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JEKAPCTBEHHU B3AUMOJEVICTBUSA
C HOBHU ITIEPOPAJIHU AHTH-
KOAT'YJIAHTH

Bupmxkunus LlankoBa', Beceann Ilerpos?

! Kameopa no ¢papmaronoeus, papmaxomepanus
u mokcuxonozaus, Meduyuncku ynugepcumem -
Cogus, > VHC no cvoosa xupypeust, Meouyuncku
YHusepcumem - Bapna

PE3IOME

JlexapcTBenute B3amMonetictBus (JIB) m Hexena-
HuTe jnekapctBern peakruu (HJIP) m3mckmar Bce
[O-TOJSIMO BHMMAaHHME IOpagd TOBa, 4Y€ TIOJSM
Opoli MalMeHTH ce XOCHHUTAJIM3UpaT WM OCTaBaTr
XOCTIUTAJIN3UPAHY 32 NTO-IbIbI IIEPHOJ, OTKOJIKOTO €
Heobxonumo. ITpunoskeHneTo Ha MHOT'O JIEKapCTBEHH
cpenctBa (cpemHo 8-12 mpu XOCTUTATH3UPAHHUTE
MaleHTy) € OoOMYaifHa IMpakTHKa MPH JICYCHHUETO
Ha Te3u OOMHU. AHTHKOAryJlIaHTHTE ca MEXIy Haii-
YecTO TMpUIIaraHUTe JIEKApCTBa, KOUTO MPHYUHSIBAT
HJIP y xocnuranu3upaHuTe NalUeHTH, U TPELIKUTE,
CBBP3aHH C TSAXHOTO MPHJIOKEHHE OCTaBaT YECTH.
Bw3pactHure ©  chpAeYHO OONHM — MAIMEHTH
MPEACTABISIBAT TOIMYJNANH, KOUTO Ca MOAJIOKEHH
Ha BHCOK PHUCK OT JIEKAPCTBEHU B3aUMOJCHCTBUS U
HJIP, cBbp3aHM ¢ aHTUKOATYJIaHTHOTO JICUEHUE.

B Hacrosmms 0030p ce pasmiexaar KIMHUYHO
3HauUMHTE (HAaPMAKOKMHETHYHU U (apMaKoJrHa-
MUYHHU JICKAPCTBEHH BaMMOJICWUCTBHS C HOBHUTE
NepopatHu AHTUKOATYJaHTH, BKITIOUUTETHO
dabigatran, rivaroxaban u apixaban. Haii-Baxxuu-
te ¢dapmakokuHetnunn JIB  ce  ¢okycupar
BbpXy MEXaHM3MHUTE, 3acAralld TPaHCHOPTHHS
mmkorporend (P-gp) w/unm ensumute ot GpaMums-
Ta Ha uuTOoXpoM P-450. [lo3HanusTa BEpPXY JEKapCT-
BaTa, y4acTBalld YeCTO B JICKAPCTBEHH B3aUMO-
neiicteus (JIB), u ocobeHo Te3u, KOUTO TMPOMEHST
(GyHKIMUTE HA  TPAHCHOPTHHS  DIMKONPOTEHH
(P-gp) u CYP450, u npenuzsuksar HJIP, TpsiOBa
Jla TOMOTHAT Ha KJIMHULIMCTUTE Aa DPa3lo3HaBaT
n wusbsarBar mnorennuamaute HIIP, cBBbp3aHm ¢
AQHTUKOATyJIaHTHOTO JICYCHHUE.

KirouoBu AYMU: AHTUKOAr'yJlaHTHa  TCpanusd,
JICKapCTBCHU BaSI/IMO,HefICTBI/IH, HEXKEJIaHU JICKapCT-
BCHU PCaKIUU.

BBBEJEHUE

AHTaFOHI/ICTI/ITe Ha ButamuH K (warfarin,
acenocoumarol) ce m3MoI3BaT KaTo CpeICTBa

3a e(eKTMBHA AHTHKOATYJaHTHA Teparus IOoBeYe
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ABSTRACT

Drug-drug interactions (DDI) and adverse drug
effects (ADR) have received much attention
because many patients are being hospitalized or
remain hospitalized longer than necessary. The use
of multiple drugs (8—12 on average in hospitalized
patients) is common in a number of therapeutic
regimens. Anticoagulant drugs are among the most
commonly implicated medications that cause ADR in
hospitalized patients and medication errors involving
anticoagulant drugs remain common. Elderly and
cardiac patients represent populations at particularly
high risk for suffering anticoagulant-associated
ARD and drug interactions.

We review clinically significant pharmacokinetic
and pharmacodynamic drug—drug interactions
(DDIs) with the new oral anticoagulants, including
dabigatran, rivaroxaban, and apixaban. The main
pharmacokinetic drug interactions are focused on
drugs affecting the permeability glycoprotein (P-gp)
efflux transporter protein and/or cytochrome P- 450
enzymes. Awareness of drugs that are involved in
drug-drug interactions and especially those that alter
the function of the P-gp efflux transporter protein and
CYP enzymes and provide adverse effects should
enable clinicians to anticipate and avoid potential
DDIs involving the anticoagulants.

Keywords: anticoagulant therapy, drug interactions,
adverse drug reactions.

INTRODUCTION

itamin K antagonists (warfarin, acenocoumarol)

