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The major practical advantage of the direct oral anticoagulants (DOACs), comprising the thrombin inhibitor dabigatran
and the factor Xa inhibitors apixaban, edoxaban, and rivaroxaban, over vitamin K antagonists is their fixed dosing
without the need for laboratory monitoring. With the recent, rapid introduction of the DOACs for the treatment of acute
venous thromboembolism (VTE), clinicians are now faced with various questions regarding the efficacy and safety of
these compounds overall and in specific high-risk populations. The collective evidence from 6 large clinical trials
involving 27,000 patients has demonstrated that DOACs are as effective as vitamin K antagonists (VKA) in preventing
recurrent VTE while being associated with a significantly lower risk of major bleeding. These findings are consistent in
subgroups of patients with pulmonary embolism, the elderly, and those patients with a high body weight or moderate
renal insufficiency, making these agents suitable for a broad spectrum of patients with VTE. DOACs are also an
attractive treatment option in patients with VTE and concomitant cancer, thrombotic antiphospholipid syndrome, or
heparin-induced thrombocytopenia, but the currently available clinical data is insufficient to make evidence-based
recommendations on the use of DOACs in these settings. Several studies evaluating the efficacy and safety of DOACs
in these high-risk populations are underway.

edoxaban,’” and rivaroxaban,’? collectively termed direct oral antico-
agulants (DOACs), were compared with conventional therapy for
treatment of acute VTE in 6 large clinical trials. Now that these
agents have been approved by the respective regulatory agencies
around the world, physicians yet have another treatment option for
their patients with VTE. This contemporary DOAC revolution has
led to a quickly changing landscape of antithrombotic treatment.
Clinicians are faced with various clinical questions regarding the
efficacy and safety of these drugs overall and in subgroups of
high-risk patients. Therefore, in the present review, we briefly
discuss the collective evidence from the phase 3 clinical trials
evaluating DOACs for VTE treatment. In addition, we will assess
the potential role of DOACsS in patients with cancer, the antiphospho-
lipid syndrome (APS), or heparin-induced thrombocytopenia (HIT).

Learning Objectives

o Direct oral anticoagulants are an effective and safer treatment
option for acute venous thromboembolism compared with
standard treatment in the general population, as well as in
patients with pulmonary embolism, the elderly, those with
moderate renal impairment and patients with a body weight
over 100 kg

e The use of direct oral anticoagulants in patients with cancer,
antiphospholipid syndrome, and heparin-induced thrombocy-
topenia is not yet recommended, but studies evaluating their
efficacy and safety in these clinical conditions are ongoing

Background

Anticoagulant treatment of thrombotic conditions dates back to the
1930s and 1940s when unfractionated heparin (UFH) and vitamin K
antagonists (VKA) were the first drugs to become available. They
proved to be effective in preventing death in patients with venous
thromboembolism (VTE), comprising deep vein thrombosis (DVT)
and pulmonary embolism (PE), and remained the mainstay of
anticoagulant therapy in the decades thereafter.!3 The introduction
of low-molecular-weight heparin (LMWH) in the 1980s marked the

Methods of DOAC trials in the setting of acute VTE

More than 27,000 patients were enrolled in six randomized clinical
trials that compared the efficacy and safety of either one of the
DOACs with VKA therapy targeted at INR of 2-3 in the treatment of
acute, symptomatic DVT or PE. The main features of the studies are
shown in Table 1. Importantly, the definitions of recurrent VTE and
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next breakthrough. These drugs could be injected subcutaneously in
fixed doses, which simplified the initial management of acute VTE
greatly and opened up the opportunity to treat these patients at
home. From that time on, a treatment regimen of initial LMWH
followed by long-term VKA for at least 3 months was considered
standard of care for patients with VTE.

