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Introduction

As a result of the successful completion of their respective phase Ill studies compared
with vitamin K antagonists (VKAs), four direct oral anticoagulants (DOACs) have been
approved for the treatment and secondary prevention of venous thromboembolism
(VTE). These DOACs—apixaban, dabigatran, edoxaban, and rivaroxaban—have subse-
quently seen a steady uptake among clinicians since their approval. Despite the
suitability of DOACs for a broad range of patients, they are not appropriate in certain
situations, whereas in others they require additional considerations such as dose
reductions. Subanalyses of phase Il trials and studies on specific VTE patient
populations have been conducted to evaluate the safety and efficacy of the DOACs
in a broad range of settings, such as patients with renal impairment, patients with
cancer, patients of childbearing potential, patients with multiple comorbidities and
pediatric patients. Furthermore, many recent guidance documents from important
hematological societies and other specialists have incorporated several of these
developments. These documents also identify the patients for whom DOACs are not
suitable and where traditional anticoagulation options such as heparins or VKAs should
be considered instead. This review provides an overview of key VTE patient subgroups,
the clinical evidence supporting the use of anticoagulation in these patients, and a
discussion of the most appropriate approaches to their management, including
considerations such as dosing, acute and extended treatment durations, and DOAC
selection.

levels are obtained (parenteral/VKA therapy).! Dabigatran
and edoxaban are indicated to be used after >5 days of initial

The treatment of venous thromboembolism (VTE)—compris-
ing deep vein thrombosis (DVT) and pulmonary embolism
(PE)—has evolved with the introduction of the direct oral
anticoagulants (DOACs; apixaban, dabigatran, edoxaban, and
rivaroxaban), whereas previously vitamin K antagonists
(VKAs) were the only option for oral anticoagulation. VKAs
are usually administered overlapping with and followed by
parenteral anticoagulation until the desired therapeutic
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parenteral therapy for the acute venous thromboembolic
event, whereas apixaban and rivaroxaban are eligible to be
prescribed in the acute phase without prior parenteral use
(~Fig. 1).>° Recent data from the GARFIELD-VTE registry
demonstrated that nearly half of the patients with VTE
enrolled between 2014 and 2017 were prescribed a DOAC,
26.8% received parenteral/VKA therapy, 17.6% a parenteral
anticoagulant only, and 5.9% a VKA only.®
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Dabiaatran anticoagulant
g 25 days
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Edoxaban anticoagulant
25 days
Apixaban 10 mg b.id.
(single drug) x7 days
Rivaroxaban 15 mg b.id.
(single drug) x21 days

VKA INR 2.0-3.0
(regular monitoring required,
followed by (EEELEEUENRTEAE) needed)

Dabigatran 150 mg b.i.d.(full dose)
Or 110 mg b.i.d2

Edoxaban 60 mg o.d. (full dose)
Or 30 mg 0.d®

20 mg o.d. (full dose)
Or 15 mg 0.d°

Extended treatment
(>6 months )

As per long-term treatment

As per long-term treatment

As per long-term treatment

2.5mgb.id.

10 mg o.d.

Or 20 mg o.d. or 15 mg 0.d¢

&

Fig. 1 Dosing schemas of oral anticoagulants approved for the treatment and/or secondary prevention of VTE.2">19 Figure adapted from:
Thrombosis Adviser. Dosing schemas of the NOACs for VTE treatment (online). 2020. Available at: thrombosisadvisor.com/dosing-schemas-
NOACs-VTE/. Accessed March 13, 2020. “Recommended for patients aged >80 years or those receiving concomitant verapamil. To be considered
for patients aged 75 to 80 years old, with CrCl 30 to 50 mL/min, with gastritis, oesophagitis or gastroesophageal reflux, or at risk of bleeding
(based on individual assessment of thromboembolic vs. bleeding risk); ®in patients with CrCl 15 to 50 mL/min and/or weight <60 kg and/or
concomitant use of ciclosporin, dronedarone, erythromycin, or ketoconazole; “in patients with CrCl 15 to 49 mL/min if the patients’ assessed risk
of bleeding outweighs that of VTE; “when extended prevention of recurrent DVT and PE is indicated, the recommended dose is rivaroxaban
10 mg o.d. In patients in whom the risk of recurrent DVT or PE is considered high, such as those with multiple comorbidities, or who have
developed recurrent DVT or PE on extended prevention with rivaroxaban 10 mg o.d., a dose of rivaroxaban 20 mg o.d. should be considered (or
15 mg o.d. in patients with CrCl 15-49 mL/min). b.i.d., twice daily; CrCl, creatinine clearance; DVT, deep vein thrombosis; INR, international
normalized ratio; NOAC, nonvitamin K oral anticoagulants; o.d., once daily; PE, pulmonary embolism; VTE, venous thromboembolism; VKA,

vitamin K antagonist.

The increasing use of DOAC therapy coincided with recent
updates to guidelines in 2016 from the American College of
Chest Physicians (ACCP)' for antithrombotic therapy for VTE
and in 2019 from the European Society of Cardiology (ESC) for
acute PE. Mainly due to the positive safety profile of the
DOACs, these guidelines recommend the use of DOACs over
VKA therapy in patients without cancer.-” These recommen-
dations are based upon the respective phase IIl randomized
controlled trials (RCTs) for acute VTE treatment, long-term
VTE secondary prevention, '3 and extended VTE secondary
prevention.'>%1° Furthermore, DOACs overcome some of the
practical limitations associated with VKA therapy due to their
more predictable pharmacological properties.'® Nonetheless,
DOACs are not suitable for all patients with VTE (e.g., patients
with severe renal impairment were excluded from the phase I
RCTs of DOACs for VTE), and for other patient groups, dose
adjustment or caution may be necessary (e.g., in patients with
mild or moderate renal impairment).>~> A growing pool of data
from subanalyses of the phase IIl VTE treatment RCTs and new
RCTs for cancer-associated thrombosis (CAT) provide an op-
portunity to further optimize the use of DOACs in special
populations. Findings from these studies have been generally
supported by evidence collected from clinical practice.
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This review will discuss important questions regarding
the use of DOACs in patients with VTE, including DOAC
suitability, dose, and duration of treatment across important
patient groups, including patients with renal impairment,
cancer, or multiple comorbidities; pediatric patients;
patients with high body mass index (BMI); and in circum-
stances of pregnancy and breastfeeding.

