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Pesiome. [IupextHute nepopantm aHtukoarynaHTy (OAK) ce nsnonasart kato no-epextusHa 1 6esonacHa antepHaTea Ha BuTa-
MUH K-aHTaroHUCTUTe, C No-ynecHeHa cTpaterus Ha fo3upaHe 1 ctabuneH dapmakokMHeTUYeH npodun. Bbnpeky ToBa
CbLLECTBYBALLMTE [aHHW 3a MHAWBWAYanHUTe Bapuauum B Hueata Ha JOAK npeanonarar, ye B HAKOW CUTyaLun onpe-
[JEeNsHEeTO Ha HUBaTa No BpeMeE Ha NneyeHne Moxe a bbae nonesHo. ToBa NpoyyBaHe OLEHsIBa MEXAYMHAVBUAYANHUTE
Bapvaumm Ha IOAK 1 onpeaenst npuemnueiuTe TepanesTUYHU rpaHULM Ha NNasmMeHUTe HuBa Ha annkcabaH 1 puBapokca-
©aH npn nauueHTn ¢ BeHo3eH Tpomboembonuabm (BTE), yacT oT Tsx ¢ HacneacTeeHa Tpombodunus (TPP). Husata Ha
NeKkapcTBOTO B51Xa M3MEPEHN Ype3 aHTW-Xa XPOMOTEeHHW aHanuau, M3BbpLUEeHN ¢ TecToBe Innovance heparin (Siemens),
13non3Baliku creumdunyHm 3a puBapokcabaH 1 anukcabaH kanmbpatopyu Biophen Hyphen 1 koHTponu Ha koarynomeTsp
CS 2500i. AHanmsbT BKtouea 198 nauueHTn ¢ abnboka BeHosHa Tpombosa winnm 6enogpobHa embonus, 106 ca no-
nyyaBanu anukcabaH 2 x 5 mg gHeBHo 1 92-ma ca nonyyasanu pusapokcabad 20 mg Ha aeH. [nanasonute (MeaunaHa,
5-1—95-n nepceHTN) Ha MUKOBUTE HUBA Ha puBapokcabaH B rpynata Ha BTE (n = 92) ca 234 ng/ml (102-388) u He ce
pasnuyaBar oT nnasmexute HuBa npu BTE ¢ TP® (n = 27) 220 ng/ml (85-415), p = 0,488. HabniogasaHuTe ananasoHm Ha
Halt-HICKMTe HUBA Ha anukcabaH ca cxopHw B rpynata Ha BTE 76 ng/ml (32-148) cnpsmo 72 ng/ml (44-135) B noarpynara
Ha BTE ¢ TP®. BbapacTTa v HuBaTa Ha anukcabaH kopenupar ¢ ymepeHa cuna (r = 0,428, p < 0,001) u no-cnaba cuna (r =
0,184, p = 0,045) mexay H1BaTa Ha puBapokcabaH 1 Bb3pacTTa Ha nauueHTa. YCTaHoBUXMe yMepeHa no cuna 1 obpartHa
1o Nocoka Bpb3ka Mexay HUBOTO Ha anukcabaH 1 TernoTo Ha naumweHTute (r = -0,530, p = 0,016) camo B nogrpynata Ha
BTE n TP®. KoethnumeHTBT Ha Bapuaums Ha HuBaTa Ha pusapokcabaH npu BTE n TP® e 3HauuTenHo no-eucok (48%) B
CpaBHEHME C ApyruTe rpynu. Mopaau CTOAHOCTM M3BBH OnpeaeneHns ovakeaH avanasoH npu 12% (23/198) npemuHaxve
KbM WHAMBMAYanuU3upaHe Ha neyveHneTo (npemuHasate kbM apyr JOAK nnm BKA unv npomsiHa Ha gosute). Mamepuxme
HWBaTa Ha anukcabaH v puBapokcabaH noga 5-ust nepceHTN OT AedmHUpaHnUTe auanasoHn npu 5 ot 198 naupeHTv npu
€[JHOBPEMEHHO NPUIOXEHE Ha kapbamasenuH 1 Bannpoar. B 3aknoueHme, aHTU-Xa u3MepBaHeTo Ha anukcabaH 1 pusa-
pokcabaH JjaBa Bb3MOXHOCT 3a MHAMBWAYann3MpaHe Ha aHTVKoarynaHTHaTa Tepanusl.
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Abstract.

Direct oral anticoagulants (DOACs) are used as a more effective and safe alternative to vitamin K antagonists, with
a simpler dosing strategy and a stable pharmacokinetic profile. However, existing data on individual variations in
DOAC plasma levels suggest that determining on-treatment levels may be beneficial in certain clinical situations. This
study assesses the interindividual DOAC variations and determines acceptable therapeutic ranges of plasma levels
of apixaban and rivaroxaban in patients with venous thromboembolism (VTE), including a subgroup with inherited
thrombophilia (THRPH). Drug levels were measured by anti-Xa chromogenic assays, performed with Innovance heparin
tests (Siemens) using rivaroxaban- and apixaban-specific Biophen Hyphen calibrators and controls on CS 2500i
coagulometer. The analysis included 198 patients with deep vein thrombosis and/or pulmonary embolism, 106 received
apixaban 2 x 5 mg/d and 92 received rivaroxaban 20 mg/OD. The ranges (median, 5th-95th percentile) of rivaroxaban
peak levels in VTE group (n = 92) was 234 ng/ml (102-388) and did not differ from plasma levels in VTE with THRPH (n
=27) 220 ng/ml (85-415), p = 0.488. Observed ranges of apixaban trough levels were similar in VTE group 76 ng/ml (32—
148) vs 72 ng/ml (44-135) in subgroup VTE with THRPH. A moderate correlation was found between apixaban levels
and patient age (r = 0.428, p < 0.001), while the correlation between rivaroxaban levels and age was weaker (r = 0.184,
p = 0.045). In the VTE-THRPH subgroup, a moderate inverse relationship was observed between apixaban levels and
patient weight (r = -0.530, p = 0.016). The coefficient of variation for rivaroxaban levels in the VTE-THRPH group was
significantly higher (48%) compared to other groups. Due to plasma levels falling outside the expected therapeutic range
in 12% (23/198) of patients, individualized treatment adjustments were made, including switching to another DOAC or
VKA or modifying the dosage. Additionally, plasma levels below the 5th percentile of the defined ranges were observed
in 5 of 198 patients receiving concomitant carbamazepine or valproate therapy. In conclusion, anti-Xa measurement of
apixaban and rivaroxaban provided an opportunity to individualize anticoagulant therapy.
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BbBEOQEHMUE

Cnepn noBedye OT e4HO AeCeTUneTne KnMH1U4Ha yno-
Tpeba aupekTHUTE opanHu aHTukoarynaHtn (JOAK)
Bsxa ogobpeHn KaTo NbpBa NMHUSA MeguKkameHTH (Knac
|, HUBO Ha gokasaTencTBeHocT A) 3a npodmnakTuka u
rnevyeHne Ha BeHo3HMs Tpomboembonusbm (BTE) [1, 2].
B cpaBHeHue ¢ ButamuH K-aHtaroHuctute (BKA), JOAK
nokasaxa nogobHu mnu no-gobpu pesyntatu 3a edu-
KaCHOCT 1 ©e30MacHOCT Npuv NEYEHMETO 1 BTOpMYHATA
npocpunaktuka Ha BTE [3-5]. JOAK nmat no-ynecHeHa
cTpaterus 3a gosvpade crnpsmo BKA, nopagu ctabun-
HMS UM PapMakoKMHETUYEH W dhapMakoanHaMuyeH
npodun. Bce nak crpaterusata 3a dukcMpaHa [o3a
Ha [JOAK 6u morna ga He 6bae onTumarHa 3a HsKou
rpynv nauueHTu B Criydan Ha KbpBeHe unu Tpombosa
Ha dhoHa Ha Tepanus, NpMeM Ha NekapcTBa, OKasBallm
CUIHO Bb3OENCTBUE BbpXy Mmetabonmama Ha [JOAK,
now KemnnamsHC [6-9]. MIamepBaHeTO Ha HMBaTta Ha
OOAK B onpeneneHn KMMHUYHU cUTyauumn e oBekT Ha
anckycun. Hapactea 6posT Ha npoyyBaHusTa 3a MeX-
OyvHoMBMAOyanHa BapnabunHocT B NnasMeHuTe nekap-
ctBeHu HuBa Ha [JOAK [12-16]. MexxayHapoaHUAT CbBeT
3a cTtaHgapTusaums B xemaronorusita (ICSH) ny6numky-
Ba KOHCEHCYCHW npenopbku 3a uamepsaHe Ha [JOAK
(2018 1. 1 2021 r.). AHTU-Xa XPOMOreHHUTE N3MepBaHNs
NnokaseaT JIMHENHa 3aBMCMMOCT C KOHLEHTpauuuTe Ha
OOAK 1 moraTt ga ce u3nomnseaT 3a OLEeHKa Ha nnasme-
HaTa KOHLUEeHTpauusa Ha gupekTHn FXa nHxmoutopm cbe
crneundmyHn kannbpaTtopu n koHTpornu [10, 11].
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INTRODUCTION

After more than a decade of clinical use, direct
oral anticoagulants (DOACs) have been established
as first-line treatments (Class I, Level A) for the pre-
vention and management of venous thromboembo-
lism (VTE) [1, 2]. Compared to vitamin K antago-
nists (VKAs), DOACs offer similar efficacy with an
improved safety profile for both the treatment and
secondary prevention of VTE [3-5]. Furthermore,
DOACs have a more simple dosing strategy than
VKAs due to their stable pharmacokinetic and phar-
macodynamic profile. However, a fixed-dose strate-
gy may not be optimal for certain patient populations,
particularly those experiencing bleeding or thrombo-
sis while on therapy, taking medications that signifi-
cantly affect DOAC metabolism, or poor adherence
to prescribed medications [6-9]. The necessity of
measuring DOAC plasma levels in clinical practice
remains a topic of debate, yet studies on interindivid-
ual variability in DOAC plasma concentrations con-
tinue to grow [12-16]. The International Council for
Standardization in Hematology (ICSH) has published
consensus recommendations for DOAC measure-
ment (2018, 2021). Anti-Xa chromogenic assays, us-
ing specific calibrators and controls, exhibit a linear
relationship with DOAC concentrations and can pro-
vide reliable estimations of plasma levels for direct
FXa inhibitors [10, 11].
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LEn

Llenta Ha HacToSALWOTO NpoyyBaHe € Aa Ce OLEHAT
MexaynHansmuayanHute Bapuauumn Ha [JOAK nnas-
MEHUTE HUBA, Bpb3KaTa Mexay KOHUEeHTpauusita Ha
IOOAK c Bb3pacTTa v TErnoTo Ha nauneHTuTe 1 ga ce
onpefensit JOMyCTMMU FPaHuLM Ha NrasmMeHnTe HMBa
Ha anukcabaH 1 puBapokcabaH Npu NauMeHTN ¢ BEHO-
3eH Tpomboembonunabm (BTE), yacT ot Tax ¢ Hacnea-
cTBeHa Tpombodunus (TPD).

