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Abstract

Objective: To review clinical data on direct oral anticoagulants (DOACs) used in the acute treatment of venous
thromboembolism (VTE) as well as practical considerations when using these products. Data Sources: Searches of PubMed
and Google Scholar for VTE, deep vein thrombosis, pulmonary embolism, and relevant drug international nonproprietary
names were conducted. Additional online searches were conducted for prescribing information. Study Selection and
Data Extraction: Relevant articles on dabigatran, rivaroxaban, apixaban, and edoxaban for the management of VTE
compared with oral vitamin K antagonists (VKAs; published between 1966 and December 2015) were reviewed and
summarized, together with information on dosing, pharmacokinetics/pharmacodynamics, and drug-drug interactions. Data
Synthesis: The DOAC:s have the potential to circumvent many of the disadvantages of VKAs. At a minimum, they greatly
increase the available therapeutic options, thus providing a greater opportunity for clinicians to select a management
option that best fits the needs of individual patients. Despite the significant advance that DOACs represent, they are not
without risk and require careful consideration of a number of clinical issues to optimize safety and efficacy. Conclusions:
The emergence of DOAC: for the management of thromboembolic disorders represents a paradigm shift from oral VKAs.
The DOAC:s provide similar efficacy and improved safety in selected patients as compared with VKAs. Clinicians treating
VTE need to be familiar with the intricacies involved in using these agents, including the appropriate dose selection for the
relevant indication, avoidance of drug-drug and drug-disease interactions, and consideration of dose adjustments in specific
clinical situations, such as organ dysfunction.
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Introduction

Anticoagulants are the foundation of therapy for venous
thromboembolism (VTE). The emergence of direct oral
anticoagulants (DOACs) for the management of thrombo-
embolic disorders worldwide represents a major paradigm
shift from oral vitamin K antagonists (VKAs), such as war-
farin. Dose-response during VKA treatment varies consid-
erably because of delayed onset, need for parenteral
anticoagulation overlap, narrow therapeutic window, inter-
actions with dietary vitamin K and numerous drugs, and
genetic variations in VKA pharmacokinetics.'™ Given these
limitations with the VK As, the DOACSs are considered to be
a more convenient and potentially safer option for VTE
treatment. In this article, we review the current evidence for
the new-generation DOAC:s: rivaroxaban, dabigatran, apix-
aban, and edoxaban for the acute treatment and secondary
prevention of VTE as compared with warfarin and offer the
clinician practical considerations when using each agent.

Data Sources and Selection

The data included in this review were identified by
searches of PubMed and Google Scholar (publications
from 1966 to December 2015) for VTE, deep vein throm-
bosis (DVT), pulmonary embolism (PE), drug interna-
tional nonproprietary names, and related search terms.
Additional online searches were conducted for prescrib-
ing/label information. ClinicalTrials.gov was used to iden-
tify relevant clinical trials.
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DOAUCGs in the Treatment of Acute
VTE

Within the past 5 years, 4 DOACs have been approved in
the United States for the treatment and secondary preven-
tion of VTE: the direct thrombin inhibitor dabigatran and
direct factor Xa inhibitors rivaroxaban, apixaban, and edox-
aban (indications and dosing in Table 1).”'° The principal
advantages of these agents over warfarin are a rapid onset
of action, reaching maximal anticoagulant activity within
1 to 4 hours'"™"; predictable and stable pharmacokinetics
and pharmacodynamics with exposure-proportional
increases in anticoagulant response; and the lack of need to
routinely dose monitor (Table 2).5%

When selecting an appropriate agent, a clinician must
take into account the safety and efficacy profile of individ-
ual DOACs as they compare with warfarin. Although no
head-to-head comparative trials exist for DOACs in VTE,
the DOAC trials have involved similar patient populations
and demonstrated similar efficacy and safety results com-
pared with conventional therapy (Table 3).”** The mean
time in therapeutic range (TTR) for patients receiving VKA
in the comparative trials was approximately 60% (57% to
64%), which is comparable with the TTR in other trials and
better than what is achieved in clinical practice.*** The
phase 3 trials supporting approval for these agents used
similar primary efficacy end points but differed with respect
to the use of parenteral anticoagulation, which was required
in the dabigatran and edoxaban trials in both the conven-
tional treatment and DOAC arms. Trials with rivaroxaban
and apixaban allowed the DOAC to be started without ini-
tial parenteral anticoagulant therapy but required a subse-
quent dose adjustment 1 to 3 weeks into therapy. Similar
exclusion criteria shared by all the trials included any active
bleeding, high risk for bleed, or prior oral anticoagulation
(beyond 1-2 doses) and limited parenteral anticoagulation
prior to randomization. Patients with severe renal dysfunc-
tion were excluded from all studies.

Dabigatran

Dabigatran for the treatment of VTE was evaluated in the
RE-COVER (n = 2564) and RE-COVER 1II (n = 2589) tri-
als, both of which had similar designs. Patients with objec-
tively confirmed acute VTE were randomized to receive
dabigatran 150 mg twice daily or warfarin (international
normalized ratio [INR] = 2.0-3.0) for 6 months (average
treatment duration = 164 days). All patients initially
received parenteral anticoagulation for a median of 9 days.
In both trials, dabigatran was noninferior to warfarin for the
primary efficacy end point (recurrent symptomatic, objec-
tively confirmed VTE and related deaths; RE-COVER:
hazard ratio [HR] = 1.10; 95% confidence interval [CI] =
0.65-1.84; RE-COVER II: HR = 1.08; 95% CI = 0.64-1.8,;

P < 0.001 for both trials).**** Major bleeding was not sig-
nificantly different between groups in either trial. However,
there were significant (37% and 38%) relative reductions in
the rate of major and clinically relevant nonmajor (CRNM)
bleeding in RE-COVER (HR = 0.63; 95% CI = 0.47-0.84)
and RE-COVER II (HR = 0.62; 95% CI = 0.45-0.84) trials.
In terms of adverse events, dyspepsia was more prevalent in
the patients receiving dabigatran than in those receiving
warfarin in RE-COVER (2.9% vs 0.6%; P < 0.001) but not
in the RE-COVER 1I trial (1.0% vs 0.2%; P value not
provided).

A pooled analysis of the RE-COVER trials found that
dabigatran maintained its noninferiority compared with
warfarin (2.4% vs 2.2%; HR = 1.09; 95% CI = 0.76-1.57,
P <0.001).* As in the individual trials, major bleeding was
not different between the groups (1.4% vs 2.0%; HR =0.73;
95% CI = 0.48-1.11), but there was a significant reduction
in major and CRNM bleeding with dabigatran compared
with warfarin (5.3% vs 8.5%; HR = 0.62; 95% CI = 0.50-
0.76). There was also a significant 30% relative reduction in
any bleeding with dabigatran (HR = 0.70; 95% CI = 0.61-
0.79). Interestingly, when excluding events occurring dur-
ing parenteral therapy, there was a significant 40% relative
reduction in the rate of major bleeding (HR = 0.60; 95%
CI = 0.36-0.99) during oral anticoagulant therapy. In this
analysis, significantly less major and CRNM bleeding were
seen (HR = 0.56), as was any bleeding event (HR = 0.67),
with dabigatran compared with warfarin.*>*

Rivaroxaban

Rivaroxaban was the first oral factor Xa inhibitor available
for the management of VTE’ and the only DOAC to be
evaluated in separate DVT (EINSTEIN-DVT) and PE
(EINSTEIN-PE) trials.*** In the EINSTEIN-DVT trial,
3449 patients presenting with DVT without PE were ran-
domized in an open-label fashion to rivaroxaban 15 mg
twice daily for 21 days followed by 20 mg once daily or
conventional therapy with enoxaparin 1 mg/kg adminis-
tered subcutaneously every 12 hours and a VKA (INR =
2.0-3.0). The treatment duration could have been 3, 6, or
12 months and was left to the discretion of the investigator
but was defined at the time of enrollment; 3 months (12% of
patients in both treatment groups), 6 months (63%), and
12 months (25%). The study design and outcomes of the
EINSTEIN-PE trial were identical, however, the 4833
patients had to present with symptomatic PE with or with-
out DVT. The intended durations of study treatment in both
arms were 3 months (5%), 6 months (57%), and 12 months
(37%). Patients randomized to conventional therapy
received enoxaparin for a median of 8 days in both trials.
In the EINSTEIN-DVT trial, the occurrence of symp-
tomatic, objectively confirmed recurrent VTE (primary
efficacy end point) was found to be noninferior between