Recently, within a time span of nearly 4 years, the thrombin
inhibitor dabigatran*® and the factor Xa inhibitors apixaban,®

bleeding were similar across all studies and followed the recommen-
dations of the International Society on Thrombosis and Haemostasis
(ISTH).'® Outcome events in all trials were adjudicated by the same
independent committee who was blinded for treatment allocation,
resulting in a similar objective judgement of recurrent VTE and
bleeding. Noteworthy differences between the trials are the use of
an initial LMWH lead-in period of 5 days in patients receiving
dabigatran or edoxaban, whereas apixaban and rivaroxaban where
given as oral monotherapy, and the open-label design of the studies
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Primary safety outcome

Recurrent VTE or VTE-related  Major bleedingt
bleedingt

bleeding
bleeding

Primary efficacy outcome

death
Recurrent VTE or VTE-related  Major or clinically relevant nonmajor

death
Recurrent VTE or VTE-related  Major or clinically relevant nonmajor

death
Recurrent VTE or VTE-related Major bleeding

death
Recurrent VTE or VTE-related  Major or clinically relevant nonmajor

death
Recurrent VTE or VTE-related  Major bleeding

death

Treatment
duration, mo
6
3,6,0r12
3,6,0r12
3,6,0r12

6
6

Long-term
treatment

od*
dabigatran 150 mg

bid
rivaroxaban 20 mg

od
rivaroxaban 20 mg

od
apixaban 5 mg bid

dabigatran 150 mg
edoxaban 60 mg
bid

Initial treatment

PE or DVT LMWH lead-in

bid
rivaroxaban 15 mg

bid

PE or DVT  apixaban 10 mg
bid

rivaroxaban 15 mg
PE orDVT LMWH lead-in

event

Index
PE or DVT LMWH lead-in

DVT
PE

No. of
randomized
patients
2539
3449
4832
5395
8240
2568

Design
Double-blinded
Double-blinded
Double-blinded
Double-blinded

Open-label
Open-label

year
2009
2010
2012
2013
2013
2013

Characteristics of phase 3 studies evaluating the efficacy and safety direct oral anticoagulants for treatment of acute venous thromboembolism
Publication

 Clinically relevant nonmajor bleeding was defined as overt bleeding not meeting the criteria for major bleeding but associated with a medical intervention, an unscheduled contact with a physician, (temporary) cessation of study

* Dose adjustment (edoxaban 30 mg, od) in patients with a creatinine clearance of 30-50 mL/min, body weight <60 kg, and in those receiving concomitant treatment with potent P-glycoprotein inhibitors.
treatment, or being associated with discomfort for the patient such as pain, or impairment of activities of daily life.

1 Major bleeding was defined as fatal bleeding, bleeding in a critical area or organ, or bleeding causing a fall in hemoglobin of 2 mg/dL (or 1.24 mmol/L).

bid Indicates twice daily; and od, once daily.

Table 1.

Study
RE-COVERS®
EINSTEIN-DVT®
EINSTEIN-PE8
AMPLIFY®
Hokusai-VTE”
RE-COVER |4

evaluating rivaroxaban opposed to the double-blinding in the other
studies.

Recently, we reviewed and summarized the evidence from these
phase 3 trials in a meta-analysis.!! Using these data, we will answer
clinically relevant questions to aid the physician in choosing the
optimal treatment for his or her patient with VTE. Specifically, we
will discuss the overall efficacy and safety of DOACs compared
with VKA, differences between dabigatran and the factor Xa
inhibitors, and the efficacy and safety of DOACs in high-risk
subgroups of patients with PE, elderly patients, obese patients, and
patients with moderate renal impairment.

Clinical questions regarding the efficacy and safety of
DOACSs for VTE treatment overall and in high-risk
subgroups

Clinical question 1: what is the overall efficacy and
safety of DOACs in the treatment of acute
symptomatic VTE compared to VKAs?