MATEPUAN U METOOMU

HabrniogeHneTo e peTpocneKkTMBeH aHanms Ha na-
umeHTn 3a nepuoga 2019-2024 r., HacouYeHn NpegMMHO
OT ambynaTtopHM MPaKTUKM U KIIMHUKUTE Ha Hauumo-
HanHata kapguonornyHa GonHuua (HKB) — Codoums.
Mpoy4yBaHeTo BkntodBa 198 naumeHTU C ycTaHOBeEHa
anarHosa abridoka BeHo3Ha Tpombo3sa (OBT) n/unu 6e-
nogpobHa Tpomboembonusa (BTE), nekysann ¢ JOAK
3a Ham-manko 3 Meceua, HacodeHu B JlabopaTopusaTa
3a aHTuKoarynaHteH koHTpon Ha HKB. Bcuyku naumen-
TV Cca TeCTBaHu 3a yHacnegeHn TpoMoomHN pUCKoBK
daktopu (TP®): HocuTencTBo Ha dakTtop V Leiden un
myTaumns G20210A B reHa 3a NPOTPOMOUH; aKTUBHOCT-
Ta 3a npotenH C, cBobogeH NpoTerH S U aHTUTPOM-
OovH. CHeTa e aHamMHe3a 3a haMuiHa 06peMeHEHOCT n
NPUCHCTBME Ha PUCKOBM PaKTOpM OT OKOrHaTta cpeaa.

M3amepBaHusiTa ca u3BbPLUEHM B exeqHeBHa nabo-
paTopHa npakTvka. [TnasmeHnTe H1Ba ca onpenensHn Ha
12-ns1 yac cneg nocregHNs NpuemM (Han-HUCKO MasmeHo
HMBO) 3a anmkcabaH 1 MUMKOBO HUBO, U3MEPEHO Ha 3-Tus
Yyac crnep CyTpelHWs NMpuvem Ha puBapokcabaH. Tesu
BpEMEBM MHTEpPBaNu 6s1xa NPMEeTV Bb3 OCHOBA Ha HaLLM 1
ny6nukysaHu npoyysaHus [11-14]. Nna3veHuTe H1Ba Ha
anukcabaH 1 puBapokcabaH ca BHacsiHM B 6a3aTa AaHHu
Ha nabopaTtopHaTa MHopMaLmoHHa cucTema.

KpbBHUTE Npobu ca B3emaHu B enpyBeTku ¢ 3.2%
HaTpueB uuTpat (Becton Dickinson). UutpaTtHaTta
nnasMa ce nonydvaBalle crieq UeHTpodyrmpaHe Ha
2600 g 3a 10 MWHYTN B pamMKUTe Ha eOuH vac cnes
BEHENYHKUUATA M Ce aHanu3upalle B pamkuTe Ha 2
Yyaca oT nony4aBaHeTo . KoHUueHTpauuuTe Ha nekap-
cTBaTa ce OnpefensT 4Ypes u3aMepBaHe Ha aHTU-Xa-ak-
TMBHOCTTa B Mra3marta Ha nauueHTuTe, KaTo ce us-
nonseat crneundguyHn 3a pmBapokcabaH 1 annkcabaH
kanubpatopu 1 KoHTponu, Biophen Hyphen. AHTn-Xa
XPOMOreHHUTE aHanuam 6sixa n3BbpLUEHU € Innovance
xenapuHoBu TecToBe (Siemens) Ha koarynometbp CS
2500i (Sysmex). N3non3saHuTe aHTM-Xa XPOMOIreHHU
aHanuau ca 6asmpaHu Ha KOHKYPEHTHO MHXMOVpaHe Ha
FXa oT cboTBETHO puBapokcabaH/anvkcabaH.

CtaTtncTtnyecku aHanus

PesyntatuTe ca nNpeAcTaBeHW Kato cpegHa
CTOWHOCT U CTaHOapTHO OTKMOHEHME 3a HopMarHo

AIm

The aim of the present study was to assess in-
terindividual variations in DOAC plasma levels, to
examine the relationship between DOAC concen-
trations and patient characteristics such as age and
weight, and to establish acceptable plasma level
ranges for apixaban and rivaroxaban in patients with
VTE, including subgroups with inherited thrombo-
philia (THRPH).

MATERIAL AND METHODS

This study is a retrospective analysis of patients
referred primarily from outpatient clinics and the de-
partments of the National Heart Hospital — Sofia (NHH,
Sofia) over the period 2019-2024. It includes 198 pa-
tients diagnosed with deep vein thrombosis (DVT) and/
or pulmonary thromboembolism (PE) who were treated
with DOACs for at least three months and referred to
the Laboratory for Anticoagulant Control at NHH, So-
fia. All patients were tested for inherited thrombophilic
risk factors (ITRF), including factor V Leiden mutation,
G20210A mutation in the prothrombin gene, and defi-
ciencies in protein C activity, free protein S, and anti-
thrombin. Data on family history and environmental risk
factors were also collected.

The measurements were carried out in daily labo-
ratory practice. Plasma levels were determined at the
12th hour after the last intake (trough level) for apix-
aban and a peak levels was measured at the 3rd hour
after the morning intake of rivaroxaban. These time
intervals were adopted, based on our and other pub-
lished studies [11-14]. Plasma levels of apixaban and
rivaroxaban were entered into the database of the lab-
oratory information system.

Blood samples were taken in 3.2% sodium citrate
tubes (Becton Dickinson). Citrate plasma samples were
obtained after centrifugation of 2600 g for 10 minutes
within one hour after venipuncture and were analyzed
within 2 hours. Drug concentrations were determined
by measurement the anti-Xa-activity in patients plas-
ma, using rivaroxaban- and apixaban-specific Biophen
Hyphen calibrators and controls. Anti-Xa chromogenic
assays were performed with Innovance heparin tests
(Siemens) on CS 2500i coagulometer (Sysmex). The
used anti-Xa chromogenic assays are based on com-
petitive inhibition of FXa by rivaroxaban/apixaban, re-
spectively.

Statistical analysis

The results are presented as mean and standard
deviation for the normally distributed variables; median,



Mna3MeHun HMBa Ha OMPEKTHU Xa MHXMBUTOpYM anvkcabaH 1 puBapokcabaH... 71

pasnpegeneHnTe NpoOMeHNnBU; megmana, 5-n n 95-n
NepceHTUNM 3a Te3n C HeraycoBO pasnpeneneHue.
dopmaTa Ha pasnpegeneHMeTo € OoueHeHa C Tec-
ToBeTe Ha Konmoropos-CmupHoB n Wanupo-Yunk.
CpepnHuTe BENUYMHU Ha [Be Fpynu ca cpaBHsIBaHU
C TecToBeTe Ha MaH-YUTHU 1 t-TecT 3a He3aBUcUMU
n3Bagku. Bpb3ku mexay Konn4ecTtBeHU NPOMEHIN-
BM Ca TbPCEHW C KOpenauuMoHeH KoeduUMEeHT Ha
CnubpMaH, a 3a Bpb3KU MEXAy KaTeropuiHu npo-
MEHINBU € MPUNOXEH XW-KBaapaT aHanui. Pesyn-
TatTuTe ca npuetn 3a 3Hadumu npum p < 0,05. 3a cta-
TucTmyecka obpaboTka Ha JaHHMTE M M3MON3BaH
IBM SPSS v.26.

PE3YNTATH

XapaKkTepucTUKN Ha NauneHTuTe

B npoyuyBaHeTo ca BkmoyeHM 198 naumeHTn c
auarHosa BTE, ot kouto 106 nauneHTn (47 Mbxe 1
59 eHwn) ca npuemanu 2 x 5 mg gHeBHO anukcabaH
n 92-ma nauneHTn (48 mbxe n 44 xxeHun) ca npuema-
nun 20 mg Ha aeH puBapokcabaH. B rpynaTta Ha anu-
kcabaH npeobnagaeaT xeHuUTe, OKaTO B rpynaTa Ha
puBapokcabaH CbOTHOLUEHNETO MEXAY MBbXKE U XKEHU
e bGanaHcmpaHo. Bb3pacTtTa v TenecHoTo Terno He
nokassaT CTaTUCTUYECKU 3HAYUMK PasfnKM Mexay
aBete rpynu ¢ BTE, npuemanu anvkcabaH nnm pvea-
pokcabaH. CpaBHEHMETO Ha YecToTa Ha KIMUHUYHUTE
cbbuTMs B ABETE rpynu He nokasa 3HavyMmu pasnu-
yumsa (Tabn. 1).

MaumeHTUTe Bsixa 060OCOOEHM B YETUpPU Tpynu.
[ge rpynu ca naumeHTn, npuemann 2 x 5 mg gHEBHO
anukcabaH: rpyna ¢ BTE (n = 106) n nogrpyna ¢ Tpom-
6odunuu, BTE n TP® (n = 27). NaumeHTnte, Nnpuema-
nn puBapokcabaH 20 mg Ha geH, cbLyo b6sixa obocobe-
HK B ABe rpynu — rpyna ¢ BTE (n = 92) n nogrpynara ¢
BTE n TP® (n = 27). YecTtoTuTe Ha pasnpenenenune Ha
naumMeHTuTe C yHacnegeHn Tpombodunum B rpynute
Ha anukcabaH n puBapokcabaH ca 6e3 3HauMma pas-
nvka, p = 0.393 (tabn. 2).

5th and 95th percentiles for those with a non-Gaussian
distribution. The shape of the distribution was evalu-
ated using the Kolmogorov-Smirnov and Shapiro-Wilk
tests. The mean values of the two groups were com-
pared with the Mann-Whitney tests or the t-test for
independent samples. Relationships between quanti-
tative variables were assessed by Spearman’s correla-
tion coefficient, and for relationships between categor-
ical variables, Pearson chi-square test was applied.
The results were considered significant if p < 0.05. IBM
SPSS v.26 was used.