Direct Oral Anticoagulants: An Overview

Before discussing the use of DOACs in individual special VTE
patient populations, we first consider the properties of VKAs
and DOACs that might underpin drug choice and dosing
decisions. Dosing strategies are outlined in ~Fig. 1. Criteria
for dose reductions and cautions and contraindications are
outlined in =Table 1.

Apixaban, dabigatran, edoxaban, and rivaroxaban are
indicated for both the treatment and secondary prevention
of VTE and will, therefore, be the focus of this review.>
Betrixaban is an additional factor Xa inhibitor, currently only
indicated for VTE prophylaxis in patients hospitalized for
acute medical illness and will,'” therefore, not be discussed
further. Compared with the DOACs, the inhibitory effects of
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Table 1 Dose reduction criteria and cautions and contraindications for direct oral anticoagulants approved for the treatment

and/or secondary prevention of venous thromboembolism

2-5,19

DOAC Dose reduction Criteria for dose reduction Cautions and contraindications
Dabigatran 150-110 mg b.i.d. | Recommended for: patients aged Contraindicated in patients using other anti-
>80 years or those receiving coagulants or strong P-gp inhibitors, or with CrCl
concomitant verapamil. <30 mL/min, active clinically relevant bleeding,
To be considered for patients: aged conditions/lesions with high bleeding risk, certain
75-80 years old; with CrCl 30-50 mL/min; | hepatic diseases, prosthetic valves or who are
with gastritis, oesophagitis or pregnant or breastfeeding.
gastroesophageal reflux; at risk of Caution advised in patients at risk of bleeding or
bleeding (based on individual assessment | undergoing surgery.
of thromboembolic versus bleeding risk). | Not recommended in patients with hepatic
impairment, active cancer or using P-gp inhibitors.
Edoxaban 60-30 mg o.d. CrCl 15-50 mL/min and/or weight <60 kg | Contraindicated in patients using other anticoa-
and/or concomitant use of ciclosporin, gulants, or with active clinically relevant bleeding,
dronedarone, erythromycin, or severe uncontrolled hypertension, conditions/
ketoconazole. lesions with high bleeding risk, certain hepatic
diseases, or who are pregnant or breastfeeding.
Not recommended for patients with ESRD or un-
dergoing dialysis, severe hepatic impairment,
active cancer,” hemodynamically unstable PE.
Caution advised in elderly patients taking ASA,
patients with moderate hepatic impairment.
Apixaban None apply N/A Contraindicated with clinically significant bleeding,
hepatic disease associated with coagulopathy or
bleeding risk, conditions/lesions with high
bleeding risk, or use of other anticoagulants.
Caution advised in elderly patients taking ASA,
those at risk of hemorrhage, with mild/moderate
hepatic impairment, CrCl 15-29 mL/min, or taking
medications that affect hemostasis.
Not recommended in patients with prosthetic
valves, hemodynamically unstable PE, active
cancer, CrCl <15 mL/min, severe hepatic
impairment, using strong CYP3A4 or P-gp
inhibitors or inducers, who are pregnant or
breastfeeding, or for certain surgeries.
Rivaroxaban | None apply® N/A Contraindicated in patients using other anti-

coagulants, or with active clinically significant
bleeding, conditions/lesions with high bleeding
risk, certain hepatic diseases, or who are pregnant
or breastfeeding.

Caution advised in patients with CrCl

15-29 mL/min or taking medicines affecting
hemostasis.

Not recommended in patients undergoing surgery, at
risk of hemorrhage, or with CrCl <15 mL/min,
prosthetic valves, hemodynamically unstable PE, or
who are treated with strong CYP3A4 or P-gp
inhibitors.?

Abbreviations: ASA, acetylsalicylic acid; b.i.d., twice daily; CrCl, creatinine clearance; CYP3A4, cytochrome P450 3A4; DOAC, direct oral anticoagulant;
ESRD, end-stage renal disease; N/A, not applicable; o.d., once daily; PE, pulmonary embolism; P-gp, P glycoprotein; VTE, venous thromboembolism.
“Edoxaban and rivaroxaban are now considered options for the treatment of cancer-associated thrombosis in recently published guidance (based on
results from the Hokusai-VTE-Cancer and SELECT-D studies).”-37:38:48:49.52,53
®Dose reduction from 20 to 15 mg o.d. can be considered in patients with CrCl 15 to 49 mL/min if the patients’ assessed risk of bleeding outweighs that of

VTE.

VKAs are indirect and affect several coagulation factors.'8

patien

t’2—5

compared with a half-life of approximately

DOACs are also absorbed more rapidly than VKAs, reaching
peak plasma concentrations between 2 and 4 hours®™> com-
pared with approximately 24 hours (and up to 96 hours) for
VKAs.'® These properties underlie the rationale for apixaban
and rivaroxaban use for acute-phase VTE treatment. Further-
more, the DOACs have short half-lives of approximately 5 to
14 hours depending on the age and renal function of a

40 hours for VKAs."® A shorter half-life is advantageous in
the event of overdose, bleeding or to ensure low preoperative
DOAC levels in preparation for elective surgery,2%?! but may
be considered a risk in circumstances of a missed dose or
poor adherence to therapy.?? DOACs have demonstrated a
greater consistency in dose-dependent plasma levels and
have a lower potential for food-drug and drug-drug

Thrombosis and Haemostasis ~ Vol. 120 No. 6/2020

901



902

Treatment of Venous Thromboembolism in Special Populations with Direct Oral Anticoagulants

interactions than VKAs; as a result, no regular blood tests for
anticoagulation monitoring are required with DOAC use.'®
All DOACs have a degree of renal excretion as active metab-
olites, impacting on their use in patients with severe renal
impairment?~>; conversely, VKAs are almost entirely metab-
olized before urinary excretion.'® As well as differences in
the pharmacokinetic profiles of DOACs and VKAs, the bleed-
ing profiles also differ. An analysis of the phase Il acute VTE
trials showed that DOACs were associated with a >50%
decrease in intracranial hemorrhage or fatal bleeding events
compared with VKAs.23 No differences in major gastrointes-
tinal (GI) bleeding rates were reported in patients receiving
DOACs compared with those treated with VKAs.>