The main finding of the aforementioned meta-analysis was that
DOAGC s are as effective as VKA in preventing recurrent VTE.!!
Because all trials were designed to demonstrate noninferiority of
DOAG:S, this should reassure the clinician of the overall efficacy of
these agents. Most importantly, the comparable efficacy observed in
DOAC recipients was paralleled by a 40% relative reduction in
major bleeding compared with VKA. Consistent with this substan-
tial reduction in major bleeding, DOACs were associated with a
significant 60% relative reduction in the incidences of intracranial
and fatal bleeding, the most feared components of major bleeding.
In line with the reductions in major bleeding, patients on DOACs
had a 25% lower relative risk of experiencing clinically relevant
nonmajor (CRNM) bleeding. Of note, no significant difference in
the incidence of major gastrointestinal bleeding between DOACs
and VKA was observed, unlike earlier reports raising concerns
on an increased risk of gastrointestinal bleeding in patients on
DOAC:S.'? In support of this finding, a recent population-based study
confirmed a similar risk of gastrointestinal bleeding associated with
DOACSs compared with VKAs in non-atrial fibrillation patients.'?

Clinical question 2: are there any differences between
the factor Xa inhibitors and thrombin inhibitors with
respect to efficacy and safety?

Although the results of the studies evaluating oral direct thrombin
and factor Xa inhibitors are frequently combined, in fact they are
two distinct drug classes with important pharmacokinetic and
pharmacodynamic differences. Compared to oral factor Xa inhibi-
tors, dabigatran has a lower bioavailability requiring administration
as a prodrug, has a longer half-life, and is more dependent on renal
clearance. Dabigatran is not hepatically metabolized by the cyto-
chrome P450 system and could therefore be a treatment option in
patients with liver disease. In contrast, factor Xa inhibitors undergo
significant CYP3A4 metabolism and thus are contraindicated in
patients with significant liver impairment. Of note, also among the
factor Xa inhibitors there are some differences in pharmacologic
properties. Clinicians should take these drug characteristics into
account when choosing the DOAC that best suits their individual
patient, but they also want to know whether there are any important
differential effects between these two classes of DOACs in terms of
efficacy and safety. Table 2 shows the combined efficacy and safety
results for the dabigatran studies and factor Xa inhibitor studies
separately, based on data from the aforementioned meta-analysis.

American Society of Hematology

%20z dunr Zo uo 3senb Aq ypd'5z1 000§ L L00ded/yLE0SZL/ST L/ LIS L 0Z/Pd-apile/ABojojeway pousuonealigndysey/:diy woy papeojumog



Table 2. Efficacy and safety of the factor Xa inhibitors and dabigatran compared to vitamin K antagonists

Factor Xa inhibitors vs VKA
Pooled RR with 95% CI

Recurrent VTE or VTE-related death

Major bleeding

Intracranial bleeding

Fatal bleeding

Major gastrointestinal bleeding

Clinically relevant nonmajor bleeding

0.86 (0.72-1.03)
0.56 (0.36-0.88)
0.35 (0.19-0.67)
0.32 (0.13-0.82)
0.69 (0.36-1.36)
0.80 (0.59-1.07)

Dabigatran vs VKA P value for
Pooled RR with 95% CI difference
1.09 (0.76-1.57) 0.25
0.73 (0.48-1.10) 0.41
0.52 (0.08-3.33) 0.70
0.62 (0.08-5.07) 0.57
1.02 (0.35-2.95) 0.55
0.60 (0.47-0.76) 0.14

RR indicates relative risk; and Cl, confidence interval.

Overall, there are no significant differences in efficacy and safety
between dabigatran and factor Xa inhibitors. Hence, the choice for a
specific DOAC should primarily be based on drug characteristics
(eg, renal clearance), treatment regimen (eg, once vs twice daily
dosing), and preference for a LMWH lead-in rather than the efficacy
or safety profile.

Clinical question 3: can | prescribe DOACs also to
high-risk patients including those with PE, body
weight >100 kg, the elderly (ie, age =75 years), or a
moderate renal insufficiency?