RESULTS

Patient characteristics

The study includes 198 patients diagnosed with
VTE, of whom 106 (47 males and 59 females) patients
received 2 x 5 mg/OD apixaban and 92 patients (48
males and 44 females) received 20 mg/OD rivarox-
aban. In the apixaban group, females predominated,
while in the rivaroxaban group, the ratio of males to
females was balanced. Age and body weight did not
show statistically significant differences between the
two VTE groups receiving either apixaban or rivarox-
aban. Similarly, a comparison of the frequency of clini-
cal events between the two groups revealed no signifi-
cant differences (Table 1).

Patients were divided into four groups. Two groups
received apixaban 5 mg twice daily: one group with
VTE (n = 106) and a subgroup with VTE and thrombo-
philias (VTE-THRPH, n = 27). Similarly, patients tak-
ing rivaroxaban 20 mg once daily were divided into a
VTE group (n =92) and a VTE-THRPH subgroup (n =
27). The distribution of patients with inherited throm-
bophilias between the apixaban and rivaroxaban
groups showed no significant difference (p = 0.393)
(Table 2).

Tabnuua 1. YectoTta Ha KNUHMYHK NposiBu Ha BTE B rpynute Ha anukcabaH u puBapokcabaH
Table 1. Frequency of clinical manifestations of VTE in the apixaban and rivaroxaban groups

Clinical manifestations of VTE

Apixaban - VTE group

Rivaroxaban — VTE group

[wbnboka BeHo3Ha Tpombo3a (OBT)

Deep vein thrombosis (DVT)

48/106 — 45%

42/92 — 46%

0BT + BE // DVT + PE

22/106 — 21%

20/92 - 22%

BenoppobeH embonusbm (BE)

Pulmonary embolism (PE)

36/106 — 34%

30/92 -32 %
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Tabnuua 2. YectoTta Ha HacneacTBeHUTe TpoM6odunHu daktopu B nogrpynute ¢ BTE/TPP
Table 2. Frequency of inherited thrombophilic factors in the VTE/TRRPH subgroups

HacneacrteeHa TpomGodunus MaumeHTH Ha anukcabaH | MaunMeHTH Ha puBapokcabaH P
Inherited thrombophilia Patients on apixaban Patients on rivaroxaban
YmepeHa Tpombocunus (%)
) N 19/27 - 70% 16/27 — 60% 0.393

Mild thrombophilia n (%)
XeTepo3urotHn HocuTenu Ha FV Leiden

) ) 17/27 14/27 0.409
Heterozygous carriers of FV Leiden
XeTepo3urotHu Hocutenu Ha MpotpombuH G20210A

. ) 2/27 2/27 0.999
Heterozygous carriers of Prothrombin G20210A
Texkn Tpombodunum — n (%)

. 8/27 — 30% 1127 — 41% 0.393
Severe thrombophilia — n (%)
Xomo3nroTHu HocuTenu Ha FV Leiden

. . 2/27 4/27 0.386
Homozygous carriers of FV Leiden
Xomo3anroTHu HocuTenu Ha MpoTpombuH G20210A 1127
Homozygous carriers of Prothrombin G20210A
[1BoIHO XeTepo3nroTHn HocuTenu Ha FVL n MNMpotpombuH G20210A o027
Double heterozygous carriers of FVL and Prothrombin G20210A
Hedwvunt Ha PS // PS deficiency 3127 1/27 0,552
Heduuut Ha PC // PC deficiency 2/27 2/27 0,999
Hedomunt Ha AT // AT deficiency 1127 1127 0,999

FV Leiden (FVL) — cakTop V Leiden // factor V Leiden; PS - npotenH S // protein S; PC — npoteun C // protein C; AT — aHTUTPOMOUH // an-

tithrombin

MexgyvHamBugyanHa Bapuauus
B MriasmMeHuTe HUBa Ha anukcabaH

HamepeHnnTe nnasmeHun HMBa npu naumMeHTuTe ot
BTE rpynata, nony4yasalla anukcabaH 2 x 5 mg gHEBHO,
n3mepeHu Ha 12-usa Yac cnepg nocriegHus npuem, umat
MeguaHa 76 ng/ml, ananasoH Ha pesyntatute 32-148
ng/ml npu BapuaumnoHeH koeduumeHT 42%. He ce yc-
TaHOBM pasnvka B HUBOTO Ha MeAuKaMeHTa Mexay 06-
wata rpyna ¢ BTE (n = 106) u nogrpynarta nauneHTu ¢
yHacnegeHun Tpombodunu BTE-TOP (n =27), p = 0.430,
npeacTaBeHn Ha Tabn. 3. YCTaHOBM ce 3HauYMma pasnu-
Ka BbB Bb3pacTTa Ha maumeHTuTe B ggete rpynu (p <
0.001), obwata rpyna ca cbC cpeaHa Bb3pacT 55 roagu-
HW, a rpynata Ha BTE un TP® ca 3HauuTenHo no-mnaam
— cpefHo Ha 43 rog. CpefHoTO Terno Ha ABeTe rpynu e
cxogHo, p = 0.336. 3a uanarta nssagka e KoHCTaTMpaHo,
Yye MMa Kopenaums Mexay HMBOTO Ha anvkcabaH 1 Bb3-
pacTTa Ha naumeHTUTe, KaTto TS e npasa rno nocoka u ¢
ymepeHa cuna (kopenaumoHeH koeduumeHT Ha Cnubp-
mMaH = 0.428, p < 0.001). He ce pokasa Bpb3ka Mexay
TErnoTo U HUBOTO HA MeOUKaMeEHTa, KakTo 1 Mexay Te-
rnoTo u Bb3pacTtTa. B noarpynara ¢ BTE n TP® ycraHo-
BMXME yMepeHa no cuna n obpartHa no Nocoka Bpb3ka
MeXZy HMBOTO Ha MeduKameHTa M TernoTo Ha mauu-
eHTuTe (KopenaumoHeH koeduumeHT Ha CnubpmaH =
-0.530, p = 0.016). HuBoTo Ha anukcabaH npu BTE u
TP® e cnabo cBbp3aHO C Bb3pacTTa, kKaTo kKoedrUneH-

Interindividual variability in plasma
apixaban levels

In patients from the VTE group receiving apixaban
5 mg twice daily, the median plasma level was 76 ng/
mL, within a range of 32—148 ng/mL, with a coefficient
of variation of 42%. No significant difference in drug lev-
els was observed between the overall VTE group (n =
106) and the VTE subgroup with inherited thrombophilia
(VTE-THRPH, n = 27) (p = 0.430, Table 3). A significant
difference in age was found between the two groups (p
< 0.001), with the VTE group having a mean age of 55
years, while the VTE-THRPH subgroup was significantly
younger, with a mean age of 42 years. The average body
weight of both groups was similar (p = 0.336). For the
entire study population, a direct and moderately strong
correlation was found between apixaban levels and pa-
tient age (Spearman’s correlation coefficient = 0.428, p
< 0.001). No correlation was observed between weight
and drug levels or between weight and age. However,
in the VTE-THRPH subgroup, a moderate inverse cor-
relation was found between drug levels and body weight
(Spearman’s correlation coefficient = -0.530, p = 0.016).
The association between apixaban levels and age in
the VTE-THRPH subgroup was weak, with a borderline
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TbT € C rPaHnYHa 3Ha4YMMOoCT (KopenaumoHeH koeduum-
eHT Ha CnnbpmaH = 387, p = 0.057). KpeaTHnHoBuAT
KNMpBHC, nadmcneH no cdopmynarta Ha Cockcroft-Gault,
6e 94 + 29 mi/min B rpynata c BTE Ha anukcabaH.
HuBaTa Ha anvkcabaH M3BbH HamepeHuTe Tepa-
neBTUYHM amanasoHun ca 11%. [1Be cTOMHOCTK ce pas-
nuyaBaTt 3Ha4YMMO OT OCTaHanuTe B FOPHUS AManasoH,
cboTBeTHO 182 ng/ml n 191 ng/ml, yctaHoBeHn npu
OBe XeHu Ha 58 rog. n cboTBeTHO Ha 81 roa. (cur. 1).

significance (Spearman’s correlation coefficient = 0.387,
p = 0.057). Creatinine clearance, calculated using the
Cockcroft-Gault formula, was 92 = 27 mL/min in the
apixaban VTE group.

Apixaban levels outside the expected ranges were
11%. Two values differed significantly from the others
in the upper range, respectively 182 ng/ml and 191 ng/
ml, found in two females (58 years and 81 years), pre-
sented on Fig. 1.

Ta6nuua 3. flemorpadhckn U KNMMHUYHU XapaKTePUCTUKM HA NaLUMEeHTUTe Ha anukcabaH

Table 3. Demographic and clinical patient characteristics on apixaban

. BTE rpyna F'pyna c BTE u c TP®
(LN 27D It VTE group VTE/THRPH group P
MegunaHa Ha NoHWXeHne
. 76 ng/ml 72 ng/ml 0.430
Median trough level
5-u nepceHTUN
. 32 ng/ml 44 ng/ml
5th percentile
95-n nepceHTUN
. 148 ng/ml 135 ng/ml
95th percentile
CV % me WHAMBMAUTE
o MEKAY MRANBUA 42% 34.5% 0.386
CV % interindividual
MaumneHTn (6p.
L,l (op) 106 27
Patients (n)
Mon, mbxesxeHn (6p.)
47/59 14/13 0.484
Gender, male/female (n)
Bb3pacT (roa.), mean + SD
55+ 15 43+12 < 0.001
Age (years), mean + SD
TenecHo Terno (kg), mean + SD
. 88 + 21 80+19 0.336
Body weight (kg), mean + SD
[Obnboka BeHO3Ha Tpombo3a — [ABT
. . 48/106 — 45% 14/27 — 52% 0.541
Deep vein thrombosis — DVT
0BT + BE // DVT + PE 22/106 — 21% 6/27 — 22% 0.561
BenoapobeH embonuabm — BE
. 36/106 — 34% 7127 — 26% 0.241
Pulmonary embolism — PE

