a na je myT NpuMeHe JeKa JeJMHU HIACHTU(PHUKOBAHU MPOTEKTUBHU (aKTOp.
YTBpheHo je Aa Cy IUTONIEHHWjE Y3POKOBAaHE NMPHUMEHOM JICKOBAa HEIOBOJHHO MPETO3HATE U
MpHjaBJbUBaHE Y KIMHUYKO] PpaKkcH, U y cBeTy U 'y CpOuju, na ce yemrhe npujaBibyjy ko1 ocoda
YKEHCKOT TI0JIa, Kao M J1a MOTIyHa WH(popManuja o motpedu nmpahema KpBHE CIMKE HEIOCTaje Y
CaXETKY KapaKTePUCTHKA JIEKa y 3Ha4ajHOM YJIeNTy JICKOBA KOJU MMajy J03BOJY 3a Jiek y CpOuju.
TpomkoBu Jeuema MUTOTICHU]JAa Y3POKOBAaHUX MPHUMEHOM JIEKOBA KOJU HE TPHIIANAjy TPYIH
aHTHKaHIEpckux JiekoBa y CpOuju cy 3HauajHHu — JOCTIXKY U 10 18,2% Opyro momaher
MPOM3BOJIa IO TJABM CTAHOBHHKA MO CIy4yajy UUTOINEHHUJe, a WHAUPEKTHU TPOLIKOBU IO
MOCJIOJIaBIly BHUIIECTPYKO Cy Behm oa WHIUPEKTHUX TpolmkoBa koje cHocu PD30.
dapMaKOEKOHOMCKa eBallyalldja je MoKaszaja Ja MpoQHIakTUYKa MpUMeHa (QUIrpacTuMa,
napOernoetnHa-anda u (QoHmanmapuHyKC-HaTpHjymMa IMpeACcTaB/ba JAOMUHAHTHY CTpATerHjy y
nopehemy ca CTaHIApIHOM TepanujoM, ca IO3UTUBHUM HETO HOBYAHUM OeHehuTOM, a
POOYCTHOCT OBHX pe3yJiTaTa je MOTBpleHa aHAIN30M CEH3UTUBHOCTH.

[lomanu mpencTaB/beHU y OBOj JAOKTOPCKO] AUCEpPTAlUjU 3]y OPUTHHAIHH JOTPUHOC 00JHEM
pazymeBamy (apMaKOCHIEMHUOJOMKNX ¢  (PapMaKOEKOHOMCKHUX aclieKkaTta I[MTONEHHUja
y3POKOBAaHUX TPUMEHOM JIEKOBA. 3HAuajaH HAy4YHHM JOMPUHOC TMIPEACTaB/ba U IpUMEHa
Pa3IMYUTUX METOJOJIOTHja KOja C€ y MOTIYHOCTH OCJamka Ha jaBHO JOCTYIHE MOJAaTKe Yy
aHaIIM3W perynaTopHux (akropa, Ka0 M MPUMEHA MHUKPOTPOIIKOBHOT TPUCTYMA ,,00370 Ka
rope" Kao 37aTHOT CTaHJap/a 3a CTy/Auje TpoIIKoBa. MeTo010THja 3a CTY/AU]y TPOLIKOBA U3 OBE
JTOKTOPCKE JIUCEepTalrje MOXKe Ja MOCTyXH Kao OCHOBa 3a Oyayha uctpaxuBama y EBponu u
cery. JloOMjeHu pe3ynTaTH Takohe yka3yjy Ha nmoTpedy 3a eIyKalujoM 3/paBCTBEHUX paJHUKA
y Mpeno3HaBamy U MpHjaBJbUBakhy HEXKEJFEHUX peakilija OBOT THUIIA, 3a yHanpehemeM caxeraka
KapakTepHUCTUKA JieKa y JIely KOju ce OJHOCH Ha mpaheme KpBHE CIUKE, 32 MPOIIUPHBAHEM
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yinore ¢apmMaiieyra y MOHHTOPHHTY Tepamuje W oMoryhaBama MpUCTYyNa JIabopaTOPHjCKUM
BpeIHOCTUMA pe3yiTara ManujeHara, Kao M 3a pa3MaTpameM (QHHAHCHpPamka TPOIIKOBHO
WCIUIATHBHUX CTpaTerhja Kpo3 Mexannsme PemyOmmukor (oHma 3a 3ApaBCTBEHO OCUTYPAHE.

5.1 OLIEHA U3BELITAJA O IPOBEPU OPUTMHAJTHOCTHU JJOKTOPCKE
TUCEPTAIIAJE

Ha ocHOBy m3BemITaja 0 MpoBepy OPUTHHATHOCTH JOKTOpCKe aucepranuje Meane J. CreBuh, mox
HacioBoM: ,dDapMakoenuIeMHOJIOMKA M (PAPMAKOEKOHOMCKH AaCHeKTH LHUTONeHHja
Y3POKOBaHUX NMPUMEHOM JieKoBa*, kopuiihemeM nporpama iThenticate yrepheno nmonynapame
Tekcta u3Hocu 4%. OBaj cremeH MNOAYAApHOCTH MOCIEqulla je nuTaTa, Oubinorpadckux
nojaraka o KopuilheHo] auTepaTypH, OIIITHUX MecTa M IojaTaka, Kao W IPETXOTHO
NyOIMKOBAaHUX pe3yaTara JOKTOPAaHAOBUX MCTpakMBama, KOJU Cy IPOUCTEKIN U3 HEroBe
JHcepTalyje, mTo je y ckiany ca wiaHoM 9. [IpaBuiiHKKa 0 MOCTYNKY IPOBEPE OPUTHHAIHOCTH
JTOKTOPCKUX JIUcepTalija Koje ce OpaHe Ha YHuBep3urety y beorpany.

CxoHO TOMe, MOKE C€ M3BECTH 3aKJbydaK Ja je MPUIIOKEeHA TOKTOPCKA IucepTalija KaHauaaTa
Npane J. CreBuh opuruHasiHo HayqHO JETI0.

18



6. MULLIVBEIBLE U TPE/VIOT' KOMUCHUJE

Ha ocHoBy usnoxenor, Komucuja 3akipydyje na je JOKTOpPCKa AWCEpTalyja KaHAWIaTa Mar.
dapm. crnen. MBane CreBuh, umja je m3pama omoOpeHa Ha cemuui Beha maydnwmx oOiactu
MEIMIIMHCKUX Hayka YHuBep3utera y beorpaay (omnyka O6p 61206-270/2-25 on 28.01.2025),
ypalheHa mpema 0J00peHOj MpHUjaBU U 3aJ0BOJbaBA KPUTEPUjyME OPHUTHHAIHOT HAYIHOT Jeja.
Kangunar je ycnemHo peann3oBao MOCTaBJ/bEHE HUJBEBE UCTPAKUBAGA, 4 PE3YIATATH MPUKA3aHH
y 0BOj JOKTOPCKOj JHMCEpTAaIMjU MpPeICTaB/bajy OPUTMHAIHO M CaMOCTaJHO HAYyYyHO [EJI0 ca
3Ha4YajHUM HAYYHUM JONPUHOCOM y oOyiacTu corjaiHe (gapmanuje u (papmaieyrcke mpaxce.
Pe3yaratu QoKTOpCKe AMcepTanuje cy my0JIMKOBaHM Yy TPH pajaa, o1 Tora jABa paaa y
Bogehum Melhynaponnum uacomucuma (M2la, M21) u jeman pax y meljynapognom
yaconucy (M22).

Komucuja y HaBeieHOM cacTaBy MO3UTHUBHO OlEHY]e TOKTOPCKY AUCEpTANHjy Mar. (papM. crerl.
HNBane Cresuh nog HacnoBoM: ,,d>apMaKoenuIeMHOJIOIKHA U (PAPMAKOEKOHOMCKH ACIEKTH
LMTONEHNja Y3POKOBAHMX IIPMMEHOM JiekoBa“ u mpennaxke HacrtaBHo-HayuyHOM Behy
®apmaneyrckor (¢akynrera, YHHBep3uTeTa y beorpagy npa mnpuxsBatu oBaj M3Bemra) o
n3paheHoj MOKTOPCKOj aucepTauju U ynytu ra Behy HayuyHux o0OmacTé MEAMIIMHCKUX HayKa
paau 1o0ujama carylaCHOCTH 3a jaBHY OJI0paHy JOKTOPCKE THUcepTaIluje.

07.05.2026. ron.
Komucuja 3a oueny u oq0pany 10KTOpCKe qucepTanmje

Hp cu. Jlymanka Kpajaosuh
penoBHU npodecop, YuusepsureT y beorpany - @apmaneyrcku dpakynTer, IpeaceJHIK
Komucuje

Hp cu. Cnoboman Jankosuh,
penoBuu mpodecop, Yausepsurer y Kparyjeruy — @akynreT MEIMIMHCKUX HayKa

Hp cu. Mapuna Onanosuh
penoBHH npodecop, YHuBep3uTeT y beorpany - dapmarieyrcku gaxkyirer
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OUEHA U3BELUTAJA O MPOBEPU OPUTMHAZTHOCTU JOKTOPCKE ANCEPTALVIE

Ha ocHoBy MNpaBunHMKa 0 NOCTYNKY NPOBEpe OPUrMHANHOCTU AOKTOPCKUX AucepTaumja
Koje ce OpaHe Ha YHuBepautety y Beorpaay v Hanaza y uaeeLutajy ua nporpama iThenticate
KOJUM je u3splieHa nposepa opUrMHanHoOCTU NOKTOpCKe aucepTauuje
»PapMakoennaeMmonowKkn u papMakoeKoHOMCKM acnekT LMTONeHuja y3poKoBaHUX
NpUMEHOM nekosa”, aytopa Meane J. CteBuh, kKoHcTaTyjeM aa yrepheHo nogyaapate
TeKCTa usHocwu 4%. OBaj cteneH nogyaapHOCTM nocneauua je umtarta, bubnumorpadpckux
nofataka o KOpUWheHoj nuTepaTtypu, OnwTUX MecTa 1 noaartaka, Kao U NpeTxogHo
nybnukoBaHux pesyntarta AOKTOPaHA0BUX UCTPaXnBara, KOju Cy NPOUCTEKIN U3 HhETOBE
avceprtauumje, WTO je y cknaay ca ynaHoM 9. MpasunHuka.

Ha ocHoBy cBera uaHeror, ay CKnaay ca uynaHoM 8. ctaB 2. [IpaBunHuKa o0 NOCTYynNKy
NMPOBEPE OPUTMHaNHOCTW AOKTOPCKUX AnUcepTauuja Koje ce bpaHe Ha YHUBEP3UTETY Y
beorpaay, usjasmyjeM aa M3BeLUTAj yKasyje Ha OpUrMHaNHOCT AOKTOPCKe AncepTauumje, Te
CE nNponucaHu NnocTtynak npunpeme 3a keHy oabpaHy MoXXe HacTaBUTMN.

06. Mmaj 2026. roauHe

MeHTopu:
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Factors associated

with hematological adverse
reactions of drugs authorized
via the centralized procedure

Ivana Stevi¢'™, Slobodan M. Jankovi¢?, Andrijana Miloevi¢ Georgiev?,
Valentina Marinkovi¢! & Dragana Laki¢!

Serious hematological adverse drug reactions (HADRs) may lead to or prolong hospitalization

and even cause death. The aim of this study was to determine the regulatory factors associated

with HADRSs caused by drugs that were authorized up to July 2023 by the European Medicines
Agency (EMA) and to evaluate the frequency of HADRs. Using a cross-sectional approach, the type
and frequency of HADRs were collected from the Summaries of Product Characteristics of Drugs
Authorized by the EMA and analyzed within proprietary, nonproprietary, and biosimilar/biological
frameworks. Multivariate statistical analysis was used to investigate the associations of generic
status, biosimilar status, conditional approval, exceptional circumstances, accelerated assessment,
orphan drug status, years on the market, administration route, and inclusion on the Essential
Medicines List (EML) with HADRSs. In total, 54.78% of proprietary drugs were associated with HADRs
at any frequency, while anemia, leucopenia, and thrombocytopenia were observed in approximately
36% of the patients. The predictors of any HADR, anemia, and thrombocytopenia of any frequency
are generic status, biosimilar status, and inclusion on the EML, while the only protective factor is the
administration route. Biosimilars and their originator biologicals have similar frequencies of HADRs;
the only exception is somatropin. Knowledge of the regulatory factors associated with HADRs could
help clinicians address monitoring issues when new drugs are introduced for the treatment of patients.

Keywords Hematological adverse drug reaction, Regulatory factors, Centralized procedure

An adverse drug reaction (ADR) is defined as “a response to a medicinal product which is noxious and unin-
tended”; when considering ADRs, a causal relationship to a drug is at least a reasonable possibility’. If hema-
tological adverse drug reactions (HADRs) are not a consequence of the main mechanism of action of a drug
(A-type ADRs), they are unexpected ADRs (i.e., B-type ADRs)*. However, regardless of the mechanism of action,
HADREs are usually severe, leading to hospitalization or prolonged hospitalization. A single cell line (e.g., anemia),
multiple cell lines, or all bone marrow cell lines (e.g., pancytopenia) could be affected, leading to varying severity
in terms of the patient’s condition, prolonged hospitalization, and potentially death. Although the prevalence of
HADRSs is expected to increase with the use of chemotherapeutics—which directly block the multiplication of
cells with a short lifecycle (e.g., the prevalence of anemia varies between 30 and 85%)—HADRs associated with
nonchemotherapeutics are different, as they affect bone marrow cell lines and blood cells themselves through a
variety of mechanisms, which have not been sufficiently studied*~’.

It is estimated that ADRs account for 0.9-7.9% of hospitalizations and are the fifth most common cause of
death®’. One study showed that 9.01% (4/44) of ADR-related hospital admissions were due to hematological
disorders, while another study reported a rate of 26.5%; however, there are no precise data in the literature on the
overall frequency of HADRs*!’. The true prevalence of ADRs to nonchemotherapeutics can only be established
after the drug is granted marketing authorization (MA) and is used for many years. As a rule, ADRs are not
reported during clinical trials in the preregistration phase due to the very low incidence of adverse effects (AEs)
within clinical development programs'"!2. As a drug is on the market for a longer period of time, postmarketing
surveillance is performed, including but not limited to postauthorization safety studies (PASSs), spontaneous
reports, or monitoring real-world data; furthermore, the drug’s Summary of Product Characteristics (SmPC)

Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia. 2Faculty of Medical Sciences, University of
Kragujevac, Kragujevac, Serbia. *email: ivana.stevic@pharmacy.bg.ac.rs
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is updated with new data on all ADRs, including HADRs!""3. Therefore, as a rule, it is more risky to use drugs
that are relatively new on the market in clinical practice. Drugs authorized via centralized procedures by the
European Medicines Agency (EMA) are, in most cases, innovative drugs, orphan drugs, biosimilars, drugs with
conditional approval, or other drugs that have been on the market for a short amount of time'. To help clinicians
grasp the risks of HADRs when using some of the drugs authorized by the EMA, it would be useful to classify
all these drugs by the degree of risk of HADRs.

Therefore, the present study aimed to evaluate the frequency of HADRs among drugs authorized through a
centralized procedure and to determine the regulatory factors associated with HADRSs.

Methods

The study used a cross-sectional design. The units of observation were drugs authorized for human use by the
centralized procedure in the European Union (EU). Three datasets were created: (1) brand (trade)-name drugs,
(2) international nonproprietary name (INN) drugs, and (3) biosimilars and their originator biologicals (hereafter
referred to as biologicals). These three datasets were considered separately because ADRs are mostly reported for
INN drugs, while for biologicals and biosimilars, ADR reporting also demands trade names''. Considering that
most drugs are prescribed by trade name in clinical practice, we performed an analysis at this level, including
all authorized MAs for all drugs. Initially, the EMA table of all European Public Assessment Reports (EPARs)
on all drugs authorized via centralized procedures were downloaded, with a cutoff date of 30 June 2023'5. This
table provides regulatory data on drug category, trade/brand name, therapeutic area, INN, active substance, MA
number, authorization status, ATC code, whether a product is additionally monitored, whether it is generic or
biosimilar, whether it has conditional approval or not, whether it is authorized in exceptional circumstances via
accelerated assessment, whether it is an orphan drug, MA date, MA holder, pharmacotherapeutic group, and
condition/indication.

Additionally, in our datasets, we added information on the administration route and whether drugs were on
the World Health Organization (WHO) Essential Medicines List (EML)'®1”. The detailed workflow is provided
in Fig. 1. For all included drugs, the HADR data were taken from part 4.8 of the SmPC, considering not only the
HADR type but also its frequency.

The incidence of any HADRs, anemia, leucopenia, and thrombocytopenia were considered dependent vari-
ables or outcomes of this study. The independent variables for the purpose of this study were additional monitor-
ing, generic status, biosimilar status, conditional approval, exceptional circumstances, accelerated assessment,
orphan drug, years on the market (calculated from authorization date until dataset cutoff date), route of admin-
istration, and WHO EML.

The data were initially analyzed descriptively using rates and percentages. Then, multivariate binary logistic
regression was used to reveal independent variables associated with the study outcomes. The regression models
were built using the backward conditional deletion method, and the quality of the final models was verified by
the Hosmer and Lemeshow test, Cox & Snell R?, and Nagelkerke’s R% The TREE procedure creates a tree-based
model. It classifies cases into groups or predicts values of a dependent variable based on values of predictor
variables. The procedure provides validation tools for exploratory and confirmatory classification analysis. Sig-
nificant predictors identified by logistic regression were then used to create decision tree models that classify
drugs according to the risk for HADR by creating decision rules.

The results were considered statistically significant if the probability of the null hypothesis was 0.05 or less.
The statistical analysis was conducted using IBM SPSS v.29'8,

Results

The initial number of MAs in the EMA dataset was 2008. After the exclusion of veterinary drugs (n=282) and
unauthorized (withdrawn, refused) drugs (n=377), the number of valid MAs for human use included in the
statistical analysis was 1349, with 883 unique INNs. When the HADR frequency differed for the same INN
(e.g., for different trade names or administration routes), both values were included. The average time from MA
approval until study onset for drugs authorized by the EMA was 9.91+6.97 years (0.07-27.93, median 6.96),
while for biosimilars and their biologicals, it was 6.01 and 19.08 years, respectively.

In the following sections, we provide detailed results for MA, INN, biosimilars, and their biologicals.

Analysis of brand-name drugs

Almost the same number of drugs are administered enterally (47.52%) or parenterally (47.59%), while the
number of locally administered drugs is much lower (3.19%). One-quarter of all MAs were under additional
monitoring, with HADR occurring at any frequency in 47.63% of cases, and at least 30% of cases were anemia,
leucopenia, or thrombocytopenia. One-fifth of the drugs were either generic or biosimilar, while one-tenth of
the centrally authorized drugs were intended to treat rare diseases. Almost 30% of all MAs were on the WHO
EML. Approximately 3% of all MAs were authorized under conditional approval, exceptional circumstances, or
through an accelerated procedure.

More than half of the drugs (54.78%) were associated with HADRs, while anemia, thrombocytopenia, and
leucopenia were detected in 40.47%, 41.14%, and 36.17% of cases, respectively. One-fifth of the drugs were asso-
ciated with a very common frequency of any HADR (20.61%), and 15% of the M As were associated with a very
common frequency of anemia or leucopenia. One-fifth of the drugs on the EML were associated with HADRs;
a total of 7.19% of the drugs were associated with a very common frequency of HADRs, and 5-6% of the drugs
were associated with anemia, leucopenia, or thrombocytopenia.