have been used as an effective anticoagulation
therapy for more than 50 years. Nevertheless,
the well-known limitations of coumarins such as
narrow therapeutic index, genetic polymorphism and
subsequent variable individual responses and many
food and drug interactions, led to the discovery of new
oral anticoagulant drugs (NOACDs). In the recent
years, three new oral anticoagulant drugs have been
introduced in therapy, including apixaban, dabigatran
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oT 50 roauHu. BbBmOpeku TOBa, ChHIIECTBYBAIIUTE
OTPaHWYCHHUS B TPUIOKEHHUETO HAa KyMapUHHTE,
KaTo TECeH TepaneBTHYEH WHTEPBaj, T'CHETUYCH
nmonuMopdu3bM W TOCTenBall  BapuaOWIeH
WHAWBHUIyaJieH OTTOBOp Ha JICYCHHETO, KaKTO
U MHOXKECTBOTO XpaHUTCIHH W JIEKAPCTBEHU
B3aMIMOJICHCTBUSL C Te3W JIEKapCTBa, JOBene 10
pa3paboTBaHe Ha HOBU aHTUKOATYIIATHH JIEKapCTBa
3a mepopasno mnpuinoxkenune (HOAK). Ilpes
MOCIICIHATE TOAWHU OfiXxa BBBEICHH TPU HOBHU
MepopaHi aHTHKOaryjianTa - apixaban, dabigatran
n rivaroxaban. Te ca IMHUPOKO W3MOI3BaHU B
KIIMHUYHATa TpaKkTUKa OnaromapeHne Ha TAXHATa
e()MKacHOCT, CpaBHUMAa C Ta3W HA AHTAarOHWCTUTE
Ha ButamuH K, 3HaunTenHo mo-moOpus cu
nmpodw Ha 0e30macHOCT W JieCHa cXeMa Ha
no3upane. HOAK ce paznmmuaBaT OT KyMapuHOBUTE
MepopasHi aHTHKOATyIaHTH [0 MEXaHW3Ma Ha
JeficTBHe, BKIIOYBAIl [IWPEKTHA WHXUOWIMSA Ha
MPOTeMHW B KoaryjdaHTHara Kackama (cdwur. 1).
Te wumar mo-mpeackasyema (papMakOKWHETHKA U
(apMakogHaMUKa, W TO3BOJISIBAT  (PUKCUpaHa
JTHEBHa CxeMa Ha jJo3upaHe 6e3 HeoOXOIUMOCT OT
PYTHHEH MOHUTOPUHT Ha anTukKoarynamusata. HOAK,
o0ade, MOXe J1a HE C€ OKa)KaT MOAXOJISIIN 38 BCEKH
nanueHT. brOpeunarta GyHKIUS, KOSTO ce TIOHIKaBa
C Bb3pacTTa, W peHaJHaTa HeIOCTaThbYHOCT ca
OCHOBHH PHCKOBH (PaKTOpPH 3a IMOBHIICHO KbpBEHE
[0 BpeMe Ha aHTUKOoaryjaanusTa, He3aBHUCHMO OT
unaukanuute (16).

HOAK mnputexaBar mo-majiko KIUHUYHO 3HAYUMHU
HJIP, B cpaBHEHUE € KITACUYECKUTE aHTUKOATYJIAHTH,
kato warfarin u acenocoumarol. [lopagu ToBa, 4e
nanuenTure, tekyBanu c HOAK, He ce MonuTOpupar
PYTHUHHO 3a IPOMEHU B aHTUKOATYJIAIUATA, JICKAPUTE
Tpsi0Ba Ja ca HAasCHO, Y€ TSAXHOTO MPHIIOKEHHUE CHIIO0
MOJKE /1a TOBEJIE 10 HEXKETAHU JIEKAPCTBEHHU PEaKIIUU
(14).

B To31 0030p ca onucanu Hali-BaKHUTE MEXaHU3MH
Ha JeiicTBHe, KakTO U (HapMaKOKUHETUYHHTE
CBOWCTBA Ha HOBWTE MEPOPATHH AHTHUKOATYIAHTH
dabigatran, rivaroxaban u apixaban. [IpencraBena e
Y W3BeCTHaTa 70 MoMmeHTa mH(popmarms 3a HJIP ¢
JPyTH BaKHU KJIaCOBE JIEKapCTRA.

PAPMAKOJIOTUYHU 1 PAPMAKOKHHE-
THUYHU XAPAKTEPUCTHUKU HA HOAK

HOAK ce xmacuduiupar B JBa OCHOBHHM KJjaca,
cCropell MEXaHW3Ma Ha JICHCTBUE: JTUPEKTHU
naxuouropn Ha (aktop Xa (FXa) - rivaroxaban u
apixaban, ¥ JTUPEKTHH AHTHUTPOMOWHOBH WHXU-
outopu - dabigatran etexilate, prodrug mHa dabigatran
(@wr. 1). Apyru mupextan FXa naXuOUTOpH, KOUTO

and rivaroxaban. They are being commonly used due
to their efficacy, which is comparable to that of the
vitamin K antagonists, a higher safety profile and
a simple administration schedule. The NOACDs
differ from coumarins in their mechanism of action,
because of direct inhibition of proteins of the
coagulation cascade. They have more predictable
pharmacokinetics and pharmacodynamics profiles
and allow fixed daily dosing without the need for
routine coagulation monitoring. However, NOACDs
may not be suitable for every patient. Renal function is
known to deteriorate with age, and renal impairment
is a major risk for bleeding during anticoagulation
regardless of the indication (16).

NOACDs appear to have fewer clinically
significant drug-drug interactions (DDI) compared
with classical oral anticoagulants, like warfarin
and acenocoumarol. However, because patients
treated with the new oral anticoagulants are not
routinely monitored for changes in anticoagulation,
practitioners must be aware of their pharmacokinetic
and pharmacodynamic profiles and possible DDI
(14).

Thisreview will describe the mechanism of action and
pharmacokinetic profiles of dabigatran, rivaroxaban
and apixaban, and will provide information about
the known DDI that can occur with other important
classes of commonly used drugs.

PHARMACOLOGICAL AND PHARMACO-
KINETIC CHARACTERISTICS OF NOACDs

The NOACDs are classified in two broad
categories: the oral direct factor Xa (FXa) inhibitors
(rivaroxaban and apixaban) and the oral direct
thrombin inhibitor (dabigatran etexilate, the prodrug
of dabigatran) (Figure 1). Other direct FXa inhibitors
being investigated in clinical trials are edoxaban and
betrixaban (15).

Factor Xa Inhibitors

Factor Xa inhibitors competitively inhibit activated
factor X. Factor Xa unifies the intrinsic and extrinsic
pathways; therefore, these drugs have an impact on
the coagulation cascade as a whole.

Rivaroxaban is a direct factor Xa inhibitor approved
for use in nonvalvular atrial fibrillation and deep vein
thrombosis and pulmonary embolism treatment and
prophylaxis, following large joint replacement (5).
Rivaroxaban attains a peak concentration 2.5-4 h
after dosage of one or two tablets daily, with a half-
life of 5-9 h (9—13 h in elderly). Current manufacturer
recommendations are to use with caution in patients
with moderate renal impairment (defined as a CrCl
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Que. 1. Mexanusvm Ha oeticmeue Ha HOAK 6 koazynayuonnama xackaoa.

ca B eTal Ha KIIMHWYHY M3MUTBaHus, ca edoxaban u
betrixaban (15).