CV — BapwuaumoHeH koedumumeHT // coefficient of variation

200

Husa Ha AnukcabaHn B ng/ml
Apixaban levels in ng/ml

®wur. 1. Box-plot gnarpama Ha nnas-
MEHM HMBA Ha anukcabaH

BTE - o6wa rpyna (n=106)
VTE group (n=106)

Ipyna c BTE u TP® (n=27)
VTE with THRPH group (n=27)

Fig. 1. Box-plot diagram of apixaban
plasma levels
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MexpgyvHamBuayanHa Bapuauus
B nya3MeHUTe HMBa Ha puBapokcabaH

lMvkoBUTE NNasMeHn HMBa Ha pyBapokcabaH B rpy-
nata ¢ BTE (n = 92) He ce pa3nuyaBaxa OT HMBaTa,
namepenun B nogrpynarta ¢ BTE n c TOP, cbotBeTHO 234
(102-388) ng/ml cnpsimo 220 (85-415) ng/ml, p — 0.488.
YctaHoBM ce cnaba no cuna v npaea no Nocoka Bpb3-
Ka Mexay HMBOTO Ha puBapokcabaH M Bb3pacTTa Ha
nauneHTuTe (KopenaumoHeH koeduumeHT Ha Cnubp-
MaH = 0.184, p = 0.045) camo B obwiaTa rpyna c BTE.
BapuaunoHHuar koeduumeHT (CV) Ha unsmepeHuTe
nnasMeHun HuBa B nogrpynata Ha BTE n Tpombodmnmsa
€ 3HauMmo no-Bucok — 48% B cpaBHeHue ¢ BTE rpy-
nata (CV 37%) — 1abn. 4. KpeaTUHMHOBUAT KIMPBHC,
n3uuncneH no copmynara Ha Cockcroft-Gault, 6e 104 +
41 ml-min B rpynata ¢ BTE Ha puBapokcabaH.

Huckn nukoBu HuBa mexay 60 ng/ml n 100 ng/mli,
cneg npuem Ha 20 mg/OD puBapokcabaH Hamepuxme
npu netmma ot 92 naumeHTn B obwara rpyna. [jsama
Osixa ¢ HMBa Hapg, 95-T1 AnanasoH, cboTBETHO 428 ng/ml
n 492 ng/ml (44 rog v 75 roa), npeacraBeHn Ha cur. 2.

Ha 1abn. 5 ca npepctaBeHn nnasmMeHW HMBa Ha
anukcabaH n puapokcabaH Ha OpyrM aBTOpU, Cb-
nocTaBMMu C BPEMEBUTE MHTEPBANM Ha U3MepBaHe B
HaLLeTO NpoyYBaHe, HaN-HMUCKa KOHLUEHTpauus 3a anu-
kcabaH Ha 12-usa yac crnef npyema 1 NMKoBa KOHLEH-
Tpauus Ha puBapokcabaH, nsmepeHa Ha 3-1si 4Yac.

Interindividual variation in rivaroxaban
plasma levels

Peak plasma levels of rivaroxaban in the VTE group
(n = 92) did not differ from those measured in the VTE/
THRPH subgroup, respectively 234 (102-388) ng/ml
vs. 220 (85-415) ng/ml, p = 0.488. A weak and straight
relationship between rivaroxaban level and the age of
patients was found (Spearman correlation coefficient
=0.184, p = 0.045) only in the VTE group. The coeffi-
cient of variation (CV) of the measured plasma levels
in the subgroup of the VTE and thrombophilias was
significantly higher — 48% compared to the VTE group
(CV 37%) — Table 4. Low peak levels between 60 ng/
ml and 100 ng/ml, 3 hours after taking rivaroxaban 20
mg/OD, were found in five of the 92 patients in the VTE
group. Two patients had levels above the 95th range,
428 ng/ml and 492 ng/ml, respectively (44 years and
75 years), presented on Fig 2. Creatinine clearance,
calculated using the Cockcroft-Gault formula, was 104
1 41 ml/min in the apixaban VTE group.

Table 5 presents the plasma levels of apixaban, and
rivaroxaban reported by other authors, measured at time
intervals comparable to those in our study. Specifically,
the trough concentration of apixaban was assessed 12
hours after administration, while the peak concentration
of rivaroxaban was measured 3 hours post-dose.

Ta6nuua 4. [lemorpadckn U KNMHUYHU XapaKTEPUCTUKU HA NaLUMEHTUTe Ha puBapokcabaH

Table 4 Demographic and clinical patient characteristics on rivaroxaban

. BTE - o6wa rpyna I'pyna Ha BTE n TP®
Rivaroxaban 20 mg/OD i p
VTE group VTE with THRPH group
MegauaHa, NMKOBO HMBO
. 234 ng/ml 220 ng/ml 0.488
Median, peak level
5-u nepceHTUN
. 102 ng/ml 85 ng/ml
5th percentile
95-1 nepceHTUN
. 388 ng/ml 415 ng/ml
95th percentile
CV % me NHOnBUAUTE
o MO MHALIBEA 37% 48%
CV % interindividual
MaumeHTn (6p.) // Patients (n) 92 27
Mon, mbxeskeHn (6p.)
48/44 14/13 0,972
Gender, male/female (n)
Bw3pacr (roa.), mean + SD
48+ 18 39+ 14 0,011
Age (years), mean £ SD
TenecHo Terno (kg),mean + SD
. 89+ 21 90 + 23 0,810
Body weight (kg),mean + SD
[bn6oka BeHo3Ha Tpombo3a — [ABT
) . 42/92 — 45% 13/27- 58% 0,935
Deep vein thrombosis — DVT
0BT + BE // DVT + PE 20/82 - 22.4% 6/27 — 22% 0.999
BenogpobeH embonusbm — BE
) 30/92 — 33.6% 8/27 — 30% 0.819
Pulmonary embolism — PE
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400

Huea Ha PuBapokcabaH B ng/ml
Rivaroxaban levels in ng/ml

®ur. 2. Box-plot gnarpama Ha nNUKOBWU HMBA
Ha pvBapokcabaH

BTE - oBuwa rpyna (n=92)
VTE group (n=92)

Ipyna BTE u T®P (n=27)
VTE with THRPH group (n=27)

Fig. 2. Box-plot diagram of peak rivaroxaban
levels

Tabnuua 5. OyakBaHu HMBa Ha [JOAK Ha naumeHTU npu neyeHue nnu npodmnaktuka Ha BTE

Table 5. Expected drug levels in patients receiving DOACs for treatment or prophylaxis of VTE

HuBa Ha anukca6aH B nna3ma ng/ml HuBa Ha puBapokcu6aH B nnasma ng/ml
Apixaban trough levels ng/ml Rivaroxaban peak level ng/ml
VTE_C trough_2 x 5 mg VTE_Cmax 20 mg/OD
63 (22-177) . 270 (189-419)
Byon W. et al., 2017 Gosselin RC et al. 2018
VTE_C trough_2x5m
e ?/I - 9| 76 (32-148) VTE_peak 20 mg/OD | 55, 402.388)
ackanesa W. n cbTp.
p VC 42% Mackanesa N. n cbTp. VC 37%
(HacToSLLO NpoyyBaHe) (HacTosiLo NpoyYBaHe)
71 (13-114) 227 (98-367)
Reda S. et al., 2022 Reda S. et al. 2022
VC 53% VC 46%

npOMﬂHa Ha aHTUKoarynaHTta

Mpun 7 (7%) ot 106 naumeHTV B rpynata Ha anu-
KcabaH Mma CMsiHa Ha aHTuKoarynaHta. Tpuma nauu-
eHTa ot rpynata BTE ¢ TOP (cboTBETHO C NpOTEUH S
n npoterH C gedununT), nopagn MHOrO HUCKM HMBA Ha
anukcabaH 20 ng/ml — 24 ng/ml, ca npemMunHanu Ha Bu-
TaMmuH K-aHTaroHucT (aueHokymapon). Opyrn geama,
pecnekTMBHO xetepo3uroT 3a FVL n xeteposurot 3a
prothrombin G20210A cbLL0 C HACKM NNa3MeHN HUBA,
ca npexebprieHn Ha 20 mg/OD puBapokcabaH ¢ Boobp
OTrOBOP B CpefHa 06nacTt Ha onpegeneHus guanasoH
3a puBapokcabaH (248 n 293 ng/ml). MNMpu gBama ca
N3MEPEHN CBMOCTAaBMMO HWCKM HMBA 3a anukcabaH
n puBapokcabaH. O6wo 6/92 naumeHTU OT rpynara
C pvBapokcabaH ca npemuHana Ha Apyr aHTukoary-
naHT. Tpuma ot nogrpynata BTE/TOP (AT peduuur,
PC pedvunt n aBoeH xetepo3uroteH Hocuten FVL/
Prothr 20210 G > A) ca npeMmnHanu Ha aLeHOKyMapor
(cvHTpOM), egHa NauMeHTka ¢ xemaTypus 1 ABe C Me-
HOMEeTpoparns ca NpeBKIYeHn OT puBapokcabaH Ha
anukcabaH (Tabn. 6).