Details for any or very common frequencies of HADR and their predictors are presented in Table 1.
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* Cut-off date 30 June 2023

** When HADR frequency was
different for the same INN or for
different administration routes,

IMM rows were multiplied
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Figure 1. Workflow diagram. EMA, European Medicines Agency; EML, World Health Organization Essential
Medicines List; HADR, Hematological adverse drug reaction; INN, International nonproprietary name; MA,
Marketing Authorization.

Two-thirds of all MAs were found in the four ATC groups from the 1st level: A—alimentary tract and
metabolism (12.38%), J—antiinfectives for systemic use (14.31%), L—antineoplastic and immunomodulating
agents (29.13%), and N—nervous system (11.12%). Drugs from the L group had the highest frequency of drugs
requiring additional monitoring (39.64%), generics (29.74%), biosimilars (69.74%), conditionally approved drugs
(59.52%), accelerated assessment drugs (36.11%), orphan drugs (34.93%), and EML drugs (33.33%). The A group
had the highest number of MAs issued under exceptional circumstances (35.14%).

All members of the P (antiparasitic products, insecticides, and repellents) group of drugs had any HADR or
anemia. The L group had the highest frequency of the following HADRs: any frequency of leucopenia (74.81%);
any frequency of thrombocytopenia (74.05%); very common frequency of any HADR (60.81%), anemia (46.06%),
leucopenia (51.65%), and thrombocytopenia (40.71%). More detailed data about the HADRSs according to ATC
group can be found in the Supplementary File.

Multivariate binary logistic regression revealed that the following regulatory factors increased the odds of any
frequency of HADR, anemia, or thrombocytopenia: generic status (odds ratio [OR] 1.76-2.37), biosimilar status
(OR 3.26-11.25) and WHO EML status (OR 2.08-2.53). In the case of any frequency of leucopenia, generic status
and WHO EML increased the risk by at least two times (OR 2.10 and 2.34, respectively). The only protective
factor that decreased the risk of any frequency of anemia by approximately 20% was the route of administration
(from highest risk to lowest risk: enteral, parenteral and local routes of administration).

A very common frequency of any HADR, anemia, leucopenia, or thrombocytopenia was increasingly reported
among biosimilars, drugs with conditional approval, or drugs listed at the WHO EML. Only very common
thrombocytopenia had 3 additional regulatory predictors of increased risk: generic status (OR 1.67), accelerated
assessment (OR 3.03), and orphan drug status (OR 1.93). No regulatory predictor was shown to decrease the
risk in the case of the very common frequency of HADRs.
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Frequency and
type of HADR

1349 (100.00)

641 (47.52)

642 (47.59)

43 (3.19)

23 (1.70)

338 (25.06)

232 (17.20)

76 (5.63)

42 (3.11)

37 (2.74)

36 (2.67)

146 (10.82)

387 (28.69)

any frequency of
any HADR

739 (54.78)

368 (57.41)

349 (54.36)

5(11.63)

17 (73.91)

161 (47.63)

166 (71.55)

66 (86.84)

22 (52.38)

12 (32.43)

16 (44.44)

68 (46.58)

278 (71.83)

Vvery common
frequency of any
HADR

278 (20.61)

98 (15.29)

178 (27.73)

0 (0.00)

2(8.70)

93 (27.51)

43 (18.53)

37 (48.68)

20 (47.62)

6(16.22)

11 (30.56)

45 (30.82)

97 (25.06)

any frequency of
ANEMIA

546 (40.47)

272 (42.43)

261 (40.65)

2 (4.65)

11 (47.83)

125 (36.98)

124 (53.45)

67 (88.16)

19 (45.24)

8 (21.62)

13 (36.11)

50 (34.25)

231 (59.69)

very common
frequency of
ANEMIA

199 (14.75)

77 (12.01)

120 (18.69)

0(0.00)

2(8.70)

71 (21.01)

32 (13.79)

23 (30.26)

18 (42.86)

5(13.51)

9 (25.00)

36 (24.66)

69 (17.83)

any frequency of
LEUCOPENIA

488 (36.17)

250 (39.00)

227 (35.36)

2 (4.65)

9(39.13)

106 (31.36)

124 (53.45)

38 (50.00)

17 (40.48)

7 (18.92)

12 (33.33)

51 (34.93)

200 (51.68)

very common
frequency of
LEUCOPENIA

214 (15.86)

73 (11.39)

139 (21.65)

0(0.00)

2(8.70)

72 (21.30)

40 (17.24)

29 (38.16)

15 (35.71)

3(8.11)

7 (19.44)

34 (23.29)

81 (20.93)

any frequency of
THROMBOCY-
TOPENIA

555 (41.14)

283 (44.15)

261 (40.65)

1(2.33)

10 (43.48)

110 (32.54)

140 (60.34)

54 (71.05)

16 (38.10)

6(16.22)

14 (38.89)

50 (34.25)

237 (61.24)

very common
frequency of
THROMBOCY-
TOPENIA

173 (12.82)

62 (9.67)

109 (16.98)

0(0.00)

2(8.70)

59 (17.46)

31 (13.36)

26 (34.21)

14 (33.33)

4(10.81)

10 (27.78)

32(21.92)

67 (17.31)

Table 1. Characteristics of drugs for which marketing authorization was granted by the EMA. EML, World Health Organization Essential Medicines List; HADR, Hematological Adverse
Drug Reaction; MA, Marketing Authorization.
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Table 2 shows the regulatory factors that increased or decreased the risk of any frequency and very common
frequency of any HADR or specific blood disorders analyzed in this study, as well as the features of the logistic
regression model. The decision tree of having HADR with any (Fig. 2) or very common frequency (Fig. 3) was sat-
isfactorily differentiated based on the revealed predictors. Figure 4 presents all the predictors that were analyzed.

Analysis of INNs
Characteristics of any frequency and very common frequency of HADRs, anemia, leucopenia, and thrombocy-
topenia at the INN level are shown in Table 3. One-fifth of INNs were listed on the WHO EML, and one-third
of the INNs were under additional monitoring. Only 3.62% of the INNs were approved through the accelerated
assessment, while approximately 4% of INNs were under conditional approval or exceptional circumstances. Half
of the INNs had a HADR of any frequency, and one-fifth of the INNs were associated with HADRs with a very
common frequency. One-third of the drugs were associated with any frequency of anemia, leucopenia, or throm-
bocytopenia, while 13-16% of INNs were associated with a very common frequency of these blood disorders.
The logistic regression for INNs did not reveal any factors that act protectively on the risk of any HADR of
any or a very common frequency. WHO EML status was the only regulatory factor that increased the risk by
approximately 1.5 times for any frequency of HADR, anemia, leucopenia, or thrombocytopenia. The factors
increasing the risk of a very common frequency of any HADR and anemia were mandatory additional monitoring
(ORs of 1.48 and 1.67, respectively) and conditional approval (ORs of 2.60 and 3.01, respectively). Conditional
approval and orphan status increased the risk of very common leucopenia by 2.13 and 1.71 times, respectively.
The risk of very common thrombocytopenia increased when a drug had conditional approval, was approved
through accelerated assessment, or was an orphan drug (OR 2.70, 2.75 and 1.77, respectively).

Model features
Hosmer and Lemeshow Test (chi-
square; df; p value)
Hematological Adverse Drug Factors that increase the risk Factors that decrease the risk Cox & Snell R?
Frequency Reaction (HADR) factor (OR; 95% CI; p value) factor (OR; 95% CI; p value) Nagelkerke’s R Figures
Generic (2.35; [1.65-3.34];<0.001)
P 11.56; 8; 0.172
Biosimilar (5.91; [2.90- > .
Any HADR 12.01];<0.001) - 8(1)2 Fig. 2A
EML (2.08; [1.59-2.74];<0.001) )
Generic (1.76; [1.29-2.40];<0.001) .
Anemia Biosimilar (11.25; [5.41 Route of administration (0.79; | J>3% 80127 Fio 2B
23.38];<0.001) [0.65-0.96]; 0.016) 015 8
ANY FREQUENCY EML (2.32; [1.78-3.01];<0.001) )
. 11.84; 8; 0.158
. Generic (2.10; [1.50-2.94];<0.001) > .
Leucopenia EML (2.24; [1.72-2.92];<0.001) | ~ o Fig. 2C
Generic (2.37; [1.74-3.23];<0.001) e
. Biosimilar (3.26; [1.89— 8.41;5;,0.135 .
Thrombocytopenia - 0.10 Fig. 2D
5.64];<0.001) 014
EML (2.53; [1.94-3.28];<0.001) :
Biosimilar (3.32; [1.94—
5.66];<0.001) 12.39; 8; 0.135
Any HADR Conditional approval (2.84; - 0.05 Fig. 3A
[1.41-5.72]; 0.004) 0.08
EML (1.39; [1.01-1.92]; 0.042)
Biosimilar (2.27; [1.26-4.11];
0.007) 10.35; 8; 0.241
Anemia Conditional approval (3.41; - 0.04 Fig. 3B
[1.65-7.04];<0.001) 0.07
EML (1.47; [1.02-2.11]; 0.038)
Biosimilar (2.73; [1.56-
4.79];<0.001) 5.50; 8; 0.704
VERY COMMON Leucopenia Conditional approval (2.24; - 0.04 Fig. 3C
[1.07-4.72]; 0.033) 0.08
EML (1.59; [1.13-2.26]; 0.009)
Generic (1.67; [1.01-2.76]; 0.047)
Biosimilar (3.85; [2.12—
7.01];<0.001)
Conditional approval (2.96; 14.01; 8; 0.081
Thrombocytopenia [1.36-6.44]; 0.006) - 0.05 Fig. 3D
Accelerated assessment (3.03; 0'09 "
[1.35-6.81]; 0.007) :
Orphan medicines (1.93;
[1.12-3.35]; 0.019)
EML (1.57; [1.07-2.30]; 0.020)

Table 2. Predictors of any and very common frequency of HADR (only significant predictors are shown for
the sake of clarity). EML, World Health Organization Essential Medicine List; Fig, Figure.
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Figure 2. Decision tree showing the effects of a combination of predictors on the probability of hematological
adverse drug reactions (HADRs) of any frequency. (A) Any HADR; (B) ANEMIA; (C) LEUCOPENIA; (D)
THROMBOCYTOPENIA. EML, World Health Organization Essential Medicines List.

Analysis of biosimilars and related biologicals
We found 19 unique INNs within biosimilars, with 96 MAs, including their biologicals. All biosimilars were
administered parenterally, where two out of three (63.16%) were under additional monitoring, and the major-
ity were on the WHO Essential Medicine List (57.89%). No biosimilar was authorized conditionally or under
exceptional circumstances. Only one item was approved via accelerated assessment, and only one item had the
status of an orphan drug.
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Figure 3. Decision tree showing the effects of a combination of predictors on the probability of hematological
adverse drug reactions (HADRs) of very common frequency. (A) Any HADR; (B) ANEMIA; (C)
LEUCOPENIA; (D) THROMBOCYTOPENIA.

No discrepancy was found in the HADR frequency among biosimilars of the same INN. Only somatropin
had a difference in the frequency of HADR, whereas biosimilars had no HADR in comparison to biologicals,
which have anemia with an uncommon frequency. Trastuzumab was the only INN associated with a very com-
mon frequency of anemia, leucopenia, and thrombocytopenia among the biosimilars. Four out of five authorized
biologics (biosimilars + biologicals) had any frequency of HADR or anemia, while three out of four had HADR
or anemia at the INN level. Leucopenia was most common (34.38% for the MA level, 21.05% for the INN level).
Table 4 shows an overview of the frequencies of any or a specific HADR at the MA or INN level. The biosimilars
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Hemutological =
Frequency Adverse Drug | Generic statas Route of Conditlonal 0r|:lhzlal ‘\.u'elarated Additional Exceptional | ¥ n‘;::knell.h-
Reaction (HADR) L 2

Any HADR

ANY

FREQUENCY
Leucopenia
Thrombaoeyiopenia
Any HADR
VERY
COMMON

Figure 4. Predictors that were analyzed (red—factors significantly increasing the risk; green—factors
significantly decreasing the risk; orange—factors that showed no significance). EML, World Health Organization
Essential Medicine List.

Additional Exceptional Accelerated
Authorized drugs for | Total ber of INN itoring Conditional approval | circumstances assessment Orphan medicine | EML 2023
human use N (%) N (%) N (%) N (%) N (%) N (%) N (%)
E{f\%‘ﬁncy and type of | ga5 100.00) 296 (33.52) 41 (4.64) 36 (4.08) 32 (3.62) 142 (16.08) 197 (22.31)
ﬁgy[)flr,\equency ofany | 463 (52.32) 130 (43.92) 22 (53.66) 12 (33.33) 14 (43.75) 66 (46.48) 117 (59.39)
Very common fre-
quency of any HADR | 191 (21.63) 80 (27.03) 20 (48.78) 6 (16.67) 10 (31.25) 45 (31.69) 39 (19.80)
Any frequency of
ANEMIA 327 (37.03) 95 (32.09) 19 (46.34) 8(22.22) 11 (34.38) 48 (33.80) 89 (45.18)
Very common fre-
quency of ANEMIA 140 (15.86) 65 (21.96) 18 (43.90) 5(13.89) 8(25.00) 36 (25.35) 25 (12.69)
Any frequency of
LEUCOPENIA 298 (33.75) 90 (30.41) 17 (41.46) 7 (19.44) 10 (31.25) 49 (34.51) 80 (40.61)
Very common fre-
quency of LEUCO- 137 (15.52) 59 (19.93) 15 (36.59) 3(8.33) 6 (18.75) 34 (23.94) 29 (14.72)
PENIA
Any frequency of
THROMBOCYTO- 320 (36.24) 86 (29.05) 16 (39.02) 6 (16.67) 12 (37.50) 48 (33.80) 87 (44.16)
PENIA
Very common fre-
quency of THROM- 114 (12.91) 65 (21.96) 14 (34.15) 4(11.11) 9(28.13) 32 (22.54) 22(11.17)
BOCYTOPENIA

Table 3. Characteristics of INNs authorized by the EMA. EML, World Health Organization Essential
Medicine List; HADR, Hematological Adverse Drug Reaction; INN, International Nonproprietary Name.

were found only in six ATC groups (A, B, G, H, L, and S). In the Supplementary File, the results of any or specific
HADR for biosimilars and their biologicals for all frequencies per ATC group are presented.

In the Supplementary File, the checklist is provided, listing all INNs with their respective brand names accord-
ing to the frequency of anemia, leucopenia, and thrombocytopenia, taking into account only very common
occurrences.

Discussion

Our results showed that any HADR of any frequency was detected in approximately 55% of all MAs; this fre-
quency was greater for drugs with a generic status or biosimilar status or for those listed in the WHO EML. The
risk of very common HADRs was significantly increased among drugs with biosimilar status, drugs included on
the WHO EML, and drugs with conditional MA.
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Very common | Common | Uncommon | Rare Veryrare | Notknown | Any frequency

BIOSIMILARS N (%) N (%) N (%) N (%) N (%) N (%) N (%)

ANY HADR 6 (31.58) 10 (52.63) | 7(36.84) 8(42.11) | 2(10.53) | 3(15.79) 14 (73.68)

ANEMIA 3(15.79) 7(36.84) | 3(15.79) 7(36.84) | 1(5.26) 0(0.00) 14 (73.68)
INNlevel | LEUCOPENIA | 4(21.05) 4(21.05) | 3(15.79) 3(15.79) | 0(0.00) 1(5.26) 7 (36.84)

Eggé)ﬁ\]gocv 4(21.05) 4(21.05) | 4(21.05) 4(21.05) | 0(0.00) | 1(5.26) 10 (52.63)

ANY HADR 41 (42.71) 61(63.54) |46 (47.92) 36(37.50) | 10(10.42) |17(17.71) |78 (81.25)

ANEMIA 25 (26.04) 35(36.46) |20 (20.83) 35(36.46) | 4(4.17) 0(0.00) 79 (82.29)
MAlevel | L[EUCOPENIA |33 (34.38) 23(23.96) | 12(12.50) 20(20.83) | 0(0.00) 6 (6.25) 45 (46.88)

Eggﬁ)ﬁ\gocy 29 (30.21) 27(28.13) |23(23.96) | 21(21.88) | 0(0.00) | 7(7.29) 62 (64.58)

Table 4. HADR frequency of biosimilars and their biologicals authorized by the EMA. HADR, Hematological
Adverse Drug Reaction; INN, International Nonproprietary Name; MA, Marketing Authorization.

Our analysis at the level of the INN showed that no factor exerted significant protective effects against all or
specific HADRSs of any frequency, while WHO EML was a factor that increased the risk of any frequency of all
analyzed HADRs.

The majority of the factors associated with HADRs increase the risk (e.g., generic status, biosimilar, WHO
EML, conditional approval, additional monitoring, etc.), while only the administration route was a protective
factor.

In patients taking biosimilars and their biological drugs, HADRs are very common. Bearing in mind that
until recently, i.e., until the position of the EMA in September 2022', biosimilars and biological drugs were not
considered mutually interchangeable, as is the case with generic drugs and their reference; therefore, the transi-
tion in therapy from one to another biological or biosimilar was not common. Our results showed that there
was no difference in the frequency of hematological reactions between biosimilars and their reference biological
drug, which is in line with other studies'!, except in the case of somatropin, where the biosimilar does not have
anemia with an unknown frequency listed as HADR while the reference drug does.

For a drug, generic or biosimilar, to be marketed, the data exclusivity of the reference drug must expire so that
the drug first receives marketing authorization from the regulatory body and then that the market protection of
the reference drug expires for the generic or biosimilar drug to be placed on the market**?!, This takes tens of
years, depending on the regulations, and during that time, the reference drug is also undergoing postmarketing
monitoring. These factors are expected to impact the frequency of HADRs because more real-world data on the
type of ADR and its frequency, where generics and biosimilars are marketed, are available, and active substances
are being monitored for a more extended period.

The influence of the inclusion of a drug on the WHO EML as a factor can be explained by the requirements
that must be met for the drug to be considered for the EML, such as evidence on comparative effectiveness,
safety, costs, cost-effectiveness, regulatory status, market availability, and others®. To fulfill all the previously
mentioned requirements, the drug must be on the market and an active substance used for many years, leading
to the well-known safety profile of this drug.

Conditional MA status implies continuous monitoring of the use of the drug (most often, the continuation
of clinical trials or mandatory PASSs) and, therefore, highly monitored reporting of ADRs. Studies have shown
no increased risk of safety issues for conditionally approved drugs®.

Additional monitoring is a factor that increases the risk, which is required when more data on drug safety or
efficacy are needed to evaluate the benefit-risk profile worldwide considering long-term use, whether the drug
is a new active substance or biological drug, whether it has conditional approval, whether it is approved under
exceptional circumstances, or when the MA holder must conduct additional studies or be approved with special
obligations®’. For these drugs to be closely monitored, more pharmacovigilance activities and more real-world
data are expected, explaining our study’s results?.