In comparing the DOACs among themselves, apixaban,
dabigatran, and edoxaban can be taken with or without
food, whereas the higher (15 mg once daily [0.d.] and 20 mg
0.d.) doses of rivaroxaban should be taken with food. This is
because food increases the bioavailability of rivaroxaban at
higher doses and facilitates full resorption. In terms of drug
interactions, all DOACs are substrates of ATP-binding cassette
transporters such as P-glycoprotein, and rivaroxaban and
apixaban are also metabolized by the cytochrome P450 3A4
pathway.z‘5 Renal excretion as active metabolites ranges from
27% for apixaban to 85% for dabigatran to approximately one-
third for edoxaban and rivaroxaban. Although the DOACs all
have similar pharmacokinetic properties, apixaban and dabi-
gatran are dosed twice daily (b.i.d.) and edoxaban and rivar-
oxaban o.d. for long-term and extended secondary prevention
of VTE.2>20 As discussed previously, apixaban and rivarox-
aban are approved for acute-phase VTE treatment without
prior parenteral anticoagulation; to replace the use of a
parenteral therapy an intensified b.i.d. dosing regimen
applies.z'5 The observational XALIA study demonstrated that
in clinical practice the majority of patients with DVT without
PE (89%) and with PE (74%) treated with rivaroxaban received
no more than 48 hours of parenteral therapy before use.?*
Conversely, dabigatran and edoxaban should follow at least
5 days of initial parenteral therapy for acute VTE,>* based on
the design of their respective phase III RCTs (RE-COVER and
Hokusai-VTE).'%"1 Reversal agents are now available for dabi-
gatran (idarucizumab)25 and the direct and indirect Factor Xa
inhibitors (andexanet alfa; approved for use in the United
States, granted a conditional marketing authorizationin the EU
as of 1 March 2019).26-27

Direct Oral Anticoagulants in Special Patient
Populations: Clinical Evidence and Practical
Considerations

Patients with Renal Impairment

Renal impairment is a frequently encountered comorbidity
in patients with VTE. For example, of 5,710 hospitalized
patients with VTE in a study based in Germany, >40% had at
least moderate renal impairment.?® In the GARFIELD-VTE
registry, which enrolled 10,685 patients with VTE from a
diverse range of care settings, 4.6% of patients had severe
(creatinine clearance [CrCl] < mL/min), and 15.7% had mod-
erate (CrCl: 30-59 mL/min) renal impairment.6 Both the risk
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of VTE and bleeding while receiving an anticoagulant
increases with declining renal function.?>3% In the control
(parenteral/VKA therapy) arm of a pooled analysis of data
from the EINSTEIN DVT and EINSTEIN PE studies, the risk of
recurrent VTE was 1.9% in patients with normal renal
function (CrCl >80 mL/min) versus 3.2% in patients with
moderate renal impairment (CrCl: 30-49 mL/min).3" On
the other hand, impaired renal function is also a risk factor
for major bleeding, as demonstrated in the RIETE registry.
The RIETE registry is an ongoing prospective registry of
>10,000 patients with objectively confirmed symptomatic
acute VTE. In an analysis of results up to March 2005 (at
which point the registry included >10,000 patients), im-
paired renal function was associated with an increased risk of
major bleeding (5.4% with a CrCl <30 mL/min vs. 1.0% with a
CrCl >60 mL/min; odds ratio [OR]: 5.6, 95% confidence
interval [CI]: 3.7-8.4; p<0.001) and fatal bleeding (1.2%
with a CrCl <30 mL/min vs. 0.2% with a CrCl >60 mL/min;
OR: 6.5, 95% CI: 2.7-16.0; p < 0.001) compared with normal
renal function. The registry also described an increased risk
of fatal PE (6.6% with a CrCl <30 mL/min vs. 1.0% with a
CrCl >60 mL/min; OR: 7.2, 95% Cl: 4.9-11.0; p < 0.001).3

The safety and effectiveness of DOACs in patients with renal
impairment ranging from moderate to mild (but not severe)
has been evaluated through RCTs, and data collected from
clinical practice. The DOAC phase Il VTE treatment trials
included more than 7,000 patients with impaired renal func-
tion (~5-8% had moderate [CrCl: 30-49 mL/min] and approx-
imately 20 to 25% mild [CrCl: 50-79 mL/min] renal
impairment). Severe renal impairment (CrCl <30 mL/min [ex-
cept in the AMPLIFY trial of apixaban, which used a threshold
of CrCl <25 mL/min]) was an exclusion criterion across these
studies.®1131:33 As a result, patients with severe renal im-
pairment made up <1% of the DOAC study populations,®'"3!
and in a pooled analysis of dabigatran in the RE-COVER and RE-
COVER II studies, such patients were excluded entirely.>?

Subgroup analyses of outcomes according to renal func-
tion suggest that DOACs are effective and at least as safe as
enoxaparin/VKA therapy for the treatment of VTE in patients
with mild-to-moderate renal impairment. In a meta-analysis
of these data, the risk of recurrent VTE or VTE-related death
with DOAC (apixaban, dabigatran, edoxaban, or rivaroxaban)
therapy was similar to enoxaparin/VKA therapy in patients
with a CrCl >50 mL/min and a CrCl of 30 to 49 mL/min,
whereas the risk of major bleeding was lower with DOAC
therapy versus enoxaparin/VKA in both subgroups.?® In
another meta-analysis, the observed reduction in the risk
of bleeding with DOAC versus enoxaparin/VKA therapy in
patients with a CrCl <50 mL/min reached significance with
rivaroxaban, and was observed as a nonsignificant trend
with apixaban. The risk appeared more equal between
treatment arms with dabigatran (~Fig. 2).>*