Huxuoumopu na gpaxmop Xa

Nuxubutopure Ha QakTop Xa KOHKYPEHTHO
MHXUOWpAT aKTHBHUSA ICHTHP Ha (pakTop X, Karo
OJIOKHpAT B3aNMOJICHCTBHETO C HETOBHUTE CYOCTpaTH.
®dakrop Xa o0emuHsABAa BHTPEITHATA W BBHHITHATA
cUcTeMa Ha KPBBOCHCHPBAHETO, €TO 3all0 Te3H
JIeKapCTBa UMAT Bb3JIeHCTBUE BBPXY IsU1aTa KacKaa.
Rivaroxaban e mupexTeH WHXHOHTOpP Ha (akTOp
Xa, omoOpeH 3a ymorpeba TpH MPOQPUITAKTHKA
Ha HHCYJIT W CHUCTCMHAa emMOomus pu HCEKJIAITHO
MPEACHPAHO MBXIEHE, 3a TNpodUIaKTHKAa Ha
BEHO3eH TpPOMOOEMOONM3bM  TIPU  BB3PACTHH
DalMCeHTH, TIIOAJIOKCHH Ha CJICKTHBHO TOTAaJIHO
CTaBHO IMpOTE3WpaHe Ha Ta3zo0eqpeHara WM
Ha KOJNSHHaTa CTaBa, KAaKTO W 32 JICUCHHE W
npodunakTuka Ha OenoapoOHa TPoMOOeMOOIHs
u BeHo3eH TpoMOoemOonu3bpM (5). Rivaroxaban
JOCTUra MakCHMaJlHa TUIa3MEHa KOHIIEHTpalMs 3a
2.5-4h cien npuiIoKEHUE HA €THA WITH JIBE TaOJIETKU
JTHEBHO, C BpeMe Ha MOJYXHBOT OT 0koJio 5-9 h (9-
13 h npu BB3pacTHU mauueHTH). B mpomykroBara
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30-50 ml/min) and to avoid in patients with severe
renal impairment (defined as CrCIl<30 ml/min).
Regarding hepatic function, there was a noted
increase in exposure to rivaroxaban when observed
in patients with moderate hepatic impairment
(Child-Pugh class B); however, there are currently
no recommendations on dose adjustment based
on hepatic function (2). The drug is a substrate of
CYP3A4 and P-glycoprotein transporters. Therefore,
special consideration should be given when
coadministering medications that inhibit or induce
the CYP450 enzymes or P-glycoprotein transport, as
this may change rivaroxaban exposure(9).

Apixaban is a potent, oral, reversible, direct and
highly selective active site inhibitor of factor Xa.
By inhibiting factor Xa, apixabanprevents thrombin
generation and thrombus development. It is indicated
for prevention of venous thromboembolic events
in adult patients who have undergone elective hip
or knee replacement surgery and in prevention of
stroke and systemic embolism in adult patients
with non-valvular atrial fibrillation (6). Apixaban
is rapidly absorbed with maximum concentrations
(Cmax) appearing 3 to 4 hours after tablet intake.
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uHpOpMaIMA ce MpernopbyBa 3acera TOH aa Obje
npuiaraH ¢ BHUMaHHE NPH MAlMEHTH C yMepeHa
ObOpedHa HemOCTaThYHOCT (JedHUHUpaHA KaTo
KpeaTHHUHOB KiIupbHC 30-50 ml/min) u na ce n3osrea
IpY NAMEHTH C TeXKa ObOpedHa HEeIOCTaThYHOCT
(meuHMpaHa KaTo KpeaTHHWHOB KIUpBHC <30 ml/
min). [lo oTHOmEHNE Ha YepHOAPOOHaTa (DYHKIHS €
HaOII01aBaHO 3HAYMMO YBEIMYCHUE HA NEHCTBUETO
Ha rivaroxaban ©OpuM MAOUEHTH C yMepeHa
yepHoapoOHa HemocrarbyHOcT (Child-Pugh class
B); 3acera, obadue, HAMa TIPETIOPBHKU 3a TPOMSIHA
Ha JO3UpOBKara, Oa3upallku ce Ha H3MEHEHUS
B d4epHompoOHata ¢yHkmusS (2). JlekapcTBoTO €
cyoctpar Ha CYP3A4 n nHa P-mmukompoTenHOBHS
tpancroprep (P-gp). Eto 3ampo, cnemumanHo
BHUMAaHUE TpsA0Ba Aa ce OTAENN Ha €THOBPEMEHHOTO
[IPUIOKCHHUE HA JIEKApCTBA, KOWUTO MHXMOMpAT WM
naaynupar cucremara Ha CYP450 nmm P-gp, Toit
KaTo T€ MOTraT Jia MPOMEHST KIMUYHUTE ePEeKTH Ha
rivaroxaban (9).

Apixaban e MOIIIeH, BUCOKO CEJIEKTUBEH, TICPOPAJICH,
o0OparuM, AMPEKTeH WHXUOUTOp Ha Qakrop Xa.
Upe3 wunxubupane Ha Qakrop Xa, apixaban
MIPEIOTBpATsBa CHHTE3a HA TPOMOWH U oOpasyBaHE
Ha TpoMOu. Tol e mokazaH 3a mpodUITAKTHKA
Ha BEHO3HHM TPOMOOEMOOIMYHU CBHOUTHSA TpH
Bb3PACTHU TAlMEHTH, IOJJIOKEHHU Ha EJEeKTHBHO
TOTAJHO CTaBHO NpOTE3WpaHe Ha Ta3zo0eapeHara
WM KOJSIHHATa CTaBa, KaKTO W 3a MpO(UIIaKTHKA
Ha MO3BYEH HUHCYIT M CHUCTEMHa eMOOJHs TpH
MNalMeHTH C HEKJIAMHO NPEACHPAHO MBXKICHE
(6). Apixaban ce abcopbupa OBp30 u JjocTHra
MaKCHUMaJIHU MIa3MeHH KoHLeHTpauu (Cmax) cien
okoJ10 3-4 h. CBpp3BaHETO C IUIa3MEHHUTE MPOTEHHH
e okono 87%. Apixaban umMa MHOTO IThTHINA
Ha enumuHHpaHe. Okono 25% oT npuoKeHus
apixaban ce MeTabonu3upa B YepHUS APOO, a OKOJIO
elHa YeTBBPT C€ OTHENs HENPOMEHEH C ypHUHATa.
BbrOpeunara exckpenus Ha apixaban gompuHacs 3a
0KO0JI0 27% OT TOTaIHMS KIUPBHC.