"SUOISIDBP [e21UI]D SUDJEW USYM UONNED YIIM UONBWLIOMUI SIYI 3SN ‘240j2.43) ‘P[NOYs SUBPIUD , (8 = U) Ueqexide jo asop aj3uls & SuiAeda.
pue sisAjelp uo pauleluiew qyYs3 Yaim sauaned ul eaep (A11Ande ey J101oe4-NUe) sdlweuipodew.eyd pue dnaupjodew.leyd Uuo paseq aJ4e SUONEBPUSWIWODAI SUISOP Y1 ‘aJojeJay) ‘ueqexide (aim salpnis
A1ajes pue A>ed1a [B21UI]D Ul PIIPNIS 10U 9J9M SisA[elpoway SujAIada. J0U 1o SUIAIBIBI (JYST YaM sauaned “(Ulw/qw 0g-G| JO |D4D) usunsn(pe a3esop 0} BLISILID 33 199W OUYM 4V JB|NA[BAUOU UM
syuaired 3dedxe ‘sisAjelpowsay uo paureurew (UIW/ W §|> [D4D (QYST) oseasip [eua. a8eis-pua Yaim asoy Suipnpul ‘@uoje Jusw.iiedwi [eus.d yaim sausned 1oy papuawiwodad i Juswisn(pe asop o],

"WISI|OQUIS0qUIOY) SNOUDA ‘I A

‘tuonew.ojur 3uiqriasa.ad ‘|4 ‘wsijoqus Aseuowind ‘34 ‘sjqedijdde 10u ‘y/N ‘sisoquioaya uisA dssp ‘| AQ 2UBIN3EODAUE [BIO 123UIP ‘DY O DIUBIEI[D SUIUNEIID ‘[DJD) UONE||IIQY [BLIE ‘4 :SUONEBIASIQQY

9sn jou op

Ulww g > Jo Ul g6< 24D
Alrep Sw g :ulw/w 0§-§ | 124D
Ajrep 8w 9 ulw/w §6-05< 14D
Ajrep 3w 09

V/N

V/N

'IEp [BDIUID padIWI|
JO 3snedaq |d Ul PapUSWIWODA

Jou Ul W g > 24D
J1A-TesmjoH

Wouy PapNIXa :ulw/w 0g> [D4D
Ajrep 3w g :onqiyur d3-4 Sunjey uo
351 095 WBPM ‘UwqW 0§-§| [D4D
jugjngeodnue [esajuaJded e jo sAep g
1583 1B J9)yR A|Iep aduo Sw g9

PapuswIWoda.
JoU lUlW/W G > [DID

P/3w g7 4D 40 ‘D) 09> JySeMm

‘sueak gz a3e :Buimojjo} a3 jo
< Yam siuaned ul Ajiep adim
8w g'z 01 3uswnsn(pe ssoq
Ajrep 221m1 3w §

.PoPUBWILIOIA.
Jou ulwWw §T> D42
(auswade|dau aauy)

sAep 7| 40y} A|iep 921m1 Sw G'
(auswaoedau diy)

sAep G¢ 40y Ajrep 231m1 8w G

POpUSWIWOD3

J0U W/ W G > [DID
Arep @21m3 8w '

AdTdWY Wo-y

PapnpXa ulw/w 97> 24D
Ajrep @21m1 3w g usy

‘sAep 7 4oy Ajrep @21m1 Sw (|

. papuswwods.
ouulwWw g> 24D

[eaw SuiuaAs aya Yam A|rep
3w g uw/w 05-§1 124D

. [eaw Sujuaas
a3 yum Ajrep 8w og

papuswwoda.
. Jou ulwWw og> [D4D
(auswade|dau aauy) shep 7|

. Joy Ajrep aduQ 8w |
(auswadedau diy) sAep g¢

. Jo} Ajrep aduo 8w |

papuswwoda.

J0U UIW/W OE> [DID
pooj yum Ajiep 3w og

|d Ul papusWwiwoda.

30U :3d NIFLSNIA ‘1AQ
NIJLSNI3 wo.j papnaxe
ulww og> 240

e POOJ} Yam Ajiep aduo 3w (g
uay) ‘sAep | 4o} pooy

. Yam Ajrep 9o1m1 Sw G|

. papusWWoda. J0U
:sisA[eIp uo Jo ulw/quw § > D4

. Ajrep 231m1
8w g/ uww 0g-g 1 1D4D

. Ajrep 221m1 3w G|

. PapUSWWOd3. 30U
SISA[BIp UO JO UIW/ W Q€S [D4D

. (auswedeydau diy) sAep G¢-8¢
Joy Ajrep asuo 3w 7T

. uay3 ‘Aep 1su1y 40} Sw Q] |

PapuUSWWOd3. 30U
e sisAjEIp Jo Ul W OES [D4D
. Ajrep a21m1 Sw 0G|

Id Ul papiao.d

J0U SUOIIEPUSWIWOD3.

Buisop || YIAOD-IY

‘1 YIAOD-IY Wwouy

. papnaxa :ulww og> 124D
uone|nSeodnue

[eso3uaued € Jo sAep g 1se9)

. e JaYje A|rep ao1m1 Sw G|

4V Je|nAjeAuou
U] wisijoquid J]WISAS pue
95/043S JO Jsld Ul uonINpay

K4984ns
Juswade|dad sauwy| Jo diy
Suimoljoy | AQ jo sixejAydouy

3d PUB | A JO @dUa4Indau
JO d{sli a3 ul uondnpay

3d/1AQ 0 3usunes. |

ueqexopy

ueqexidy

ueqexoJeAlry

uennediqeq

uonedipu|

cre01-s SPVEIS PANUN 31 Ul uonedipul Aq sDYO( Jo Buisog | dlqelL

488



(panunuod)

g/ Ayredo|ndeod Buikluapun

Joy [enusnod jo asnedaq (D
pue g y3nd-pj1yD) 3uswLiredun
o1eday 949A3s Jo djeISpOW
Ul PapUAWIWIOdAJ J0N|
s12UswWIredw

P|iw ul syuswisn(pe asop oN|

22SOP 8w-09 Jo -0g 3uiniadau
Juswuiedw pjiw Jo ou yum
syuaned ul 3ey3 03 JejIIs
Juawiedwl] 949A3S pUE Jy YIM
syuaned ul asop A|rep-aduo

3w g| Suimoj|o} aunsodx3

eS1SKI0IpAY

elA Ajlrewrad wisijoqelsy
(%ST>)

wisijogelaw pue (%79) aunsaul

JAJEI|Iq pU® (%S€) [euad
:skemyed ajdnjnw Aq palatoxy

¢AIlEp U0

7(s9s0p 3dnnw ‘sjenpiaipul
Ayjeay) sanoy -6 ¥'y
,Z(5950p 3|dnnui ‘senpiaipul
Afeay) sanoy gg-| ™Y

2Bw0s1-01)
ad/Hid [euoniodoud-ssoq

nVu:m:.F_:\..n_E_ 9J9A3S U] 3SN PIOAY

(2 uBnd-pi1yD) 3uswLiredw

cp3eday a3e49poW Ul UOHINED YIM 3SN)
wu:mE(__maE_

p|iw ul syuswasn(pe asop oN

,A4S3 Buipnpul

‘auo|e Juaw.redwi [euad Joj pauinbau si
Juswisn[pe 3sOp ou QUaWIEaI] J| A U]
Nm_mm.cwE(__maE_ 9J9A3S Ul