Change of anticoagulation

In 7 out of 106 (7%) patients in the apixaban
group, there was a change in anticoagulant. Three
patients in the VTE group with THRPH (protein S
deficiency and protein C deficiency, respectively),
due to very low apixaban levels of 20 ng/ml — 24 ng/
ml, were switched to a vitamin K antagonist (aceno-
coumarol). Two other patients, respectively hetero-
zygous for FVL and heterozygous for Prothrombin
G20210A also with low plasma levels, were switched
to 20 mg/OD rivaroxaban with a good response in
the middle of the defined range for rivaroxaban (248
and 293 ng/ml). In two patients, comparably low le-
vels for apixaban and rivaroxaban were measured.
A total of 6/92 patients in the rivaroxaban group
were switched to another anticoagulant. Three pa-
tients from VTE/THRPH subgroup (AT deficiency, PC
deficiency and double heterozygous carrier FVL/Pro-
thr 20210 G > A) were switched to acenocoumarol
(sintrom), one female with hematuria and two others
with menometrorrhagia were switched from rivaroxa-
ban to apixaban (Table 6).
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Tabnuua 6. MpomeHn B aHTUKoarynaHTHUA pexum /| Table 6. Changes in anticoagulant management

MpomsHa — 6p. (%)
Change - n (%)

Apixaban - 13/106 (12%)

Rivaroxaban - 10/92 (11%)

MpemuHasare Ha gpyr JOAK

Switch to other dose

. 4/106 3/92
Switch to other DOAC
MpemnHaBaHe KbM BUT. K-aHTaroHucT
. 3/106 3/92
Switch to VKA
[MpemnHaBaHe KbM ra gosa
P Apyra A 6/106 4/92

HexenaHu cboutus

Yetnpuma naumeHTU OT rpynata Ha anukcabaH
(4/106) cbobLUMXa 3a KbpBEHE OT BEHLIMTE U ENUCTaKCU-
ca, KaTo camo eauH pesynTtar belle Hag ropHUs guana-
30H Ha u3mepeHute ctorHocTn — 191 ng/ml. B rpynata
Ha puBapokcabaH npu wectuma (6/92) HabrtogaBaxme
KPBBOM3NMBU OT MYKO3HO KbpBEHE (OBaMa C Xxemary-
pvsi, TPUMa C KOHIOHKTMBAIHO KbpPBEHE WX enucTak-
CVC, €0WH C KbpPBEHE OT XEMOPOWAM), KaTo camo efHa
XeHa belue ¢ BMCOKa nnasmeHo HuBo 495 ng/ml Ha pu-
BapokcabaH. 3a no-4ectn M obUNHKM MeHOMEeTpoparus
cbobLumxa 6 oT 44 xxeHu B rpynarta Ha puBapokcabaH ¢
nnasmeHn HvWBa B JonycTtumm rpaHuum ot 70 ng/ml go
383 ng/ml v npu Tpm nauymneHTkn 3/59 B rpynata Ha anu-
kcabaH nma ymepeHa MeTpoMeHoparus.

Mpn yeTprmMa NauneHTy OT rpynaTa Ha annkcabaH
ca cbobLLUeHN peunanBm Ha oHa Ha npuem 2 X 5 mg
anvikcabaH. MbpBUAT criyyar e cnep NpPOabIHKUTENHO
nbTyBaHe Hag 10 Yaca npu XeHa, XeTepPO3UroTEH HOCK-
Ten Ha FVL, npu namepero Hneo 80 ng/ml. OceeH ToBa
ABama mbxe Ha 35 1 38 roa. ca ¢ peuname Ha BTE npu
N3MEPEHO HUCKO Mra3MeHo HMBO anukcabaH pecn. 20
1 24 ng/ml n 4YeTBBLPTUAT CNyvan e Npu XeHa C nekap-
cTBeHa koHueHTpauums 106 ng/ml. MNpu gBama naumeHTn
OT rpynata Ha pusapokcabaH (c geduumT Ha NpoTenH
S 1 xomosuroteH Hocuten Ha FVL) nma peungmsu Ha
OBT nopagn Hepobpo npuabp)KaHe KbM NEYEHUETO U
NPeKbCBaH NpUeM, KakTo 1 Npy e4UMH MBX C peLmauB Ha
BTE, c nekapctBeHo HMBO 147 ng/ml. CbobLieHnTe 0o
MOMEHTa JaHHM NOKa3BaT BEPOSITHA Bpb3Kka Mexay Je-
KapCTBEHa KOHUEHTpauus 1 edekta, HO He npedocTa-
BAT yOeOMTeNHM JoKasaTencTsa 3a Hyxkaarta OT MOHWUTO-
pvpaHe B pyTMHHATa KNMHU4YHA npaktuka. OcBeH ToBa
BCe OlLle JOCTbMbT 3a M3MepBaHe Ha KOHLIeHTpaLumsaTa
Ha Bcuukn [JOAK e orpaHuyeH [7-9].

MHTepdepeHumnsa Ha nnasMeHUTe HUBa
Ha puBapokcabaH u anukcabaH
C aHTMenunenTU4YHU fiekapcTBa

YcTaHoBMXME, Y€ €eOHOBPEMEHHOTO M3Mon3BaHe
Ha cunHu nHayktopu Ha P-gp n CYP3A4 n3oeHsnma,
kato kapbamasenuH (Neurotop) n HaTpueB Bannpoar
(Depakin), n npuem Ha anukcabaH wunu puBapokca-

Adverse events

Four patients in the apixaban group (4/106) reported
gingivitis and epistaxis, with only one drug level above
the upper limit of the measured values — 191 ng/ml. In
the rivaroxaban group, six (6/92) had mucosal bleeding
(two with hematuria, three with conjunctival bleeding or
epistaxis, one with hemorrhoidal bleeding), with only one
woman having a high plasma level of 495 ng/ml of rivar-
oxaban. More frequent and abundant metromenorrha-
gia was reported by 6 of 44 women in the rivaroxaban
group with plasma levels within the acceptable range of
70 ng/ml to 383 ng/ml and moderate metromenorrhagia,
in three patients 3/59 in the apixaban group.

In the apixaban group, four patients experienced
recurrences: a heterozygous FVL carrier developed
DVT recurrence after a long journey of more than 10
hours, despite a measured apixaban level of 80 ng/
mL; two men (35- and 40-years old) experienced a re-
currence of PE with a low plasma apixaban levels of
20-24 ng/mL; and a woman had a PE relapse with a
measured concentration of 106 ng/mL. In the rivarox-
aban group, two patients with protein S deficiency and
homozygous FVL carrier status experienced DVT re-
currences due to poor adherence to treatment and in-
terruptions in drug intake. Additionally, a man with a PE
relapse had a measured rivaroxaban level of 147 ng/
mL. Although literature reports suggest a potential re-
lationship between drug concentration and therapeutic
effect, there is no conclusive evidence supporting the
necessity of routine DOAC monitoring in clinical prac-
tice. Furthermore, access to DOAC level measurement
remains limited [7-9].

Interference of plasma levels of rivaroxaban
and apixaban with antiepileptic drugs

We found that the concurrent use of strong induc-
ers of P-gp and the CYP3A4 isoenzyme, such as car-
bamazepine (Neurotop) and valproic acid (Depakin),
with apixaban or rivaroxaban resulted in a greatly re-
duction in plasma levels. In the apixaban group, three



[Mna3meHn HMBa Ha OMPeKTHN Xa nHxmbutopu anukcabaH n pueapokcabaH... 77

0aH BOOAT A0 3HAYUTENHO NMOHMXKEHME Ha NNasMeHOTO
HMBO. B rpynarta Ha anvkcabaH gBama gyLun ca npue-
Manu kapbamasenuH n eguH BannpoeBa KucenuHa ¢
HMBa Ha anmkcabaH cboTBeTHO 20 ng/ml, 24 ng/ml 1
25 ng/ml. NogoBHU HUCKM NeKapCTBEHM KOHLEHTPaLUK
n3mepuxme npu ycrnopeaHoTo M3nonssaHe Ha kapba-
MasenuH Unu Bannpoar ¢ puBapokcabaH. [JaHHuTe ca
npeacTaBeHn Ha Tabn. 7.

patients (3/106) were taking antiepileptic drugs: two
were on carbamazepine and one on valproic acid, with
measured apixaban levels of 20 ng/mL, 24 ng/mL, and
25 ng/mL, respectively. Similarly, in the rivaroxaban
group, three patients (3/92) were affected: two were
taking carbamazepine and one was on valproic acid,
with measured rivaroxaban levels of 102 ng/mL, 147
ng/mL, and 60 ng/mL, respectively (Tabl. 7).

Ta6bnuua 7. Mna3meHu HUBa npu nekapcTBeHu B3aumogencTeusa // Table 7. Plasma levels in drug-drug interactions

AHTMENUNenTUYHU NeKkapcTea pyna c anukcabaH HuBa Ha cnapg F'pyna c puBapokcabaH MukoBM HMBa
Antiepileptic drugs Apixaban group Trough Levels Rivaroxaban group Peak levels
. 20 ng/ml 102 ng/ml
Carbamazepin (Neurotop) 2/106 24 ng/ml 2/92 147 ng/ml
Sodium valproate (Depakine) 1/106 25 ng/ml 1/92 60 ng/ml

OBCBXAOAHE

[OpeKkTHUTE oparnHu aHTuKoarynaHti nogobpuxa
Bb3MOXHOCTUTE 3a nneyeHne Ha BTE kaTo no-ecmkacHa
n 6esonacHa antepHatmea Ha BKA, ¢ 6bp3oTo Havano
Ha OencTBue, No-yriecHeHa cTpaTterns 3a go3upaHe,
Nno-mManko MPOMEHNNB aHTUKoarynaHteH edekt n no-
cTabuneH gapmakokMHeTnyeH npodun. MNpoyyBaHus,
OLEHsIBaLLM NPUINOXEHNETO MM B pearnHaTa KIMHUYHA
npakTuka nokasaxa obade, 4e onpegensiHe Ha aHTUKO-
arynaHta akTMBHOCT npu nauueHtn Ha JOAK moxe
[a ce M3NCKBAa KaKTO Mpuv CMELUHM Clyvaun, CBbp3aHu
C KbpBeHe unu Tpombosa Ha oHa Ha Tepanus, Taka
N MpU CbMHEHWE 3a Npefo3npaHe UM HegocTaTbyHa
eKkcrnosuuus, HanpegHana Bb3pacT, hakTopy MNOBMUS-
Balm abcopbumata n hapMakoKMHETMKA Ha Meguka-
MeHTa [9-16]. MybnukyBaHUTEe pe3yntatn OT U3Mep-
BaHe Ha nnasmeHuTe HMBa Ha [JOAK ce cbobliaBaxa
KaTo CTOMHOCTM B UNN U3BBLH ,04aKkBaH TepaneBTUYeH
OnanasoH“ nnu guanasoHu no Bpeme Ha Tepanus “on
therapy ranges” [7, 10, 13].

PedepeHTHUAT meToq ¢ BMCOKaTa CTeneH Ha cne-
LMUYHOCT, YyBCTBMTENHOCT, TOMHOCT U Bb3NPOU3BO-
OUMOCT 3a naMmepBaHe KoHueHTpauusa Ha [JOAK e Teu-
HaTa xpomarorpadusi ¢ TaHOEMHa MacCrnekTPOMETPUS
(LC-MS/MS), cuutaH 3a ,3nateH craHgapt”. TexHuyec-
Kata CMNOXHOCT, CKbMaTa anapaTtypa, BUCOKOTO HWBO
Ha ekcrnepTm3a ca HeyaobCTBa 3a U3MoN3BaHETO My B
pyTuHHaTa nabopatopHa npaktuka [7, 8, 10]. Cneuu-
PUYHN KanMbpupaHn aHTU-Xa XPOMOreHeH aHanusm
ca YyBCTBUTENHM U MOraT HagEeXaHO Aa onpenensT Ko-
NMYECTBOTO Ha AMPEKTHM FXa mHxubutopu, necHo ce
ajanTupaTt KbM aBTOMaTU3NpPaH XeMOCTa3HN aHanmaa-
TOpW, C ONTUMAIIHO BpeMe 3a U3BbpLuBaHe = 35-60 min
[8, 9]. Tean aHanuan obaye He ce npeanaraTt BbB BCSAKa
naboparopus.