Because drug exposure can increase with declining renal
function in accordance with the proportion of the agent that
is excreted renally,>® careful consideration of anticoagulant
choice is important. Furthermore, because renal function can
decline over time—particularly in elderly patients and those
taking multiple medications—regular assessment of renal
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Study DOAC CrC.I DOAC Warfarin Risk Ratio pvalue  p-interaction
(mmin) % (n/N) % (nIN) (95% Cl)
Overall 2.4 (60/2553) 2.2 (55/2554) 1.09 (0.76-1.56) R T — 0.64 0.05
IR;ICOVER Dabigatran =50  2.5(60/2424) 2.1 (50/2395) 1.18 (0.82-1.71) bt ——i 0.36
<50  00(0M29)  36(5/138) 0.10(0.01-1.74) o 0.11
Overall 1.8 (86/4150) 2.3 (35/4131) 0.90 (0.68-1.20) i 0.48 0.94
EINSTEIN  givaroxaban >50  1.9(73/3778) 2.2 (82/3779) 0.89 (0.65-1.22) —H— 0.46
DVT & PE <50 33(11/332)  3.4(11/322) 0.96 (0.43-2.21) A ; 0.94
Overall 2.3 (59/2609) 2.7 (71/2635) 0.84 (0.60-1.18) PR - 0.31 0.97
AMPLIFY  Apixaban >50 24 (52/2207) 2.4 (54/2249) 0.98 (0.67-1.43) —— 0.92
<50  41(71169)  4.4(7/158) 0.93 (0.34-2.50) ' ' 0.89
Overall 3.2(130/4118) 3.5 (146/4122) 0.89 (0.71-1.12) . 0.33 0.33
HOKUSAF  Edoxaban  >50 3.2(122/3850) 3.4 (130/3849) 0.93 (0.74-1.20) —H— 0.60
<50  3.0(8/268)  59(167273) 051(022-1.14)  —f— iy 0.11
I —rt S —
0 1 2 3
Favours DOAC Favours VKA
B
Study DOAC CrCII DOAC Warfarin Risk Ratio p-value  p-interaction
(ml/min) % (n/N) % (n/N) (95% CI)
Major bleeding
Overall 1.0 (24/2456) 1.6 (40/2462) 0.60 (0.36-0.99) —— 0.047 0.66
IR:;FOVER Dabigatran =50 0.8 (18/2315) 1.5 (35/2319) 052 (0.29-0.90) ——i 0.022
<50  57(6M106)  44(5/114) 1.29(0.43-3.89) } 0.67
Overall 1.0 (40/4130) 1.7 (72/4116) 0.55 (0.38-0.81) - 0.003 0.04
EJI\T'I'S;E:E Rivaroxaban >50 10 (37/3754) 16 (59/3769) 0.63 (0.42-0.94) —— 0.026
S50  09(3/329)  4.1(13/320) 0.22(0.06-073) i 0.019
Overall 0.5 (15/2676) 1.8 (49/2689) 0.31(0.17-0.54)  jfe <0.001 0.36
AMPLIFY  Apixaban >50  04(10/2270) 1.8 (35/1997) 0.25(0.12-051)  H—i <0.001
<50  29(5M75)  55(9/163) 051(0.18-144)  p—f—d 0.22
Major and cliniclly relevant non-major bleeding
Overall 4.4(109/2456) 7.7 (189/2462) 0.57 (0.46-0.73) - <0.001 0.51
IF*:;ICOVER Dabigatran 250 4.1 (95/2315) 7.5 (176/2319) 0.54 (0.42-0.69) H <0.001
<50  11.3(12/108) 10.5(12/114) 1.07 (0.51-2.25) ' } 0.85
Overall 9.4 (388/4130) 10.0 (412/4116) 0.94 (0.82-1.07) - 0.35 0.82
g'\::'f;'ﬂg Rivaroxaban >50 9.2 (347/3754) 9.7 (367/3769) 0.95 (0.83-1.09) HH 0.47
<50  11.9(39/329) 13.8(44/320) 0.86 (0.58-1.29) —t— 0.47
Overall 8.5(349/4118) 10.3 (423/4122) 0.82 (0.72-0.95) - 0.006 0.76
HOKUSAFF  Edoxaban  >50 8.3 (321/3850) 10.0 (384/3849) 0.83 (0.73-0.96) HH 0.013
<50 104 (28/268) 14.3(39/273) 0.73(0.46-1.15) P 0.18
r r—r —rT —rr
0 1 2
Favours DOAC Favours VKA

Fig. 2 Rates of (A) recurrent VTE and (B) major bleeding and major plus clinically relevant nonmajor bleeding® with DOAC versus warfarin

therapy in the phase Ill DOAC for VTE treatment trials.3*? Data for major bleeding in the Hokusai-VTE trial and major plus clinically relevant
nonmajor bleeding in the AMPLIFY trial were not reported in the original studies. Figure adapted from Geldhof et al.3* CI, confidence interval;
CrCl, creatinine clearance; DOAC, direct oral anticoagulant; VKA, vitamin K antagonist; VTE, venous thromboembolism.

function during the use of anticoagulation therapy is neces-
sary.>® Of all the DOACs, dabigatran has the highest degree of
renal elimination as an active metabolite and apixaban the
lowest. However, the use of DOACs is only contraindicated in
cases of severe renal impairment (CrCl<15mL/min or
CrCl <30 mL/min for dabigatran); for less severe cases, cau-
tions and dose reductions sometimes apply (~Table 1).2~>1°
With regard to VKAs, some evidence suggests that they are
associated with accelerated progression in chronic kidney
disease, possibly because of renal vascular calcification.3’

Patients with Cancer
Cancer and its treatments are associated with a hypercoagu-
lable state and are well-known risk factors for VTE (com-

monly referred to as cancer associated thrombosis [CAT]).
Extended periods of anticoagulation therapy of at least 6
months are recommended for patients with CAT.”-3%3° Until
recently, low molecular weight heparin (LMWH) was the
preferred therapy based on superior efficacy and/or safety
compared with VKAs in the oncology setting.*-4> Advan-
tages of LMWH therapy for CAT include reliability in patients
who have difficulty with oral therapy (e.g., those suffering
from nausea/vomiting),’ and there has been some experi-
ence gained in managing LMWH dosing in circumstances of
thrombocytopenia (a complication often secondary to che-
motherapy).1'44 However, long-term persistence with
LMWH may be challenging for some patients because of
the burden and discomfort of daily subcutaneous injections;
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furthermore, LMWHs are costly, with reimbursement an
issue in some countries.** Indeed, low persistence with
LMWH therapy and frequent use of oral alternatives (namely
VKAs and rivaroxaban) have been observed in clinical prac-
tice.*6-48 This warranted the evaluation of DOACs versus
LMWH for the treatment of CAT.