USAS ‘DJUBIBS|D UO $109)9 3sapow AluQ
cearySOWAZUD

0SHd awouyd0314> BIA WSI|OqeId|y
segzy N O

eunsaaut pue ‘Asel)iq (%8'8T-%S5 ¥T)
[eua. :se31j0qeIBW SE pue pagueydun
skemyped ajdinw el pajaddxgy

GAllep 221m |

¢ (sesop ajdnjnw
‘sfenpiaipul Ayajeay) sanoy g1-g “'1
¢, (sesop ajdnjnw
‘sfenplAlpul Aiajesy) sanoy p-¢ |
¢ (Alrep 201m3

‘8w §7-57) Ad/dld [euonuodoud-asoq

. Ayredojngeod yum pajenosse
aseasip oieday Jo juswaredw

e DJ0 g yand-piIyD ul 3N PIOAY
ONucmE.__maE_

e  dJeJapouw U paseaJdoul dunsodxy

MWW 0E> 124D §1 poploAe

9q p|NOYys asn ‘quawies.l 3 A U
uaw.redwi aaAs

. Ul UAD ‘91BJ9POW dDUBIBI|D UO
$309J9 INq ‘UoNdUNYSAP JO AILIDASS

e 01 3ulpJodde pasea.dul si aunsodxg

,¢d429 pue ‘d8-4 ‘7[7/SVEHVEIAD
SuiAjoAul skemiped eia

pazijogelaw Japureway

(1893} %/ ‘[euas %9¢) pasueydun
. pa12Jo%3 %€ AjPrewixoiddy

. Alrep 2uQ

(sasop adnnw

‘sfenpiapul Ayajeay) sanoy -9 ¥
,(s9sop ajdnnw

‘s[enplAIpul Aya[eay) sanoy -z ** |
(AIrep 1M1 8w og-5)

. Add/HId leuonaodoud-asoq

(O y3ng

-PIlyD) uawuredw oneday
9J9A3S U] PIPUAWIWIOIA JON
(8 udnd-pyD)

jusw.iredw s3es9pOW Aq

pa1d3yeun d pue dd

mm_mx_m__u uo siuaned

urJo ulww Qg 1254 404
JuswaSeurW J ] A Ul 9|qe|IleA.
SUOIIEPUSWILIOdDI ON|
(guoRIUNSAp [eua.

Jo A1uaAas yum 3unejp.aod
‘pasea.duy si aunsodxy

gz KllRUSS pareuiLIE %08<

GAlrep 221m |

o(sasop ajdnjnw ‘sienpiaipu
Aypajeay) sanoy 7 1-7| ¥
,,(s9s0p 3|dnjnu ‘sienpiaipul
Ayareay) sanoy g 1-g7'| *Y
1, (Airep sawn ¢ 8w 00p-01)
Add/Hid leuonaodoud-asoq

Juawuedw)
cneday jo 1oedw)

JuswJredwi
[euaJ jo 1oedw)

(uonensiuiwpe [eJo
J334B) uoneUIWI|g

Aduanbauy asoq

sop3auUpjodRWIRY

ueqexop3

ueqexidy

UBQEXO.BAIY

uenediqeq

‘ueqexop3 pue ‘ueqexidy ‘Ueqexo.JeAly ‘ueniediqeq] Jo sJalaweley [edi8ojodewieyd A9 ‘T d|qeL

489



‘wsljoquia Aseuowind pue 3| A JO JuSWIEa.I) IO} SABP | T 3S.1j SY3 10} A|Iep 921M3) Pa.IRISIUIWPYY,
“WSI|OQUISOGUIOY3 SNOUSA ‘I | A ‘UOIIBIIUSIUOD WNWIXEW T8 3uasaad st Snap 123 swi | S4By ‘741 ‘sonsupjodewnieyd Y ‘u1930.1dodk|S-g ‘dS-4 ‘wsijoqus Aseuowind ‘34 ‘saiweudposewieyd
‘Ad ‘Uone||LIqy [BLIIB JBINA[BAUOU ‘J\YAN ‘OSE3SIP [BUSJ 98BIS-pUD ‘QYST ‘SISOqUIOIYL UISA doap ‘] AQ ‘9dUBJES[D BUIURES.ID ‘D4 ‘ulSlo.ad 2duRISISa. J9dURD Isea.q ‘dudg :suonelrsiqqy

S[eld3 WoJy papn|Ixa
auli0dsoaAd Jo Adesayy
[eJIAOJIBJ1IUE UO SIUSNEY
@3d/LAa

JO JUSWIEA] {3|0ZBUOD0ID)Y]
‘9|0zeUOd.Y ‘UPAWOIYIAID
‘upAwodyaiue) ‘upAwodylize
‘auipiuinb ‘jlwedeaan) Jouquyu
d3-q & 3upjes Jo 3 095
y319m yum sausned uj Ajrep
95uo 3w (g 01 9sOp adnpay
(suonesipul

JIe ‘udidwieya) saadnpur d3-
YIIM UOIIBIISIUIWIPEOD PIOAY

,1(P/Bwi §T€) unndse asop-ysiy
YaIm 2unsodxa Ul 3seaudu| %0§
e %05 < Aq 2.nsodxa asea.dul
auoJepauoJp pue ‘jiwedessaa
‘Quipiuinb ‘saoyqiyur ds-g

§ld U0

1oedwi Juedyiudisul Ajjesiul Inq
1sapouw sey pooy yum Suisoq

sJoaquyui dB-g pue p7EJAD [Enp

8uo.3s YaIm UoNE.IISIUILPEOD PIOAE ‘A|iep
201m1 3w Gz Supjey Apeadfe syuaned u)
(uPAwouyaLE)d “UIABUOIL ‘9|0ZBUODE.

‘9]0Zeu02019y ‘89) saolqiyul d3-4
PUE H\EJAD [enp Suouis Yaim

PaJ31sIUIWPEOd UayMm Ajiep 921m1 Sw G
01 350p A|1lep-221M1 ‘Sw-G oY1 3dnpay

,Souquyul pygdAD pue

d3-4 [enp Suo.as yam uone.asiujwpeod

PIOA® U0 %0G Aq dsop aseauda
£'9549oNpul

pVEdAD pue d3-4 [enp Suoais yum
9SN JUBIIWODOUOD PIOAR ‘SUOIIIEIDIUI

d3-4 pue ggpd awouy2014> Jo asnedeg

5,/ A11qe|IRAROIq |[e2A0
uo 1oedwi ou sey pooyj Yaim Suisoq

(suoneoipul

[ 24OAA Ss.uyof as ‘uidwreyia
‘uj014uayd ‘suidszeweq.ed
89) $492NpUl HYEJAD
3uouys pue d3-4 pauiquiod
JO 9SN JUBIIWODUOD PIOAY
(suoneoipul

|[e ‘ueadeAluod pue “JiABUIpUl
“JIABUOJLI “UIABUOILI/JIARUIdO)
‘9]0ZBUODEI] ‘9|0ZBUOI0ID)
80) suouquyul HYEJAD
3uouss pue d3-4 pauiquod
Y3IM 3SN JUBHWODUOD PIOAY

hwu_wu(_o‘.‘.._mc.w:

(2904V) 7o amasses 3uipulq
-d1V jo 21easgns & os|y

SJ22NpUl HYEJAD Suouds pue dS-g
[BNP UY3IM 9SN JUBIIWIODUOD PIOAY
be/S10NGIYUL HYEJAD Pue d3-g
[enp 8UO.3s YIIM 3SN JULIWODUOD
ploAe ‘suonoesaiul d3-4 pue