DiscussiON

Direct oral anticoagulants have improved the
treatment of VTE as a more effective and safe alter-
native to VKA, with a rapid onset of action, a relative
simple dosing strategy, less variable anticoagulant
effect, and a more stable pharmacokinetic profile.
However, studies evaluating their use in real-world
clinical practice have shown that determination of
anticoagulant activity in patients on DOACs may
be required in specific clinical situation, related to
bleeding or thrombosis on therapy, as well as in cas-
es of suspected overdose or underexposure, con-
sideration of dose adjustment, advanced age, and
factors affecting absorption and pharmacokinetics
of the drug [9-16]. The available data from plasma
DOAC measurements were reported as values with-
in or outside the “expected therapeutic range” or “on
therapy” ranges [7, 10, 13].

The gold-standard method for measuring DOAC
concentrations is liquid chromatography-tandem
mass spectrometry (LC-MS/MS), which offers high
specificity, sensitivity, accuracy, and reproducibility.
However, its use in routine clinical practice is limit-
ed due to the need for expensive equipment, tech-
nical complexity, and a high level of expertise [7, 8,
10]. Specific calibrated anti-Xa chromogenic assays,
which are sensitive and can reliably quantify direct
FXa inhibitors, are more adaptable for automated
hemostasis analyzers and provide results within 35-
60 min [8, 9]. However, these assays are not avail-
able in all laboratories.
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Peguua aBTOpM OTYMTAT BMCOKM HMBA Ha MPOMEH-
NMBOCT Mexay NauneHTuTe, Kato namepeHute koedu-
LUMeHTn Ha Bapuaums (CV) 3a Hal-HUCKO HUBO ce OBU-
xat mexay 29 n 53% 1 3a nukoBo HMBO 31-38%, npwm
npvem Ha 2 x 5 mg/OD anukcabaH [13-15]. MNpwu puBa-
pokcabaH, KOWTO ce npvemMa efouH MbT OHEBHO, KOe-
PULMEHTBT Ha Bapuaunsa € MHOrO BMCOK Mpu mM3mep-
BaHE Ha HaM-HUCKOTO HMBO 24 4yaca Npeauv crensaly
npvem ot 40-67% ¥ NO-HUCHK B NMKOBAaTa KOHLEHTpa-
uma CV 32-49% [12-14]. Tasm B1UCoKa NPOMEHNNBOCT
B HaW-HUCKWTE KOHLEHTpauMuM Ha puBapokcabaH Hu
Aaje ocHoBaHuve fa n3bepemM nsamepBaHe Ha NMKOBUTE
KOHLeHTpauum 3 yaca crnep, CyTpeLleH npMem Ha pyBa-
pokcabaH 20 mg. HamepeHuTe OT Hac ,04akBaHu gua-
NnasoHW" 3a HaN-HUCKM HMBa Ha anukcabaH — 76 ng/ml
(32-148 ng/ml), npn BapmnaLMoHeH KOEULIMEHT MeXAY
HMBaTa Ha nauueHTute ot 42% n meanaHHa CTOMHOCT
3a NMKOBM KOHLIEHTpaLMK Ha puBapokcabaH 235 (102-
389) ng/ml ¢ CV 37%, ca cbnoctaBumu (Tabn. 5) cue
cboOLaBaHMTe AManas3oHn Ha U3MEPEHN KOHLEHTpa-
uun B gpyru npoyysanus [10, 13, 15].

Bbnpekn onucaHata BapvabunHoCT B nnasMeHu-
T€ HMBa Ha OMPEKTHUTE aHTu-Xa WMHXxMbuTopu, nma
no-Manko [AaHHW, MoKasBalu Bpb3kaTa Ha Bapua-
UMnTE C KbpBEHEe WM TPoMBOemMbonmnyHu cbLOoUTUS.
lMpuema ce, 4e Bce owle AaHHUTE ca HEOOCTaTbYHU
3a NpegocTaBsiHe Ha NparoBy CTOMHOCTM 3a Kopurmpa-
He Ha Jo3aTa Bb3 OCHOBa camMo Ha HuBaTta Ha [JOAK.
Bbnpekn ToBa BCce MOBeYe HapacTBaT Has3HaYeHusITa
3a nsmepsBaHe HuBata Ha [JOAK. lMpu 12% (23/198)
OT HawuTe nauneHT! MpoMeHuxXme JosaTta WM aH-
TuKoarynaHta Bb3 ocHoBa namepenute JOAK HuBa n
XapakTepucTukuTe Ha naumeHTa. ogobHn faHHM 3a
NpoOMsiHa Ha aHTWUKoarynaHTHus pexum npu 81/604
(13.4%) n npekbCcBaHe Ha aHTUKoarynaums unu obpa-
TMMOCT Ha aHTUKoarynaHTa npu CrnewHn CbCTOSHUSA B
92/604 (15.4%), cvobwaBat R. Bavalia n cbTp. 2021
[12]. Opyro npoyyBaHe Ha S. Reda n cbTp. cbobula-
Ba 3a MO-HUCHK NpoLeHT — 8% (46/556), Ha npomsiHa B
aHTMKoarynaHTa oT puBapokcabaH KbM anvkcabaH Ha
0a3zaTa Ha n3MepeHn NekapcTBEHN KoHLeHTpauun [13].

Bce noeeue ce noctaBda Bbnpoca 3a UHAUBUAYya-
nu3npaHe Ha aHTUKOoaryrnaHTHOTO feYeHne MpU XeHu,
nprvemMaluy aHTu-Xa uHxmnbutopu. B ob3opeH nperneq
Speed un cbTp. 2021 [16] obobiaBaT aaHHUTE OT 8
CbOobLLEeHNsT 3a OBUMHO MEHCTPyarHoO Uy BarMHamnHo
KbpBeHe [18, 19], BKMOUNTENHO CryyYan Ha pyBapoKca-
6aH 24/96 (25%) v anvkcabaH 4/43 (9.6%), cpaBHeHWe
Ha YecToTa Ha KbpBeHe Mexay pvBapokcabaH 31/121
(41%) c BKA 8/121 (18%). B HaweTo npoy4BaHe 3/59
(5%) oT xeHute Ha anukcabaH u 6/44 (14%) ot Tesun
Ha pvBapokcabaH cbobLmxa 3a 06UMHM U YECTU MEHO-
MeTpoparvm ¢ nNnasMeHn HMBa B OMaKkBaHUTE guanaso-
Hu. B xopg ca peguua npoyysaHusa: RAMBLE, MEDEA u
PERIOD, uenswu ga cpaBHAT yectoTata Ha MEHCTPY-

Several studies have reported high levels of vari-
ability between patients, with measured coefficients of
variation for trough level, ranging between 29% and
53% and for a peak level of 31-38%, when taking 2x5
mg/OD apixaban [13-15]. With rivaroxaban, which is
taken once daily, the coefficient of variation is very high
when measured at trough level, 24 hours before the
next intake of 40-67% and lower in peak concentration
CV 32-49% [12-14]. Given this high variability, particu-
larly in rivaroxaban trough levels, we opted to measure
peak concentrations three hours post-dose. The “ex-
pected ranges” that we found for apixaban, measured
at the 12th hour after the last intake or the trough con-
centration, were 76 ng/ml (32-148 ng/ml) with a coef-
ficient of variation between patient levels of 42% and
for peak plasma concentrations for rivaroxaban 235
(102-389) ng/ml with interindividual variation of 37%,
are comparable (Table 5) with the reported ranges in
other studies [10, 13, 15].

Despite the reported variability in plasma levels
of direct anti-Xa inhibitors, there is limited data estab-
lishing a clear association between drug levels and
bleeding or thromboembolic events. Current evidence
remains insufficient to define dose adjustment thresh-
olds based solely on DOAC levels. However, the de-
mand for DOAC level measurement in clinical practice
is increasing. In our study, 12% (23/198) of patients
required a dose adjustment or a switch to a different
anticoagulant based on measured DOAC levels and
individual patient characteristics. Similarly, Bavalia et
al. reported anticoagulant regimen changes in 13.4%
(81/604) of patients and interruption or reversal of anti-
coagulation in emergency situations in 15.4% (92/604)
of cases (12). Another study by Reda S et al. found a
lower rate of anticoagulant switching from rivaroxaban
to apixaban (8%, 46/556) based on measured drug
concentrations [13].