The overall favorable efficacy and safety of DOAC:sS in the setting of
VTE compared with VKA is reassuring and justifies their use in the
general population. However, not all clinicians are confident in
prescribing these drugs in specific subgroups of high-risk patients.
They may have questions regarding the efficacy of DOACs in
patients presenting with PE, have concerns that patients with a high
body weight will not reach sufficient drug blood levels putting them
at risk of recurrent VTE, and fear that the risk of DOAC-related
major bleeding complications may be higher in elderly patients, as
well as in those with moderate renal insufficiency given the partial
renal clearance of DOACs. Because the individual studies were
powered only to detect differences in the primary outcomes in the
total study population, the results of the meta-analysis provide
valuable information as to the relative benefit of DOACsS in these
clinically important subgroups. Combined efficacy and safety data
for the subgroups are presented in Table 3. The similar efficacy of
DOACs compared to VKAs is consistent in patients presenting with

Table 3. Recurrent venous thromboembolism and major bleeding
associated with direct oral anticoagulants compared with vitamin K
antagonists in clinically important subgroups

DOACs vs VKA DOACs vs VKA

Recurrent VTE or

VTE-related death Major bleeding

Pooled RR with 95% CI

Index event
PE with or without DVT 0.89 (0.71-1.12) NA
DVT 0.98 (0.77-1.13) NA
Body weight, kg
=100 0.92 (0.64-1.32) NA
<100 0.90 (0.77-1.06) NA
Age,y
=75 0.56 (0.38-0.82) 0.49 (0.25-0.96)
<75 0.99 (0.85-1.17) 0.62 (0.45-0.84)

Renal clearance, mL/min
Creatinine clearance 30-49
Creatinine clearance =50

0.70 (0.43-1.15)
0.97 (0.83-1.14)

0.51 (0.26-0.99)
0.60 (0.40-0.90)

Adapted from Van Es et al with permission. "
RR indicates relative risk; Cl, confidence interval; and NA, not available.
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PE, patients with a body weight >100 kg, patients aged 75 years or
older, and patients with a creatinine clearance between 30 and 50
mL/min. Moreover, the overall significant reduction in major
bleeding associated with DOACs is maintained in the subgroups of
elderly patients and patients with moderate renal insufficiency.
Based on these results, DOACs should be considered to be an
appropriate treatment option for acute VTE in a broad spectrum of
patients.

Other high-risk populations with VTE

Clinical question 4: are DOACs suited for my cancer
patient with VTE?

It is estimated that 20% of all VTE are related to cancer and
anticoagulant treatment in these vulnerable patients is often challeng-
ing.!* Cancer patients with VTE are at increased risk of developing
recurrent VTE compared to noncancer patients, but also have a
higher risk of major bleeding. LMWH is currently recommended
over VKA for treatment of cancer-associated VTE due to its better
efficacy in preventing recurrent VTE with a similar risk of bleeding
compared to VKA.!>16 However, LMWH therapy may be burden-
some, particularly in cancer patients that often require indefinite
anticoagulant treatment. Because DOACs offer a simple oral
treatment regimen without the need for anticoagulation control, they
could be an attractive alternative. However, at present, clinicians
should refrain from providing these drugs to cancer patients since
they have not been compared directly to LMWH. Other concerns
are possible drug-drug interactions with antineoplastic agents, in
particular P-glycoprotein inhibitors, and the gastrointestinal absorp-
tion of DOACS in vomiting cancer patients or those with chemo-
therapy-induced intestinal mucosal defects. Nevertheless, the sub-
group analysis of the 1500 cancer patients enrolled in the DOAC
trials does provide guidance for those situations when LMWH is not
an option, for instance when patients are unable or unwilling to take
daily subcutaneous injections. Interestingly, in these patients, a
possibly better efficacy of DOACs compared with VKAs without an
increased risk of major bleeding was observed.!! It should however
be realized that cancer patients in the trials probably had a favorable
cancer prognosis compared to the real-world cancer population.
Patients with a limited life expectancy were excluded from the
trials, as were patients in whom long-term VTE treatment with
LMWH was anticipated. This is reflected by the absolute recurrent
VTE rate of 5.9% in VKA-treated cancer patients in the trials, which
is substantially lower than the rate in the VKA groups of the CLOT
trial'” (11%) and the recent CATCH trial'® (10%) after 6 months of
treatment.