The phase Ill Hokusai-VTE-Cancer study*®° of edoxaban
versus dalteparin and the randomized SELECT-D pilot study51
of rivaroxaban versus dalteparin were the first cancer-popula-
tion-specific randomized trials for DOACs in patients with CAT,
and the first to compare DOACs with LMWH in this setting. The
study designs and results are summarized in = Table 2. As per
the CLOTstudy design,*' the dalteparin dose was reduced after
4 weeks from 200 to 150 IU/kg/day in both studies. Therefore,
full-dose anticoagulation with edoxaban or rivaroxaban was
compared with reduced-dose dalteparin.**>" In Hokusai-VTE-
Cancer, edoxaban was noninferior to dalteparin for the com-
posite outcome of recurrent VTE and major bleeding (12.8 vs.
13.5%; hazard ratio [HR]: 0.97, 95% CI: 0.70-1.36; p = 0.006).
Whereas the risk of recurrent VTE was significantly lower with
edoxaban versus dalteparin, the risk of major bleeding was
significantly higher (=Table 2). In line with previous observa-
tional data,*®~*® patients randomized to the edoxaban arm
continued therapy for significantly longer than patients ran-
domized to LMWH (211 vs. 184 days; p=0.01); 14.9% of
patients who discontinued dalteparin did so because of the
inconvenience of dosing (compared with 4.0% of patients who
received edoxaban). A sensitivity analysis demonstrated that
the longer duration of edoxaban versus dalteparin therapy did
not heavily influence efficacy outcomes.*® In the SELECT-D
pilot study, rivaroxaban was associated with a lower rate of
recurrent VTE at 6 months but a higher rate of major bleeding
and clinically relevant nonmajor bleeding (CRNM; =Table 2).
However, the study was not powered to test efficacy and safety
hypotheses.”’ One potential reason for the higher rates of
major bleeding observed with DOACs compared with dalte-
parin, in both Hokusai-VTE-Cancer and SELECT-D, is the
reduction in dalteparin dose after 4 weeks. In both studies,
the majority of major bleeding events were GI bleeding, which
were largely responsible for the higher rates of bleeding
associated with DOAC versus dalteparin therapy (=Table 2).
Furthermore, GI bleeding events were most frequent in
patients with GI tract tumors.*>>' In SELECT-D, only 19
patients with cancer of the esophagus or gastroesophageal
tract were enrolled, with these cancer types excluded from
enrolment part way through the study following an interim
safety analysis, in which a nonsignificant increase in major
bleeding with rivaroxaban versus dalteparin was demonstrat-
ed.”! Results from the ADAM-VTE trial, an investigator-led,
randomized, open-label study of apixaban versus dalteparin
for the treatment of CAT (n=300) demonstrated a very low
incidence of major bleeding in both treatment groups (0 in the
apixaban armvs. 1.4% in the dalteparin arm; HR not estimable;
p=0.14) and comparable incidences of major and CRNM
bleeding events in both groups (6.2% in the apixaban arm vs.
6.3% in the dalteparin arm; HR: 0.93, 95% CI: 0.43-2.02;
p=0.88). Of note, this study included fewer patients with
upper GI malignancies than the Hokusai-VTE-Cancer and
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SELECT-D trials. VTE recurrence was, as observed in the
Hokusai-VTE-Cancer and SELECT-D trials, lower in the DOAC
arm (apixaban) compared with the dalteparin arm (0.7 vs.
6.3%, respectively; HR: 0.099, 95% CI: 0.013-0.780; p = 0.03).
All-cause mortality was also low in both treatment arms (16%
with apixaban vs. 11% with dalteparin; HR: 0.40, 95% CI: 0.82-
243; p=0.31); the reasons for these low event rates are
unclear and cannot be explained by patient characteristics.”?

Considering the latest data, the 2019 update of guidelines
from the American Society of Clinical Oncology (ASCO) rec-
ommend that a parenteral anticoagulant (LMWH, unfractio-
nated heparin or fondaparinux) or rivaroxaban is used for the
initial treatment of CAT and that LMWH, edoxaban or rivar-
oxaban is used for long-term therapy. The guidelines also
advise caution with DOACs in settings with a high risk of
mucosal bleeding, including in patients with GI and genitouri-
nary malignancies and note the potential for drug-drug inter-
actions should be checked before use.>® The 2019 update to the
ESC guidelines on the management of acute PE recommend
that LMWHs are considered for the first 6 months over VKAs,
and that edoxaban and rivaroxaban can be considered as
alternatives to LMWH in patients without GI cancer.” Recently
published guidance also suggests edoxaban and rivaroxaban
(International Society on Thrombosis and Haemostasis [ISTH];
International Initiative on Thrombosis and Cancer [ITAC]),>%>3
or edoxaban preferred over rivaroxaban (National Compre-
hensive Cancer Network)>* over LMWH for selected patients,
with some but not all patients with cancer suitable for DOAC
therapy.3*°34 These guideline and guidance documents also
note that patient preferences should be considered when
deciding upon the anticoagulant and duration of therapy,
and that final treatment recommendations should be made
after shared decision-making with patients.”-383%>3>4 | the
noninterventional, single-arm COSIMO study, patients with
active cancer and CAT who switched from >4 weeks of
traditional anticoagulants (predominately LMWH) to rivarox-
aban reported an increase in treatment satisfaction, noting in
particular a significant decrease in burdens associated with
anticoagulation between baseline (the point of change) and
week 4, which persisted at months 3 and 6.>° A discrete choice
experiment conducted during the study demonstrated that,
outside of effectiveness and safety, route of administration was
the strongest attribute for driving treatment decision-making,
with patients demonstrating a strong preference for oral over
injectable anticoagulants.”®

Although the evidence base to date generally supports the
use of DOACs for the treatment of CAT, increased granularity
of data is required, that is, according to cancer type/stage and
systemic oncological therapy is needed. Additional data on
the use of DOACs for the treatment of CAT will come from the
ongoing phase Il RCT CARAVAGGIO®’ for apixaban versus
dalteparin and subanalyses of the preexisting data, as well as
additional studies for rivaroxaban in CAT (the phase III
CASTA-DIVA®® and CONKO-011°? studies).