0§#d swouy2014> jo asnedeg
16,POO} UM U

aq pInoys ‘aJ0§aJ3y3 ‘sasop Jaysiy
1e A1l[Iqe|leABOIq S9SBAIDUI POO

(HVAN) ulw/w og-g|

[D4D 40 (3d/LAQ u44nd3.
Jo uonuaaud Asepuodas
pue juswieasl 34/1AQ)
Ut/ 0> [D4D yum
syuaned ur sioqiyur d3-4
Y3IM UO[IEBIISIUILIPEOD PIOAY
(suoneaipui |

tuppidwieyla 89) saadnpui ds-g
Y3IM UO[IBIISIUILPEOD PIOAY

57 SUORDEINUI SWAZUD
0SHd awouydo1kd oN
((s10zEUOY013))

21Wa1sAs ‘suoJepauo.p

‘89) Juswuredw [euau

Yyam sauaned uj auansodxa
9sB3JOUI UBD SJ0IqIyul

d3-4 urelusd ‘uoneuiwid
[eUSJ OS|e pUB SUONDJE.ISIUI
140dsueny d3-4 jo asnedag
cprcUBIIESIqEp 01

aunsodxa saonpad (upidwey
‘83) sa2onpuil d8-4 yam asn
JUBIIWODUOD ‘suondeIIUI
Jariodsue.y d3-¢ jo asnedag
,/AulqejreAROlq

|le4aA0 uo 1oedwy ou

sey pooj yum 3uisoq

o1-gSuonRIEIRIUI Snup
e -3nJp jo Juswadeuel,

suonoeaa)u
. Snup pue Auezaig

ueqexop3

ueqexidy

UBQEXO.BAIY

uenediqeq

(panunuod) ‘g v|qe L

490



"ULIBLIBM SNSI9A UONINPA JURDYIUBIS A||eansnels e siuasaday,

‘o3 8Y3 Jo pud ays yaum patedwod Adessyl jo yauow 3siy ay3 Suinp a8ued dinadesayl Ul swin 8yl syuasaudey,

"Adesayy yHIA 03 paziwopued syudned oy,
‘a3e uelpaly,

"WSI|OqUIS0GUIOJY3I SNOUSA ‘J ] A ‘ISIUOSEIUR Y| UIWRIA A 98Ul dnnadelsyl ul swn

“d11 ‘wsijoqws Areuow|nd ‘I ‘ONneI PSZI[EWLIOU [BUONEBUIIUI “YN]| ‘SISOquIOIYl UISA dosp ‘| AQ ue|nSeodnue [e4o 123J1p ‘DO ‘Sulpas|q Jolewuou jueasjau Ajjediuld ‘uipas|q |JNYD 9IUBJES[D SUIUNEIID ‘DD SUONEIAIGQY

90SA90
€01 sA,98

9l SAY|
3uipesiq WNYD -0 Jofey
SESATE
yaeap pajejau
40 3] A dnewoldwAs JusJinday
(0]
1'0€
665

6l
8l
[aNI +9

[] ool

8%l 00I< o
LT109> o
(%) uonnguisiq
LS

99

(G1axeld) 71-¢

0€0C=

YN ‘Uldejiem sa Ajrep 9ouo Sw ¢

ueqexopa :sJo3iqiyui d8-4 Suoas

Bulaeda4 10 ‘B3 095 ySiam Apoq
‘Ul 0§-0€ 124D YMMm siudned
‘Ajrep @ouo 3w (9 ueqexopg

dnou3 |sje.ed ‘Aiolsjuiuou
‘Pullg-2|qnop ‘paziiopuey

90sA¥0
L6SAEY

8’1 SA 90
3uipas|q Jolepy
LTSAET

3esp paie[a. J0 J A
onewoldwAs aus.aindsy

v'6
ST
059
34
9|
[aNd 19
[1198
¥'61 001X o
98:095
(%) uonnqrisig
98 = uesy
8¢
LS
9

0'€-0T =YNI

‘utregrem(skep G<) Ajrep
2o1m1 Byj/3w | ulredexous

sA Ajrep a21m1 3w G Aq

pamolo} ‘(skep /) Alrep

2o1m3 Bw (| ueqexidy
dnou3 |sjesed

‘pul|g-2|qnop ‘paziwopuey

T0SA¥0 €0SATO
v11sAE0l 1’8 A I'8
TTSALI' T1sA80
3uipas|q WNYD -0 Jofey

81 SA1T 0ESAIT
J1A dnewoldwAs ausaindsy

1'ST L0

6vL 0

0 L'86

w 4

9l 9l

[€£ 03 85] €9 [99 o3 5] 85
[11¢6 [les
€%1:001< Tl 00l< o
91 05> o 1'T:055 o
(%) uonnqisig (%) uonnqrisiq
€S LS

85 9§

(pay1adsaug) 7| 40 ‘9 ‘€

0'€-0'T = YN ‘(joiewnodousde 4o
ulIepem) W A/(sAep 62) Ajrep aa1ma1 38w |
urredexous sA Ajiep acuo 3w gz Aq pamojjoy

{($>29Mm €) Ajrep 921m1 3w G| UBgEXOJBALY
dnou3 |sjjeJed ‘Ariolsyuiuou
‘USALIP-IUSAS ‘|oqe|-uado ‘paziwopuey

pa3ejaJ 40 3] A dnewoldwAs usindsy

08 = (s8ueu) ueips] 8 = (98uea) ueipsly

SA Ajiep @21m1 Sw G| @1e|IXxa19 ueneSiqeq
dnou3 |s|jeJed
‘AaJolI9juIuOU ‘pUl|g-9|qNOP ‘PIZIWIOpURY udissp Apmg

TOSA 10 (%) @3uapioul ‘syreap parejp-3 LA

WIIA sA DvOQ (%)

88 SA9'G  duspul BuIpsalq WNYD 4o Jofely

VA SADVOQ
61 sA9| ‘(%) @2uapidul Bulpas|q Jolely
3uipas|q Jolepy uiod pua A1ajes Asewrid
I'TsAYT VA SA DVOQ (%) 92uspiau|

Yresp

uiod pus Adedyye Asewiiyg

) 1AQ Pue 3d Ymausied

Tt Ajuo 34 yam sausney

1'69 Ajuo | AQ YIm sauaneyd
(%) sdnou8 HyOQ “QusAs xapu|

1T 0T Jo YN Mo|aq a8e1Udd49

6l 0°€ JO YN 2A0qe a3euaduay

[99 o3 €51 09 [,28ued] (%) W11

4/043U02 YN||
[sAep ‘ueipaw ‘uone.np] ()
dnoJg HyOQ sy ul uonendeodnue

[6] 001 [eaauaJed SulAiedau sJUBNEY
(5£1-8€)
(81) sdnou8 DvOQ BN
85 (%) sdnou8 HyOQ xas 9ey
[ (saeaf) sdnoud HyO(Q ‘a8e uesly
(sypuow)

9 sdnou8 HyOQ ‘uone.np Juswiea |

LIBJIBM
SWLIe JusWaes. |

(1678 = U)
JLA-TesiOH

gc(00¥S = u)
AdITdIWY

o(EE8F = 1) ccl6Pe =)
3d-NI3LSNI3 LAQ-NIFLSNIZ

&(P95T = U)
YIAOD-IY

*S|elJd] JUSWIEDJ ] WISI|OQUISOQWIOUY| SNOUSBA jo uosiiedwod *¢ a|qe

491



492

Annals of Pharmacotherapy 50(6)

rivaroxaban and conventional therapy (HR = 0.68; 95% CI
= 0.44-1.04; P < 0.001).* Patients receiving rivaroxaban
demonstrated a numerical decrease in major bleeding and a
numerical increase in CRNM bleeding, providing an 8.1%
rate of major and CRNM bleeding (primary safety out-
come) for both groups (Table 3). The combination of the
primary efficacy end point and major bleeding, defined as
net clinical benefit, was significantly improved with rivar-
oxaban compared with conventional therapy (2.9% vs
4.2%; P=0.03).