The orphan status of a drug is also shown to increase the risk of HADR. Considering the rarity and severity
of diseases in which patients are treated with these drugs (life-threatening or chronically debilitating), close
monitoring of patients receiving orphan drugs is expected, especially given the large amount of data related to
ADRs, which may influence the change in the safety profile of drugs for SmPC?. One study showed that 70% of
drugs authorized by the FDA had changes in labeling due to safety®.

Accelerated assessment is used by the EMA when drug approval in shorter review timelines is considered to
be of major public health interest or represents a therapeutic innovation. The justification that a drug fulfills
one of these conditions is left to the applicant without a clear definition of a major public health interest*®. Our
study showed that accelerated assessment increases the risk of HADR, which is in line with other studies showing
the potential relationship between ‘fast track’ or ’priority review’ and postapproval safety issues®.

The influence of the administration route on HADRs was also shown in a study conducted by Ingrasciotta
et al., where red cell aplasia was linked to the route of administration in the case of epoetin alfa'’.

Study limitations
The main limitation of this study was that only drugs authorized through centralized procedures were analyzed.
However, this factor was not expected to have a significant impact since the majority of novel drugs are authorized
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by the EMA. Additional studies analyzing drugs authorized through national procedures (NPs), decentralized
procedures (DPs), or mutual recognition procedures (MPRs) are necessary. More drugs are approved through
NPs, DPs, and MRPs than through the CP, but drugs authorized by the EMA are available for fewer years on the
market (our study showed that half of them have been available for less than 7 years since authorization, which
does not mean that they were on the market from the first day), leading to insufficient awareness of the HADR
of these drugs. Additionally, we did not consider possible differences in the SmPC between the EMA and other
medical agencies, e.g., the Food and Drug Administration (FDA), even though it is known that there may be dis-
crepancies in product information and differences in the decision-making regulatory framework between these
two regulators*~*! and different safety conclusions between the EU and Canada and the United Kingdom (UK)*.

Additionally, we did not perform a statistical analysis in which the predictor was the therapeutic group or
drug indication.

Strengths of the study
To the best of our knowledge, this is the first study investigating the association between regulatory factors and
HADRs and the first study using a methodology that completely relies on publicly available data. Ferner et al.
explored data available in the SmPC related to monitoring for HADR using the UK’s electronic database®.
The main strength of our study was that we included all drugs authorized through the CP without therapeutic
limitations or authorization date limitations, which was not the case in other studies using the EMA database as
the main source of data. Mol et al. excluded biosimilars when conducting a study related to postapproval safety
issues with innovative drugs®; Francisca RDC et al. analyzed drugs authorized between 2006 and 2017, exclud-
ing generics, when analyzing the introduction or discontinuation of additional risk minimization measures
(RMMs)*; Zeitoun et al. explored the association between regulatory review time and postmarket safety events
excluding reformulations, combination therapies, nontherapeutic agents, generics and biosimilars with limita-
tions on authorization dates (2001-2010)**; and Meregaglia et al. excluded drugs receiving MA before 2017 when
assessing patient-reported outcomes in the authorization by the EMA?'. We analyzed SmPC data from each of
the 1349 authorized MAs for drugs for human use since SmPC is considered a routine RMM, and one study
showed that 36% of additional RMMs targeted “blood and blood-forming organs™'.

We also added and analyzed the impact of the administration route as well as the presence of a drug on the
WHO EML. The additional strength of the study is that it analyzed the HADRs for each MA, INN, and biosimilar
and their biological agents.

Conclusion

There are certain characteristics of drugs that are associated with hematological adverse reactions; they reflect the
idiosyncratic nature of the majority of hematological adverse reactions, which require time and widespread use
to be recognized a sufficient number of times and then entered the official summary of product characteristics.
Knowledge of these characteristics could be of use to clinicians when choosing a drug that should be prescribed to
a patient prone to anemia, leucopenia or thrombocytopenia, as well as when an observed hematological adverse
reaction should be ascribed to one of numerous drugs the patient was taking simultaneously.

Data availability
The data used in the study and other materials not contained in the Supplementary File are available to interested
readers from the corresponding author upon reasonable request.
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1 | INTRODUCTION

With the expansion of pharmacotherapy and increasingly frequent

polypharmacy, drug-induced disorders are increasingly encountered

Slobodan M. Jankovié¢??

Valentina Marinkovi¢? |

Nemanja Petrovi¢??® |
Dragana Laki¢?

Aims: Our study aimed to determine the healthcare utilization and costs of nonche-
motherapy drug-induced cytopenias and analyse the main drivers of costs.

Methods: This cost-of-illness study was conducted using the microcosting (bottom-
up) approach based on real-world data. Data on the patients who developed leucope-
nia, anaemia or thrombocytopenia as nonchemotherapy drug-induced blood
disorders were extracted from records of the inpatients treated in a tertiary care
university hospital.

Results: The study included 46, 71 and 80 cases of leucopenia, anaemia and throm-
bocytopenia, respectively. Leucopenia had the highest costs per case (average:
200 928.4, median: 176 078.4 Serbian dinars [RSD], interquartile range: 171 223.4
RSD), followed by thrombocytopenia (average: 115 065.2, median: 89 732.4 RSD,
interquartile range: 77 755.9 RSD) and anaemia (average: 109 502.5, median:
90 267.3 RSD, interquartile range: 74 225.1 RSD). These costs expressed as Gross
Domestic Product per capita based on purchasing power parity were 6.97, 2.85 and
2.84% for leucopenia, anaemia and thrombocytopenia, respectively. In leucopenia,
48.9% of the costs were the costs of drugs, while in anaemia and thrombocytopenia,
the majority of the costs were due to the length of hospitalization (38.6 and 34.7%,
respectively). The factors with the greatest influence on the total costs of anaemia
and thrombocytopenia were the length of hospitalization and the number of com-
puted tomography scans, while the cost of leucopenia treatment was most influ-
enced by survival status, age and the number of laboratory tests.

Conclusions: Our study showed that the use of healthcare services and costs caused
by nonchemotherapy drugs are considerable. Proactive strategies to manage and pre-

vent drug-induced cytopenias should be considered.

KEYWORDS
cost-of-illness, drug-induced cytopenias, microcosting, real-world data

in clinical practice. It is precisely these disorders, including haemato-
logical disorders caused by noncytostatic drugs, that pose a chal-
lenge in the real world because clinicians do not expect them.!™

While the prevalence of haematological adverse drug reactions

Br J Clin Pharmacol. 2025;1-12.
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(ADRs) in chemotherapeutics is high, there is insufficient epidemio-
logical data for nonchemotherapeutics (all drugs except cytostatics,
including standard classes of drugs or targeted therapy). Although
a spontaneous reporting system is mandatory during a drug's
life cycle, it is estimated that around 94% of ADRs are not
reported.?”?

One of the most common haematological conditions is a disor-
der in the number of blood cells (leukocytes, erythrocytes or plate-
lets), which could be caused by the use of a drug,1 further referred
to in the text as drug-induced cytopenia (DIC). According to current
data, every third registered drug via centralized procedure by the
European Medicines Agency has the potential to cause either
anaemia, leucopenia or thrombocytopenia.’® Still, the frequency of
occurrence in the group of patients exposed to a single drug is
not high.

Frequency data on hospital admissions due to haematological
ADRs vary between studies, from 9%'* up to 26.5%.'2 When these
disorders occur, their severity is often such that they can be
life-threatening, requiring hospitalization or prolongation and conse-
quently leading to cost increases in the healthcare system.'*"1 Rela-
tively high frequency of haematological ADRs, including cytopenias,
was confirmed by the systematic review of Abu et al., which included
12 studies of hospitalized patients (including both internal medicine
and surgical patients) with varying rates from 9.9 to 15.2%.2% In a
cohort study by Geer et al. on 5482 patients with internal medicine
disorders of a single tertiary care hospital, it was found that up to
10% of all ADRs were cytopenias.t”

Due to its relatively rare occurrence, lack of causality with the
main mechanism of action of nononcology drugs, and, therefore, more
difficult recognition, the consequences caused by DICs are often
neglected in pharmacoeconomic studies, which may lead to an over-
estimation of the cost-effectiveness of some drugs.

Hospitalization or its prolongation is often led by DICs and some-
times requires additional therapy, where the costs of treating such
patients are high, but we lack their precise assessment. Most of the
studies that have dealt with the costs of drug-induced disorders are
based on the macro-costing principle and do not provide the details of
the treatment of patients. Microcosting studies with a bottom-up
approach represent the most precise methodology and the gold stan-
dard for conducting cost-of-illness (COI) studies.®2° While there are
published studies of COI for chemotherapy-induced cytopenia, there
are limited numbers of COI studies for nonchemotherapy drugs,
mainly focused on heparin-induced thrombocytopenia or ribavirin-
induced anaemia, where the minority are done using a microcosting
approach.2t-24

The aim of our study is to use microcosting (a bottom-up
approach) to determine healthcare utilization and costs of nonche-
motherapy DICs, including anaemia, leucopenia and thrombocytope-
nia, based on real-world data, and to analyse the main drivers of both
utilization and cost outcomes.

What is already known about this subject

e The costs of treatment of chemotherapy-induced
cytopenias are known, while for nonchemotherapy drug-
induced cytopenias, the data are scarce and related to
just a few drugs.

e Although nonchemotherapy drug-induced cytopenias are
relatively frequently met in clinical practice, they are
usually not understood as drug-induced, leading to an

underestimation of the total treatment costs.

What this study adds

e This study estimated the precise real-world costs and
healthcare utilization of treating nonchemotherapy
drug-induced cytopenias (leucopenia, anaemia and
thrombocytopenia).

e Healthcare utilization and costs caused by nonche-
motherapy drugs are considerable and should be taken
into account when assessing the cost-effectiveness of
nonchemotherapy drugs.

2 | METHODS

21 | Type of the study

The COI study was conducted using the microcosting, bottom-up
approach. The real-world data were collected at the Department of
Clinical Pharmacology, University Clinical Center of Kragujevac, with
the approval of their Ethics Committee (decision number: 01/22-340
from 10.10.2022). The need for informed consent was waived by the
Ethics Committee due to the retrospective nature of the research.
The study was conducted according to the plan available at https://
farfar.pharmacy.bg.ac.rs/handle/123456789/5623.

On the patient level, retrospective data covering 3 vyears
(1 January 2020-31 December 2022) were collected by extracting
them from the archive of patient records (paper-based/electronic
records of clinical pharmacologist consultations).

This retrospective COI study was conducted from the perspective
of the Serbian Health Insurance Fund (HIF).

Since there is no widely accepted guideline or checklist for con-
ducting microcosting studies, we used a consensus-based checklist
proposed by a group of authors, reporting schemes from published
microcosting studies, and we also considered the strengths and limita-

tions of published systematic reviews of costing studies.?* 27
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2.2 | Research population

The study population was selected based on the following inclusion
criteria: patients admitted to a tertiary care hospital, having anaemia,
leucopenia or thrombocytopenia mentioned in: (i) any part of the clini-
cal pharmacologist's report; (ii) having laboratory findings indicating
these disorders; or (iii) having a diagnosis code corresponding to these
disorders attached to the patient file. The patients were excluded if
any of the following criteria were met: history of surgery; COVID-19;
having any form of malignant disease or any other disease/disorder
that in its natural course has the potential of haematological disorder
(renal failure, lupus, hepatitis C, myelodysplastic syndrome, liver
cirrhosis etc.); or incomplete medical record.

2.3 | Sampling

The sampling process (Figure 1) was completed through 2 phases:
(i) screening and (ii) causality assessment. In the first phase, 2 indepen-
dent researchers (1.S., N.C.B.) reviewed 11 405 paper-based clinical
pharmacologists' reports, which are part of patient files (1 January
2020-31 December 2022), screening for drug-induced blood
disorders focusing on anaemia, leucopenia and thrombocytopenia.
These disorders were screened manually by reading patient history,
physician findings, laboratory findings and diagnosis codes. The
number of reports fulfilling the inclusion criteria was 753. For these
selected cases, patients' electronic records were screened (S.J., N.P.)
for more details, and exclusion criteria were applied, leading to
217 reports qualified for the second phase.

In the second phase, an experienced clinical pharmacologist (S.J.)
determined that there was enough evidence that cytopenia was a
consequence of the drug administered to the patient (causal relation-
ship between drug[s] and blood disorders categorized by the World
Health Organization Uppsala Monitoring Centre system as at least
probable) in 141 reports.?® Some of the cases were related to the
same patient at different time points, or 1 patient experienced multi-
ple disorders (e.g., anaemia and thrombocytopenia), having leucopenia
determined in 46 cases, anaemia in 71 cases and thrombocytopenia in

80 cases.

24 | Variables measured in the study
The study outcomes (dependent variables) extracted from the patient
records were utilization data. The costs were calculated using utiliza-
tion data and unit prices of healthcare services according to the HIF
pricelist??~3%;

Service costs = number of services provided x price of the
service.

Drug costs = number of drug units used x price of the drug.

The levels of anaemia, leucopenia and thrombocytopenia (grade
1-5) were expressed based on laboratory values using the Common

Terminology Criteria for Adverse Events (CTCAE) version 5.0.32
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Predictors of interest for which real-world data on individual
patient levels were collected were: (i) demographic data: sex, age;
(i) patient status: live or dead; (iii) laboratory and diagnostic services:
blood count number (haemoglobin value, number of red blood cells,
number of white blood cells, platelet number), number of biochemical
analyses, number of microbiological analyses, morphological
diagnostic service (number of computed tomography scans [CTs],
X-ray images, magnetic resonance imaging, electrocardiogram);
(iv) therapeutic services: number of hospital days, healthcare profes-
sional and haematologist's consultations; (v,) patient therapy (drug
brand name number, drug International Nonproprietary Name [INN]
number, number of drugs [INN] having cytopenia as ADR in the Sum-
mary of Product Characteristics); (vy,) transfusion (number of: platelet
units, red blood cells, white blood cells, plasma units, blood derivates
units, whole blood units, coagulation factors units).

Discounting of the costs was not considered since the HIF did
not change the prices of healthcare services during the observed
period. All costs are expressed in Serbian dinars (RSD).

We also present costs expressed as % of gross domestic product
(GDP) per capita and % GDP per capita, as well as purchasing power
parity (PPP), for international comparison purposes. In addition, in the
Appendix file, costs are presented in US dollars (USD) and an explana-
tion of how costs expressed in % GDP per capita, %GDP per capita,

PPP and in USD were calculated is provided.

2.5 | Study power and sample size

The confidence interval for our study was 95%, where the sample
size (N) for each blood disorder of interest (anaemia, leucopenia,
thrombocytopenia) was calculated based on the formula®3:

2
N= (2*;%*SD>

SD (standard deviation) and E (desired margin of error) were based on
data from the cost-of-illness study of Haematological Complications
of Chemotherapy.>* Expected cost standard deviations were:
28 598.3 RSD (leucopenia); 29 510.1 RSD (anaemia); 45 634.7 RSD
(thrombocytopenia) with desired margin of error 20 000.0 RSD,
20 000.0 RSD, 25 000.0 RSD, respectively.

According to the formula above, a minimum number of
cases per disorder was: (i) leucopenia: 31; (i) anaemia: 33;
(iii) thrombocytopenia: 51.

2.6 | Statistical data processing

The data were first tabulated and checked for accuracy. Continuous
variables were described by mean, standard deviation, median and
interquartile range, while categorical variables were described by rates
and percentages. If the data were normally distributed, differences in

the values of continuous variables among study groups were tested
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Reports of clinical pharmacologist

consultations

A4

Reports screened
(n = 11,405)

Inclusion criteria:

- signs and symptoms of any cytopenia type
- laboratory finding of any cytopenia type
- diagnosis code of any cytopenia type

Inclusion
crtiteria met

10,652 excluded

Patients' electronic records
screened
(n=753)

Exclusion criteria:
- history of surgery
- COVID-19

- malignant or any other disease having any
type of cytopenia in its' natural course

Exclusion
criteria applied

536 excluded

FIGURE 1 Case selection flow diagram.

by Student t-test or ANOVA, or, if not, by Kruskal-Wallis or Mann-
Whitney U-test. Differences in rates or percentages of categorical
variables were tested by chi-square or Fisher's exact test.

Afterward, a generalized linear model (GLM) was used for multi-

Reports screened
(n=217)

Causality
"at least probable”,

|

141 cases included }

above were associated with the study outcomes: costs. The model

was built using a gamma distribution and a log link function. The

goodness of fit was estimated based on deviance, chi-square statistics

variate analysis to determine whether variables mentioned in the text estimate the validity of the model.

and Akaike information criteria (AIC). The Omnibus test was used to
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The results were considered statistically significant with the null
hypothesis probability being <.05. IBM SPSS v. 29%> and Microsoft

Excel for Mac v. 16.75 were used for the statistical analysis.

3 | RESULTS

The total number of included patients was 102, of whom 27 had only
1 DIC and 20 had all 3 DICs. The number of analysed reports was
141, with 46 cases of leucopenia, 71 cases of anaemia and 80 cases
of thrombocytopenia. The criteria for the minimum number of cases
per DIC were met.

In our study, the reason for hospitalization in more than 50% of
patients was either circulatory, respiratory or digestive disease, where
the majority (63.0%) of patients survived and were discharged home.
Most cases were female, and the average age of patients was 63.6
+ 16.3 years, with the youngest patient being 20.4 years and the old-
est 91.8 years at the DIC occurrence. Regardless of DIC, each patient
during the hospital stay received more than 27 different drugs (calcu-
lation based on the INN), of which 15 drugs have the potential to
cause cytopenia of interest according to their summaries of product
characteristics. Detailed results for each DIC are presented in Table 1.

Regardless of the type of DIC, the hospital stay was more than
25 days, with >16 specialist consultations, including at least 1 haema-
tologist consultation. The number of biochemistry analyses was nearly
25, meaning that patients had this type of analysis almost every day.
The most utilized morphological diagnostic service was X-ray imaging.
Transfusion was administered in more than half of the patients with
anaemia or thrombocytopenia, wherein the severity of grades 23,
2 out of 3 patients had transfusion received. Results on the healthcare
utilization data are presented in Table 2.

Leucopenia had the highest average costs per case, followed by
thrombocytopenia and anaemia. The average total cost of 1 case of
DIC for leucopenia was 200 928.4 + 125 838.4 RSD (1880.9 USD,
18.2% GDP per capita, 7.0% GDP per capita, PPP). This result

TABLE 1 Characteristics of the study sample.
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indicates that the cost of treating 1 case of leucopenia is about 7% of
the average person's annual income, which represents a substantial
economic burden for 1 ADR. The cost per case of anaemia was
109 502.5 + 68 604.2 RSD (1036.8 USD, 7.5% GDP per capita, 2.9%
GDP per capita, PPP), while for thrombocytopenia, it was 115 065.2
+ 73 064.2 RSD (1100.6 USD, 7.4% GDP per capita, 2.8% GDP per
capita, PPP). Our results show that the costs of leucopenia grade 1-2
were higher than the costs of more severe leucopenia.

About 50% of the total costs were related to drug utilization in
leucopenia, which was not the case for anaemia (~1%) or thrombocy-
topenia (~5%). Transfusion costs were around 6-8% of total costs.

Results on costs expressed in absolute value (RSD) of managing
DICs are presented in Table 3.

The total cost of hospitalization, visits to specialists, laboratory
analysis, morphological diagnostics, transfusions, drugs and cost per
case of leucopenia or anaemia or thrombocytopenia expressed as %
GDP per capita and %GDP per capita PPP is presented in Figure 2.