Jlupexmuu mpomounosu unxudumopu

Dabigatran e MOHOBaJIeHTEH TUPEKTEH TPOMOMHOB
WHXHOUTOP, KOWTO € omoOpeH 3a MpoQHIIaKTHKa
Ha WHCYAT M CHCTEMHa €MOOIUs NpHU HEKJAIHO
NPEACHPAHO MBXKACHE W 3a Npo(UIaKTHKa Ha
BEHO3CH TPOMOOEMOONHM3bM TIPH  BB3pPacTHH
MALMEHTH, IOAJI0KEHH Ha €JIEKTHBHO TOTAHO CTABHO
[IpOTE3MpaHe Ha Ta300eApeHarTa WM Ha KOJISHHATa
ctaBa (7). Schulman u cpaBt. (19) ca ycraHoBHIH,
ge dabigatran ¢ edexkTuBEeH 3a MPOABILKUTEITHO
JICUCHHE Ha BEHO3CH TPOMOOEMOOTH3BM.
HaOnromaBan € MO-HUCBK PUCK OT KJIMHUYHO

Plasma protein binding in humans is approximately
87%. Apixaban has multiple routes of elimination.
Approximately 25% of the administered apixaban
dose in humans was recovered as metabolites, with
the majority recovered in faeces. Renal excretion of
apixaban accounts for approximately 27% of total
clearance.

Direct thrombin inhibitors

Dabigatran is a monovalent direct thrombin inhibitor
that is currently approved for the prevention of stroke
in nonvalvular atrial fibrillation (7). Schulman et al.
(19) recently found dabigatran to be effective in the
extended treatment of venous thromboembolism.
There was a lower risk of major or clinically relevant
bleeding when compared with warfarin but a higher
risk than compared with placebo.Dosed as a twice
daily oral tablet, dabigatran reaches a peak plasma
concentration after 1-2 h with a half-life of 12-17 h.
Renal clearance accounts for 80-85% elimination of
dabigatran. Doses should be reduced in patients with
moderate renal impairment (defined as CrCl 30-50
ml/min) and should be avoided in patients with
severe renal impairment (defined as CrCl 15-30 ml/
min) and concomitant use of medications requiring
use of P-glycoprotein. Current manufacturer
recommendations state that dosing modifications are
not necessary in patients with hepatic impairment
(8).

Table 1 summarizes the pharmacokinetic profiles
of NOACDs. Impaired renal function will affect
dabigatran pharmacokinetics the most, given its
predominant excretion via the renal route, whereas
rivaroxaban and betrixaban would be affected the
least, due to its metabolism being mainly altered
by changes in liver function. Special attention
should also be paid to older people, patients with
renal or liver impaired function and people who are
underweight or obese. Ageing results in the changes
of some physiological functions, such as liver or
renal function and a lower catabolism, which may
require lower drug doses. Additional factors such
as like comorbidities and polypharmacy, which
are common among older people, make the patient
population more prone to complications from the use
of anticoagulants. Therefore, renal function should
be closely monitored (17).

DRUG-DRUG INTERACTIONS WITH NOACDs:
MECHANISMS AND EXAMPLES

Pharmacokinetic Drug-Drug Interactions
Despite the predictable pharmacokinetic
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3HAUUMO KbpBEHE, B CpaBHEHME ¢ warfarin, HO mo-
BHCOK PHCK, B CpaBHeHHE C Iutaue6o. B moza nBa
I'bTH THEBHO IO eHa TabneTka, dabigatran gocrura
MUKOBa IUIa3MeHa KoHUeHTpauus cieq 1-2 h, c
BpeMe Ha momykuBoT oT 12—17 h. Jlo oxomo 80—
85% ot dabigatran ce enuMuHHpa upe3 ObOpeyHa
exckpenus. Jlozuposkara TpsiOBa qa Oble HaMaleHa
[IPY NALMEHTH ¢ yMepeHa Ob0peyHa HelOCTaTbYHOCT
(meduHMpana karo KpeaTMHHHWHOB KiWpbHC 30-50
ml/min). [Ipunoxxenuero My TpsiOBa na ce n30sATBa
IIPH TIAIMEHTH ¢ TeXKa OBOpedYHa HEeIOCTATHUYHOCT
(meduHUpana KaTo KPEaTMHWHOB KIHpPBHC 15-30
ml/min) ¥ TIpu CHITBTCTBAIIA TEPaIHs C JIEKapCTBa,
KOMTO B3aumojeictBar ¢ P-gp. B mpoaykroBara
nHGOpMaIysi, MPOM3BOAUTENAT HE IPEnopbuBa
KOpEeKIIMsS Ha JO3UpOBKAaTa IMpH MalUeHTH C
qepHOAPOOHH TIpodIeMH (8).

Harabnuma 1 canpencraBenn hapMakOKHHETUIHHATE
xapakrepuctiukn Ha HOAK. Brnomenara 6b0peuna
(¢byHKIMA 3acsra Hail-Beye (hapMaKOKMHETUYHHTE
cBoiictBa Ha dabigatran, mopagum  ObOpeuHara
SKCKpeIHs Ha JIEKapCcTBOTO, IOKATO MPH rivaroxaban
YepHOPOoOHATa PYHKIIUS € OCHOBEH (paKkTop, mopaau
¢daxTa, 4e eITMMUHHPAHETO C€ M3BHPIIBA OCHOBHO
ype3 uepHOApoOeH MerabonmuzbM. CrHenuanHo
BHUMaHWE TpsIOBa Ja ce OTACNs Ha NalUueHTUTE
B HalpeAHANa BBb3PACT, MAIMEHTHTE ¢ ObOpeuHH
YBPEXJaHMUS U TE3H, KOUTO Ca C TI0]I- MJIK HAJITHOPMEHO

characteristics of the new anticoagulants, some DDI
might happen at the level of absorption, distribution,
protein binding, metabolism or excretion. These
interactions are mainly mediated by one protein,
called P-gp transporter protein and the Cytochrome
P-450 oxidative reactions enzymes.