In the EINSTEIN-PE trial, the primary efficacy end
point was also found to be noninferior between rivaroxaban
and conventional therapy (HR = 1.12; 95% CI = 0.75-1.68;
P = 0.003).* Major bleeding was significantly reduced by
50% with rivaroxaban compared with conventional therapy
(HR = 0.49; 95% CI = 0.31-0.79; P = 0.003). The occur-
rences of CRNM bleeding and the combination of major
and CRNM bleeding were not different between the groups
(Table 3). Net clinical benefit was not different between
those receiving rivaroxaban or warfarin, respectively (3.4%
vs 4.0%; P =0.28).

In a pooled analysis of the EINSTEIN trials, the primary
efficacy outcome maintained its noninferiority for rivaroxa-
ban compared with conventional therapy in 8282 VTE
patients (2.1% vs 2.3%; HR = 0.89; 95% CI = 0.66-1.19;
P < 0.001). Rivaroxaban was associated with a significant
46% relative reduction in major bleeding versus conven-
tional therapy (1.0% vs 1.7%; P = 0.002). This reduction in
major bleeding was largely responsible for the significant
reduction in net clinical benefit with rivaroxaban compared
with conventional therapy (HR = 0.77; 95% CI = 0.61-
0.97). No difference in the primary safety outcome of major
and CRNM bleeding was observed between the groups
(9.4% vs 10.0%; P=0.27).*

Apixaban

In the AMPLIFY trial, more than 5000 patients with objec-
tively confirmed VTE were randomized in a double-blinded
fashion to apixaban 10 mg twice daily for 7 days, followed
by 5 mg twice daily or conventional therapy with enoxapa-
rin 1 mg/kg administered subcutaneously every 12 hours
started with warfarin.”® Enoxaparin was discontinued after a
minimum of 5 days and achieving an INR of 2 or more.
Treatment was continued for 6 months in both groups. The
primary efficacy end point of recurrent symptomatic VTE
or death related to VTE at 6 months was found to be nonin-
ferior between apixaban and conventional therapy (relative
risk [RR] =0.84; 95% CI=0.60-1.18; P <0.001).” Patients
presenting with PE demonstrated a similar reduction (RR =
0.90) compared with patients presenting with DVT (RR =
0.83; P value for interaction = 0.8198). Major bleeding was
reduced by almost 70% in patients receiving apixaban com-
pared with conventional therapy (RR = 0.31; 95%

CI = 0.17-0.55; P < 0.001). There was also a significant
reduction in major and CRNM bleeding with apixaban ver-
sus conventional therapy in these VTE patients (RR = 0.44;
95% CI = 0.36-0.55).

Edoxaban

In the Hokusai-VTE trial, patients (n = 8292) with VTE
were randomized in a double-blinded fashion to edoxaban
60 mg once daily or warfarin titrated to an INR of 2.0 to
3.0.*" A reduced edoxaban dose of 30 mg daily was given to
patients (17.8%) with a creatinine clearance (CrCl) of
30 to 50 mL/min, with a body weight of <60 kg, or receiv-
ing a potent P-glycoprotein (P-gp) inhibitor (quinidine,
dronedarone, or verapamil). Patients in both groups received
parenteral treatment for a median of 7 days. Treatment
duration could have been between 3 and 12 months; 40% of
patients received treatment for 12 months (mean treatment
duration: 8.3 months).

The primary efficacy outcome (symptomatic recurrent
VTE at 12 months, regardless of treatment duration) met
the predefined definition of noninferiority (P < 0.001) for
edoxaban compared with warfarin.*' Most of the difference
between these groups can be attributed to the 40% of
patients presenting with PE (2.8% vs 3.9%; HR = 0.73;
95% CI = 0.50-1.06), whereas patients presenting with
DVT demonstrated almost identical results between groups
(3.4% vs 3.3%; HR = 1.02; 95% CI = 0.75-1.38). The
P value for interaction between these groups was 0.1772.
Interestingly, patients presenting with more severe PE,
defined as right-ventricular dysfunction determined by a
NT-proBNP (N-terminal of the prohormone brain natri-
uretic peptide) 2500 pg/mL, had a significantly reduced risk
of symptomatic recurrent VTE with edoxaban versus war-
farin (3.3% vs 6.2%; HR = 0.52; 95% CI = 0.28-0.98). The
potential of edoxaban to have more impact on patients with
PE and more severe PE warrants further study. Whereas the
occurrence of major bleeding was not different between the
groups (HR = 0.84; 95% CI = 0.59-1.21), there was an
almost 20% relative reduction in major and CRNM bleed-
ing with edoxaban compared with warfarin (HR = 0.81;
95% CI=0.71-0.94; P = 0.004).

In summary, all DOACs have been found to be noninfe-
rior to dose-adjusted VKA for the treatment of DVT or PE.
Furthermore, rivaroxaban and apixaban (initiated alone)
showed noninferiority in comparison with standard therapy
initiated with parenteral anticoagulants. In terms of safety,
all agents demonstrated better bleeding profiles than
VKA 41434648

The primary end point in each of these trials was the non-
inferiority of the DOAC compared with standard of care.
Noninferiority trials are designed to show that a treatment is
“as good as” current therapy and are commonly imple-
mented when the use of placebo would be unethical. The
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RE-COVER |

RE-COVERII

RE-COVER Pooled

0.44
EINSTEIN DVT

EINSTEIN PE

EINSTEIN Pooled

AMPLIFY

Hokusai-VTE

0.4 0.6 0.8 1.0

iMargins of
:non-inferiority

Hazard Ratio (95% CI)

T T T T
1.2 1.4 1.6 1.8 2.0 2.8

Figure |. Noninferiority analysis for venous thromboembolism treatment trials.

38-43

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.

*Relative risk.

definition of noninferiority did differ between the trials.
Noninferiority margins are determined by considering the
uncertainty associated with the estimated treatment benefit
as well as a tolerable margin for similarity between the tested
and established therapy. The RE-COVER trials had the
highest boundaries for noninferiority, with the HR for nonin-
feriority being out to 2.75 (Figure 1). Both trials met this
definition; the outer 95% Cls achieved with dabigatran were
1.84 and 1.80 in the RE-COVER I and II trials, respec-
tively.*>** Although this definition of noninferiority is wider
than any of the other trials, this is a reflection of the smaller
sample size of the RE-COVER trials compared with the oth-
ers. In the pooled RE-COVER analysis, the outer 95% CI is
narrower, at 1.57.* In the EINSTEIN trials, the definition of
noninferiority was an outer 95% CI of 2.0. In the EINSTEIN-
DVT and EINSTEIN-PE trials, the outer 95% ClIs achieved
with rivaroxaban were 1.04 and 1.68, respectively.***’ Once
again, with the larger sample size, the pooled analysis has a
narrower outer 95% CI of 1.19.* In the more recent
AMPLIFY and Hokusai-VTE trials, the noninferiority mar-
gins were decreased to a RR of 1.80 and a HR of 1.50,
respectively.*®**! It is also important to note that the mean
HR for all of these trials range from 0.68 (EINSTEIN-DVT)
to 1.12 (EINSTEIN PE). Overall, the trial results support the
noninferiority of DOACS to standard of care as well as a lack

of any real difference between these management strategies
in terms of efficacy.

Clinical Trials for Extended Secondary
Prevention of VTE

Long-term trials of secondary prevention of VTE have been
conducted for all DOACs except edoxaban and have dem-
onstrated superiority of the DOACs in preventing their pri-
mary efficacy end point versus placebo (Table 4). %47
Although a significant increase in major bleeding was not
observed in the DOAC arms in any of these trials, the rates
of major/CRNM bleeding were increased with each of these
agents (Table 4), with most differences found in hematuria,
epistaxis, and/or rectal bleeding.””*"** Furthermore, the
incidence of major/CRNM bleeding was numerically lower
for apixaban 2.5 mg twice daily than for 5 mg twice daily
(RR vs placebo = 1.20 and 1.62, respectively).*® Therefore,
use of a DOAC for long-term secondary prevention of VTE
is effective, with some increase in CRNM bleeding. Based
on the AMPLIFY-EXT data, a dose reduction after 6 months
of full-dose treatment is justified with apixaban and should
be evaluated with the other agents.