Recently, the pooled results of the subgroup of cancer patients

enrolled in the trials comparing dabigatran with VKA was reported,
providing information on the characteristics of these patients as well
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as on cancer-prognostic data.'® Active cancer was defined as cancer
within 5 years prior to the VTE diagnosis. Compared with
noncancer patients, the 221 cancer patients were older and had a
lower renal clearance. The time spent within the therapeutic INR
range of 2-3 was comparable between VKA-treated cancer and
noncancer patients (54.5% and 58.3%, respectively) which is higher
than in the CLOT'7 (46%) and CATCH!3 (47%) trials. The most
prevalent tumor types were prostate, colorectal, and breast cancer,
and 13% had metastasis. During 6 months follow-up, no significant
differences were observed between dabigatran and VKA with
respect to recurrent VTE or major bleeding. Detailed results of the
cancer subgroups from the studies evaluating apixaban and edoxa-
ban are expected shortly.

Before DOACs become an accepted treatment option for cancer-
associated VTE, they have to be evaluated in a head-to-head
comparison with LMWH. To this end, an important study compar-
ing the efficacy and safety of edoxaban to LMWH in the setting of
cancer-associated VTE has recently been started. One thousand
patients will be randomized and followed for the occurrence of one
of the components of the combined primary outcome of recurrent
VTE or major bleeding. Following observations of a similar risk of
recurrent VTE in patients with active cancer and those with a history
of cancer,?’ patients with VTE will be allowed to enter the study
either with active cancer or cancer treated within 2 years prior to the
VTE diagnosis. Moreover, incidentally detected lower extremity
DVT or PE are allowed as an entry diagnosis because treatment and
outcome is similar for this group of patients. A last innovative
feature of the study is the follow-up time of 12 months, which will
provide valuable data regarding the treatment of patients with VTE
and cancer beyond 6 months.

In conclusion, DOACs may become an attractive treatment for
cancer-associated VTE, but at present LMWH remains the preferred
option. Although the results of the trial population with cancer are
encouraging, further clinical studies are needed to evaluate the
efficacy and safety of DOACs directly against LMWH in this
population.

Clinical question 5: can | treat my patients with
thrombosis and the antiphospholipid syndrome with
a DOAC?

APS is an autoimmune disorder characterized by arterial or venous
thrombosis or pregnancy complications in patients who repeatedly
test positive for circulating antiphospholipid antibodies (aPLA), i.e.
lupus anticoagulant, anti-B2-glycoprotein-1 antibodies, or anti-
cardiolipin antibodies. It is estimated that 10% of all patients with
VTE have circulating aPLA and these patients are at increased risk
of recurrent VTE compared to VTE patients without aPLA.?! When
patients test positive for all three types of aPLA, the risk of
on-treatment recurrence is as high as 25% over 5 years.”? The
treatment of thrombotic APS is similar to the treatment of VTE in
the general population (VKA targeted at an INR of 2 to 3), but is
often extended indefinitely in case of persisting aPLA.??

Now that DOACs are increasingly used for the treatment of VTE,
the question arises whether these drugs are effective and safe for
VTE treatment in the setting of APS too. From a patient perspective,
DOACs may be a significant amelioration in this usually young
population for whom lifelong anticoagulation with VKAs and
frequent INR monitoring is not attractive.?* Given that aPLA are
prevalent in patients with VTE, the aforementioned DOAC trials in
the setting of VTE must have enrolled patients with APS because
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this was not an exclusion criterion. However, patients were not
routinely tested for aPLA and outcomes for the patients with known
aPLA have not been reported. Therefore, the current knowledge of
the efficacy and safety of DOACS for thrombotic APS is exclusively
derived from case series and retrospective cohort studies. These
represent a select population of thrombotic APS patients that were
switched to a DOAC often because of labile INRs, bleeding on
VKA, or logistic problems with INR monitoring. In a retrospective
multicenter cohort study, Noel et al?® enrolled 26 DOAC-treated
patients who had thrombotic APS for a median duration of 3 years.
Seven patients had tested positive for all 3 types of aPLA and
another 12 patients had lupus anticoagulant. Six of 26 patients
received rivaroxaban or dabigatran as first-line treatment, whereas
the others had been treated previously with another anticoagulant
for 1 to 23 years. During a median follow-up of 1.5 years, 1 patient
(3.8%) developed recurrent VTE and in 2 patients (7.7%) a bleeding
event occurred that led to discontinuation of DOAC therapy.
Another report on the use of DOACs for thrombotic APS comes
from Son et al.?® They describe a case series of 12 consecutive APS
patients started on rivaroxaban as second-line treatment 12-46
months after their last thrombotic APS event. Five patients were
triple-positive for aPLA, and another 3 tested positive for lupus
anticoagulant. Follow-up ranged from 2-16 months during which 2
patients with the highest risk profile developed recurrent VTE.
Although these 2 small patient series do not prove the effectiveness
of DOACs in APS patients, they suggest that the VTE recurrence
rate is likely not higher with DOACs than with VKA.