P-gp (Permeability glycoprotein)

P-gp is a well characterized transporter protein
which plays an important role in drug disposition.
It is constitutively expressed and distributed among
several tissues, including the kidneys, liver, and
small intestine (11). In the liver and kidneys, P-gp
activity increases the rate of drug removal from the
circulation by increasing drug excretion into the
bile and urine. Therefore, the inhibition of P-gp can
result in changes in the level of drug absorption and
excretion, potentially leading to increased plasma
concentrations and, in the case of anticoagulants,
increased bleeding risk. Conversely, induction of
P-gp can lead to reduced drug concentrations and
efficacy, possibly leading to an increased risk of
thromboembolism or stroke.

Cytochrome P-450

Cytochrome’s P-450 are a family of isoenzymes
which are mainly involved in the oxidative drug
metabolism. The majority of CYP enzymes are
located in the liver and small intestine, with smaller

Tabmuna 1. dapmakoknHeTHUHH XapakTepucTiuku Ha HOAK*

nporensu (%)

XAPAKTEPUCTUKU Dabigatran Apixaban Apixaban
Buonammuanoct (%) 67 66 66

T max (h) 2-3 1-3 1-3

T 1/2 (h) 7-17 8-15 8-15
CBbp3BaHe C MIa3MEHUTE 35 87 87

Abcopbuus ¢ xpaHa Hsma edekr

Hsma edexr Hsma edekr

Jlo3upoBka JBa mbTU THEBHO JlBa mbTH JHEBHO JlBa mbTH THEBHO
Metabonuzbm/ 80% 6B0peru; 20% dyepen 25% ovopenn; 75% 25% 6wopenn; 75%
eMMUHUpaHe Tipod ¢bexanun (hexamu
Cyoctpar Ha CYP He 3A4 3A4
CyOctpar Ha P-gp Ha Ha Ha
B3aumoneiicTBus ¢ xpanu He He He
Hy>na oT MOHUTOPUHT He He He
MexaHu3bM Ha AeiCTBUE ®axkrop 11 ®dakrop Xa ®dakrop Xa
(TapreT B KoaryaanMoHHaTa

KackaJia)

AHTHOOT Hsama Hsama Hsama

* Anantupano ot pedepennun Ne: 12, 15, 17.
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Tento. Be3pacToBuTe MPOMEHN BOIST 10 Pa3IUuus
BbB (PM3HOJNIOTHUHUTE (YHKLUH, KaTO HaMaJsiBaHE
Ha 4epHOAPOOHHUS U OBOpedeH Karabolu3bM, KOETO
MOXE J[a HaJOXKH IPHIAraHeTo Ha IO-HUCKH JI03M
OT JnekapctBata. JlOMBIHHUTENHH (HAKTOPH, KaTo
CBITBTCTBAINY  3a0OJIIBAHUS W TIOJNHUIIPAarMasus,
KOUTO ca OOMYaifHM 3a XOpaTa B HaIlpe/iHaa Bb3pacT,
HPABSIT MOIYJIAHATA OT MAIMEHTH M0-TI0/IaTJINBA Ha
YCIOKHEHUsT OT yrnorpedara Ha aHTHKOAryJlaHTH.
ETo 3amo, 6p0peunara (yHKIws TpsSOBa CTPOroO /1a
ce moruTopupa (17).

JIEKAPCTBEHU B3AUMOJIEVICTBUS HA
HOAK: MEXAHW3MMU U [TPUMEPU

DapmakoKuHemuunu 63aUMOo0elicmeus
HesaBucumo ot mnpeaBuammocTtTa Ha (hapMmako-
KMHETUKATa, UMa HAKOU CIy4Yan, IIPpU KOUTO HOBUTEC
NEpopajlH aHTHUKOAryjlaHTh MOorar Ja BJIA3aT B
JIEKapCTBEHU B3aUMOEWCTBUS Ha HUBO PE30POIIHS,
pasnpeeneHue Wi eIMMUHAPAHE Ha JIEKapCTBOTO.
Te3n B3aMMONEHCTBHSI Ca ONOCPEACTBAHU IJIABHO
or P-mmuxomporenn (P-gp) u wu30€H3UMHUTE OT
cuctemara Ha nuroxpom p-450 (CYP).
P-rmuxonporenn (P-gp) npeacrasnsaBa TpaHCIOPTEH
MPOTEHH, JIOKAJIU3UpPAH B THKAHUTC HA pPaA3JIMYHU
opranu, Karo ObOpely, THHKU 4YepBa, YepeH Apoo
(11). To3m IIMKONPOTEHH Wrpac BakKHA pOJSI B
MpollecuTe Ha pas3lpelesieHHe Ha JieKapcTBara,
3aTOBA JICKAPCTBCHUTC B3aHMO,[[CI71CTBH)I Ha TOBa HUBO
MOTar Jia IPOMEHST KIMHUYHO 3HAYMMO TIIa3MEHUTE
UM KOHIeHTpauuu. Taka HampuMmep, MOBUIIABAHETO
Ha aKTHBHOCTTA Ha P-gp B uepHus qpo06 n 6u0peunte
aKTHBHpA TpoLeca Ha eNMMUHHUPAHE Ha JIeKapcTBaTa
Yype3 yBeJIMYaBaHE Ha EKCKpeUusiTa B JKIbYKaTa
n ypunata. CrnegoBaTelHO, WHXHOMpaHETO Ha
P-gp mMoxe nma moBene OO MPOMEHHM B HHBOTO Ha
JIEKapCTBOTO, KAaKTO Ha HUBO abcopOuus, Taka U
Ha HHUBO EKCKPEIHs, KOETO IMOTEHI[MAIHO BOAU IO
MOBUINIABAHE HA TUTa3MEHUTE KOHIIGHTPAIINUH, a TOBA,
B cllyyaTe Ha MPWIOKCHHE Ha aHTHUKOAryJaHTH,
BOIIM IO TIOBHINIEH PHCK OT KBbpPBEHE. 3a pa3inKa
OT TOBa, MHAYKIHATAa Ha P-gp mMoxe ma mosede 1o
MTOHIKaBaHe Ha TUTa3MeHaTa KOHIIEHTPAITUs, a OTTaM
1 10 e()UKacCHOCTTa Ha JIEKapcTBaTa, KOETO MOXKE /1a
MTOBHIIIN PUCKA OT TPOMOOEMOOIHS HITH HHCYIT.
Huroxpom P 450 (CYP) mpencrasnsiBa hamMuiis ot
W30€H3WMH, Y9acTBAIlld OCHOBHO B OKHCIHTEITHHUTE
MeTaOOINTHH PEeaKIiy B opraHu3Ma. Jlokamusupanu
ca OCHOBHO B 4epHHUS ApoO M THHKHUTE YepBa, HO
MOTar J1a ce OTKpwsT U B Apyru opranm. CYP3A4
npeacTaBiisiBa (baMI/IJ'II/ISITa N30CH3UMH, KOUTO HMaT
Hal-TOJIsIMAa POJIA B OKHUCIUTCITHUA MeTaboIu3bM Ha