To date, only 1 trial has evaluated the efficacy and safety
of a DOAC in comparison with warfarin for the long-term
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Table 4. Comparison of Long-term Secondary VTE Prevention Trials.

RE-MEDY
(n = 2866)"

RE-SONATE
(n=1353)¥

AMPLIFY-EXT
(n = 2486)*

EINSTEIN-Extension
(n=1197)%

Randomized, double-
blind, noninferiority
Dabigatran 150 mg

Study design
blind

Treatment arms (duration,

Randomized, double-

Dabigatran 150 mg

Randomized,
double-blind

Apixaban 2.5 mg twice

Randomized,
double-blind

Rivaroxaban 20 mg

months) twice daily vs warfarin; twice daily vs once daily vs placebo  daily or 5 mg twice
INR = 2.0-3.0 (6-36) placebo (6) (6-12) daily vs placebo (12)
Mean age, DOAC groups (years) 55.4 56.1 58.2 56.6 vs 56.4
Male sex, DOAC groups (%) 60.9 55.9 58.8 58 vs 57.7

Primary efficacy end point
VTE, or related death

Primary efficacy end point, DOAC 1.8 vs 1.3 0.4 vs 5.6
vs warfarin or placebo (%)

Major bleeding (%) 09vs 1.8 03vs0

Major and CRNM bleeding (%)  5.6" vs 10.2 53°vs 1.8

VTE deaths (%) 0.1 vs 0.1 OvsO

Recurrent, symptomatic Recurrent, symptomatic
VTE, or related death

Recurrent, symptomatic Recurrent, symptomatic

VTE VTE, or all-cause death
1.3%vs 7.1 3.8°vs42%vs 1.6
0.7vs 0 0.2vs 0.1 vs 0.5
6.0°vs 1.2 32vs43vs 27
0.2vs 0.2 0.2vs 04vs 0.8

Abbreviations: CRNM bleeding, clinically relevant nonmajor bleeding; DOAC, direct oral anticoagulant; VTE, venous thromboembolism.

*Represents a statistically significant reduction versus warfarin or placebo.
Represents a statistically significant increase versus warfarin or placebo.

secondary prevention of VTE. In the RE-MEDY trial, dabi-
gatran demonstrated noninferiority (P = 0.01) compared
with warfarin for the primary composite efficacy outcome
of recurrent symptomatic and objectively verified VTE or
death, either unexplained or by VTE. Major bleeding was
reduced by 50% but was not able to achieve statistical sig-
nificance (P = 0.06). There was a significant reduction in
major/CRNM bleeding (Table 4) compared with warfarin
(HR = 0.54; 95% CI = 0.41-0.71). As reported in other
investigations of oral direct thrombin inhibitors and dabiga-
tran, there were significantly more acute coronary events in
patients receiving dabigatran than in those receiving warfa-
rin (0.9% vs 0.2%; P =0.02).*

Clinical Considerations in
Incorporating DOAC:s in the
Management of VTE

Recently published antithrombotic guidelines support the
use of DOAC agents over VKA therapy (Grade 2B recom-
mendation) in patients with DVT or PE without cancer.”
Despite the significant advance that DOACs represent, they
are not without risk, and thus, clinicians need to consider a
number of clinical issues to optimize treatment. Assessment
of the following factors may be helpful in selecting one
DOAC over another or, alternatively, oral anticoagulation
with a VKA.

Pharmacokinetic and Dosing Considerations

The pharmacokinetic characteristics of DOACs have been
well described.”® Because the DOACs have predictable and
stable pharmacokinetics and pharmacodynamics, unlike

VKAs, routine monitoring of anticoagulant activity is not
required.'****°° However, it is important to note that in
clinical scenarios where the pharmacokinetic/pharmacody-
namic response may be altered significantly (eg, organ dys-
function or drug-drug interactions), there currently is no
readily available coagulation assay approved in the United
States that can precisely assess the level of anticoagulation
for any of the DOACSs. For information on currently avail-
able coagulation assays to measure the level of anticoagula-
tion with DOAC:S, the reader is referred to several recent
reviews.”'”* Despite this gap, the great majority of patients
can be appropriately managed with standard fixed doses for
each DOAC, which greatly simplifies many aspects of
patient management compared with VKAs. The potential
for dosing errors with DOAC:s is still present, however. The
4 agents have achieved regulatory approval in the United
States for the treatment of acute or chronic VTE, each with
a different dosing scheme that may differ by indication,
adding some complexity for the clinician when selecting
the appropriate dose. Table 1 highlights the approved dos-
ing regimens per indication for the DOACs available in the
United States.

Depending on the health care setting, clinicians may rou-
tinely interact with patients on different DOACs, and care
must be taken to ensure appropriateness of the chosen therapy
and initial dose. In addition, transition from injectable agent to
oral DOAC (dabigatran, edoxaban) or from oral high dose to
oral maintenance dose (rivaroxaban at 21 days, apixaban at
7 days) should be implemented at the appropriate juncture.
Particularly at times of transitions of care (ie, bridging), the
practitioner may be faced with multiple decisions regarding
switching agents or alternative anticoagulation. Data to sup-
port best practice in switching from VKA to a DOAC or vice
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versa are, however, limited, although the phase 3 DOAC trials
in VTE and atrial fibrillation (AF) as well as best practice
reports provide some information.”'*%

Considerations With Organ Dysfunction

Altered renal or hepatic function may require dose adjust-
ment of DOACs or perhaps consideration of an alternative
agent or treatment strategy. All the DOACs rely to some
degree on the kidneys for elimination, with dabigatran the
most heavily dependent on renal clearance (Table 2). As
such, renal function should be assessed prior to initiation of
and periodically during therapy as well as whenever there is
apotential for a decline in renal function, to identify patients
who may be at risk of drug accumulation and adverse
events.® Moderate renal impairment (CrCl = 30-50 mL/min)
increases dabigatran exposure approximately 3-fold.>
Because rivaroxaban is partially excreted by the kidneys
(Table 2), drug exposure is increased to a lesser degree with
decreased renal function (eg, 1.5-fold increase with moder-
ate renal impairment).’’ Increases of 44% in apixaban
plasma concentrations have been observed in patients with
severe renal impairment (CrCl < 15 mL/min) as compared
with individuals with normal CrC1.***” Modeling observa-
tions in dose-ranging trials for edoxaban suggested that a
50% dose reduction would be appropriate for patients with
a CrCl of 30 to 50 mL/min.”® Dose adjustment practices for
renal dysfunction varies depending on agent and indication.
Currently, there are no recommended dose reductions for
renal impairment in patients with VTE with dabigatran,
rivaroxaban, or apixaban in the United States. Dosing
adjustments in VTE are available for edoxaban (Table 1).
Dose adjustments are recommended for all 4 agents in other
indications (eg, AF). This is important given that all the
VTE studies excluded patients with CrCl <25 or 30 mL/min,
depending on the study. Although these differences in dose
adjustment recommendations (Table 2) have generated
some controversy with clinicians, data from phase 3 clinical
trials have confirmed that the strategies in VTE are appro-
priate.*® Nevertheless, clinicians will need to be cognizant
not only of assessing renal function in patients initiated on
DOAC:s, but also that recommendations for the manage-
ment of each agent will vary depending on level of renal
dysfunction as well as indication.