DOACs are also under investigation for the primary preven-
tion of CAT in ambulatory cancer patients receiving systemic
cancer therapies and results from the AVERT study for apixaban,
and the CASSINI study for rivaroxaban (both placebo-controlled
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randomized trials) are now published.%®" In the AVERT study,
apixaban significantly reduced the risk of VTE (HR: 0.41, 95% CI:
0.26-0.65) and increased the risk of major bleeding compared
with placebo (HR: 2.00, 95% CI: 1.01-3.95) in ambulatory
patients with cancer with an intermediate-to-high risk of VTE
(Khorana'’s score > 2) who were initiating chemotherapy.®' The
CASSINI study, in which ambulatory patients with cancer and an
intermediate-to-high risk of VTE (Khorana’s score > 2) received
rivaroxaban, showed similar results, with the risk of the com-
posite of VTE and VTE-related death (HR: 0.66, 95% CI: 0.40-
1.09) and of major bleeding (HR: 1.96, 95% CI: 0.59-6.49) versus
those receiving placebo, with both differences not reaching
statistical significance.®® Thromboprophylaxis is not routinely
recommended in ambulatory patients with cancer.>83%54 How-
ever, for patients receiving systemic cancer therapy who are at
an intermediate to high risk of VTE (i.e, a Khorana's risk
score >2), and in the absence of significant risk factors for
bleeding, the 2019 updates to the ASCO guidelines and ITAC
guidance for cancer-associated VTE endorse the use of apixaban
or rivaroxaban for thromboprophylaxis. The ASCO guidelines
also endorse the use of LMWH in this setting, whereas ITAC
guidance only recommends it in patients with locally advanced
or metastatic pancreatic cancer.383°

The Multimorbid Patient

Patients with VTE often have a range of factors (e.g., old age
and extremes in body weight) and comorbidities (e.g., cancer
and renal disease) associated with an increased risk of VTE
recurrence and/or bleeding with anticoagulation therapy.
For example, in the PREFER in VTE registry (which enrolled
patients with VTE between 2013 and 2015), the mean age
was 60.8 years, the average BMI 27.9 kg/m?, 6.2% of patients
had renal disease, and 53.3% active cancer.®? Atrial fibrilla-
tion (AF) and cardiovascular (CV) disease (such as coronary
artery disease and peripheral artery disease and CV risk
factors such as hypertension) are also highly prevalent in
patients with VTE. For example, of patients enrolled in the
PREFER in VTE registry, 3.5% had a history of AF and 45% had
CV disease (excluding hypertension), whereas hypertension
alone was present in 42.3% of patients.®? Studies have
demonstrated a link between these thromboembolic dis-
eases, reflecting shared underlying risk factors.>®* The
presence of multiple indications for antithrombotic use
complicates disease management because of differences in
recommended drug choice and dosing regimens. Decisions
in this regard may need to be based on clinical judgement and
the expertise of a multidisciplinary team.

The relative efficacy and safety of DOAC versus VKA therapy
across relevant high-risk subgroups has been demonstrated in
the phase IIl DOAC VTE treatment studies; a pooled analysis of
such data are shown in ~Table 3.2> The EINSTEIN DVT and
EINSTEIN PE studies for rivaroxaban and Hokusai-VTE for edox-
aban considered multimorbid patients in subgroup analyses.5>%®
In the pooled analysis of the EINSTEIN DVT and EINSTEIN PE,
“fragile” patients were a group defined by the presence of
>1 of the following criteria: age >75 years, CrCl <50 mL/min
or low body weight <50 kg. As expected, rates of recurrent
VTE and bleeding were higher in the “fragile” (n=1,573)
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versus “nonfragile” (n = 6,709) populations. Whereas rates of
recurrent VTE with rivaroxaban versus enoxaparin/VKA treat-
ment in the “fragile” subgroup were similar, there was a
statistically significant difference in rates of major bleeding
favoring rivaroxaban over enoxaparin/VKA use (1.3 vs. 4.5%;
HR: 0.27, 95% CI: 0.13-0.54). Overall, the composite outcome
of symptomatic recurrent VTE and major bleeding was sig-
nificantly lower with rivaroxaban versus enoxaparin/VKA in
the “fragile” patient subgroup (4.6 vs. 8.4%; HR: 0.51, 95% CI:
0.34-0.77).%° In a subanalysis of the Hokusai-VTE data, the
impact of age, number of comorbidities and concomitant
medications on efficacy, and safety outcomes was evaluated.
In the warfarin group, but not in the edoxaban group, the risk
of recurrent VTE increased with advancing age, increasing
number of comorbidities and increasing number of drugs
used. Indeed, edoxaban was more effective than warfarin in
patients >80 years old with more than two comorbidities or
receiving more than five concomitant medications (HR: 0.63,
95%Cl: 0.41-0.96). In the same subgroup, the relative safety of
edoxaban versus warfarin (in terms of major bleeding and
CRNM bleeding) was well maintained despite the elevated risk
of bleeding in both treatment arms. Overall, the net clinical
benefit favored edoxaban use across the separate components
of this subgroup.®®

Other Patient Groups

Pediatric Patients

Although the incidence of VTE in children is approximately
100 times lower than the incidence in adult patients, there is
an increasing need for improved options for anticoagulation
in the pediatric population. For example, anticoagulation
might be needed in pediatric cases of VTE caused by surgery
or illness such as cancer, in cases of severe thrombophilia or
in female pediatric patients with newly prescribed oral
contraception. However, based on challenges associated
with enrolment and retention of younger patients in clinical
trials and the collection of blood samples for monitoring
purposes, there is a paucity of data supporting the use of
anticoagulants in this patient population. Current guidelines
are mainly based on extrapolation from trials in adults.
Currently, none of the DOACs are approved for use in
pediatric patients; however, challenges associated with in-
travenous/subcutaneous delivery of anticoagulants in this
population warranted further study of oral options.®”=6

Phase 1/l trials for dabigatran’%7? and rivaroxaban’3
established suitable age-/body weight-adjusted dosing regi-
mens for these agents for pediatric use, and both DOACs were
well tolerated in these studies. Dabigatran and rivaroxaban
are now in phase IIb/III testing in open-label trials for the
treatment of VTE in pediatric patients.