Detailed results of costs converted to US dollars and expressed
as GDP per capita and GDP per capita PPP are given in the Appendix
file.

It can be seen from Figure 2 that the costs of drugs in the case of
leucopenia had the largest share. The costs for other healthcare
services were similar between leucopenia, anaemia and thrombocyto-
penia cases.

GLMs are linear regression models exploring potential predictors
of nonchemotherapy DIC costs. Three separate GLMs were created
using the vy distribution and log link function, 1 for each DIC. The
model for leucopenia had a goodness of fit (value /df = 0.097),
Pearson chi-square (value /df =0.094), AIC (1145.223) and an
Omnibus test (86.502, P < .001). The model for anaemia had a good-
ness of fit (value /df = 0.038), Pearson chi-square (value /df = 0.036),
AIC (1611.080) and an Omnibus test (182.567, P < .001). The model
for thrombocytopenia had a goodness of fit (value /df = 0.055), Pear-
son chi-square (value/df = 0.055), AIC (1850.622) and Omnibus test
(178.068, P < .001).

Variables Leucopenia (N = 46) Anaemia (N = 71) Thrombocytopenia (N = 80) P-value

Age (years) 59.8 £ 15.8 (62.9; 20.4) 63.7 £ 15.5(66.5; 19.9)  65.7 + 15.4 (69.1; 19.5) 102

Sex (n) male 27 (58.7%) 39 (54.9%) 47 (58.8%) 0.884
female 19 (41.3%) 32 (45.1%) 33 (41.3%)

Patient status (n) live 29 (63.0%) 48 (67.6%) 48 (6.0%) 0.651
dead 17 (37.0%) 23 (32.4%) 32 (4.0%)

Average number of drugs* (n) 27.2+11.6(25.5;15.5) 29.4+11.4(28.0;15.5) 29.9 +10.8(28.0; 14.3) 403

Average number of drugs with cytopenia of interest in 14.3 £ 5.9 (14.0; 8.0) 15.0 £ 5.4 (15.0; 7.5) 14.9 + 5.4 (15.0; 6.3) 768

SPC* (n)

Adverse reaction severity (n) Grade 1-2 42 (91.3%) 35 (49.3%) 42 (52.5%) <.001
Grade > 3 4 (8.7%) 36 (50.7%) 38 (47.5%)

Note: Continuous variables are described by mean + standard deviation (median;

percentage.

interquartile range). Categorical variables are described by rate and

Abbreviations: INN, International Nonproprietary Name; N, number of cases; SPC, summary of product characteristics.

*calculated on the basis of the INN number of drugs.
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TABLE 2 Healthcare services utilization.

Average number of hospital days
Grade 1-2
Grade > 3
Average number of specialist consultations
Grade 1-2
Grade > 3

Average number of haematologist consultations

Grade 1-2
Grade 2 3
Average number of biochemistry analyses
Grade 1-2
Grade > 3
Average number of blood count analyses
Grade 1-2
Grade > 3
Average number of microbiological analyses
Grade 1-2
Grade > 3
Average number of CT scans
Grade 1-2
Grade 2 3
Average number of X-ray images
Grade 1-2
Grade > 3
Average number of MRIs
Grade 1-2
Grade 2 3
Average number of ECGs
Grade 1-2
Grade > 3
TRANSFUSION n (%)
Grade 1-2
Grade > 3

Leucopenia (N = 46)
28.5 + 18.4 (26.5; 19.5)
29.5 +18.8 (28.0; 20.3)
18.0 + 9.5(19.5; 18.0)
17.5 + 12.2 (15.5; 13.0)
18.3 + 12.4(16.0; 13.3)
9.5+4.9(9.0; 9.0)
1.5+ 1.9 (1.0; 2.0)
1.6+ 1.9 (1.0; 2.0)
1.0+ 0.8(1.0; 1.5)
24.9 + 15.4 (21.0; 19.3)
25.7 + 15.8 (22.5; 20.0)
15.8 £ 6.8 (15.5; 12.8)
16.3 £ 12.2 (12.5; 16.0)
16.7 + 12.4(12.5; 15.3)
12.5+10.0(12.0; 18.5)
3.1+29(2.0;4.0)
3.2+3.0(2.0;4.3)
2.0+ 0.0(2.0; 0.0)
1.2 +£1.1(1.0; 2.0)
1.2+ 1.1(1.0; 2.0)
0.8 +1.0(0.5; 1.8)
4.7 + 4.6 (3.5; 3.3)
4.9 + 4.8 (3.5; 4.0)
2.8+22(3.0;4.3)
0.1+ 0.5 (0.0; 0.0)
0.1 +0.5(0.0; 0.0)
0.0 + 0.0 (0.0; 0.0)
1.0 £ 0.9 (1.0; 2.0)
1.0 £ 0.9 (1.0; 2.0)
1.00 + 0.8 (1.0; 2.0)
Not applicable

Anaemia (N = 71)
27.4 +19.1 (22.0; 17.0)
25.9 £19.8(20.0; 17.0)
28.8 +18.6(24.0; 17.3)
16.1 + 10.7 (14.0; 14.0)
14.1 + 9.4 (11.0; 12.0)
18.1 + 11.6 (16.0; 16.8)
1.3 +1.7(1.0; 2.0)
0.8 + 1.1 (0.0; 1.0)
1.8 +2.1(1.0; 4.0)
24.4 + 18.1 (19.0; 18.0)
19.7 +12.9 (17.0; 19.0)
29.0 + 21.1 (22.0; 30.5)
16.2 + 12.4 (13.0; 15.0)
12.8+8.7(12.0; 12.0)
19.6 + 14.6 (16.0; 14.0)
2.8+3.2(2.0;4.0)
2.7 + 3.7 (2.0; 3.0)
2.9 +2.8(2.0; 3.0)
1.3+1.2(1.0;2.0)
1.1+ 1.3(1.0; 1.0)
1.4 +1.1(1.0; 1.0)
4.7 £ 5.5 (3.0; 4.0)
4.3 +3.6(4.0; 3.0)
5.2+6.9(3.0;5.8)
0.1 + 0.4 (0.0; 0.0)
0.1 +0.2(0.0; 0.0)
0.2 +0.5(0.0; 0.0)
1.2 +2.0(1.0; 1.0)
1.5+2.7(1.0; 1.0)
0.8 +0.9(1.0; 1.8)
43 (60.6%)
14 (32.6%)
29 (67.4%)

Thrombocytopenia (N = 80)

25.8 + 18.4 (20.5; 19.0)
26.3 + 16.6(20.5; 19.5)
25.3 £20.3(19.5; 20.5)
17.1 + 10.6 (15.0; 13.0)
16.8 + 9.3 (15.0; 9.0)
17.4 + 11.9 (16.5; 17.0)
1.6 £1.9(1.0; 2.0)
1.0+ 1.4(0.0; 1.3)
2.2+22(1.0; 3.3)
25.0 + 17.1 (20.0; 17.5)
24.0 + 15.2 (19.5; 16.0)
26.2 +19.2 (21.5; 20.3)
16.5 + 12.2 (13.0; 13.0)
15.0 £ 8.9 (12.5; 12.5)
18.2 + 15.0(13.0;14.3)
2.9 +3.2(2.0; 3.0)
2.9 +3.0(2.0; 5.0)
2.8 +3.4(2.0; 2.0)
1.3+1.2(1.0; 2.0)
1.2+ 1.2(1.0; 2.0)
1.3+1.3(1.0; 1.3
4.6 +5.0(3.0; 3.8)
4.4 + 2.8 (4.0; 4.0)
4.8 + 6.6 (3.0; 3.5)
0.1+ 0.4 (0.0; 0.0)
0.1 +0.2(0.0; 0.0)
0.2 +0.5(0.0; 0.0)
1.1 £ 1.3(1.0; 2.0)
1.2 +1.4(1.0; 2.0)
1.1+ 1.2(1.0; 2.0)
45 (56.3%)
13(28.9%)
32(71.1%)

Note: Variables are described by mean + standard deviation (median; interquartile range).
Abbreviations: CT, computed tomography; ECG, electrocardiogram; MRI, magnetic resonance imaging; N, number of cases.

Table 4 shows the results of the multivariate analysis, with only
significant factors associated with the total costs of DICs. In leucopenia
cases, patients who died (coefficient of the GLM [B] = 0.293, P = .020)
and were older (B = 0.010, P =.004) had significantly higher costs.
Factors showing a decrease in total costs were seen only in anaemia,
such as the administration of transfusion (B = — 0.152, P = .004) and a
higher number of X-ray images (B = — 0.013, P = .042). The duration
of hospitalization was significant, considering the total costs for
patients with anaemia and thrombocytopenia. The number of CTs was
the only factor shown to impact total costs for all DICs. Factors found

to have a significant influence on total costs are shown in Table 4.

4 | DISCUSSION

Leucopenia has been shown to have the highest costs among
nonchemotherapy DICs, primarily because it requires the use of
numerous more expensive drugs (primarily antibiotics). In the case
of anaemia and thrombocytopenia, most of the costs were from
hospitalization (number of hospital days), while drug costs were
significantly lower if the use of transfusions was excluded. The costs
of laboratory diagnostics for all 3 types of disorders were higher
than the morphological diagnostics costs. The total costs of consult-

ing a doctor were the lowest, except for anaemia, where the costs



TABLE 3 The total cost of healthcare services, transfusion, drugs and cost per case of leucopenia, anaemia or thrombocytopenia in Serbian dinars.

COST TYPE
COST OF HOSPITALIZATION
Grade 1-2
Grade > 3
COSTS OF VISISTS TO SPECIALIST
Grade 1-2
Grade > 3
Costs of specialist consultations excl. Haematologist
Grade 1-2
Grade > 3
Costs of haematologist consultations
Grade 1-2
Grade > 3
COSTS OF LABORATORY ANALYSIS
Grade 1-2
Grade > 3
Costs of biochemistry
Grade 1-2
Grade > 3
Costs of blood count
Grade 1-2
Grade > 3
Costs of microbiological analysis
Grade 1-2
Grade > 3
COSTS OF MORHOLOGICAL DIAGNOSTIC SERVICES
Grade 1-2
Grade > 3
Costs of CT
Grade 1-2
Grade > 3

Leucopenia (N = 46)

43 976.7 £ 28 465.4 (40 953.1; 30 135.3)
45 515.7 £ 29 080.9 (43 271.2; 31 294.4)
27 817.2 + 14 661.0 (30 135.3; 27 817.2)
4595.1 + 3102.3 (4079.9; 3312.7)
4789.8 + 3162.4 (4207.3; 3376.4)
2551.0 + 1257.0 (2423.6; 2293.4)
4082.7 + 2878.2 (3694.9; 3376.4)
4265.3 +2925.6(3822.4; 3376.4)
2166.0 + 1388.0 (1911.2; 2548.2)
512.4 + 473.7 (385.0; 509.7)
524.5 + 491.3 (385.0; 509.7)
385.0 + 208.1 (385.0; 382.2)
33 375.0 £ 20 215.0 (29 514.1; 29 430.5)
34 457.8 + 20 684.6 (30 398.2; 32 116.0)
22 005.4 £ 96 72.8(21 240.7; 17 784.4)
22 396.3 £ 13 897.4 (18 928.1; 17 350.8)
23177.3 + 14 214.3 (20 280.2; 18 026.8)
14 196.1 + 6129.8 (13 970.8; 11 492.1)
5862.4 £ 4373.5 (4494.5; 5753.0)
5992.7 + 4455.4 (4494.5; 5483.3)
4494.5 £ 3589.6 (4314.7; 6651.9)
5116.3 + 4788.6 (3314.8; 6629.6)
5287.9 £4982.1 (3314.8; 7043.9)
3314.8 £ 0.0 (3314.8; 0.0)
20 648.4 + 16 804.3 (17 766.5; 27 382.9)
21398.2+17014.1 (17 766.5; 26 482.9)
12 774.9 + 13 748.2 (10 283.2; 25 741.3)
16 043.3 £ 15 055.0 (13 666.5; 27 332.9)
16 595.0 + 15 252.9 (13 666.5; 27 332.9)
10 249.9 + 13 084.7 (6833.2; 23 916.3)

Anaemia (N = 71)
42 270.0 + 29 490.3 (33 998.8; 26 271.8)
40 047.9 + 30 515.5 (30 908.0; 26 271.8)
44 430.3 + 28 723.3 (37 089.6; 26 658.2)
4236.1 + 2731.2 (3697.7; 3567.5)
3712.3 + 2398.4 (2933.2; 3057.9)
4745.3 £+ 2964.7 (4207.3; 4268.3)
3779.3 £ 2572.1 (3312.7; 3057.9)
3385.5 + 2336.8 (2803.1; 3057.9)
4162.1 + 2760.7 (3440.1; 3758.6)
456.8 £ 443.9 (385.0; 509.7)
326.8 + 283.8 (130.2; 254.8)
583.2 +531.4(385.0; 1019.3)
32 533.5 £ 23 149.0 (26 914.8; 27 631.4)
26 885.8 + 18 085.8 (23 750.1; 23 994.0)
38024.3 + 26 288.7 (28 897.2; 33 493.7)
22 025.7 £ 16 266.8 (17 125.5; 16 224.1)
17 795.0 + 11 634.2 (15 322.8; 17 125.5)
26 138.9 + 19 037.6 (19 829.5; 27 490.9)
5839.1 + 4467.2 (4674.3; 5393.4)
4592.1 + 3110.3 (4314.7; 4314.7)
7051.4 + 5239.0 (5753.0; 5033.8)
4668.7 + 5376.5 (3314.8; 6629.6)
4498.6 + 6143.4 (3314.8; 4972.2)
4834.1 + 4592.7 (3314.8; 4972.2)
22 023.8 + 18 958.2 (17 066.5; 25 732.9)
19 430.6 + 18 653.0 (16 466.5; 22 166.5)
24 544.9 + 19 172.2 (20 911.2; 18 919.5)
17 323.7 £ 16 327.7 (13 666.5; 27 332.9)
15 228.4 + 17 467.5 (13 666.5; 13 666.5)
19 360.8 + 15 103.9 (13 666.5; 13 666.5)

Thrombocytopenia (N = 80)
39 907.0 + 28 382.9 (31 680.7; 29 362.6)
40 658.7 + 25 686.6 (31 680.7; 30 135.3)
39 082.4 + 31 425.6 (30 135.3; 31 680.7)
4481.3 £ 2690.0 (3952.5; 3312.7)
4413.6 + 2362.0 (3952.5; 2293.4)
4556.1 + 3042.6 (4334.8; 4332.0)
3949.8 £ 2499.1 (3567.5; 2803.1)
4034.7 + 2249.8 (3567.5; 2357.1)
3855.9 + 2776.4 (3312.7; 4140.9)
531.5 + 492.9 (385.0; 509.7)
378.9 + 366.9 (130.2; 318.5)
700.2 + 560.3 (385.0; 828.2)
33 219.5 £ 22 014.9 (27 725.0; 27 069.9)
31845.0 + 19 313.2 (27 960.2; 23 402.3)
34 738.7 + 24 838.8 (27 725.0; 28 568.5)
22 533.5 £ 15 426.8 (18 026.8; 15 773.5)
21589.2+13 662.2 (17 576.1; 14 421.4)
23 577.2+ 17 296.5(19 378.8; 18 252.1)
5941.7 + 4381.3 (4674.3; 4674.3)
5402.0 + 3183.0 (4494.5; 4494.5)
6538.3 + 5391.0 (4674.3; 5123.7)
4744.3 + 5252.7 (3314.8; 4972.2)
4853.8 + 4943.7 (3314.8; 8287.0)
4623.3 + 5639.1 (3314.8; 3314.8)
21852.6 + 18 566.1 (16 666.5; 25 132.9)
20 656.4 + 16 982.7 (16 116.5; 28 482.9)
23 174.7 + 20 321.7 (17 316.5; 17 583.1)
17 253.9 £ 16 523.8 (13 666.5; 27 332.9)
16 595.0 + 15 839.0 (13 666.5; 27 332.9)
17 982.2 + 17 433.8 (13 666.5; 17 083.1)

(Continues)
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TABLE 3 (Continued)

COST TYPE
Costs of RTG
Grade 1-2
Grade > 3
Costs of MRI
Grade 1-2
Grade 2 3
Costs of ECG
Grade 1-2
Grade > 3
COSTS OF TRANSFUSION
Grade 1-2
Grade > 3
COSTS OF DRUGS
Grade 1-2
Grade > 3
TOTAL COST PER CASE
Grade 1-2
Grade > 3

Leucopenia (N = 46)
3302.2 + 3248.8 (2450.0; 2275.0)
3433.3 + 3347.5 (2450.0; 2800.0)
1925.0 + 1552.2 (2100.0; 2975.0)
716.0 + 2484.4 (0.0; 0.0)
784.2 + 2592.2 (0.0; 0.0)
0.0 + 0.0 (0.0; 0.0)
587.0 + 558.4 (600.0; 1200.0)
585.7 + 569.8 (600.0; 1200.0)
600.0 + 489.9 (600.0; 900.0)
Not applicable

98 333.2 + 91 848.2 (88 894.6; 69 214.6)
98 006.7 + 93 123.4 (88 894.6; 69 214.6)

101 760.8 + 89 483.1 (78 125.6; 164 386.2)
200 928.4 + 125 838.4 (176 078.4; 171 223.4)
204 168.3 + 127 281.5 (176 078.4; 168 943.4)
166 909.2 + 120 131.4 (149 262.8; 228 768.1)

Note: Variables are described by mean + standard deviation (median; interquartile range).
Abbreviations: CT, computed tomography; ECG, electrocardiogram; MRI, magnetic resonance imaging; N, number of cases.

Anaemia (N = 71)
3302.8 + 3836.2 (2100.0; 2800.0)
2980.0 + 2497.2 (2800.0; 2100.0)
3616.7 +4813.5 (2100.0; 4025.0)
695.8 + 2259.4 (0.0; 0.0)
313.7 + 1292.8 (0.0; 0.0)
1067.4 + 2880.7 (0.0; 0.0)
701.4 £ 1199.9 (600.0; 600.0)
908.6 + 1596.6 (600.0; 600.0)

500.0 + 564.7 (600.0; 1050.0)
7324.2 + 16 796.8 (3000.0; 8500.0)
4835.0 + 11051.0 (0.0; 4400.0)

9744.4 + 20 818.5 (6400.0; 6975.0)
1115.1 + 742.1 (843.2; 116.7)
1103.8 + 763.3 (843.2; 108.8)
1126.0 + 731.7 (959.9; 116.7)

109 502.5 + 68 604.2 (90 267.3; 74 225.1)
96 015.4 + 57 262.1 (87 785.6; 47 784.1)
122 615.1 + 76 609.7 (97 858.0; 92 546.6)

Thrombocytopenia (N = 80)
3237.5 + 3478.5 (2100.0; 2625.0)
3100.0 + 1974.7 (2800.0; 2800.0)
3389.5 +4633.4 (2100.0; 2450.0)
686.2 + 2205.3 (0.0; 0.0)
261.4 + 1183.2 (0.0; 0.0)
1155.7 + 2898.5 (0.0; 0.0)
675.0 £ 760.0 (600.0; 1200.0)
700.0 + 826.7 (600.0; 1200.0)
647.4 + 688.8 (600.0; 1200.0)
10 023.8 + 22 377.8 (1600.0; 11200.0)
1976.2 + 4132.6 (0.0; 1575.0)
18 918.4 + 29 925.0 (8250.0; 20 475.0)
5578.2 + 26847.0 (843.2; 4222.1)
2351.1 £ 2047.6 (843.2; 4222.1)
9144.9 + 38850.8 (843.2; 4222.1)
115 065.2 + 73 064.2 (89 732.4; 77 755.9)
101 901.0 + 53 480.4 (88 017.0; 60 569.3)
129 615.1 + 88 400.6 (93 665.5; 102 073.9)
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FIGURE 2 Total cost of hospitalization, visits to specialist, laboratory analysis, morphological diagnostic, transfusion, drugs and cost per case
of leucopenia, anaemia or thrombocytopenia expressed as %GDP per capita and %GDP per capita PPP. GDP, gross domestic product; PPP,

purchasing power parity.

of drugs were even lower. The factors that had the greatest
influence on the total costs of anaemia and thrombocytopenia of
nonchemotherapy DICs were the length of hospitalization, the
number of CTs and the number of laboratory tests. The overall cost
of leucopenia treatment was most influenced by survival status, age
and the number of laboratory tests.