quantities present inthe kidneys. Many DDIs could
occur from the inhibition or induction of CYP
enzymes involved in drug metabolism. Like with
P-gp, CYP enzyme induction or inhibition might
cause a change in drug plasma levels, and might
cause many clinically important DDIs.

PHARMACODYNAMIC DRUG-DRUG
INTERACTIONS OF NOACDS WITHTHE
NONSTEROID ANTI-INFLAMMATORY
DRUGS., ANTIPLATELETS AND
ANTICOAGULANTS

Many patients started on dabigatran -etexilate,
rivaroxaban, and apixaban, have a history of
concomitantdiseasesthatrequiremultiplemedications
for optimal treatment. These patients could be on
aspirin and/or clopidogrel, at the time of prescribing.
Despite having different metabolic/transporter
profiles, the concomitant use of nonsteroidal anti-
inflammatory drugs (NSAIDs), antiplatelet agents,
and other anticoagulants poses a greater bleeding
risk, because of the additive pharmacologic effect
achieved when administered concurrently, so that
clinicians need to address pharmacodynamic drug
interactions. Major bleeding has been reported in
patients who received anticoagulant and antiplatelet
therapy concomitantly. The impact of each
anticoagulant agent on pharmacodynamic measures
such as bleeding time/rate, platelet aggregation, and
coagulation assay biomarkers (e.g., prothrombin
time, international normalized ratio), should be
considered before initiating therapy together with
antiplatelet therapy (1, 13).

Rivaroxaban

Concomitant administration of acetylsalicylic acid
(< 100 mg) or naproxen had no effect on clotting
parameters, but there was a small increase in
bleeding time, which was not considered clinically
relevant.This was identified as an independent risk
factor for major bleeding due to pharmacodynamic
interactions (10). Coadministration of clopidogrel
with rivaroxaban did not have any effect on
rivaroxaban pharmacokinetics, but there was an
additive effect on bleeding time in 30% to 45%
of patients in two DDI studies due to a potentially
synergistic pharmacologic effect on hemostasis in
the setting of antiplatelet use (20). Clinicians are
advised to use with caution NSAIDs and antiplatelet
drugs, such as aspirin and clopidogrel, because of the
possible increased risk of haemorrhage.
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Tabmuma 2. dapMakOKHHETHYHH JIeKapCcTBeHU B3anmoyeiictust Ha HOAK*

HOAK JlexapcTBenu B3aumoneiictBust | Edexr BbpXy rurasmennTe IIpenopsku
Ha cyOcrparn Ha P-gp xoHueHTpauu Ha HOAK
CYP3A4 **
Dabigatran P-gp unnyxropu ITonnxenue Ja ce n30srea NpuiIOKEHUETO HA
rifampicin
P-gp unxuduropu IToBumenue Jla ce Hamanu no3ara Ha
dronedarone, ketoconazole
Rivaroxaban | Komounupanu P-gp + CYP3A4 [ToBumenue Jla ce u30srBa NPHUIOKEHUETO WUITU
UHXHUOUTOPH Jla ce mpuiara ¢ BHUMaHue
Komb6unupanu P-gp + CYP3A4 [onmxenne Ja ce m30sTBa MPHUIOKEHUETO HA
HUHIyKTOPH JIEKapCcTBOTO
Apixaban Komb6urmpanu P-gp + CYP3A4 [ToBumenwe Hawmanssa ce nosara mo 2.5 mg, nBa
MHXHUOUTOPH IIBTH THEBHO WITH c€ M30srBa
KomOunmpanu P-gp + CYP3A4 [onmxenune [la ce n36sarsa ynorpebara Ha
WHITyKTOPH JIEKapCcTBOTO

* amantupaHo oT JUT. m3touHuIm Ne: 3, 18, 20.

** 3a mpuMep BIK Tabmuia 3.

Tabmuna 3. JlekapctBa, monusiBaiiy P-gp u CYP3A4*

WNuxuburopu Ha P-gp

Amiodarone, azithromycin, captopril, carvedilol, clarithromycin, conivaptan,
cyclosporine, diltiazem, dronedarone, erythromycin, felodipine, itraconazole,
ketoconazole, lopinavir and ritonavir, quercetin, quinidine, ranolazine, verapamil

Wnnyxropu Ha P-gp

Avasimibe, carbamazepine, phenytoin, rifampin, >xxpnT kantapuon (Hypericum
perforatum), tipranavir/ritonavir

KomOuHMpanun WHXHOWTOpPH Ha
P-gp u CYP3A4

Cuann: Itraconazole, lopinavir/ritonavir, clarithromycin, ritonavir,ketoconazole,
indinavir/ritonavir, conivaptan

Ymepenu: Verapamil, erythromycin, diltiazem, dronedarone

Caaodn: Quinidine, ranolazine, amiodarone, felodipine, azithromycin

KomOuHMpaHu WHIYKTOpH Ha
P-gp u CYP3A4

Cuann: Avasimibe, carbamazepine, phenytoin, rifampin, >XbJT KaHTapUOH

Nuxuburopu Ha CYP3A4

Cuann: clarithromycin, conivaptan, grapefruit juice, indinavir, itraconazole,
ketoconazole, lopinavir/ ritonavir, mibefradil, nefazodone, nelfinavir, posaconazole,
ritonavir, saquinavir, telaprevir, telithromycin,voriconazole.