However, other authors have raised concerns about the effectiveness
of DOACs to prevent recurrent APS-related VTE. Schaefer et al?’
reported on a case series of 3 thrombotic APS patients that
developed recurrent thrombosis 5-6 months after switching from
VKA to a DOAC. Similarly, Win and Rodgers® presented 3
thrombotic APS patients developing recurrent thrombosis 6-12
months following initiation of second-line DOAC treatment. The
cause of these observations of DOAC-failures is unknown. The
recurrence rate in APS patients is high and these failures may
have otherwise developed under VKA therapy. Moreover, com-
pliance may have been a contributing factor in these patients who
were often switched to a DOAC due to difficulties with their INR
control. Alternative explanations may be mechanisms intrinsically
related to DOAC:s or their dosing regimens. For instance, inhibition
of a single clotting factor might be insufficient to completely block
the thrombotic potential in severe APS patients, or the short half-life
of DOACs causes the procoagulant stimulus to overcome the
anticoagulant effect at trough levels.

There are currently three studies ongoing or finished in thrombotic
APS patients that will provide valuable data on the relative efficacy
of DOACs compared with VKA. The Rivaroxaban in AntiPhospho-
lipid Syndrome (RAPS) study (http://isrctn.org/ISRCTN68222801)
is a randomized clinical trial of rivaroxaban versus warfarin in
patients with thrombotic APS who have had a VTE and have been
on warfarin for at least 6 months.?? The primary aim is to
demonstrate that the intensity of anticoagulation achieved with
rivaroxaban is not inferior to that of warfarin as assessed by the
percentage change in endogenous thrombin potential from random-
ization to day 42. The study has been completed recently after
enrollment of 156 patients and the preliminary results were reported
in abstract form at the ISTH 2015 congress.

The second study is The Rivaroxaban in Thrombotic Antiphospho-
lipid Syndrome (TRAPS) study (https://clinicaltrials.gov/ct2/show/
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Table 4. Comparison of medications available for treatment of heparin-induced thrombocytopenia

Parenteral direct
thrombin inhibitors

(argatroban, bivalirudin,

Antithrombin-dependent
anticoagulants (danaparoid,

Direct oral
anticoagulants

(apixaban, dabigatran,

desirudin) fondaparinux) edoxaban, rivaroxaban)
Costs $$$ $$ $
Availability ) Fondaparinux: 1 1 1 T
Danaparoid:_ 1 1
Administration route Parenteral Parenteral Oral

Renal clearance

Argatroban: 0%

Fondaparinux: 100%

Apixaban: 25%

Bivalirudin: 20%
Desirudin: 100%

Half-life Argatroban: 40-50 min
Bivalirudin: 25 min
Desirudin: 2-3 hr

Routine monitoring required Yes

Antidote available No

FDA approval for HIT Argatroban: yes
Bivalirudin: no
Desirudin: no

Danaparoid: 100% Dabigatran: 80%
Edoxaban: 35%
Rivaroxaban: 33%
Apixaban: 8-12 hr
Dabigatran: 14-17 hr
Edoxaban: 6-11 hr

Rivaroxaban: 7-11 hr

Danaparoid: 24 hr
Fondaparinux: 17-20 hr

Fondaparinux: no No
Danaparoid: yes

No No
Danaparoid: no No

Fondaparinux: no

FDA indicates Food and Drug Administration.