In the case of leucopenia, it is interesting that the average treat-
ment costs per case were lower with the increase in severity of leuco-
penia due to shorter hospitalization, but this may not reflect the
actual situation because the number of cases in our study with grade
>3 was very small (n =4, 8.7%). The costs of treating leucopenia
mainly depend on the cause of the infection as a complication of leu-
copenia and the severity of the infection. More severe infections that
turn into sepsis require the use of reserve antibiotics or prolonged
treatment, which therefore increases the total costs, which is in line
with the results of our study (3/4 of the total costs are due to drugs
and hospitalization).>®” This suggests that future research should be

stratified not only by severity grade but also by the presence of

infection or sepsis, as these factors, rather than grade alone, may be
the cost drivers.

The treatment of anaemia and thrombocytopenia in already hos-
pitalized patients, as a consequence of using nonchemotherapy drugs,
is primarily based on the transfusion of erythrocytes or platelets
because urgent correction of the number of these blood cells is often
necessary. Transfusion itself leads to prolonged hospitalization®8=?
and a state of partial immunosuppression,*® which creates the condi-
tions for the occurrence of additional hospital infections, additional
prolongation of hospitalization and increased costs. Hence, with these
disorders, the length of hospitalization is a significant factor that
increases the total costs. The length of hospitalization is recognized in
many COl studies as 1 of the main cost generators.”?141

The costs per case in our study ranged from around 900 to 1900
USD, depending on the type and grade of cytopenia. This aligns with
some COI studies on specific cytopenia or ADR.1**? Meanwhile,
1 study in France estimated the cost of 1 case of heparin-induced

thrombocytopenia at 3500 EUR (~4300 USD).??
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TABLE 4 Factors associated with the costs of treating
nonchemotherapy drug-induced cytopenias.

VARIABLE B (95%Cl) P
Drug-induced leucopenia
Died (0, no; 1, yes) 0.293 (0.046 to 0.54) .020
Age 0.010 (0.003 to 0.016) .004
Number of blood count 0.014 (0.001 to 0.027) .035
Number of microbiological 0.048 (0.016 to 0.079) .003
analyses
Number of computed 0.092 (0.007 to 0.176) 034

tomography scans
Drug-induced anaemia

Transfusion (0, no; 1, yes) —0.152 (—0.256 to —0.049) .004

Number of hospital days 0.014 (0.010 to 0.018) .000
Number of biochemical 0.009 (0.002 to 0.016) .018
analyses

Number of computed 0.114 (0.067 to 0.162) .000

tomography scans
Number of X-ray images —0.013 (—0.026 to 0.000) .042

Drug-induced thrombocytopenia

Sex (0, male; 1, female) 0.111 (0.011 to 0.211) .029
Number of hospital days 0.010 (0.005 to 0.014) .000
Number of biochemical 0.010 (0.002 to 0.018) .020
analyses

Number of microbiological 0.024 (0.002 to 0.046) .031
analyses

Number of computed 0.107 (0.060 to 0.154) .000
tomography scans

Number of 0.067 (0.022 to 0.112) .004

electrocardiograms

Abbreviations: B, coefficient of the generalized linear model; Cl
confidence interval.

Regardless of the number of consultations by a specialist, the
total costs of consultations are very low due to the low unit price in
the Republic of Serbia, which is administratively regulated by the
HIF?’ and differs from the market-based prices at real costs. For
example, the price of a specialist consultation in the private sector is
>20-30 times higher because they are formed based on the realistic
supply and demand principle.224344

Although several factors have been found to be associated with
the total costs per case of each DIC, the effect of many of them is
indirect through the prolongation of hospitalization (e.g., older

4546 and survival is also related to the

patients are hospitalized longer),
length of hospitalization.*” Longer hospitalization also means a greater
number of laboratory analyses as well as more frequent morphological
diagnostics (CT, X-ray, electrocardiogram etc.). Even in our study,
where the administratively regulated cost of a hospital day is very low
(<15 EUR), hospitalization is the main driver of total costs. In countries
where hospitalization prices are market-based, in higher-income coun-

tries, total costs are significantly higher.*®

4.1 | Limitations of the study

The main limitation of our study is that it is a single-centre study, and
the results reflect the influence of local practice, which could be dif-
ferent in other countries. Being the first global study on this topic, its
current external validity is low. This limitation may be overcome
through future research conducted in accordance with our study plan
and methodology, or by applying a similar microcosting methodology
on this topic.

Our study considered the number of cases rather than the num-
ber of patients since cytopenias are often not limited to a single disor-
der (e.g., anaemia associated with thrombocytopenia).

Because these events are rare and many ADRs go unreported,
our data probably represent the more severe end of the spectrum
(only in hospitalized patients due to other disorder). Thus, while the
costs per case are high, the overall incidence is low.

Although our study was sufficiently powered to obtain results rel-
evant to the population, some important factors influencing costs
could have gone unnoticed because the extent of their influence may
have required a higher sample size.

Additional limitations are that we only included direct costs
and the excessive length of data collection (>1 year), which are
also seen in other studies with the same design (bottom-up,

microcosting).17244¢

4.2 | Strengths of the study

There were no studies focused on nonchemotherapy DICs; rather,
they focused on a single drug (e.g., heparin, ribavirin), while our study
focused on drug-induced blood disorders often seen in practice.?*"22
We used a bottom-up microcosting approach, which represents the
gold standard when conducting COI studies. Data collected in our
studies are real-world data at the level of a single patient where
healthcare services, drugs or transfusion utilization was extracted on a
unit level (e.g., disorder grade was determined by analysing every
blood analysis, number of INN determined having each daily therapy
of patient assessed). Also, in our study, causality was assessed by an
expert in clinical pharmacology.

Considering that this is 1 of the first studies focusing on the costs
of nonchemotherapy DICs, we expressed our results also in %GDP
per capita and %GDP per capita PPP so the other countries could eas-
ily estimate these costs in their countries. Also, in case the other
countries have significant differences in healthcare service prices
compared to Serbia, we provided a healthcare services utilization so
costs could be calculated by multiplying them with unit costs.

The methodology of our study may serve as a basis for future
multicentre studies across Europe and globally, as there is currently
no harmonized microcosting methodology in place. This would ensure
consistent data collection, the same inclusion and exclusion criteria,
cost calculations and analysis, and results that could be comparable
between countries.
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Nonchemotherapy DICs are relatively rare in clinical practice and
often unrecognized, leading to an underestimation of the resulting
costs. Clinicians should not overlook these cytopenias, and perhaps
they should implement monitoring or preventive strategies for
high-risk medications to potentially avoid these costly outcomes.
Pharmacoeconomic evaluations of drugs (especially those known to
cause cytopenias in rare cases) should include the possibility of these
ADR costs in their models.

This study showed that the use of healthcare services and costs
caused by nonchemotherapy drugs are considerable. Our findings
underscore the importance of considering even infrequent adverse
reactions in the overall cost profile of drug therapies. Implementation
of proactive strategies to manage and prevent DICs could not only

improve patient outcomes but also reduce healthcare costs.
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Abstract

Background/Objectives: Underreporting is very common in drug-induced cytopenias
(DICs) due to the late onset of symptoms and the need for laboratory confirmation and
monitoring. This research aimed to analyze spontaneously reported adverse drug reaction
(ADR) cases of leucopenia, anemia, thrombocytopenia, and total cytopenia, including their
reporting structure, rate, and trend, globally (World) and in Serbia. Methods: Based on
real-world data from VigiBase, analyses of the DIC reporting structure, rate, and trend
over 10 years (2014-2023) were performed. The reporting rate was calculated and ex-
pressed as the number of reports per 1,000,000 inhabitants per year (ADR/million/year).
Statistics included descriptions, a chi-square test, joinpoint analysis, and measures
of variability. Results: Leucopenia was reported more often in Serbia compared to
World (1.26 versus 0.96 reports/million/year, respectively), anemia more often in World
(2.09 versus 1.75 reports/million/year), while thrombocytopenia reporting was comparable
(1.83 reports/million/year globally versus 1.82 reports/million/year in Serbia). In Serbia,
there was a constant increase in reporting throughout the observed period, regardless of the
cytopenia type, while globally, anemia reports decreased over time. Most of the reported
DICs were serious and occurred in females aged 45-64 years. In Serbia, 76.34% of DICs
were reported by physicians compared to 31.72% globally. Conclusions: Although upward
trends in DIC reporting are observed, variability in reporting between years was greater
in Serbia than in World. Many measures are needed to promote the early detection of
DICs, with the priority of increasing access to blood count results for all healthcare workers,
including pharmacists.

Keywords: adverse drug reaction; anemia; leucopenia; thrombocytopenia; pharmacovigilance

1. Introduction

Cytopenias represent “a condition in which the number of blood cells is lower than
normal”, i.e., a decrease in the number of erythrocytes, lower hemoglobin concentration
levels (below 130 g/L in men and 120 g/L in women (anemia)), leukocyte counts below
4.5 x 10?/L (leucopenia), or platelet counts below 150 x 10° /L (thrombocytopenia). If all
three disorders are present simultaneously, the disorder is called pancytopenia [1-4].

Factors driving cytopenias are numerous and can be hereditary or acquired [4,5]. In
acquired cytopenias, there are various underlying mechanisms (e.g., effects on bone marrow,
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autoimmune disorders, nutritional deficiencies, viruses, alcohol, ionizing radiation, etc.),
including drugs (drug-induced cytopenia—DIC) [5-7]. In addition to anticancer drugs, DIC
may be induced by antibiotics, nonsteroidal anti-inflammatory drugs, antihypertensives,
antiarrhythmics, antiepileptics, and many others [5,7,8].

The incidence of thrombocytopenia is estimated at 10/1,000,000 people per year [7],
and neutropenia caused by non-anticancer drugs is estimated at 2.4-15.4 cases per million
people per year, with a mortality rate of 5% [9]. Anemia caused by any drug type varies
from 1 to 4 cases per million people per year [10], and its mortality rate can be from 4% to
70% [7,11].

The costs resulting from adverse drug reactions (ADRs) are estimated at 30-137 billion
dollars per year in the United States [12,13]. In the literature, the cost per ADR varies
between USD 65.0 and USD 12,129.90 [14], with the cost per ADR in high-income countries
being 10 times higher than that in low- or middle-income countries [14]. One study
estimated the cost per case of treating heparin-induced thrombocytopenia in France to be
around EUR 3500 [15], while another in Germany estimated that of treating agranulocytosis
and anemia at EUR 1240 and 880, respectively [16].

The satisfactory safety (benefits outweigh the risks under prescribed use) of an autho-
rized drug is guaranteed by obtaining a marketing authorisation (MA) from the competent
authorities. The safety data collected in clinical trials are an integral part of the documen-
tation submitted to the authorities, and they are used to decide whether the drug meets
the requirements related to the drug’s safety. However, safety data from clinical trials
have some limitations such as controlled conditions, the number of patients in clinical
trials being significantly smaller than the actual number of patients, or some ADRs are not
reported due to very low incidence. After obtaining an MA, MA holders are obliged to
monitor and report data related to the drug’s safety to the competent institutions and to
assess the safety profile of the drug continuously [17-19].

Even with the existence of these obligations, it is estimated that reported ADRs only
account for 6-10% of all ADR cases [20-22]. This is especially expressed in ADRs such as
cytopenias because symptoms do not develop in the early stages and require laboratory
confirmation and follow-up evaluation.

The pharmacovigilance system is defined as “a system used by an organisation to
fulfil its legal tasks and responsibilities in relation to pharmacovigilance and designed
to monitor the safety of authorised medicinal products and detect any change to their
risk-benefit balance”. An active surveillance system refers to a continuous, planned, and
structured process for collecting safety information, whereas passive surveillance depends
on healthcare professionals or patients to spontaneously report ADRs [23-25].

There are sparse references related to the structure of reported cases, rates, or trends,
globally or locally, on DICs. Trend analysis of spontaneous ADR reports is an important
source of information that may be a basis for planning corrective measures within the phar-
macovigilance systems. However, since the trends depend heavily on pharmacotherapeutic
drug groups, it is essential to determine specific trends for cytopenias as ADRs of all drugs,
including non-cytostatic drugs, which are currently missing in the medical literature [26].
The aim of this research is to analyze spontaneously reported ADR cases of leucopenia,
anemia, thrombocytopenia, and total cytopenia, including their structure, reporting rate
(RR), and reporting trend, globally (hereafter referred also as “World”) and in Serbia.

2. Results

The total number of globally reported cases of drug-induced leucopenia was 74,873,
compared to 88 in Serbia. The number of reported ADR cases resulting in anemia in World
was 161,631, while in Serbia, it was 122. Thrombocytopenia as an ADR was reported
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globally in 141,836 cases, while in Serbia, it was reported in 126 cases. Globally, during
the observed period, leucopenia was most commonly reported with cisplatin, cyclophos-
phamide, fluorouracil, doxorubicin, and carboplatin, in comparison to Serbia, where it was
associated with methotrexate, prednisone, methylprednisolone, hydroxychloroquine, and
tocilizumab. For anemia, it was most commonly reported worldwide with acetylsalicylic
acid, furosemide, dexamethasone, pantoprazole, atorvastatin, and levothyroxine, while in
Serbia, it was associated with methotrexate, bisoprolol, cisplatin, furosemide, metformin,
pantoprazole, etc. Carboplatin, cisplatin, dexamethasone, gemcitabine, and oxaliplatin
were the most common drugs suspected to cause thrombocytopenia in World, while cy-
clophosphamide, furosemide, methotrexate, paracetamol, prednisone, and rituximab were
suspected to cause it in Serbia.

2.1. Adverse Reaction Reporting Structure
2.1.1. Leucopenia

The highest number of reported leucopenia cases was in the 45-64-year-old age group
(34.19% World vs. 32.95% Serbia), and ~60% of reported cases occurred in females. In
World, serious cases were reported in 45.59%, while three out of four reported cases of
leucopenia in Serbia were serious. In Serbia, more than two-thirds of cases were reported
by physicians (73.33%), while globally, the reporter’s qualification is unknown for half of
the reports.

There was a statistically significant difference in reporting across all structure cate-
gories between Serbia and World, except for the seriousness criterion. The structure of
reported leucopenia cases, as well as the differences between the World and Serbia, is
provided in Table 1 and the Supplementary File.

Table 1. Total reporting structure for leucopenia, anemia, thrombocytopenia, and cytopenia in total
(2014-2023) in World and Serbia.

Reporting Structure World Serbia World Serbia World Serbia World Serbia
Category N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ADR TYPE Leucopenia Anemia Thrombocytopenia Total Cytopenia
N“mbezgéepmmd N = 74,873 N =88 N=161631  N=122 N=14183  N=126 N=378340 N=336
2 *. 2 *. 2 *. 2 *.
X° =22.606 *; p = 0.003; X° =29.975%; p <0.001; X° =27.381% p <0.001; X° =63.295%; p < 0.001;
PATIENT AGE w =0.02 w =0.01 w =0.01 w =0.01
. 3 4534 2 6285 2 13,431 7
Children (<18 years) 2612 (3.48) (3.41) (2.81) (1.64) (4.43) (1.59) (3.54) (2.08)
37,456 56 62,840 74 61,205 71 161,501 201
Adults (18-64 years) (50.03) (63.63) (38.87) (60.66) (43.15) (56.35) (42.69) (59.82)
10 60,731 33 53,846 29 134,189 72
Elderly (265 years) 19,630 (26.22) ;1 37y (37.58) (27.05) (37.95) (23.02) (35.47) (21.43)
Unknown 15,175 19 33,526 13 20,518 24 69,219 56
(20.27) (21.59) (20.74) (10.66) (14.47) (19.05) (18.30) (16.67)
SEX X2 =7.218; p = 0.027; X2 = 8.606 **; p = 0.013; X2 = 10.552 **; p = 0.005; x2 = 15.664; p = 0.00;
w = 0.01 w =0.01 w =0.01 w =0.01
Female 43,139 57 88,291 81 62,828 69 194,258 207
(57.62) (64.77) (54.63) (66.39) (44.29) (54.76) (51.34) (61.61)
Male 29,388 25 64,103 39 70,816 56 164,307 120
(39.25) (28.41) (39.66) (31.97) (49.92) (44.44) (43.43) (35.71)
Unknown 2346 6 9237 2 8201 1 19,784 9
(3.13) (6.82) (5.71) (1.64) (5.78) (0.79) (5.23) (2.68)
2 *%. 2 *%. . 2 *. 2 *.
X =40.729 **; p < 0.001; X =2175*;p =0.292; X =6.521% p=0.034; X° =27.376 *; p = 0.000;
SERIOUS w =0.02 w =0.00 w = 0.00 w =0.01
Yes 34,138 69 110,393 91 111,698 111 256,229 271
(45.59) (78.41) (68.30) (74.59) (78.75) (88.10) (67.72) (80.65)
No 40,095 18 49,651 30 28,608 15 118,354 63
(53.55) (20.45) (30.72) (24.59) (20.17) (11.90) (31.28) (18.75)
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Table 1. Cont.
Reporting Structure World Serbia World Serbia World Serbia World Serbia
Category N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ADR TYPE Leucopenia Anemia Thrombocytopenia Total Cytopenia
Unknown 640 1 1587 1 1530 0 3757 2
(0.85) (1.14) (0.98) (0.82) (1.08) (0.00) (0.99) (0.60)
SERIOUSNESS X2 =2.267 % p = 0.748; X% =11.844 *%; p = 0.034; x% =15.371 % p = 0.008; x2 =29.129 **; p = 0.000;
CRITERIA w = 0.01 w =0.01 w = 0.01 w = 0.01
Death 1563 4 8941 7 7377 9 17,881 20
ea (3.99) @.71) (6.31) (5.43) (7.22) (6.57) (6.31) (5.70)
Life threatenin 2310 5 7701 4 7853 6 17,864 15
8 (5.89) (5.88) (5.43) (3.10) (7.68) (4.38) (6.31) (4.27)
Caused/prolonged 11,312 21 63,680 46 35,395 31 110,387 98
hospitalization (28.84) (24.71) (44.92) (35.66) (34.64) (22.63) (38.98) (27.92)
Disablingfi it 279 1 2440 2 1229 1 3948 4
1sablingfincapacitating g 71) (1.18) 1.72) (1.55) (1.20) (0.73) (1.39) (1.14)
Congenital 59 0 172 1 109 0 340 1
anomaly/birth defect (0.15) (0.00) (0.12) (0.78) (0.11) (0.00) (0.12) (0.28)
Other medically 23,696 54 58,825 69 50,230 90 132,751 213
important condition (60.42) (63.53) (41.50) (53.49) (49.15) (65.69) (46.88) (60.68)
REPORTER x% =190.042 *; p < 0.001; X% =85.014 %; p < 0.001; X% =122.737 *; p < 0.001; X% =370.128 **; p < 0.001;
QUALIFICATION w = 0.03 w = 0.02 w = 0.02 w = 0.03
Phsician 28,375 66 75,730 104 57,536 101 161,641 271
Y (15.94) (73.33) (42.72) (81.89) (37.30) (73.19) (31.72) (76.34)
Pharmacist 9883 2 18,862 3 16,422 1 45,167 6
(5.55) (2.22) (10.64) (2.36) (10.65) (0.72) (8.86) (1.69)
Other Health 33,238 14 28,999 11 22,429 26 84,666 51
Professional (18.67) (15.56) (16.36) (8.66) (14.54) (18.84) (16.62) (14.37)
Lawver 14,080 0 780 1 173 0 15,033 1
y (7.91) (0.00) (0.44) (0.79) (0.11) (0.00) (2.95) (0.28)
Consumer/Non Health 3415 6 41,253 6 16,317 9 60,985 21
Professional (1.92) (6.67) (23.27) (4.72) (10.58) (6.52) (11.97) (5.92)
Unknown 89,052 2 11,661 2 41,357 1 142,070 5
(50.02) (2.22) (6.58) (1.57) (26.81) (0.72) (27.88) (1.41)

ADR—adverse drug reaction. * Monte Carlo simulation (CI: 99%, based on 10,000 sampled tables with a starting
seed of 2,000,000). ** Fisher—Freeman—Halton Exact Test. While statistically significant differences were observed
(p < 0.05), the effect size (Cohen’s w-values) indicates a small practical difference with limited clinical significance.