Clinicians must also consider underlying hepatic func-
tion when prescribing DOACs for VTE. As a number of
coagulation factors are produced in the liver, coagulopathy
is a risk in severe hepatic impairment.” Hence caution
needs to be exercised when any anticoagulant agent is con-
sidered in patients with severe hepatic dysfunction.
Furthermore, because patients with moderate to severe
hepatic dysfunction were typically excluded from phase 3
clinical trials, the overall risk in these patients is not well
characterized. Clinicians may expect to encounter patients

with VTE who have varying degrees of hepatic dysfunction
from alcoholic cirrhosis or hepatitis C infection. Table 2
depicts recommendations from the US prescribing informa-
tion for patients with varying degrees of hepatic
dysfunction.

The ability to accurately measure the level of anticoagu-
lation and subsequently adjust the dose of any DOAC would
facilitate the optimal management of patients with moder-
ate to severe organ dysfunction. However, as previously
stated, the availability of such an assay for each agent is
lacking in the United States, and clinicians should rely on
current regulatory guidelines appropriate for the practitio-
ner’s jurisdiction for adjusting the dose of any DOAC for
renal or hepatic dysfunction.

Drug-Drug Interactions

Although fewer in number as compared with VKAs, phar-
macokinetic drug-drug interactions for each DOAC pose a
potential for significant plasma concentration alterations.
The management of drug-drug interactions with VK As his-
torically has involved the adjustment of maintenance doses
to maintain a therapeutic INR to successfully mitigate the
risk for adverse events. However, the lack of a readily
accessible coagulation assay that precisely estimates the
degree of anticoagulation with DOACs prevents clinicians
adopting a similar approach. Therefore, an alternative
approach to the management of drug-drug interactions with
DOAC:S is needed, whereby drug-drug interactions are con-
sidered as precautions or contraindications.

Dabigatran, rivaroxaban, apixaban, and edoxaban all
interact with P-gp transporter proteins (Table 2).%3-%%
Certain P-gp inhibitors can increase anticoagulant
exposure, 3361 and conversely, certain P-gp inducers
can reduce bioavailability, and concomitant use should be
avoided (Table 2).>7*? Rivaroxaban and apixaban are
metabolized via cytochrome p450 pathways, and strong
dual P-gp and CYP3A4 inhibitors can increase exposure,
whereas strong dual inducers can decrease anticoagulant
exposure (Table 2).573*

It is important to recognize that for each individual
DOAC, there may be differing recommendations for man-
aging drug-drug interactions depending on the indication.
In addition, many recommendations for managing drug-
drug interactions require the simultaneous consideration of
renal function. Table 2 contains the current available rec-
ommendations from US prescribing information in han-
dling drug-drug interactions for the DOACs.

Similar to other anticoagulants, the potential for pharma-
codynamic drug-drug interactions exists when DOAC ther-
apy is coadministered with other drugs that can affect
hemostasis. Concomitant use of nonsteroidal anti-inflamma-
tory drugs (NSAIDs), antiplatelet agents, other anticoagu-
lants, and fibrinolytic therapy increase bleeding in patients
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receiving anticoagulants.>”***° Pooled analysis of the dabi-
gatran RE-COVER and RE-COVER II trials, however,
showed no impact of low-dose aspirin or NSAIDs on treat-
ment effects, but patients on long-term antiplatelet therapy
were excluded from these trials.*** Use of NSAIDs and
antiplatelet drugs were discouraged but allowed in the
EINSTEIN studies.***° Patients on dual antiplatelet or daily
low-dose aspirin were excluded from the AMPLIFY
program.***® Therefore, the impact of these agents on the
efficacy and safety of the DOACs in VTE treatment has not
yet been determined. Similarly, patients requiring fibrino-
lytic therapy for acute VTE treatment were excluded
from the RE-COVER, EINSTEIN, and AMPLIFY
programs.** 4424348 Regardless, the risk of bleeding would
be expected to increase with DOAC:s in the presence of other
antithrombotic agents, and careful risk assessment should
take place prior to initiating DOAC therapy in patients tak-
ing additional agents that can affect hemostasis.

Bleeding Risks

Bleeding and reduced hemostatic responses are risks with
the DOACs, and the management of bleeding events with
these agents is in many ways similar to that with VK As.>*6%-¢7
There are some agent-specific options, such as maintenance
of diuresis by fluid replacement or hemodialysis, to support
renal clearance of dabigatran as well as general procedures,
including supportive treatment, general hemostatic mea-
sures, and transfusion of blood products.*****" The rapid-
acting reversal agent idarucizumab (aDabi-Fab; Boehringer
Ingelheim, Ingelheim, Germany) was approved by the US
Food and Drug Administration (FDA) in October 2015 for
use in patients treated with dabigatran when reversal of the
anticoagulant effects of dabigatran is needed (ie, for emer-
gency surgery/urgent procedures or if there is life-threaten-
ing or uncontrolled bleeding).®** In the RE-VERSE AD
study, idarucizumab demonstrated complete reversal of
dabigatran within minutes of administration, as demon-
strated by normalization of ecarin clotting time and dilute
thrombin time. Of the patients with elevated baseline val-
ues, dilute thrombin time was normalized in 98% of those
with serious bleeding (group A) and in 93% of those requir-
ing urgent surgery or intervention (group B), and ecarin
clotting time was normalized in 89% and 88% of patients in
these respective groups.’’ Two other reversal agents, andex-
anet alfa (r-Antidote, Portola Pharmaceuticals Inc, San
Francisco, CA) and ciraparantag (PER-977, aripazine,
Perosphere Inc, Bedford, MA) are in late-phase clinical
development and have been granted accelerated approval
status by the FDA.”""® Two phase 3 trials in healthy older
volunteers (50-75 years old) have demonstrated the efficacy
of andexanet alfa in reversing the anticoagulant effects of
apixaban (ANNEXA-A) and rivaroxaban (ANNEXA-R).”
Additionally, in a phase 1 study, hemostasis was restored

within 30 minutes and was sustained for 24 hours after
administration of ciraparantag after edoxaban exposure.”’

Additional Clinical Considerations

Patients Requiring Dual-Antiplatelet Therapy. As previously
discussed, the addition of antiplatelet therapy to oral antico-
agulation with DOACs can increase the risk of bleeding.
Whereas antiplatelet monotherapy (generally aspirin at
doses of <100 mg/d) was allowed in phase 3 clinical trials,
the presence or need for dual antiplatelet therapy (DAPT)
was an exclusion criterion in the VTE clinical trial pro-
grams.”® As such, there is limited information in the VTE
population on the balance of risks and benefits of using
DOAC: in patients requiring DAPT. Available acute coro-
nary syndrome clinical trial data demonstrate a significantly
increased risk of major bleeding when DOACs are coad-
ministered with DAPT.” Until further information becomes
available, patients requiring DAPT and who experience
VTE events should be managed with VKAs for at least the
duration that the DAPT is indicated.

Patients With Underlying Valvular Heart Disease. Clinicians
will need to assess for underlying valvular heart disease and
determine if anticoagulation with a DOAC is appropriate,
especially in those patients with concomitant AF. Clinicians
should avoid using DOAC therapy in patients with mechan-
ical heart valves and/or moderate to severe mitral stenosis
based on exclusion criteria in clinical trials, subgroup anal-
yses, and current US prescribing guidelines.*®®' These
patients should be managed with VKA therapy. Patients
with other forms of valvular heart disease such as aortic/
mitral regurgitation, aortic stenosis, or bioprosthetic valve
replacement are more challenging because it is not clear
from phase 3 clinical trials if DOAC therapy should be
avoided in such patients. However, there is some evidence
from trials including such patients that the efficacy and
safety results did not differ from the overall patient popula-
tions, indicating that DOAC therapy could be used safely.*
Although further information with patients with valvular
heart disease would be welcome, at this time, clinicians
may consider DOAC therapy an option for VTE manage-
ment in patients who have certain types of valvular heart
disease, such as aortic/mitral regurgitation, aortic stenosis,
or bioprosthetic valve replacement.