The phase IIb/III DIVERSITY study evaluated the efficacy and
safety of dabigatran following initial LMWH or UFH therapy in
pediatric patients who are expected to require anticoagulation
for >3 months. Initial dosing was determined using an algo-
rithm and dabigatran administered b.i.d. as capsules, pellets or
in liquid form according to the patient’s age.”* An interim
analysis in approximately 220 patients demonstrated similar
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Table 3 Recurrent venous thromboembolism and major bleeding with direct oral anticoagulants versus vitamin K antagonist use
across important patient subgroups in the phase Ill direct oral anticoagulants for venous thromboembolism treatment trials?3

Pooled DOAC Pooled VKA RR (95% Cl) p-Value
n/N (%) n/N (%)
First recurrent VTE or VTE-related deaths
Index event
PE + DVT 136/5,764 (2.4) 153/5,775 (2.6) 0.89 (0.71-1.12) 0.32
DVT only 199/7,655 (2.6) 213/7,654 (2.8) 0.93 (0.77-1.13) 0.49
Body weight (kg)
<100 57/2,146 (2.7) 62/2,157 (2.9) 0.90 (0.77-1.06) 0.22
>100 278/11,354 (2.4) 305/11,262 (2.7) 0.92 (0.64-1.32) 0.65
CrCl (mL/min)
30-49 26/898 (2.9) 39/891 (4.4) 0.70 (0.43-1.15) 0.16
>50 307/12,248 (2.5) 316/12,282 (2.6) 0.97 (0.83-1.14) 0.74
Age (y)
<75 296/11,572 (2.6) 299/11,635 (2.6) 0.99 (0.85-1.17) 0.95
>75 39/1,858 (2.1) 68/1,807 (3.8) 0.56 (0.38-0.82) 0.003
Cancer
No 308/12,625 (2.4) 321/12,666 (2.5) 0.96 (0.82-1.12) 0.63
Yes 27/805 (3.4) 46/776 (5.9) 0.57 (0.36-0.91) 0.02
Major bleeding
CrCl (mL/min)
30-49 16/878 (1.8) 33/870 (3.8) 0.51 (0.26-0.99) 0.05
>50 132/12,329 (1.1) 200/12,358 (1.6) 0.60 (0.40-0.90) 0.01
Age (y)
<75 109/11,633 (0.9) 165/11,681 (1.4) 0.62 (0.45-0.84) 0.002
>75 37/1,844 (2.0) 73/1,800 (4.1) 0.49 (0.25-0.96) 0.04
Cancer
No 120/12,624 (1.0) 204/12,705 (1.6) 0.59 (0.41-0.83) 0.003
Yes 23/806 (2.9) 29/776 (3.7) 0.77 (0.44-1.33) 0.35

Abbreviations: Cl, confidence interval; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; PE, pulmonary
embolism; RR, relative risk; VKA, vitamin K antagonist; VTE, venous thromboembolism.

efficacy and safety of dabigatran and standard of care, and
confirmed the pharmacokinetic/pharmacodynamic profile of
weight-adjusted dabigatran in children.”> In addition, an
interim analysis of a single-arm, prospective cohort, phase
Il study demonstrated a favorable safety profile of dabigatran
used for up to 12 months in approximately 200 children aged 0
to <18 years who required anticoagulation for the secondary
prevention of VTE and with a persistent risk factor for VTE.”57”

The phase III EINSTEIN Junior trial evaluated rivaroxaban
(20 mg o.d. equivalent adjusted according to body weight
following at least 5 days of initial heparin therapy) versus
standard of care anticoagulation therapy for the treatment of
acute VTE in approximately 500 children and neonates.’® The
risks of recurrent VTE (occurring in 4/335 [1.2%] of patients
receiving rivaroxaban and in 5/165 [3.0%] receiving standard
of care) and major bleeding events (occurring in 0/329 [0.0%]
of patients receiving rivaroxaban and 2/162 [1.2%] receiving
standard of care) were low and similar in patients receiving

rivaroxaban versus those receiving standard of care, and the
results of the study were similar to those previously reported
for adults.”® Clinical data on the use of apixaban and edox-
aban in pediatric patients are yet to be published, but studies
are ongoing.go"82

Female Patients: Pregnancy, Fertility, and Breastfeeding
Patients who were pregnant or breastfeeding were excluded
from the DOAC VTE treatment trials,®%1"~13 as well as trials for
other thromboembolic indications. Based on this, and preclin-
ical data, pregnancy and breastfeeding are contraindications
for edoxaban and rivaroxaban use*>; apixaban and dabigatran
are also not recommended in these circumstances.?> Repro-
ductive toxicity has been demonstrated in animal studies
evaluating dabigatran, edoxaban, and rivaroxaban; all three
DOACs affected fetal development and dabigatran had nega-
tive impacts on female fertility.>~> For apixaban, animal stud-
ies did not indicate direct or indirect harmful effects on
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pregnancy or fertility, but there is a lack of clinical data for
human use.? It is unknown whether DOACs or their metabo-
lites are excreted in human milk, but excretion has been
demonstrated in animal studies for all four DOACs. Therefore,
arisk to infants cannot be excluded.? Currently, LMWH is the
preferred option in this clinical setting. Guidance on the
management of DOACs during pregnancy has been issued by
the Scientific and Standardization Committee (SSC) of the ISTH
and ASH.23-84 The SSC of the ISTH advises that all women of
childbearing potential should receive documented counselling
before initiation of DOACs, and there should be an emphasis on
avoiding pregnancy while on a DOAC via implementing ade-
quate and appropriate contraceptive methods. In those
patients wishing to become pregnant, the guidance advises
to switch from a DOAC to another anticoagulant prior to
conception. The advised anticoagulant choices in this situation
are VKAs (switching to LMWH as soon as possible when
pregnant and before 6 weeks of gestation), or LMWH, taking
into account that LMWH may necessitate a prolonged period of
subcutaneous injections until pregnancy occurs.83 Use of
LMWH during pregnancy (in preference to UFH) is also rec-
ommended by the ASH guidelines, while DOACs are not
considered in this setting due to concerns over these agents
crossing the placenta and a lack of clear evidence on reproduc-
tive toxicity.®* In cases of unintentional conception while
receiving DOAC therapy, the SSC of the ISTH recommend
that the DOAC is discontinued immediately and the patient
is initiated on LMWH. However, inadvertent DOAC exposure
after conception should not to be considered in itself as
medical grounds for abortion although early obstetric review
and fetal monitoring are advised. The guidance provides
details of an ongoing registry set up by the ISTH where
physicians can submit data regarding cases of DOAC exposure
during pregnancy.®> In breastfeeding women, both sets of
guidelines advise against the use of DOACs due to a lack of
evidence of their safety in this setting.2>-34 The ASH guidelines
suggest use of LMWH, warfarin, acenocoumarol, fondapari-
nux, UFH, or danaparoid during breastfeeding. Further clinical
advice is provided around specific clinical scenarios and for
subpopulations of female patients, for example, those with
hereditary thrombophilia or who are undergoing androgen
replacement therapy.®*