2.1.2. Anemia

In all five reporting structure categories (patient age, sex, whether the ADR was serious
or not, the seriousness criteria, and the reporter’s qualification), significant differences were
found between World and Serbia (p < 0.05). Most reported cases were serious, reported
by physicians, and in female patients aged 45-64 years. Globally, most of the reported
cases caused/prolonged hospitalization (44.92%), while in Serbia, they were classified as
“other medically important condition” (53.49%). Pharmacists reported 10.64% of cases
in World, compared to 2.36% in Serbia. Detailed results are presented in Table 1 and the
Supplementary File.

2.1.3. Thrombocytopenia

In both World and Serbia, the majority of reported cases were categorized as serious
(>78%) and were in the category “other medically important condition”. Thrombocytopenia
was mostly reported in patients in the 45-64 year age group. In Serbia, the majority
were female (54.76%), contrasting World, where a higher number of reports were in male
patients (49.92%). Additionally, in Serbia, 73.19% were reported by physicians, whereas in
World, this figure was 37.30%. The difference in reporter qualification is noticeable when
comparing World and Serbia: almost 15 times higher in World compared to Serbia for cases
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reported by pharmacists, at 10.65% vs. 0.72%, respectively. Other results are presented in
Table 1 and the Supplementary File.

2.1.4. Cytopenias in Total

Overall, cytopenias were mostly reported in female patients aged 45-64 years. In
Serbia, the number of reported cases in female patients is ~10% higher than the globally
(61.61% vs. 51.34%). The difference in reported cases between World and Serbia is even
more noticeable for serious cases (80.65% vs. 67.72%) and especially in the seriousness
criteria for the category “other medically important condition” (60.68% vs. 46.88%). The
number of reported cases by physicians represents 76.34% of the total reported cases in
Serbia, whereas in World, this proportion is significantly lower at 31.72% (p < 0.05).

2.2. Adverse Reaction Reporting Rate

Reporting rates were the highest for leucopenia, both in World and in Serbia. Globally,
the number of drug-induced anemia cases was higher than that for thrombocytopenia,
while in Serbia, it was the opposite. Results are presented in Table 2.

Table 2. Reporting rates for all cytopenia types (2014-2023). Reporting rates are expressed as
ADR /million/year.

ADR Type Area Average ]g:eav?:taif)crll Maximum  Minimum  Median [Lower—gl.SIZOpS: Limits]

LEUCOPENIA S r—— 7% b — m—" — (1 Y]

ANEMIA S ra—— 0 L S — {8V
THROMBOCYTOPENIA i3] 070 S — — ()
T e e ! o 10

ADR—adverse drug reaction; CI—confidence interval.

2.2.1. Leucopenia

The average reporting rate for leucopenia in World over the 10-year period was
0.96 £ 0.27 (0.55-1.49) ADR/million/year, while in Serbia, it was 1.26 &+ 0.55 (0.58-2.28)
ADR/million/year. Comparable RRs were observed in 2016, 2017, and 2019. In 7 out of 10
years, a higher RR was observed in Serbia. All results for the period 2014-2023 are provided
in Figure 1A.

2.2.2. Anemia

The average RR for anemia was higher in World compared to the rate observed in
Serbia (average: 2.09 vs. 1.75 ADR/million/year). Globally, the highest RR was recorded
in 2014 (2.71 ADR/million/year), while in Serbia, it was in 2022 (3.09 ADR/million/year).
Conversely, the lowest RR in World was observed in 2020, while in Serbia, it was reported
in 2016 (1.78 vs. 0.84 ADR/million/year, respectively). Figure 1B shows the anemia RR for
World and for Serbia.

2.2.3. Thrombocytopenia

For thrombocytopenia, the average RRs of World and Serbia are comparable, at
1.82 vs. 1.81 ADR/million/year. During the observed period, their RRs ranged from
0.97 to 3.24 ADR/million/year for Serbia and from 1.05 to 2.69 globally. All thrombocy-
topenia reporting rates are presented in Figure 1C.
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Figure 1. Reporting of drug-induced cytopenias from 2014 to 2023. ADR—adverse drug reaction.
(A) Leucopenia; (B) Anemia; (C) Thrombocytopenia; (D) Total cytopenia.

2.2.4. Cytopenia in Total

The reporting rate (Figure 1D) for cytopenia ranged from 2.95 ADR/million/year
to 8.39 ADR/million/year in Serbia, while globally, the RR range was from 3.53 to 5.70
ADR/million/year. The average RR in World (4.87 & 0.63, 3.53-5.70) and Serbia (4.83 £ 1.70,
2.95-8.39) over the 10-year period was comparable.

2.3. Adverse Reaction Reporting Trend

An increasing trend in the reporting of all types of DICs is observed in Serbia over a
ten-year period, while in World, this trend is only evident for leucopenia. Figure 2 shows
joinpoints, i.e., the points where changes in direction are observed. The variability in
reporting is higher in Serbia, suggesting inconsistent pharmacovigilance practices. In the
Supplementary File, additional details on trend segments and APC (annual percentage
change) are provided.

2.3.1. Leucopenia

Over the 10-year period, the analysis of leucopenia cases reported in World and in
Serbia, expressed as ADR/million/year, showed no statistically significant change in trend
(p > 0.05), as both showed an increase in reporting. From Figure 2, it can be seen that the
growth in reporting trend was around 2 times higher in World.

The coefficient of unalikeability is greater for Serbia, indicating higher variability in
the percentage change in leucopenia reporting over the years. The results are presented
in Table 3.
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Figure 2. Reporting trends in drug-induced cytopenias from 2014 to 2023. ADR—adverse drug
reaction; APC—annual percentage change. * Indicates that the APC is significantly different from
zero at alpha = 0.05 level.

Table 3. Coefficient of unalikeability for ADR reporting rates for 2014-2023.

Criteria for Unalikeability

Difference * Area Leucopenia Anemia Thrombocytopenia  Total Cytopenia
~10% World 0.40 0.32 0.44 0.28
= Serbia 0.46 0.46 0.43 0.44
~15% Worl.d 0.37 0.24 0.40 0.22
= Serbia 0.41 0.43 0.38 0.42
~20% World 0.34 0.18 0.34 0.12
= Serbia 0.40 0.41 0.34 0.36
950, World 0.31 0.13 0.29 0.08
= Serbia 0.34 0.34 0.31 0.26
~30% World 0.20 0.11 0.23 0.04
= Serbia 0.30 0.32 0.27 0.26
>359% World 0.13 0.02 0.18 0.02
= Serbia 0.28 0.29 0.19 0.22
~40% World 0.09 0.01 0.14 0.00
= Serbia 0.22 0.24 0.17 0.12
>459 Worl.d 0.08 0.01 0.08 0.00
= Serbia 0.17 0.20 0.14 0.10
~50% Worl_d 0.04 0.00 0.06 0.00
= Serbia 0.13 0.18 0.10 0.07

* The coefficient of unalikeability is calculated for different % changes in reporting rates of ADRs between any two
years; if the difference between years was greater than or equal to the stated %, it was transformed to 1; otherwise,
it was transformed to 0. ADR—adverse drug reaction.
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2.3.2. Anemia

Globally, the reporting trend of anemia cases showed a non-significant decrease from
2014 to 2016, with an APC of —16.87 (p > 0.05), and from 2016 to 2023, there was almost no
change (APC = —0.53, p > 0.05). On the other hand, in Serbia, during this 10-year period, a
continuous increase is observed throughout the reporting period, but there was also no
significant change (APC = 8.19, p > 0.05).

The number of anemia cases reported in Serbia varied more across years; detailed
information on variability is provided in Table 3.

2.3.3. Thrombocytopenia

The reporting trend for thrombocytopenia showed an increase in Serbia throughout
the entire observed period (APC =4.03, p > 0.05). Globally, there was an increase in reported
cases of thrombocytopenia from 2016 (APC = 13.03, p > 0.05).

The stability of the reporting process for thrombocytopenia is comparable between
World and Serbia, for a 10% change in RR between years. Results for variability between
years (10-50%) are presented in Table 3.

2.3.4. Cytopenia in Total

The trend for the total number of cytopenia cases reported indicated an APC increase
of 4.38 (p > 0.05) in Serbia, whereas in World, there was one joinpoint in 2016. Globally,
there was a decrease before 2016 (APC = —12.25, p > 0.05), while an increase was seen after
2016 (APC =4.69, p < 0.05). Based on Figure 2, the reporting trend for total cytopenia has
been comparable between the world and Serbia since 2016.

Greater variability in the percentage change in total cytopenia reporting is observed
for Serbia. In World, variability in RR between years is less than 40%, and other results are
in Table 3.

3. Discussion

A comparison of reported cases of DIC in World and in Serbia showed that there are
certain differences, specifically in the reporting of leucopenia, which is reported more often
in Serbia. This is mainly because physicians are more represented as reporters and, in
principle, encounter serious leucopenia often in their daily work, increasing the frequency
of reports of serious leucopenia. Globally, drug-induced anemia often leads to or prolongs
hospitalization, in contrast to other types of cytopenias, which most often result in “other
medically important condition”, both in World and in Serbia. In Serbia, regardless of the
type of cytopenia, there has been a constant increase in reporting during the observed
period. On the other hand, globally, this refers to reporting leucopenia cases, while for
other types of cytopenias, a joinpoint was observed, where a decrease in anemia cases has
been seen in recent years. Our results show that the stability of the reporting process is
higher in World, as evidenced by changes in RR percentages between years, which are
lower in different types of cytopenias.

Discrepancies exist in the suspected substances reported to causes of DIC. This is
not surprising, given that there are also discrepancies in treatment protocol, guidelines,
accessibility, and affordability of drugs between countries. Leucopenia and thrombocy-
topenia were mostly reported for drugs indicated in oncology, in both World and Serbia,
while for anemia, there are differences not only in substances (e.g., only furosemide is most
commonly reported in both World and Serbia) but also in therapeutic groups. Regardless
of the type of cytopenia and whether it is reported globally or in Serbia, the majority of
cases reported occurred in women (up to 66%), except for thrombocytopenia, which was
reported in 44% of females in World. These results are consistent with other publications
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in which the number of reported ADRs was higher in females [27-37]. Our result is not
surprising, given that women also predominate in reports of other ADRs, possibly because
they have a higher risk of developing ADRs, as shown by Rademaker [38].

For all types of analyzed cytopenias (World and Serbia), most patients were of working
age, which is consistent with the results of other publications [27,29,34]. In contrast, the
studies by Jiang et al. and Dubrall et al. reported the largest number of cases in patients
older than 65 years [28,32]. This result is probably due to the correlation between age, the
number of prescribed medications, and ADR reporting rates [39,40].

In Serbia, most cases involving any type of cytopenia, as well as total cytopenias,
were reported by physicians, which aligns with other publications [32,35,36]. Globally,
all types of cytopenias except leucopenia were also mostly reported by physicians; cases
of leucopenia were most often reported by other healthcare workers. Pharmacists are
also recognized as healthcare professionals and, depending on the healthcare system,
can report ADRs [30,33,41]. In Serbia, reporting of both, all types of ADRs and DICs,
comes predominantly from physicians (~60% and ~76%, respectively), while in the case of
cytopenia, reporting by pharmacists is lower compared to reporting of all types of ADRs
(1.69% versus 33.8%, respectively) [42]. Most reports of DICs from physicians primarily
refer to patients who are already hospitalized, as they undergo more frequent blood testing,
concomitantly receive more medications, and are closely monitored compared to those who
are not hospitalized [43—46]. Since access to the laboratory values of patients’ results, or the
ordering of laboratory analyses by pharmacists, is limited and varies between countries, it
is expected that the number of reports of cytopenia as an ADR by pharmacists or patients
is lower compared to that of other types of ADRs [47]. Increasing access to laboratory
results for pharmacists would probably improve this situation and increase recognition and
DIC reporting, as different studies imply that pharmacists” access to laboratory results and
pharmacists” inclusion in chronic disease management lead to fewer drug-related problems,
better adherence, better quality of patient care, and improved management of chronic
diseases such as chronic obstructive pulmonary disease (COPD) and diabetes. In Canada,
one study found that 87% of pharmacists with access to laboratory results reported better
quality of care. On the other hand, Al Hamarneh et al. showed the potential contribution
of pharmacists having access to laboratory results to the diagnosis of chronic diseases, with
results indicating that previously undiagnosed chronic kidney diseases were detected in
40% of patients considered high risk [47-50].

Cases of ADRs characterized as serious accounted for more than 50% of reports,
both globally and in Serbia, for anemia, thrombocytopenia, and total cytopenia. When
reporting drug-induced leucopenia, in Serbia, 78% of cases were categorized as serious,
while globally, it was less than 50%. Studies show variability in the seriousness of the
different types of ADRs reported, where more than 50% of ADRs were reported as serious
in some cases [32,33], while in others, less than 50% were serious [30,34,37,51]. According
to the Food and Drug Administration Adverse Event Reporting System (FAERS) database,
the number of reports characterized as serious is 55.17% (cut-off date: 31 March 2025) [52].
For cytopenia, more cases are reported as serious because less serious blood count disorders
are very common and are often resolved without consequences; they do not paint a clear
clinical picture that requires therapy or intervention from a healthcare worker, so they are
often unrecognized [20,53].

Globally, the serious criterion in most reported cases was “other medically important
condition” (up to 66%), except for cases of anemia, in which it was “caused/prolonged
hospitalization”. It is interesting that cases of “death” varied from 4% to 7%, which is in line
with other publications that refer to this category when reporting all types of ADRs [28,36];
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however, according to the FAERS database, the proportion of “death cases” is a slightly
higher (~9%) [52].

The RR is generally low both in World and in Serbia, which is not surprising since
underreporting is recognized as a major challenge in real-world practices for all types of
ADRs [20-22,54]. According to Stevic et al., who analyzed the costs of DICs, if the number
of cases per year is compared, it can be seen that the number of cases is many times higher
than the number of total annual reports for cytopenia (e.g., in Serbia, during a three-year
period, 71 cases of drug-induced anemia were discovered in only one tertiary healthcare
hospital after reviewing patient files, while there were only 40 reports to the National
Pharmacovigilance Centre) [42,55].

The difference in RR between World and Serbia, as well as within each group, has
varied over the observed period. Leucopenia and total cytopenia RRs were greater in
Serbia, in contrast to anemia. For thrombocytopenia, the RR differed between years,
where the RR was higher in an equal number (five) of years (in the world and in Serbia).
These variations probably arise due to the variability in underreporting, which varies
over time. With improved recognition of DIC and responsible reporting, these trends
would probably be quite different. Additionally, it is worth noting that there are noticeable
differences between countries also in treatment guidelines, the availability and accessibility
of various drugs, recommendations in drug policies, and the level of reporter knowledge
about pharmacovigilance and ADR reporting, which may also influence the variability in
reporting [56-59].

Limitations of the Study

Limitations and data quality related to VigiBase are also applicable to our data (e.g., sus-
pected cases included, variation in strength of causality, heterogeneity of data, etc.) [60,61].
The analysis is limited to data from one database of spontaneous reports, where the number
of cytopenia cases reported globally is compared to only one country, and due to differences
in sample sizes, the effect size may indicate a small practical difference with limited clinical
significance. Additionally, due to limited access to data in publicly available databases,
which refer to ADR reports by drug/active substance rather than by the type of ADR, it
was not possible to perform comparisons across different regions and continents.

Also, the number and type of variables present in the databases are limited, so it was
not possible to analyze the causality of those differences in RR and trends, as well as the
effect of confounding factors, access to healthcare, patterns of drug exposure, main drug
indication, and healthcare utilization among different populations.

It should not be forgotten that the database primarily contains reports of suspected
ADRs for which causality with the reported drug has not been established with certainty,
so the observed trends and RRs do not reflect the actual occurrence of DIC and include
reports that are subject to many factors that often cannot be identified in this type of
analysis (changes in health policy, economic situation in the country, emergency situations
such as COVID-19, etc.). Finally, there are differences in the age distribution of different
populations, which could affect drug utilization and the number of ADRs, but this was
not taken into account in this study; i.e., unlike the incidence or prevalence of a disease,
reporting of ADRs does not have to be age-specific. Age standardization and systematic
ascertainment bias were not considered in this type of analysis. The descriptive nature
of this analysis, utilizing spontaneous reporting data, precludes the calculation of true
incidence or the establishment of definitive causal relationships.
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4. Materials and Methods

This research was designed as a secondary study based on data from spontaneously
reported ADRs from the World Health Organization (WHO) global database of individual
case safety reports (ICSRs)—VigiBase (VigiBase, the WHO global database of reported
adverse events of medicinal products; 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 (causal relationships between the event and a medicine or vaccine may be difficult
to establish due to limitations in the data); information and any results and conclusions
drawn do not represent the opinions of the Uppsala Monitoring Centre (UMC), the WHO
Collaborating Centre for International Drug Monitoring, or the World Health Organiza-
tion) [60,61]. From VigiBase, researchers from the National Pharmacovigilance Centre
in Serbia independently extracted data, following data policy, on a yearly basis for the
10-year period (2014-2023) separately for the reported cases globally (referred as “World”)
and for Serbia. Extracted data included the total number of case reports for leucopenia,
anemia, and thrombocytopenia. Additionally, for reported cases, data were collected on
the structure (distribution of ADR report cases among categories) of these cases, including
patient age, sex by birth, whether the ADR was serious or not, the seriousness criteria, and
the reporter’s qualification. Also, data on the 10 most commonly reported drugs (at the in-
ternational non-proprietary name (INN) level) related to each cytopenia type were collected
for each year. No additional inclusion/exclusion criteria were applied; the quality of the
data, as well as its limitations, follows those related to VigiBase, as outlined in the caveat
document and the guideline for using VigiBase data [60,61]. Reporting structure categories
were for (i) age: 0-27 days, 28 days to 23 months, 2-11 years, 12-17 years, 1844 years,
45-64 years, 65-74 years, more than 75 years, and unknown,; (ii) sex by birth categories: fe-
male, male, and unknown; (iii) if the ADR is categorized as serious: yes, no, and unknown;
(iv) the seriousness criteria: death, life-threatening, caused/prolonged hospitalization,
disabling/incapacitating, congenital anomaly /birth defect, and other medically important
conditions; and (v) the reporter’s qualification categories: physician, pharmacist, other
health professionals, lawyer, consumer/non health professional, and unknown.