The question of individualizing anticoagulant treat-
ment in women taking anti-Xa inhibitors is increasingly
being raised. Speed et al. 2021 [16] summarized data
from 8 reports of heavy menstrual or vaginal bleeding
[18, 19], including cases on rivaroxaban 24/96 (25%)
and on apixaban 4/43 (9.6%), comparison of bleeding
frequencies [19] between rivaroxaban 31/121 (41%)
with a VKA 8/121 (18%). In our study, 3/59 (5%) of
women on apixaban and 6/44 (14%) of women on ri-
varoxaban reported prolonged menorrhagia with plas-
ma levels in the expected ranges. A number of studies
are underway: RAMBLE, MEDEA and PERIOD aimed
to compare the frequency of menstrual bleeding in
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ariHoO KbpBEHE MPW XXEeHW, NpUeMalLy aHTu-Xa nHXmou-
TOpW UNK pyra aHTUKoarynaHTHa Tepanusi.

dapmakoreHomukaTta Ha [1IOAK e cpaBHUTENHO HOBa
obnacT Ha npoyyBaHe. belue nokasaHo, 4Ye kakTo dap-
MaKOreHoMmuKaTta, Taka WM CbOTBETHUTE IlEKapCTBEHU
B3aMMOAENCTBUS MoraT Aa gosedar 4o BapuabunHocT
B Nnasmara nekapctBeHn HuBa [19-21]. AnukcabaH ce
CBbp3Ba AMPEKTHO U MHXMBUpa cBobOoOHMSA 1 CBbp3a-
HMS B NPOTPOMOBUHa3HMsA komnnekc aktop Xa. Hakou
OT BaXHUTE (PapMaKOKUHETUYHN XaPaKTEPUCTMKN Ha
anukcabaH BkntouBat 50% nepopanHa 6roHanM4HoCT,
87% ce cBbp3BaT C NnasMeHuTe NPOTEUHU, JOCTUrAHE
Ha MMKOBa MnasMeHa KoHueHTpauus 2.5-4 yaca cneq
NPUINOXEHNETO My, MOMYXMBOT OT MpubnuauTenHo 12
yaca, YyepHoapobeH meTabonuabm npegumHo CYP3A4
n CYP3A5 n 25% ©ObbpedHa ekckpeuuns. OCHOBHUTE
nNbTYLWA 3a eNUMMHUPaHe Ha anukcabaH BkMoYBaT ou-
nuapHa/mHTecTuHanHa (56%) n ObbpedHa ekckpeuust
(24,5%). AnukcabaH ce TpaHcnopTupa oT P-rmukonpo-
TeunHa (P-gp) v breast cancer resistance protein (BCRP).
MoBuMwWweHaTa YpeBHa ekcrnpecust Ha nepmeabunuTeTeH
P-gp moxe pa Hamanu abcopbumsaTta Ha nekapcTsa,
KouTo ca cybcTpaTtn 3a ATP 3aBucuma ednykcHa now-
na. o 1031 Ha4nH MMa HamaneHa BMOHaNM4YHOCT U He
ce pocturaTt TepaneBTUYHM NasMeHu KOHLEHTpauuu.
P-rnukonpoTtenHbT e kogupaH ot reHa ABCB1. EdbekT
Ha reHeTUYHW BapuaHTu Ha reHHW nokycu B ABCB1 Bbp-
Xy ekcrpecuaTa Ha P-rmukonpotenH mMoxe ga obsicHu
HSIKOM OT BapvauumMTe B MUKOBUTE MIA3MEHN HMBA Ha
anukcabaH [9, 19, 23].

PuBapokcabaH cBbp3Ba kakTto cBOGOOHUSA (haKkTop
Xa, Taka 1 cBbp3aHns B NPOTPOMOMHA3HMSA KOMMIEKC
1 B cbeupeka daktop Xa. Mima opanHa 6uoHanmyHocT
oT npnbnuantenHo 80% KaTo cUCTEMHaTa eKkcrno3nuus
Ce noBsuLIaBa, KoraTo ce npunara no Bpeme Ha xpaHe-
He. [MMKoBUTE NNa3MeHu KOHUEHTpaumm HacTbnear 2-4
Yyaca crnef nNpuUnoOXeHNeTO My, Ma NOMYXWNBOT Ha enu-
MUHMpaHe okorno 10 yaca (ot 5 go 13 yaca) v Heroeata
aHTK-Xa aKTMBHOCT Ce BpbLla KbM U3XO4HOTO HMBO 3a
24-48 vaca. Exckpeuusita e B 66% 6b6peyvHa n B 30%
WHTeCTUHanHa. PuBapokcabaH ce meTabonuaupa oT
CYP450 nsoeHsnmu, npegumHo ot CYP3A4 (CYP2C8
n CYP2J2), cybeTpaT e Ha edpnykc TpaHcnopTepa P-gp
n Ha BRCP.

leHeTnyHuTe BapuaHT Ha ABCB1 n CYP3A4 ce
CBbP3BaT C UHTEPMHOMBUAYANHUTE Bapuaumn Ha nnas-
MEHWTE HMBa Ha anukcabaH n puBapokcabaH. CunHu
nHayktopn Ha CYP3A4 1 p-rmrKONpoTenH Kato pudpam-
nvH, kapbamasenuH, OEHNTOMH, BannpoeBa K1CENvHa,
deHobapbuTan MoraTt Aa HamansT NnasMeHnTe H1Ba Ha
anvkcabaH 1 oa JoBedar 40 He3a40BONUTENEH Tepanes-
TYeH edpekT. TakmBa hapmMakoreHeTUYHN B3aMMOLENCT-
BMS HabnogaBaxme Npu TpMma naumeHTn B rpynara Ha
anukcabaH ¢ Hucku HuBa 20-25 ng/ml, oBama npremaxa
kapbamasenuH v eguH Bannpoat (denakuH). B rpynata

women taking anti-Xa inhibitors or other anticoagulant
therapy.

The pharmacogenomics of DOAC is a relative-
ly new area of studyng. It has been shown that both
pharmacogenomics and relevant drug interactions
can lead to variability in plasma drug levels [19-21].
Apixaban binds directly to and inhibits the free and
prothrombinase complex bound factor Xa. Some of
the important pharmacokinetic characteristics of apix-
aban include 50% oral bioavailability, 87% binding to
plasma proteins, reaching peak plasma concentration
2.5-4 hours after administration, half-life of approxi-
mately 12 hours, hepatic metabolism predominantly
CYP3A4 and CYP3A5, and 25% renal excretion. The
main pathways of eliminating apixaban include biliary/
intestinal (56%) and renal excretion (24.5%). Apix-
aban is transported by the P-glycoprotein (P-gp) and
breast cancer resistance protein (BCRP). Increased
intestinal expression of permeability P-gp may de-
crease the absorption of drugs that are substrates
of the ATP-dependent efflux pump. Thus, there is re-
duced bioavailability and therapeutic plasma concen-
trations are not reached. P-glycoprotein is encoded
by the ABCB1 gene. Effect of genetic variants of gene
loci in ABCB1 on P-glycoprotein expression may ex-
plain some of the variations in peak plasma levels of
apixaban [9, 19, 23].

Rivaroxaban binds both the free factor Xa and the
factor Xa bound in the prothrombinase complex and in
the clot. It has an oral bioavailability of approximately
80% and systemic exposure increases when adminis-
tered during meals. Peak plasma concentrations occur
2-4 hours after its administration, it has an elimination
half-life of about 10 hours (5 to 13 hours), and its an-
ti-Xa activity returns to baseline in 24-48 hours. The
excretion is 66% renal and 30% intestinal. Rivaroxaban
is metabolized by CYP450 isoenzymes, mainly by CY-
P3A4/5 (CYP2C8 and CYP2J2), and is also a substrate
of the efflux transporter P-gp and BRCP.

Genetic variants of ABCB1 and CYP3A4/5 are
associated with interindividual variations in plasma
levels of apixaban and rivaroxaban. Strong inducers
of CYP3A4 and p-glycoprotein such as rifampin, car-
bamazepine, phenytoin and phenobarbital can reduce
plasma levels of apixaban and may lead to an unsat-
isfactory therapeutic effect [9, 21, 22]. Such pharma-
cokinetic interactions were observed in three patients
in the apixaban group with extremely low levels of
around 20-25 ng/ml, two taking carbamazepine and
one valproate (Depakin). In the rivaroxaban group, we
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Ha pvBapokcabaH MOHVPKEHW NMKOBM HMBA OTKPUXME NMpU
ABama, npuemalla kapbamasenuH 1 Npu eauH Ha Bannpo-
at, ceotBeTHO 102 ng/ml 147 ng/ml n 60 ng/ml. MauveH-
TbT C HACKM CTOMHOCTM Ha MMKOBO HMBO Ha pyBapoKcabaH,
Ha ObArocpoyHa Tepanus ¢ Bannpoar (sodium valproate)
nopagy nocTTpaBMaT/dHa enunencusi, uvaile craba
pekaHanuM3auust Ha BeHa dpemMopanuc 1 BeHa nonnurea
cnen HasHadeHo nedenve 21 gHm 2 x 15 mg/OD puapo-
kcabaH, 1 nocregsaly, eaHoMeceyeH npuem Ha 20 mg/OD
pviBapokcabaH. NauneHTbT e XeTeposuroTeH HocuTen Ha
Prothrombin 20210 G > A n 6eLue NPeBKIHOYEH Ha aLEeHo-
Kymapor 28 mg cegMmnyHo ¢ obbp nabopaTtopeH 1 Tepa-
NeBTMYEH OTroBOp crief 4-MeCceyvHo feveHve [24].

TpombodmnumaTa e HacneacTBEHO U/Mnu NPUACOUTO
npegpasnofioxXeHre, CBbp3aHo C MOBULLEH PUCK 3a Be-
HO3HW UK apTepuanHu Tpombo3n, Unu NPoTPoMOOTHY-
HO CbCTOsIHME. TepMUHBLT yHacnegeHa Tpombodunms
Han-4eCcTo ce npunara 3a CbCTOSHUA, NPU KOUTO reHe-
TUYHaTa MyTauua 3acsra KonmyecTBoTO Unn PyHKUMATa
Ha 6enTbK B KoarynauuMoHHaTa cuctema. Han-yectute
reHeTUYHM aedekTn B KNMHMYHATa npakTuka ca aedu-
LUMT Ha eCTECTBEHO CpeluallM Ce aHTMKOarynaHTu: aH-
TuTpombuH Il (AT), npotenH C (PC), npotenH S (PS) u
nonumopdmamu, paktop V Leiden (FVL) n npotpombuH
reHeH BapuaHT (G20210A Prothrombin). O6wo npreto
e, ye gedbmuntbT Ha AT, PC, PS 1 XOMO3UrOTHU MyTa-
uum FVL n G20210A Prothrombin, cBbp3aHu ¢ ycunea-
He Ha yHKUMATa, NPUYUHABAT TexKa TpoMOounus.
EdekTbT Ha eguHNYHUS reHeTUYeH (akTop camoCTosI-
TEMNHO 3a Bb3HMKBaHE Ha TPOMOOTMYHO 3abonsiBaHe e
YMepeH, HO MOXe fa npuaobue KIMHWYHO 3HaveHue
B MPUCBHCTBMETO Ha OOMbIHUTENHU FEHETUYHU (DaKTO-
pu unu akTopu Ha okonHata cpefa. B egHa Tpeta ot
HalLMTe MauneHTN ca OTKPUTU AOMbIHUTENHU dhakTopu
OT OKOrHaTa cpefa, NpMeM Ha OparnHu KOHTpauenTuBMy,
OpeMeHHOCT, NOCTPOAOB NEPUOA, XUPYPIUYHU UHTEp-
BEHLMM, MHEKUMI, TPaBMWN.