Ymepenu: Amprenavir, aprepitant, atazanavir, ciprofloxacin, darunavir/ritonavir,
diltiazem, erythromycin, fluconazole,fosamprenavir, grapefruit juice, imatinib,
verapamil

Caaomn: Alprazolam, amiodarone, amlodipine, atorvastatin, bicalutamide, cilostazol,
cimetidine, cyclosporine, fluoxetine, fluvoxamine, ginkgo, goldenseal, isoniazid,
nilotinib, oral contraceptives, ranitidine, ranolazine, tipranavir/ritonavir

Wnnykropu Ha CYP3A4

Cuann: Avasimibe, carbamazepine, phenytoin, rifampin, >XbJT KaHTapUOH
Ymepenn: Bosentan, efavirenz, etravirine, modafinil, nafcillin

Caadu: Amprenavir, aprepitant, armodafinil, echinacea, pioglitazone, prednisone,
rufinamide

* amanTupaHo ot Jaut. uzroununy Ne:3, 18, 20.
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nekapcrBara. [lomoOHo Ha P-gp, mHAyknusara wim
naxuduimsatra Ha CYP3A4 moxe na mpeau3BHKa
MHOTI'0 KIIMHUYHO 3HAYUMU PEaKLUH, U KaTo pe3ysTar
Jla KOMIPOMETHpa TeparneBTUYHUs e(eKkT uim aa
npenusBuka Texku HIIP.

OAPMAKOJIMHAMWYHU JIEKAPCTBEHN
B3AUMOJIEMCTBU A HA HOAK C
HECTEPOUJHU ITPOTUBOBBL3IAJIMTEJIHU
JEKAPCTBA (HCTIBJI), AHTUATPETAHTU U
AHTUKOAT'YJIAHTH

MHoro ManWeHTH 3amouyBaT JiedeHue ¢ dabigatran
etexilate, rivaroxaban, m apixaban mpu aHamHe3a
32 CBIBTICTBAILM 3a00NABaHMs, KOUTO Hajarar
[IPUEMAHETO Ha MHOTO JOI'BJIHUTEJIHY JIEKApCTBa 3a
MTOCTHTaHe Ha ONTUMAITHO JiedeHne. Te3u manuenTn
Morar na mpuemar acetylsalicylic acid w/wmm
clopidogrel npu 3amouBane Ha TepamusaTta ¢ HOAK.
Bwnpekn, 4e umar pasnuyHA MeETaOONUTHU HIIH
(apMakogHAMUYHA TIPOQIIN, €THOBPEMEHHOTO
npunoxenne Ha HOAK ¢ HCIIBJI, antuarperantu
W JPYTH aHTHKOAryJaHTH MOXeE Ja JOBeIe 10 IO-
BHCOK PHUCK OT KBbpBEHE, MOPaad JOMBIHUTEIHUSA
(dapmakonoruueH eQeKT, MOCTUTHAT, KOTaro Te Cce
mpujaratr enHoBpeMeHHo. ETo 3amo, KIWHHUIMC-
TUTE TpsiOBa Jla WMaT TMpPEIBH] EBEHTYAIHHU
(hapMakoJHAMUYHH JICKAPCTBEHN B3aMMOJCHCTBUSL.
Cepuo3HHU ciiy4yan Ha KbpBEHE ca OWMJIM JIOKJIaJIBaHU
MpY TAalUEHTH, KOUTO Cca MpHUeMaliid eIHOBPEMEHHO
AQHTUKOATYJIaHTH W aHTHarperaHTH. BiusHuero Ha
BCEKH aHTHKOATyJaHT BBPXY (HapMakOJUHAMHUYHH
MOKa3aTell, KaTo BpeMe Ha KbpBEHE, TPOMOOIMTHA
arperauusi 1 OuoMapkepu Ha Koarynanuara (Harp.
nporpom6buHoBO Bpeme INR, APTT u ap.) TpsiOBa na
ce UMaT MpeIBU/I, KOraTo Ce 3all04Ba HOBATa TePaIusl
(1, 13).

Rivaroxaban

ChITbTCTBAIIOTO MPUIIOKEHIE HA AI[ETHIICATHAIINIIOBA
kucenuHa (<100 mg) mnu naproxen HsMa eQeKT
BBPXy TIapaMeTpUTe Ha KPHBOCHCHUPBAHETO, HO
MOXKE J]a IpeI3BUKa c1ab0 yBeInIeHre Ha BPEMETO
Ha KbpBEHE, KOETO HE Ce CYHTa 3a KIMHUIHO
3Ha4nMO. ToBa ce MAeHTU(UIpPA KaTO HE3aBHCUM
pPHUCKOB (PaKTOp 3a TOMAMO M3KBPBSIBAHE, TBIKAIIO
ce Ha ¢dapMmakogmHaMuYHN B3aumoneicTeus (10).
Pesyntarute OT HIKOM KIMHUYHH TPOYYBAHUS
MOKa3BaT, Y€ EIHOBPEMEHHOTO TMPIJIOKEHHE C
clopidogrel Hama edekT BbpXy (hapMaKOKHMHETHKATA
Ha rivaroxaban. [Ipu npuoskeHue Ha aHTHATPETaHTH
¢ HaOJIF0IaBaH JIOITBIIHUTENICH €EKT BEPXY BPEMETO
HakbpBeHe mpu 30%-45% OT MaMEeHTHTE, TBIDKAII] CE

Apixaban

No pharmacokinetic DDIs have been observed with
apixaban and acetylsalicylic acid or clopidogrel (3).
Nevertheless, a dose-dependent increase in major or
clinically relevant non major bleeding (International
Society of Thrombosis and Hemostasisdefinition)
was reported in patients treated with a combination of
acetylsalicylic acid (<165 mg per day), clopidogrel,
andapixaban 2.5 mg twice daily or 10 mg once daily
for prophylaxis after an acute coronary syndrome, as
expected from the pharmacodynamic interaction of
mixing an antiplatelet agent with an anticoagulant;
it would be prudent to avoid concurrent use with
antiplatelet agents whenever possible(3).

Dabigatran

No clinically meaningful pharmacokinetic DDIs
were found during a phase I study of dabigatran
and clopidogrel, but in the RE-LY trial, major
bleeding rates were approximately doubled in
patients receiving dabigatran and acetylsalicylic
acid or dabigatran and clopidogrel (18). Exposure
to dabigatran was not significantly altered when
dabigatran was administered concurrently with
diclofenac in a phase I study. To date, no studies
have been conducted to investigate potential DDIs
with dabigatran etexilate and any heparin or other
anticoagulant product, but concurrent administration
of such agents is a risk factor for increased bleeding.
Despite the absence of pharmacokinetic DDIs,
pharmacodynamic interactions that likely increase
the risk of bleeding must be carefully considered if
dabigatran etexilate is to be administered concurrently
with any antiplatelet product, and concurrent therapy
should be administered for the minimum required
duration (4).