Based on the extracted data, IS compiled them and created datasets for leucopenia,
anemia, and thrombocytopenia. Additionally, a dataset for total cytopenia was created by
combining all aggregated datasets for World and for Serbia. The quality of compilation of
the final dataset was independently assessed by the second researcher, SJ. Since data were
not extracted at the individual patient level, but rather at the yearly level for all reports in
World and Serbia, there was no coding of the data, except for coding Serbia and the World
as variables.

Descriptive statistics were performed, and they included a description of the reporting
structure for each cytopenia type and for total cytopenia, which was expressed as the number
of reported cases (N), as well as a proportion of specific categories in the total number of
reported cases (%), and it was analyzed using Microsoft Office Excel for Mac ver 16.75.

Differences in the structure of reported cases between World and Serbia were deter-
mined using the chi-square test (including Monte Carlo simulations and Fisher-Freeman-
Halton Exact Test) in IBM SPSS for Mac version 29 [62]. The results were considered
significant if the probability of the null hypothesis (p) was less than 0.05.

Data on the total number of annual reported cases for leucopenia, anemia, throm-
bocytopenia, and total cytopenia in World and in Serbia were used to calculate the an-
nual reporting rate. The RR was calculated and expressed as the number of reports
per 1,000,000 inhabitants per year (referred in the text as ADR/million/year). For each
year, the number of inhabitants in World and in Serbia used for calculation was obtained
from relevant sources [63,64].
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The trend analysis, based on the reporting rate (ADR/million/year), was conducted
using the joinpoint regression method, which identifies the trends between points (years)
where the intensity or direction of change occurs, along with the calculation of the annual
percentage change (APC). Joinpoint software version 5.4 was used to perform this anal-
ysis [65]. To evaluate the variability in reporting between years, that is, to examine the
stability of the reporting process and not just the reporting trend, we also calculated the
coefficient of unalikeability, where we used the degree of variability between any two years
(from 10% to 50%) and assigned the categories 0 and 1 (if the difference between years was
greater than or equal to the stated %, it was transformed to 1; otherwise, it was transformed
to 0) [66].

5. Conclusions

Cytopenias are adverse drug reactions in which the clinical picture develops relatively
late compared to the effect of noxa (noxae). they can also have a large number of other
causes, which complicates their identification as a drug-induced disorder and thus cy-
topenia reporting. Although efforts are being made to increase reporting of drug-induced
cytopenias, as confirmed by the upward trends revealed in our work, additional research is
needed. In particular, it is important to investigate whether healthcare professionals and
patients recognize adverse reactions detected through laboratory blood testing, such as
cytopenias, as adverse reactions, as this would facilitate work on education and raising
awareness about the importance of reporting adverse reactions. Additionally, future studies
should investigate the impact of confounders (e.g., age, sex, and drug class) on reporting
trends of DIC, DIC reporting for a particular drug or drug class, the causes of inconsistent
pharmacovigilance practices, multinational comparisons, and the usage of causality tools
and interventions to improve the reporting of ADRs. Many measures are needed, which
should focus on promoting the early detection of cytopenias, primarily by increasing access
to blood count results for all healthcare professionals, including pharmacists.
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Table S2: Trend segments, Annual Percent Change with 95% lower and upper limits with significance
of the trend segments.

Author Contributions: Conceptualization, LS., S.M.]., VM. and D.L.; Methodology, LS., SM.].,, M.M.,
L]. and D.L.; Software, I.S., S.M.]. and M.O.; Validation, L.S., S.M.]J. and M.O.; Formal analysis, I.S.,
S.M.J. and D.L.; Investigation, I.S., 5S.M.J. and D.L.; Resources, M.M., I.]., VM. and D.L.; Data curation,
LS., SM.J.,, M\M. and L].; Writing—original draft, I.S., S.M.]., M.M.,, L], M.O., VM. and D.L.; Writing—
review & editing, 1.S., SM.J.,, M.\M,, L].,, M.O., VM. and D.L.; Visualization, L.S. and D.L.; Supervision,
SM.J.,, VM. and D.L; Project administration, M.O., VM. and D.L.; Funding acquisition, S.M.]., M.O.,
V.M. and D.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Science, Technological Development and
Innovation, Republic of Serbia through two Grant Agreements with the University of Belgrade,
Faculty of Pharmacy (No. 451-03-136/2025-03 /200161 and No. 451-03-137/2025-03/200161), and
with the University of Kragujevac, Faculty of Medical Sciences (No. 451-03-137/2025-03/200111 and
No. 451-03-136/2025-03 /200111).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

https:/ /doi.org/10.3390/ph19010014


https://www.mdpi.com/article/10.3390/ph19010014/s1
https://www.mdpi.com/article/10.3390/ph19010014/s1
https://doi.org/10.3390/ph19010014

Pharmaceuticals 2026, 19, 14 13 of 15

Acknowledgments: The authors would like to thank the Medicines and Medical Devices Agency
of Serbia.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Term Cytopenia. NCI Dictionary of Cancer Terms. Available online: https://www.cancer.gov/publications/dictionaries/cancer-
terms/def/cytopenia (accessed on 20 October 2024).

2. Guideline on Haemoglobin Cutoffs to Define Anaemia in Individuals and Populations; World Health Organization: Geneva, Swizerland, 2024.

3. Dean, L. Blood Groups and Red Cell Antigens. Bethesda (MD): National Center for Biotechnology Information (US); 2005. Table
1, Complete Blood Count. Available online: https://www.ncbi.nlm.nih.gov/books/NBK2263/table/ch1.T1/ (accessed on 16
September 2025).

4. Cytopenia. Available online: https:/ /my.clevelandclinic.org/health/diseases /24864-cytopenia (accessed on 6 November 2024).

5. Onuoha, C.; Arshad, J.; Astle, J.; Xu, M.; Halene, S. Novel Developments in Leukopenia and Pancytopenia. Prim Care 2016, 43,
559-573. [CrossRef] [PubMed]

6. Ing, V.W. The etiology and management of leukopenia. Can. Fam. Physician 1984, 30, 1835-1839. [PubMed]

7. Tisdale, J.E.; Miller, D.A. (Eds.) Drug-Induced Diseases, 3rd ed.; American Society of Health-System Pharmacists: Bethesda, MD,
USA, 2018.

8. Bakchoul, T.; Marini, I. Drug-associated thrombocytopenia. Hematol. ASH Educ. Program 2018, 2018, 576-583. [CrossRef]

9.  Curtis, B.R. Non-chemotherapy drug-induced neutropenia: Key points to manage the challenges. Hematol. ASH Educ. Program
2017, 2017, 187-193. [CrossRef] [PubMed]

10. Camitta, B.M.; Thomas, E.D.; Nathan, D.G.; Gale, R.P.,; Kopecky, K.]J.; Rappeport, ] M.; Santos, G.; Gordon-Smith, E.C.; Storb, R. A
prospective study of androgens and bone marrow transplantation for treatment of severe aplastic anemia. Blood 1979, 53, 504-514.
[CrossRef]

11.  Mayer, B.; Bartolmis, T.; Yiirek, S.; Salama, A. Variability of Findings in Drug-Induced Immune Haemolytic Anaemia: Experience
over 20 Years in a Single Centre. Transfus. Med. Hemotherapy 2015, 42, 333-339. [CrossRef]

12.  Sultana, J.; Cutroneo, P; Trifiro, G. Clinical and economic burden of adverse drug reactions. J. Pharmacol. Pharmacother. 2013, 4,
S73-S77. [CrossRef]

13.  Johnson, J.A.; Bootman, J.L. Drug-related morbidity and mortality. A cost-of-illness model. Arch. Intern. Med. 1995, 155, 1949-1956.
[CrossRef]

14. Abu, S.F; Shafie, A.A.; Chandriah, H. Cost Estimations of Managing Adverse Drug Reactions in Hospitalized Patients: A
Systematic Review of Study Methods and Their Influences. Pharmacoepidemiology 2023, 2, 120-139. [CrossRef]

15.  Elalamy, I; Le Gal, G.; Nachit-Ouinekh, F; Lafuma, A.; Emery, C.; Le-Fur, C.; Chapuis, F. Heparin-induced thrombocytopenia: An
estimate of the average cost in the hospital setting in France. Clin. Appl. Thromb./Hemost. 2009, 15, 428-434. [CrossRef]

16. Rottenkolber, D.; Hasford, J.; Stausberg, J. Costs of Adverse Drug Events in German Hospitals—A Microcosting Study. Value Heal.
2012, 15, 868-875. [CrossRef]

17.  Mol, P.G.M.; Arnardottir, A.H.; Motola, D.; Vrijlandt, PJ.; Duijnhoven, R.G.; Haaijer-Ruskamp, EM.; de Graeff, P.A.; Denig, P,;
Straus, S.M.].M. Post-Approval Safety Issues with Innovative Drugs: A European Cohort Study. Drug Saf. 2013, 36, 1105-1115.
[CrossRef] [PubMed]

18. Medicines Approval System. Available online: https://www.hma.eu/about-hma/medicines-approval-system/medicines-
approval-system.html (accessed on 20 October 2024).

19. Crescioli, G.; Bonaiuti, R.; Corradetti, R.; Mannaioni, G.; Vannacci, A.; Lombardi, N. Pharmacovigilance and Pharmacoepi-
demiology as a Guarantee of Patient Safety: The Role of the Clinical Pharmacologist. J. Clin. Med. 2022, 11, 3552. [CrossRef]
[PubMed]

20. Lopez-Gonzalez, E.; Herdeiro, M.T.; Figueiras, A. Determinants of under-reporting of adverse drug reactions: A systematic
review. Drug Saf. 2009, 32, 19-31. [CrossRef] [PubMed]

21. Herdeiro, M.T,; Figueiras, A.; Polénia, J.; Gestal-Otero, J.J. Physicians” attitudes and adverse drug reaction reporting. Drug Saf.
2005, 28, 825-833. [CrossRef]

22.  Garcfa-Abeijon, P.; Costa, C.; Taracido, M.; Herdeiro, M.T.; Torre, C.; Figueiras, A. Factors Associated with Underreporting of
Adverse Drug Reactions by Health Care Professionals: A Systematic Review Update. Drug Saf. 2023, 46, 625-636. [CrossRef]

23. CIOMS Cumulative Glossary with a Focus on Pharmacovigilance, Version 2.3; Council for International Organizations of Medical
Sciences (CIOMS): Geneva, Switzerland, 2025. [CrossRef]

24.  Guideline on Good Pharmacovigilance Practices (GVP) Module [—Pharmacovigilance Systems and Their Quality Systems; European
Medicines Agency: London, UK, 2012.

25.  The Importance of Pharmacovigilance: Safety Monitoring of Medicinal Products; World Health Organization: Geneva, Swizerland, 2002.

https:/ /doi.org/10.3390/ph19010014


https://www.cancer.gov/publications/dictionaries/cancer-terms/def/cytopenia
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/cytopenia
https://www.ncbi.nlm.nih.gov/books/NBK2263/table/ch1.T1/
https://my.clevelandclinic.org/health/diseases/24864-cytopenia
https://doi.org/10.1016/j.pop.2016.07.005
https://www.ncbi.nlm.nih.gov/pubmed/27866577
https://www.ncbi.nlm.nih.gov/pubmed/21279100
https://doi.org/10.1182/asheducation-2018.1.576
https://doi.org/10.1182/asheducation-2017.1.187
https://www.ncbi.nlm.nih.gov/pubmed/29222255
https://doi.org/10.1182/blood.V53.3.504.504
https://doi.org/10.1159/000440673
https://doi.org/10.4103/0976-500X.120957
https://doi.org/10.1001/archinte.1995.00430180043006
https://doi.org/10.3390/pharma2020012
https://doi.org/10.1177/1076029608319441
https://doi.org/10.1016/j.jval.2012.05.007
https://doi.org/10.1007/s40264-013-0094-y
https://www.ncbi.nlm.nih.gov/pubmed/24048690
https://www.hma.eu/about-hma/medicines-approval-system/medicines-approval-system.html
https://www.hma.eu/about-hma/medicines-approval-system/medicines-approval-system.html
https://doi.org/10.3390/jcm11123552
https://www.ncbi.nlm.nih.gov/pubmed/35743619
https://doi.org/10.2165/00002018-200932010-00002
https://www.ncbi.nlm.nih.gov/pubmed/19132802
https://doi.org/10.2165/00002018-200528090-00007
https://doi.org/10.1007/s40264-023-01302-7
https://doi.org/10.56759/ocef1297
https://doi.org/10.3390/ph19010014

Pharmaceuticals 2026, 19, 14 14 of 15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Thiessard, F.; Roux, E.; Miremont-Salamé, G.; Fourrier-Réglat, A.; Haramburu, F; Tubert-Bitter, P.; Bégaud, B. Trends in
Spontaneous Adverse Drug Reaction Reports to the French Pharmacovigilance System (1986-2001). Drug Saf. 2005, 28, 731-740.
[CrossRef]

Bin Yousef, N.; Yenugadhati, N.; Alqahtani, N.; Alshahrani, A.; Alshahrani, M.; Al Jeraisy, M.; Badri, M. Patterns of adverse drug
reactions (ADRs) in Saudi Arabia. Saudi Pharm. J. 2021, 30, 8-13. [CrossRef]

Dubrall, D.; Just, K.S.; Schmid, M.; Stingl, J.C.; Sachs, B. Adverse drug reactions in older adults: A retrospective comparative
analysis of spontaneous reports to the German Federal Institute for Drugs and Medical Devices. BMC Pharmacol. Toxicol. 2020, 21,
25. [CrossRef]

Thakare, V.; Patil, A.; Jain, M.; Rai, V.; Langade, D. Adverse drug reactions reporting: Five years analysis from a teaching hospital.
J. Fam. Med. Prim. Care 2022, 11, 7316-7321. [CrossRef]

Christ, P; Dubrall, D.; Schmid, M.; Sachs, B. Comparative Analysis of Information Provided in German Adverse Drug Reaction
Reports Sent by Physicians, Pharmacists and Consumers. Drug Saf. 2023, 46, 1363-1379. [CrossRef] [PubMed]

Yu, YM.; Shin, W.G.; Lee, J.-Y,; Choi, S.A.; Jo, YH.; Youn, SJ.; Lee, M.S.; Choi, K.H. Patterns of Adverse Drug Reactions in
Different Age Groups: Analysis of Spontaneous Reports by Community Pharmacists. PLoS ONE 2015, 10, e0132916. [CrossRef]
[PubMed]

Montané, E.; Sanz, Y.; Martin, S.; Pérez-Maiid, C.; Papaseit, E.; Hladun, O.; De la Rosa, G.; Farré, M. Spontaneous adverse drug
reactions reported in a thirteen-year pharmacovigilance program in a tertiary university hospital. Front. Pharmacol. 2024, 15,
1427772. [CrossRef] [PubMed]

Jiang, H.; Lin, Y,; Ren, W.; Fang, Z.; Liu, Y;; Tan, X.; Lv, X.; Zhang, N. Adverse drug reactions and correlations with drug—drug
interactions: A retrospective study of reports from 2011 to 2020. Front. Pharmacol. 2022, 13, 923939. [CrossRef]

Masuka, J.T.; Khoza, S. An analysis of the trends, characteristics, scope, and performance of the Zimbabwean pharmacovigilance
reporting scheme. Pharmacol. Res. Perspect. 2020, 8, 657. [CrossRef]

Salvador, M.R.; Monteiro, C.; Pereira, L.; Duarte, A.P. Quality of Spontaneous Reports of Adverse Drug Reactions Sent to a
Regional Pharmacovigilance Unit. Int. J. Environ. Res. Public Health 2022, 19, 3754. [CrossRef]

Ozcan, G.; Aykac, E.; Kasap, Y.; Nemutlu, N.T; Sen, E.; Aydinkarahaliloglu, N.D. Adverse Drug Reaction Reporting Pattern in
Turkey: Analysis of the National Database in the Context of the First Pharmacovigilance Legislation. Drugs-Real World Outcomes
2016, 3, 33-43. [CrossRef]

Aagaard, L.; Strandell, ].; Melskens, L.; Petersen, P.S.; Holme Hansen, E. Global patterns of adverse drug reactions over a decade:
Analyses of spontaneous reports to VigiBase™. Drug Saf. 2012, 35, 1171-1182. [CrossRef]

Rademaker, M. Do Women Have More Adverse Drug Reactions? Am. J. Clin. Dermatol. 2001, 2, 349-351. [CrossRef]

Zazzara, M.B.; Palmer, K.; Vetrano, D.L.; Carfi, A.; Onder, G. Adverse drug reactions in older adults: A narrative review of the
literature. Eur. Geriatr. Med. 2021, 12, 463-473. Erratum in Eur. Geriatr. Med. 2022, 13, 307. https://doi.org/10.1007 /s41999-021-0
0591-4. [CrossRef]

Bégaud, B.; Martin, K.; Fourrier, A.; Haramburu, F. Does age increase the risk of adverse drug reactions? Br. J. Clin. Pharmacol.
2002, 54, 550-552. [CrossRef]

Zolezzi, M.; Parsotam, N. Adverse drug reaction reporting in New Zealand: Implications for pharmacists. Ther. Clin. Risk Manag.
2005, 1, 181-188. [PubMed]

Annual Reports of Spontaneous Adverse Drug Reactions Reporting (2014-2023). Available online: https:/ /www.alims.gov.rs/far
makovigilanca/godisnji-izvestaji/ (accessed on 10 January 2025).