HacnepcteeHata Tpombodunusa Boan [O pas-
NWYHU KNUHUYHK nposaBu — npeaumHo BTE, kouto
N3nCKBaT aHTuKoarynaHTHa Tepanus [28]. CkopolueH
aHanua Ha E. Campello u cbTp. (2020) nokasa, 4ve
OOAK umaT nogobHa edmkacHocT Ha BKA npu ne-
yeHueTo Ha BTE npu nauyneHTn ¢ Tpombochunug, 6es
3HAYMTENMHN PasfiMkM MO OTHOLIEHUEe Ha OCTaTbyHa-
Ta BeHO3Ha Tpomb0o3a 1 NOCTTPOMBOTUYEH CUHOPOM,
0e3 ronemun enn3ogu Ha KbpBEHE M MO-HUCBK 2-To-
AvLeH puck oT peungme Ha BTE cnep cnvpaHe Ha
aHTuKoarynaHTa [25]. CuctemaTudeH nperneg n me-
TaaHanus ot Elsebaie n cbTp. nokasa edukacHocT-
Ta Ha JOAK (ocHoBHO gaburaTpaH, pvBapokcabaH)
3a npegoTepataBaHe Ha peumamB Ha BTE cnpsimo
BKA npu naumeHTM ¢ HacneacTseHa Tpombodunus
[26]. Mpu npoyyBaHe Ha 45 NauUEHTU C TEXKN TPOM-
6odunum Serrao n cbTp. nocoysart, 4e JOAK ca obe-
LlaBall, TepaneBTUYEH BapuaHT MO OTHOLIEHME Ha

found severely reduced peak levels of 102 ng/ml 147
ng/ml n 60 ng/ml, respectively in two patients taking
carbamazepine and one taking valproate. The patient
with extremely low peak rivaroxaban levels on long-
term sodium valproate therapy due to post-traumatic
epilepsy, had poor recanalization of the femoralis vein
and the poplitea vein after treatment of 21 days 2x15
mg/OD rivaroxaban, followed by a one-month intake
of 20 mg/OD rivaroxaban. The patient was a hetero-
zygous carrier of Prothrombin 20210 G > A and was
switched to acenocoumarol 28 mg/week with a good
laboratory and therapeutic response after 4 months of
treatment [24].

Thrombophilia is a hereditary and/or acquired pre-
disposition associated with an increased risk of ve-
nous or arterial thrombosis, or a prothrombotic state.
The term inherited thrombophilia is most commonly
applied to conditions in which a genetic mutation af-
fects the quantity or function of a protein in the coag-
ulation system. The most common genetic defects in
clinical practice are deficiency of naturally occurring
anticoagulants: antithrombin Il (AT), protein C (PC),
protein S (PS), and factor V Leiden (FVL) polymor-
phisms, and prothrombin gene variant (PT20210A).
It is generally accepted that deficiency of AT, PC,
PS, and function-enhancing homozygous mutations
FVL and homozygous Prothrombin G20210A cause
severe thrombophilia. The effect of a single genetic
factor alone on the occurrence of thrombotic disease
is moderate but may acquire clinical significance in
the presence of additional genetic or environmental
factors. In one third of our patients, additional envi-
ronmental factors as oral contraceptives, pregnancy,
postpartum period, surgical interventions, infections
or traumas were found.

Inherited thrombophilia leads to various clinical
manifestations, mainly VTE, which require anticoag-
ulant therapy [28]. A recent analysis by E. Campello
et al. 2020 showed that DOACs had similar efficacy
to VKA in the treatment of VTE patients with throm-
bophilia, with no significant differences in terms of
residual venous thrombosis and post-thrombotic
syndrome, no major bleeding episodes, and a lower
2-year risk of VTE recurrence after discontinuation
of the anticoagulant [25]. A systematic review and
meta-analysis by Elsebaie et al. 2019 showed the ef-
ficacy of DOACs (mainly dabigatran, rivaroxaban) in
preventing recurrence of VTE versus VKA in patients
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edmkacHocTTa u 6e3onacHocT 3a fieyeHne Ha BTE
[27]. N3amepeHMTe nnasmeHn HUMBa Ha anukcabaH u
puBapokcabaH ca CpaBHUMM B rpynarta nauumeHTu c
notebpaeHa BTE gmarHosa v HacnegctBeHa TpOM-
bodunus ¢ obwara rpyna BTE, koeTo nokasea 4e
OOAK moxe ga 6bae noteHumanHo gobpa antep-
HaTuBa 3a aHTuKoarynaumsa B nedyeHve Ha BTE npu
nauveHTn c HacneacTeBeHa Tpombodunuga [25-28].
B onucaHute ot Hac nogrpynu Ha BTE n TOP, npu
yeTupuma naumeHTun 4/54 nabnogaBaxme peunanem
Ha BTE nopaau nowo npuabpxaHe KbM Ha3HavyeHa-
Ta Tepanus, NpMem Ha BannpoaT M NPUCHCTBME Ha
OOMbIHUTENEH PUCKOB aKTOP.

AHanuanparku HalmnTe JaHHU U Te3n B Opyru npo-
y4BaHUs NpreMamMe, Ye OLeHKa Ha pucka 3a HexernaHm
CbOMTUS € KOMMNIIEKCEH W 3aBUCK OT pasnnyHN dakTo-
py KaTo yHacrnegeHn TPoMOOMUNHM PUCKOBU haKTo-
pu, Opyrv NpoBOKUpaLLM hbakTopu OT OKonHaTta cpeaa,
aemMorpadckn xapakTepucTuKkn, nnasMeHu HuBa Ha
MeaMKaMeHTUTe, Mexay NeKapCTBEeHU B3aMMOOENCT-
BUS 1 € TPYAHO Aa Ce OTAenu camocTosiTeneH dakTop,
KOWTO Aa nogobpu KNMHMYMSA pesynTar.

3AKNIOYEHUE

B 3akntoveHune, noHacTosiLLEeM pa3nonarame ¢ MHO-
)KECTBO aHTUKOArynaHTH1 Bb3MOXHOCTM 3a Jle4eHME Ha
BTE. N360pbT Ha Noaxoasily, aHTMKOarynaHT e OT 3Ha-
YeHWe 3a HamansiBaHe Ha YCrOXHeHusTa U cnefsa aa
Obae cbobpaseHo C nekapcTBEHM B3aUMOLENCTBUA,
KbpBeHe unm Tpomb0o3a Ha hoHa Ha NpMeM Ha aHTUKO-
arynaHT, ¢ HacneacTBEHU n/unm no-4yecto npuaobutn
puckosu dpaktopu. Hue He OTKpuxmMe pasnuyng B nnas-
MeHuTe HuBa Ha JOAK npu naumeHtn ¢ BTE cbe unm
0e3 HacneacTeBeHa Tpombodmnusa. HamepeHnte mex-
OyVHOMBUOYANHN pasnuynsi B UsMepBaHUTE Nia3MeHu
KOHLeHTpauun Ha nacnegsanunte JOAK n pesyntatute
OT TEeCTOBETe, MoraT fa nocnyxar npn oomMucnsiHe Ha
Kopekumn Ha gosarta. CneundunyHo KanubdpupaHu aH-
TU-Xa XpOMOreHeH aHanumsm ca YyBCTBUTENHN U TOYHU
npu onpegensaHe Ha nnasmMeHuTe HUBaA Ha OUPEKTHU
FXa nHxmbutopu, umat KpaTko BpemMe 3a n3amepBaHe U
NecHO ce aganTupar KbM XeMOCTa3HUTE aHanM3aTopu.
Bbnpekn WmpokuTe TepaneBTUYHM MPO30pLUM Ha HO-
BUWTE AMPEKTHU MepoparnHu aHTukoarynaHtu 6baeLm
nacriegBaHus TpsibBa Aa 6baart pokycupaHu Bbpxy Us-
crnefBaHe Ha reHeTUYHWUTE BapuaHTW U MOMEKYNHUTE
MeXaHVU3MK, KOUTO OOMPUHACAT A0 NPOMsiHA Ha nnas-
MeHuTe HMBa Ha [JOAK. KakTto dapmakoreHomukaTa,
Taka M CbOTBETHUTE FEKAPCTBEHM B3aMMOLEWNCTBUS
MoraT ga gosefaTt 4O BapuabunHOCT B MNras3mMeHuTe
HMBa Ha NeKapcTBOTO, KOETO [a U3UCKBA KOpeKuns Ha
[osata unu NnpoMsiHa Ha aHTuKoarynaHra.

He e deknapupaH KOH¢hnukm Ha uHmepecu

with inherited thrombophilia [26]. In a study of 45 pa-
tients with severe thrombophilias, Serrao et al. 2019
showed that DOACs are a promising therapeutic op-
tion in terms of efficacy and safety for the treatment
of VTE [27].

In our study, we found no differences in mea-
sured plasma concentrations of apixaban and rivar-
oxaban in the VTE group compared to VTE and in-
herited thrombophilia, indicating that DOAC may be
a potentially good alternative for anticoagulation in
the treatment of VTE in patients with thrombophil-
ia [25-28]. In the subgroups of VTE and THRPH,
described by us, in four patients 4/54 we observed
relapses of VTE due to poor adherence to the pre-
scribed therapy, valproate intake and the presence
of an additional risk factors.

Based on our data and findings from other studies,
we conclude that risk assessment for adverse events is
multifaceted, influenced by inherited thrombophilic risk
factors, additional environmental triggers, demograph-
ic characteristics, plasma drug levels, and drug-drug
interactions. Given this complexity, isolating a single
determinant to optimize clinical outcomes remains
challenging.

CONCLUSION

We currently have multiple anticoagulant treat-
ment options for VTE. The choice of an appropri-
ate anticoagulant is important for reducing compli-
cations and should be considered with regard to
drug interactions, bleeding or thrombosis on anti-
coagulant therapy, inherited and/or more commonly
acquired risk factors. We found no differences in
plasma levels of DOAC in patients with VTE, with
or without inherited thrombophilia. The differences
found between individual in the measured plasma
concentrations of the DOACs can be used when
considering dose adjustments. Specifically calibrat-
ed anti-Xa chromogenic assays are reliable and
sensitive in determining plasma levels of direct FXa
inhibitors, have a short measurement time, and are
easily adapted to hemostasis analyzers. Despite
the wide therapeutic windows of new direct oral an-
ticoagulants, both pharmacogenomics and relevant
drug interactions can lead to variability in plasma
drug levels, requiring dose adjustment or change of
anticoagulant.
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