Extremes of Body Weight. Although currently available infor-
mation does not suggest a need for dose adjustment in over-
weight/obese patients, additional information on the
pharmacokinetic/pharmacodynamic response in patients
weighing >150 kg would be valuable.® There are limited
data in dabigatran-treated patients with weights of <50 or
>100 kg showing that trough concentrations may be ~20%
lower at weights >100 kg compared with patients with body
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weight of 50 to 100 kg.* Data from analyses in other indica-
tions (eg, orthopedic surgery) suggest no clinically signifi-
cant impact of overweight or obesity; thus, there are no
requirements for dose adjustments.>**™ Similarly, low body
weight (ie, <50 kg) caused changes of <25% in rivaroxaban
peak plasma concentration, although rivaroxaban exposure
was not affected by body weight (<50 kg vs 70-80 kg vs >120
kg), and so no dose adjustments were considered necessary.*’
There were also variations in apixaban exposure with
extremes of body weight (<50 or 2120 kg) of approximately
20% to 30%.* No dose adjustments because of weight alone
were considered necessary with apixaban, although, when
combined with other factors, dose reduction at low weights
may be prudent.® Table 3 contains the range of body weights
seen in phase 3 clinical trials; if clinicians encounter patients
weighing outside of these ranges, appropriate management
should be considered on an individual basis.

Dietary Interactions/Drug Administration. Numerous dietary
interactions cause variability in the anticoagulant response
to VKAs. In contrast, the DOACs are free of such interac-
tions, although food increases the bioavailability of higher
doses of rivaroxaban.””'""**" Dabigatran etexilate is for-
mulated in capsules with tartaric acid to provide the acid
environment necessary for its efficient absorption, render-
ing it independent of gastrointestinal acidity.'"*” Patients,
however, need to be warned not to break open or chew cap-
sules because this can increase drug exposure. Also, cap-
sules should be stored in their original packaging to protect
them from deterioration caused by moisture.’

Patients at Risk for Medication Nonadherence. Although once-
daily regimens may theoretically be associated with greater
medication adherence than twice-daily formulations, missing
a dose from either a once-daily or twice-daily regimen can
likely result in subtherapeutic anticoagulation and pose short-
term risk of VTE recurrence.®® Risk for nonadherence should
be considered in selection of anticoagulant for each patient.
In addition, programs that can improve medication adherence
are vital. Recent information from the Veterans Health
Administration system demonstrated that high-quality anti-
coagulation management practices (such as appropriate
patient selection and education, ensuring good transitions of
care and routine follow-up monitoring of clinical status) are
associated with improved rates of adherence to dabigatran for
the prevention of stroke in patients with AF.¥ Similar inter-
ventions would be likely to produce the same benefits in
patients on DOAC therapy for the management of VTE.

Management of VTE in Active Cancer/
Malignancy
Cancer and its treatment have been recognized as risk factors

for VTE.” Furthermore, treatment of cancer-associated VTE
provides greater challenges than treatment in noncancer

populations, because patients with cancer have a greater risk
of VTE recurrence during anticoagulation as well as an
increased risk of bleeding.”! The 2014 clinical practice guide-
line update of the American Society of Clinical Oncology
recommends low-molecular-weight heparin (LMWH) for the
initial treatment of VTE (5-10 days) as well as for long-term
(=6 months) secondary prophylaxis in patients with cancer.”
Similarly, the CHEST guidelines, which were recently pub-
lished by the American College of Chest Physicians, recom-
mend LMWH over VK As in patients with cancer and VTE.*
This is based on evidence that LMWH is more effective than
VKA in this patient population as well as for practical rea-
sons such as the difficulties of keeping VK A-treated patients
with cancer in therapeutic range and the fact that LMWH is
easier to withhold or adjust than VKA if invasive interven-
tions are required. Use of DOACs, however, is not currently
recommended in patients with VTE and cancer in either of
these guidelines.*”* The CHEST recommendations suggest
that LMWH may be more effective than DOACs in patients
with cancer, based on indirect comparisons.*’ However,
findings from meta-analyses concerning the relative effec-
tiveness of LMWH versus DOACs in patients with cancer
are conflicting.”** Therefore, results from ongoing trials
comparing DOACs with LMWH are required before the role
of DOACs in patients with cancer and VTE can be
established.

Role of the Pharmacist in VTE
Treatment

In both inpatient and outpatient settings, the literature sup-
ports the role of the pharmacist in VTE management.”
Pharmacist-led services can improve anticoagulation man-
agement and have been associated with cost savings rela-
tive to physician control.”® Findings from health care
database analyses and audits suggest that more than 25% of
patients do not start VKA therapy, more than 25% of
patients on VKA do not have their therapy adequately mon-
itored, and treatment is taken for a shorter duration than rec-
ommended (median = 61 days).* ** Similar drop-out rates
have been reported with the DOACs in other indications;
21% of patients stopped treatment in the RE-LY trial at
2 years.”’ Because withdrawing from therapy or nonadher-
ence with anticoagulation poses great risk to the patient, the
role of the pharmacist in activities to improve adherence for
these agents is paramount.®

Pharmacists can be involved in a number of evidence-
based measures to improve outcomes and avoid adverse
events in patients receiving anticoagulation.” Ensuring that
patients’ medications are communicated at transitions in care
has been proposed as a measure to improve quality of care in
DVT or PE.”” The transition from parenteral to DOAC or
VKA therapy and its subsequent continuation need to be
carefully managed to ensure dose appropriateness and fol-
low-up. For example, the pharmacist can help facilitate the
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required dosage adjustments at days 7 and 21 with apixaban
and rivaroxaban, respectively. According to Joint Commission
National Patient Safety Goal 03.05.01, education of patients
about their anticoagulant therapy is “vital” in reducing the
risk of adverse events with heparins and VK As.'® Pharmacists
can also ensure safety of DOAC administration both in the
inpatient and outpatient populations, specifically monitoring
for drug-drug interactions, providing dosing recommenda-
tions for those with organ dysfunction or extreme weights as
well as monitoring for adherence and opportunities for edu-
cation reinforcement. Pharmacists are known to contribute
substantially to enhanced medication education and the
improvement in achieving performance measures and overall
care for VTE.”%

Errors in the prescribing, administration, and monitoring
of the DOACs have been identified recently in the outpa-
tient setting.'”' For example, the administration of rivaroxa-
ban inappropriately without food or lack of attention to
specific storage requirements for dabigatran can be
addressed simply by pharmacist interaction and education.
Errors related to inappropriate baseline monitoring and
dose selection have also been reported in clinical prac-
tice.'”! Many clinicians have not yet developed a familiarity
with the DOAC class and would benefit from having read-
ily available guidelines and/or decision support tools that
facilitate appropriate dose selection for each agent.
Development of such protocols or decisions based on for-
mulary restrictions will require pharmacist input. As with
warfarin therapy, transitioning from injectable therapy is
still necessary for dabigatran and edoxaban in the treatment
of VTE, and pharmacists can play an invaluable role in
ensuring successful bridging with parenteral therapies and
transition to the proper dose of oral anticoagulation.*”
Finally, pharmacists should be committed to monitoring
and reporting any significant side effects seen with these
agents because this will ultimately improve overall patient
safety with these agents.

Conclusion

In summary, clinicians now have multiple anticoagulant
options for the treatment of VTE. DOACS represent a step
forward in the management of VTE, with similar efficacy
and improved safety compared with VKAs. Although the
limitations of VKAs seem to concede DOACs as superior
agents, attention is still required to appropriately select dos-
ing based on indication, avoid drug-drug interactions, and
consider dose adjustments for particular clinical circum-
stances such as organ dysfunction or concomitant medica-
tions. Clinicians treating VTE need to be familiar with the
intricacies of anticoagulation therapy used in this setting.
The pharmacist has unique knowledge to improve the care
and successful treatment of VTE through interactions with
both providers and patients.
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