Lemozit, ].P.; DE LA Rhodiere, G.P.; Lapeyre-Mestre, M.; Bagheri, H.; Montastruc, J.L. A comparative study of adverse drug
reactions reported through hospital and private medicine. Br. J. Clin. Pharmacol. 1996, 41, 166-168. [CrossRef] [PubMed]
Farber, A ].; Suarez, K.; Slicker, K.; Patel, C.D.; Pope, B.; Kowal, R.; Michel, ].B. Frequency of Troponin Testing in Inpatient Versus
Outpatient Settings. Am. J. Cardiol. 2017, 119, 1153-1155. [CrossRef] [PubMed]

Wolff, J.; Hefner, G.; Normann, C.; Kaier, K.; Binder, H.; Hiemke, C.; Toto, S.; Domschke, K.; Marschollek, M.; Klimke,
A. Polypharmacy and the risk of drug-drug interactions and potentially inappropriate medications in hospital psychiatry.
Pharmacoepidemiol. Drug Saf. 2021, 30, 1258-1268. [CrossRef]

Brown, H.; Terrence, ].; Vasquez, P.; Bates, D.W.; Zimlichman, E. Continuous Monitoring in an Inpatient Medical-Surgical Unit: A
Controlled Clinical Trial. Am. |. Med. 2014, 127, 226-232. [CrossRef]

Donovan, J.; Tsuyuki, R.T.; Al Hamarneh, Y.N.; Bajorek, B. Barriers to a full scope of pharmacy practice in primary care: A
systematic review of pharmacists’ access to laboratory testing. Can. Pharm. ]./Rev. des Pharm. du Can. 2019, 152, 317-333.
[CrossRef]

Okoro, RN.; Nduaguba, 5S.O. Community pharmacists on the frontline in the chronic disease management: The need for primary
healthcare policy reforms in low and middle income countries. Explor. Res. Clin. Soc. Pharm. 2021, 2, 100011. [CrossRef]

Leung, V.; Tharmalingam, S.; Cooper, ].; Charlebois, M. Canadian community pharmacists” use of digital health technologies in
practice. Can. Pharm. ]./Rev. des Pharm. du Can. 2015, 149, 38—45. [CrossRef]

https:/ /doi.org/10.3390/ph19010014


https://doi.org/10.2165/00002018-200528080-00007
https://doi.org/10.1016/j.jsps.2021.08.014
https://doi.org/10.1186/s40360-020-0392-9
https://doi.org/10.4103/jfmpc.jfmpc_1043_22
https://doi.org/10.1007/s40264-023-01355-8
https://www.ncbi.nlm.nih.gov/pubmed/37987966
https://doi.org/10.1371/journal.pone.0132916
https://www.ncbi.nlm.nih.gov/pubmed/26172050
https://doi.org/10.3389/fphar.2024.1427772
https://www.ncbi.nlm.nih.gov/pubmed/39703397
https://doi.org/10.3389/fphar.2022.923939
https://doi.org/10.1002/prp2.657
https://doi.org/10.3390/ijerph19073754
https://doi.org/10.1007/s40801-015-0054-1
https://doi.org/10.1007/BF03262002
https://doi.org/10.2165/00128071-200102060-00001
https://doi.org/10.1007/s41999-021-00591-4
https://doi.org/10.1007/s41999-021-00591-4
https://doi.org/10.1007/s41999-021-00481-9
https://doi.org/10.1046/j.1365-2125.2002.01694.x
https://www.ncbi.nlm.nih.gov/pubmed/18360558
https://www.alims.gov.rs/farmakovigilanca/godisnji-izvestaji/
https://www.alims.gov.rs/farmakovigilanca/godisnji-izvestaji/
https://doi.org/10.1111/j.1365-2125.1996.tb00177.x
https://www.ncbi.nlm.nih.gov/pubmed/8838446
https://doi.org/10.1016/j.amjcard.2016.12.030
https://www.ncbi.nlm.nih.gov/pubmed/28214504
https://doi.org/10.1002/pds.5310
https://doi.org/10.1016/j.amjmed.2013.12.004
https://doi.org/10.1177/1715163519865759
https://doi.org/10.1016/j.rcsop.2021.100011
https://doi.org/10.1177/1715163515618679
https://doi.org/10.3390/ph19010014

Pharmaceuticals 2026, 19, 14 15 of 15

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.
66.

Al Hamarneh, Y.N.; Hemmelgarn, B.; Curtis, C.; Balint, C.; Jones, C.A.; Tsuyuki, R.T. Community pharmacist targeted screening
for chronic kidney disease. Can. Pharm. ]./Rev. des Pharm. du Can. 2015, 149, 13-17. [CrossRef]

Raju, SK.; S., G.; Kamble, S. A Prospective, Observational Study of the Spontaneous Reporting Patterns of Adverse Drug
Reactions in a Tertiary Care Teaching Hospital. J. Pharmacol. Pharmacother. 2022, 13, 272-277. [CrossRef]

U.S. Food and Drug Administration. FDA Adverse Event Reporting System (FAERS). Available online: https:/ /fis.fda.gov/sense/
app/95239e26-e0be-42d9-a960-9a5{7f1c25ee /sheet/7a47a261-d58b-4203-a8aa-6d3021737452 / state/analysis (accessed on 15
June 2025).

Rolfes, L.; Haaksman, M.; van Hunsel, E; van Puijenbroek, E. Insight into the Severity of Adverse Drug Reactions as Experienced
by Patients. Drug Saf. 2019, 43, 291-293. [CrossRef] [PubMed]

Alomar, M.; Tawfig, A.M.; Hassan, N.; Palaian, S. Post marketing surveillance of suspected adverse drug reactions through
spontaneous reporting: Current status, challenges and the future. Ther. Adv. Drug Saf. 2020, 11, 2042098620938595. [CrossRef]
[PubMed]

Stevig, I.; Jankovié¢, S.M.; Petrovi¢, N.; Canak-Balti¢, N.; Marinkovi¢, V.; Laki¢, D. Nonchemotherapy drug—induced cytopenias:
A cost of illness study using the microcosting methodology based on real—world data. Br. J. Clin. Pharmacol. 2025. [CrossRef]
Lindquist, M.; Edwards, LR. Adverse drug reaction reporting in Europe: Some problems of comparison. Int. J. Risk Saf. Med. 1993,
4, 35-45. [CrossRef]

Garashi, H.Y,; Steinke, D.T.; Schafheutle, E.I. A Systematic Review of Pharmacovigilance Systems in Developing Countries Using
the WHO Pharmacovigilance Indicators. Ther. Innov. Regul. Sci. 2022, 56, 717-743. [CrossRef]

Vaidya, S.S.; Bpharm, ].].G.; Heaton, P.C.; Steinbuch, M. Overview and Comparison of Postmarketing Drug Safety Surveillance in
Selected Developing and Well-Developed Countries. Drug Inf. ]. 2010, 44, 519-533. [CrossRef]

Hayek, A.; Sridhar, S.B.; Rabbani, S.A.; Shareef, J.; Wadhwa, T. Exploring pharmacovigilance practices and knowledge among
healthcare professionals: A cross-sectional multicenter study. SAGE Open Med. 2024, 12, 20503121241249908. [CrossRef]

Caveat Document, Version: 2025-03-14. Available online: https://who-umc.org/media/yzpnzmdv/umc_caveat.pdf (accessed
on 16 September 2025).

Guideline for Using VigiBase Data in Studies. @ Uppsala Monitoring Center.  Available online: https://who-
umc.org/media/05kldqpj/guidelineusingvigibaseinstudies.pdf (accessed on 16 September 2025).

IBM Corp. IBM SPSS Statistics for Mac, version 29; IBM Corp: Armonk, NY, USA, 2023.

World Population (2014-2023). Available online: https://www.worldometers.info/world-population/world-population-by-
year/ (accessed on 4 January 2025).

Population in Serbia (2014-2023). Available online: https://data.stat.gov.rs/Home/Result/180107?languageCode=sr-Latn
(accessed on 4 January 2025).

Joinpoint Regression Software, Version 5.4.0. Surveillance Research Program, National Cancer Institute: Rockville, MD, USA, 2025.
Kader, G.D.; Perry, M. Variability for Categorical Variables. . Stat. Educ. 2007, 15, 1-16. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ph19010014


https://doi.org/10.1177/1715163515618421
https://doi.org/10.1177/0976500X221130841
https://fis.fda.gov/sense/app/95239e26-e0be-42d9-a960-9a5f7f1c25ee/sheet/7a47a261-d58b-4203-a8aa-6d3021737452/state/analysis
https://fis.fda.gov/sense/app/95239e26-e0be-42d9-a960-9a5f7f1c25ee/sheet/7a47a261-d58b-4203-a8aa-6d3021737452/state/analysis
https://doi.org/10.1007/s40264-019-00890-7
https://www.ncbi.nlm.nih.gov/pubmed/31834591
https://doi.org/10.1177/2042098620938595
https://www.ncbi.nlm.nih.gov/pubmed/32843958
https://doi.org/10.1002/bcp.70122
https://doi.org/10.3233/JRS-1993-4105
https://doi.org/10.1007/s43441-022-00415-y
https://doi.org/10.1177/009286151004400501
https://doi.org/10.1177/20503121241249908
https://who-umc.org/media/yzpnzmdv/umc_caveat.pdf
https://who-umc.org/media/05kldqpj/guidelineusingvigibaseinstudies.pdf
https://who-umc.org/media/05kldqpj/guidelineusingvigibaseinstudies.pdf
https://www.worldometers.info/world-population/world-population-by-year/
https://www.worldometers.info/world-population/world-population-by-year/
https://data.stat.gov.rs/Home/Result/180107?languageCode=sr-Latn
https://doi.org/10.1080/10691898.2007.11889465
https://doi.org/10.3390/ph19010014

— —

YHUBEP3UTET Y BEOIPALY
OAPMALIEVTCKHU ®AKVYIITET
Bojsone Crene 450

11000 Beorp
[Tocn.6poy: Qaél(@ 2

Hatym: 24.12.2024.

Ha ocHoBy unana 19. IlpaBunnuka o pany Ernukor komurera 3a OHOMEAMLMHCKA
ncrpaxknpamwa Papmaneyrckor ¢axynrera y Beorpany, ETiuku kOMUTET 32 OHOMENMLIMHCKA
uctpaxupama Papmaueyrckor daxynrera y beorpany Ha cemHuuu oapixkanoj 23.12.2024.
rOAWHE, OHEO je

OAAYKY

HAJE CE CAIJIACHOCT 3a crnpoBoheme  MCTpaxkuBamba  IOA  Ha3HBOM.
,DapMaKOENHAEMHOJIOIIKH H (apMaKOEKOHOMCKH aCMeKTH LMTONEHH]a Y3POKOBAHHX

MPUMEHOM JIEKOBA“ y LIMJbY U3pajie NOKTOPCKE UCEPTaLIH)e.

MeHTOpH NOKTOpCKe auceprauuje cy npod. ap Banenrnna Mapunkosuh, penoBHH nipodecop
Ha Karenpu 3a cnoumjanHy dapmauujy ¥ ¢gapMauneyTcko 3aKOHOAABCTBO, Y HUBEP3UTETA Y
Beorpany-®apmaueyrckor ¢akynrera 1 npod. ap Jparana Jlakuh, Banpenuu npogecop Ha
Karenpu 3a coumjasiHy ¢apMauujy 4 (¢apmauleyTcko 3aKOHOAAaBCTBO PapManeyTckor
dakynrera - YHuBep3urera y beorpany.

Monby 3a naBame carjacHOCTH nozaHena je cneu. Msana CreBuh, NOKTOPAaHT HA TOKTOPCKHM
akaZleMCKMM cTyarjama Ha PapmaueyTckoM (akynrery YHuBep3urera y beorpany - momyn
Couujanna dhapmMaiyja U HCTpakMBame (hapMaLeyTCKe MpaKce

Omnyky AOCTaBUTH: TMOAHOCHOLY 3axTeBa, MEHTOpuMa, mnpeaceaHuky Komwrera,
cekperapy, wedy Oxnceka 3a mpaBHe W omwre nociose, Onceky 3a HaCTaBy M CTYAEHTCKA

NMUTakba 1 APXUBH.

[TPEJACE/IHHUK ETUYKOI' KOMUTETA
3A BUOMEJIUIIUHCKA UCTPAXKUBABA

;. p Anexcau a Credanosuh
i) v B /
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ODLUKA ETICKOG ODBORA

NA_Z_LV_L@RE_SAETICKOG ODBORA: UKC Kragujevac, ul. Zmaj Jovina 30, 34000 Kragujevac
NAZIV STUDLIE:  Ispitivanje tro§kova le€enja i ekonomska evaluacija le€enja hematoloskih
rporemec’aja uzrokovanih primenom lekova.*

VERZUA I DATUM PROTOKOLA:Studija bez broja protokola, dokumentacija zavedena u pisarnici
UKC Kragujevac sa brojem 01/22/308 dana 21.09.2022.g.

NAZIV 1 ADRESA SPONZORA: Sponzor ne postoji

IME L ADRESA GLAVNOG ISTRAZIVACA: prof.dr Slobodan Jankovi¢, Sluzba za klinicku

farmakologiju, UKC Kragujevac, ul.Zmaj Jovina 30, Kragujevac 34000
PREGLEDAN MATERIJAL
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Tuesday, March 24, 2026 at 1:55:48 PM Central European Standard Time

Subject: RE: CarnacHocTt
Date: Tuesday, 24 March 2026 at 13:43:20 Central European Standard Time

From: Ivanalovié
To: Valentina Marinkovié
CC: Marija Mihailovi¢, lvana Stevi¢

PosStovana profesorka,

Buduci da je Agencija za lekove i medicinska sredstva Srbije dostavila podatke za pripremu
publikacije ” Cytopenias as Adverse Drug Reactions: A 10-Year Analysis of Reporting Structure, Rate,
and Trend", isti podaci se mogu koristiti za izradu doktorske disertacije koleginice lvane Stevic.

Srdacan pozdrav,
Ivana

Mr ph. spec. Ivana Jovic¢

Nacionalni centar za farmakovigilancu
Centar za humane lekove

Agencija za lekove i medicinska sredstva Srbije
Vojvode Stepe 458, 11 221 Beograd
Telefon/Fax: (+381 11) 3951 130

From: Valentina Marinkovi¢ <valentina.marinkovic@pharmacy.bg.ac.rs>
Sent: 24. mart 2026 9:20

To: Ivana Jovi¢ <ivana.jovic@alims.gov.rs>

Cc: Marija Mihailovi¢ <marija.mihailovic@alims.gov.rs>; lvana Stevié
<ivana.stevic@pharmacy.bg.ac.rs>

Subject: CarnacHoct

MowToBaHa MBaHa,

Hapam ce ga cte godpo!

MNoTpedHa Ham je dopmasniHa carnacHocT AJIMMC-a aa nogaTtke Koju cy KopuwheHu 3a nspaay
nydnukauuje ” Cytopenias as Adverse Drug Reactions: A 10-Year Analysis of Reporting Structure, Rate,
and Trend” rpe cte n Bu u KonermHunua Mapuja Muxaunosuh Ko-aytopu paga, a Koju je odjaB/beH y
yaconucy Pharmaceuticals, konermHmnua MieaHa CteBuh moxke Aa KOpUCTU 3a M3paay AOKTOPCKe
AncepTaumje nog Hasmsom “dapmakoennaemmonowkn n GapmMakoeKoOHOMCKM acneKTU LUToNeHuja
Y3POKOBAHUX NPUMEHOM /iekoBa”.

YHanpeg xBana.
CpgayHo
BaneHTnHa

Valentina Marinkovic¢, PhD

1o0f 2
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Full Professor

Department of Social Pharmacy and Pharmaceutical Legislation
Faculty of Pharmacy, University of Belgrade

Vojvode Stepe 450

11000 Belgrade

SERBIA

tel. +381 11 3951285
http://www.pharmacy.bg.ac.rs/o-fakultetu/redovni-profesori/729/dr-sc-valentina-

marinkovi%C4%87/
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VHUBEP3UTET Y BEOI'PALY
GOAPMAIEYTCKH ®AKVYJITET
IToca.6poj: 3/96

29.10.2025. rogune

Ha ocrosy uiana 107. 3akona o Bucokom oGpasosaiby PenyOiuke CpOuje, npomekaH
3a MOC/EAMMIOMCKY HACTABY W KOHTHHYMpHY exykaiujy ®akynrera je nana 29.10.2025.
rojiMHe, JOHesa

PEINEE

OJIOBPABA ce CTEBUh UBAHM, cryaenty PapmaueyTckor Gakynrera, HHACKC
6p. 26/2018, mpoay’KeTaK POKA 32 3ABPIIETAK CTYIHja y WKOJICK0j 2025/2026. ronunm.

Ob6pazaoxeme

CTEBWHR UBAHA, cryaent na JIAC — Counjaina (gapMauuja H HCTPARHBALE
dapmaueyTcke npakce, ronHena je saxres 0poj 3/96 on 29.10.2025. rogune mpojeKaHy 3a
MOCTEMIIOMCKY HACcTaBy M KOHTHHyMpaHy edykauujy Qakyirera na joj ce onobpu
MpOZyXeTak POKa 3a 3aBpIIeTaK CTyAH]a.

V3 monby je npunoskuia oarosapajylly JOKyMeHTaumjy.
Iponexan Pakynrera je pasmarpana 3axtes 29.10.2025. roguHe W OuUCHHIA Na je

3aXTeB OCHOBAH, T€ j€ IOHETO pellemhe Kao y AHCIO3UTUBY.

MPABHA ITOYKA: IIpoTuB 0BOr peniema HMEHOBAHH NMa MPaBO MPUTroBOpa JICKaHy
daxynrera y poky oa 8 (ocam) faHa of laHa MpHjeMa UCTOT.

Pememe noctasuti. Mmenosanom cryaenty, Opnceky 3a HacraBy M CTYACHTCKA
MUTamba. : '

[TPOJIEKAH 3A IOCJIEJUITIIOMCKY
HACTABY U KOHTHHYHUPAHY

EJAYKALIAJY

I pspoll”

Tpod. np fyuiarka Kpajuosuh




YHUBEP3UTET Y BEOT'PALTY { | /
OAPMAIIEYTCKU ®AKVIITET Jf v
Iocn.6poj:3/104-1 ‘
JMana 20.09.2021.rogune

Ha ocroBy unana 107. 3akona o Bucoxom obpasosamwy Penybnuxe CpOuje, mpoznexan
®axkynrera je nana 20.09.2021. roaune, 1oHeNa

PEHIEIE

OJIOBPABA ce UBAHHU CTEBHWR, crynenty @apmaneyTckor dakynrera, HHACKC
6p. 26/2018, mupoBam-¢ npasa 1 o6ase3a cTyAeHTa y mKo/cKoj 2021/2022 roauHu.

Ob6pasznoodceme

UBAHA CTEBHWH, crynest Ha crymujckom mnporpamy JAC - Coumjanna
dapmanunja u ucTpakuBame (papmaueyTcke npakce, noxsena je saxres 6p. 3/104-1 ox
20.09.2023. romuHe MpoaekaHy 3a mociemuryiomcke cryauje Paxymarera ma joj ce omoOpu
MHpOBa-€ NpaBa u o6ase3a cTyaeHTa y mkoJckoj 2021/2022 roauan.

Ilponexan Paxynrera je pasmarpara 3axres 20.09.2021. rogune W OLeHMNA Ja je
3aXTeB OCHOBAH, T€ j& IOHETO PELICHE KA0 Y AUCIIO3UTHUBY.

IIPABHA ITOYKA: [IpoTuB OBOr pelemha MMEHOBaHH MMa NPABO MPUTrOBOPA JEKaHy
®axynrera y poky of 8 (ocam) aHa Off laHa MpHjeMa UCTOT.

Peweme nocraButy; IMEHOBaHOM, iekaHy, IPOJIEKaHy 3a HACTaBy, cekperapy, Onceky
33 HACTABY M CTYIEHTCKA NMUTamba 1 apXUBH.

[IPOJEKAH 3A TIOCJIEJMIUIOMCKY HACTABY
U KOHTUHYHUPAHY ENYKAILIUIY
?QGEF\

mh' 'ﬁ %7‘
nc‘;\. ﬁ" Hpoép np@;};\fa\ﬁk ap Kopauesuh
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