Women aged <60 years who received rivaroxaban in the
EINSTEIN DVT and EINSTEIN PE studies had a higher risk of
uterine bleeding than those who received enoxaparin/VKA
therapy (29.8 vs. 15.5%/year in patients with hormonal
therapy and 30.7 vs. 13.4%/year in patients without hormon-
al therapy; adjusted HR: 2.13, 95% Cl: 1.57-2.89).8% In a post
hoc analysis of the Hokusai-VTE trial, edoxaban was associ-
ated with a higher rate of abnormal vaginal bleeding com-
pared with warfarin in women aged <50 years (15 vs. 9%/
year; HR: 1.7, 95% CI: 1.1-2.5).86 Furthermore, an analysis of
data collected from female patients in the AMPLIFY trial
indicated that the relative occurrence of vaginal bleeding
events was higher in the apixaban group compared with the
enoxaparin/warfarin group; CRNM vaginal bleeding oc-
curred in 2.5 and 2.1% of women, respectively (OR: 1.2,
95% CI: 0.67-2.0).%
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Selecting Patients Suitable for Extended
Venous Thromboembolism Treatment

The risk of recurrent VTE has been shown to persist for at least
10 years despite the use of acute-phase anticoagulation®®; the
optimum treatment goal is to prescribe anticoagulation ther-
apy for as long as necessary and for as short as possible to
manage the respective risks of VTE recurrence and bleeding.
The 2016 update of the ACCP guidelines recommends 3
months’ anticoagulation for VTE provoked by surgery, and
extended therapy (>3 months) in patients with CAT or with
unprovoked proximal DVT or PE dependent on the bleeding
risk.! Apixaban, dabigatran, and rivaroxaban are all approved
for extended secondary prevention of a recurrent VTE based on
the placebo-controlled AMPLIFY-EXT,'* RE-SONATE,'> and
EINSTEIN EXT'? trials, respectively; the VKA versus dabigatran
extended-use trial, RE-MEDY'?; and the acetylsalicylic acid
(ASA) versus two doses of rivaroxaban for extended-use trial,
EINSTEIN CHOICE.?? Efficacy and safety outcomes were largely
consistent across patient subgroups in these trials.

~Fig. 1 provides an overview of approved DOAC dosing
regimens for extended therapy, and it should be noted that a
dose reduction for extended therapy applies for apixaban and
rivaroxaban use.?” In AMPLIFY-EXT, two doses of apixaban (5
and 2.5 mg b.i.d.) were compared with placebo, the apixaban
5mg b.i.d. dose known to be effective for the prevention of
stroke and systemic embolism in patients with AF, and the
apixaban 2.5 mg b.i.d. dose being the lowest evaluated in phase
II trials and effective for the prevention of VTE after major
orthopaedic surgery. Compared with placebo, both doses were
associated with a reduced risk of VTE, and bleeding risk was
low and similar to that seen with placebo.14 For rivaroxaban,
EINSTEIN CHOICE looked to provide a lower dose option for
extended rivaroxaban use in patients at clinical equipoise for
extended prevention of VTE recurrence this being (rivarox-
aban 10 mg o.d. vs. the earlier approved rivaroxaban 20 mg o.d.
dose), and ASA was the comparator. Both doses were superior
to ASA for the extended prevention of recurrent VTE, with a
similar risk of major bleeding (<1%) and CRNM bleeding.?°
This was consistent with previous studies that demonstrated
that although ASA might reduce the risk of VTE recurrence
compared with placebo (as demonstrated in the WARFASA
trial, but not the ASPIRE trial),”®°" rivaroxaban was associated
with a greater relative risk reduction versus placebo. EINSTEIN
CHOICE provides a head-to-head validation of superior rivar-
oxaban efficacy and similar bleeding risk compared with
ASA .32 Of relevance to special populations, the risk of recurrent
VTE was consistently lower with both doses of rivaroxaban
therapy versus ASA across subgroups including age group,
body weight and those with normal renal function or mild
renal impairment. Of note, the possibility to reduce the
rivaroxaban 20 to 15mg o.d. dose for patients with CrCl
between 15 and 49 mL/min still applied.> The risk of major
bleeding and CRNM bleeding was favorable toward rivarox-
aban use in patients aged >75 years, with a history of VTE and
classed as fragile.®°

A new data analysis of EINSTEIN EXT and EINSTEIN
CHOICE supported the use of extended therapy in patients
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with unprovoked VTE (as already established), and suggest-
ed that patients with minor transient (e.g., immobilization)
or minor persistent risk factors (e.g., BMI>30kg/m?,
CrCl <50 mL/min, congestive heart failure) might also bene-
fit from extended therapy.’?

Conclusion

The approval of DOACs following their respective VTE phase III
treatment studies has provided physicians with effective and
safe oral anticoagulation options with fewer burdens than
traditional therapies such as VKAs and parenteral agents,
which is reflected in their widespread uptake into clinical
practice. Furthermore, subanalyses of the phase III studies in
patients with comorbidities such as renal impairment, and
specific studies in key patient groups such as those with
cancer, have further supported the use of the DOACs in a broad
range of patients with VTE. Despite this, and the incorporation
of these findings into guidelines as they evolve, many impor-
tant clinical questions exist regarding the use of DOACs in this
setting. This review has discussed many of these queries,
including DOAC suitability, dose and duration of treatment
across important patient groups, as well as identifying gaps in
current knowledge. Ongoing research has also been highlight-
ed, and these efforts will contribute greatly to illuminating our
understanding of VTE management and continuing to refine
the management of all patients with VTE.
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