CONCLUSIONS

Pharmacokinetic DDIs that may occur in association
with the new oral anticoagulants are largely
mediated by theP-gp efflux transporter protein
alone (dabigatran etexilate)or in combination with
CYP3A4 enzymes (rivaroxaban andapixaban).

In addition to managing pharmacokinetic-based
interactions, clinicians should avoid unnecessary
pharmacodynamic interactions between the newer
oral anticoagulants and antiplatelet agents (e.g.,
acetylsalicylic acid , clopidogrel) and NSAIDs (e.g.,
naproxen). Practitioners should carefully evaluate
bleeding risk and ensure that therapies with the
potential for DDIs are avoided or used as briefly as
possible.
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Ha MOTCHIMATHO CHUHEPTUYHU (papMaKOAUMHAMUYHU
edexktn BepXy xemocrtaszara (20). Kmumnunmcrure
ce cpBerBaT Aa npwiarar ¢ BHumanue HCIIBJI u
aHTHAarperaHTy, kato acnupuH u clopidogrel, mopaau
BB3MOXHOCT OT TIOBUIIICH PUCK OT KbPBEHE.

Apixaban

He ca nabmromaBanm HJIP mpu mpunmoxxenunero Ha
apixaban c acetylsalicylic acid, mmu clopidogrel
(3). Bempekn TOBa, ca JOKIANBaHU KIWHUYHO
3HaYMM{ HETOJeMH KPHBOW3INBH, MOBHIIABAIIN
ce B 3aBHCHMOCT OT pmo3upoBkara (International
Society of Thrombosis and Hemostasis definition)
MpH TAaIMeHTH, JIeKyBaHW C KOMOWHAIMs OT
acetylsalicylic acid (<165 mg aueBHO), clopidogrel,
u apixaban 2.5 mg aBa mbTH gHEBHO, Wiau 10 mg
eIMH BT JIHEBHO, 32 NPOQHIAKTHKA CJE]] OCTHP
KOpOHapeH WHIMICHT. [lopagm oYakBaHUS 32
EBEHTYATHU (hapMaKOJMHAMHYHK B3aUMOJICHCTBHS
NpU €AHOBPEMEHHA yrorpeda Ha aHTHArperaHT
C aHTHUKOAryJaHT ce MpernopbuBa Ja ce u30srBa
eIHOBpEeMEeHHara yrnorpeda ¢ aHTHarperanTH, Koraro
TOBa € BE3MOXKHO (3).

Dabigatran

He ca noknansanu cepno3Hu (apMakoJMHAMUYHH
HJIP no Bpeme Ha ¢aza | KIMHWUYHO MpoydBaHE
Ha dabigatran u clopidogrel, HO B mpoyuBaHEeTO
RE-LY, crenenta Ha cepro3HO KbpBeHE € Omia
MPUOTU3UTENHO Ba ITTH O-BUCOKA MPH NALMEHTH,
npuemam dabigatran u acetylsalicylic acid,
unn dabigatran u clopidogrel (18). Diclofenac,
npuiarad eqHoBpeMeHHO ¢ dabigatran, He TpoMeHs
(apMaKOKMHETHUHHUTE cBOicTBa Ha dabigatran BbB
¢aza 1 na mpoyusaneto. [locera HsimMa NpoBenEHH
n3cnenBaHus  3a  noreHumanHure  HJIP  Ha
dabigatran etexilate 1 HAKOM XemapWHU, WIH APYTH
AHTUKOATYJIaHTHH CPEICTBA, HO EJHOBPEMEHHOTO
MPUIOKCHNE Ha TAaKUBA JIEKAPCTBA € PHUCKOB (DaKkTop
32 yBEIMYCHO KbpBEHE. BbIpeku murmcara Ha
(apmakoknaernuan  HIJIP, dapmakognHaMudHNTE
B3aMMOACUCTBHSA, KOMTO MOraT Ja MAoBemarT Jo
MOBHIIABAaHE Ha pHUCKA OT KbpBEHE, TpsOBa
BHUMATEHO Jia C€ IpOy4BaT, aKo C€ O4yakBa
dabigatran etexilate ga ce mpuiara egHOBpEMEHHO
C aHTHArperaHT, a eAHOBPEMEHHATa Tepanus TpsoBa
Jla ce Impuiara 3a MUHHUMAaJHOTO Bb3MOXKHO BpeMe

4.

n3BOaU

®apmakokunernunute HIIP, xouto morar jna ce
mojry4dar Ipu NpUIIOKCHUECTO Ha HOBUTE IICPOPATHU
AHTUKOAryJIaHTH Cce BJIIUAAT CBhIICCTBCHO oT
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B3aMMOACUCTBHUATA UM C €(IyKCHHS TPaHCIOPTEH
P-rmukonporenn (dabigatran etexilate) wumm B
KOMOMHAINA ChC cucTeMara Ha nutoxpom P450, u
npeaumHo ¢ CYP3A4 (rivaroxaban u apixaban).
OcBeH  (apMakOKMHETHYHHTE  B3aHMMOJCHCTBUS,
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HEHY)KHUTE (apMaKOJUHAMUYHHN B3aUMOICHCTBUS
mexny HOAK wu  anTmarperantute  (Hammp.
acetylsalicylic acid umm clopidogrel), xakto u ¢
wsxon HCIIBJI (mamp. naproxen). MemurmHCKHTE
CIELMAIUCTH TPsIOBa BHMMATENHO Ja IpELCHsBaT
pHCKa OT KbPBEHE U J1a U305rBaT JIe4eHUE, CBBP3aHO
c mnoBuileH puck oT eBeHTyannu HIJIP, a mnpu
HEOOXOOUMOCT OT €IHOBPEMEHHO HNPUIOKEHHE Ha
HSIKOJIKO JIEKapCTBa, TE Ja CE MPUJIaraT 3a Bb3MOXKHO
Hal-KpaTbK NEPHO/I.
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