NCTO02157272) which is a randomized open-label trial that aims to
demonstrate the noninferiority of rivaroxaban versus warfarin on
the composite outcome of acute thrombosis, major bleeding or death
during 4 years follow-up. The sample size is 536 and the estimated
completion date is December 2018.

The third study is the Rivaroxaban in Antiphospholipid Syndrome
Pilot Study. This feasibility study aims to enroll 150 APS with prior
venous thrombosis patients by December 2016. Patients will be
treated with rivaroxaban 20 mg once daily and followed for a
minimum of 1 year for the occurrence of bleeding or (recurrent)
venous or arterial thrombosis.

In summary, current anecdotal evidence on the use of DOAC in
thrombotic APS patients is conflicting. As a consequence, physi-
cians should be careful with prescribing DOACs in these patients
until robust data become available.

Clinical question 6: are DOACs a treatment option for
preventing or treating thrombosis in patients with
heparin-induced thrombocytopenia?

HIT is a complication of treatment with UFH or, less commonly,
LMWH and is characterized by formation of antibodies to heparin-
platelet factor 4 (PF4) complexes.’® These antibodies may trigger
platelet activation in turn resulting in venous or arterial thrombosis,
so-called HIT associated with thrombosis (HITT). A decrease in
platelet counts is usually observed 5-10 days after initiation of
heparin exposure. In patients with confirmed HIT, cessation of
heparin therapy alone is not sufficient to prevent HITT and
treatment with an alternative anticoagulant is required. Tradition-
ally, 2 classes of anticoagulants have been used for the initial
treatment of HIT: parenteral direct thrombin inhibitors, including
argatroban, bivalirudin, and desirudin, and nonheparin antithrombin-
dependent anticoagulants, including fondaparinux and danap-
aroid.?' Although these drugs are widely used in the treatment of
HIT, they have several disadvantages ranging from high costs, low
availability, need for drug monitoring, dependence on renal clear-
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ance, and the absence of an antidote (Table 4). DOACs could
potentially overcome all of these issues. The biochemical structure
of DOACS has no similarities with heparin; hence, interactions with
PF4 or heparin-PF4 antibodies are not to be expected. This has been
confirmed in preclinical laboratory studies that demonstrated that
rivaroxaban,’>33 dabigatran,® and apixaban®* do not cross-react
with HIT antibodies and do not induce platelet activation in the
presence of HIT antibodies. Hence, on theoretical grounds, these
drugs could be used to treat HIT.

Clinical data from case series is limited to 5 HIT patients treated
with rivaroxaban and 1 patient with dabigatran as summarized in
Table 5. During DOAC treatment, none of these patients experi-
enced thrombotic events and platelet counts fully recovered in all
cases. Similarly, in a retrospective cohort study of 22 HIT patients
treated with dabigatran, apixaban, or rivaroxaban, no thrombotic
events were observed during DOAC treatment. These observations
suggest that DOAC are a safe alternative to traditional HIT
treatment, but confirmatory studies are needed.

An ongoing study that will provide insight on the efficacy of
DOACs for treatment of HIT is the “rivaroxaban for heparin-
induced thrombocytopenia study” (https://clinicaltrials.gov/ct2/show/
NCTO01598168).% This is a prospective cohort study that aims to
recruit 209 patients with an intermediate or high clinical probability
of HIT as assessed with the 4T’s score.’® These patients will be
started on rivaroxaban and subsequently tested for the presence of
HIT antibodies. The primary objective is to determine the thrombo-
embolic rate in all patients, irrespective of whether they ultimately
are confirmed as having HIT or not. The goal is to show that the
thromboembolic rate with rivaroxaban is similar to the rate in
historical controls on argatroban. Results are expected in 2016.

In summary, the clinical experience with DOACs for HIT is
currently limited, but they have the potential to become the
mainstay of anticoagulant treatment in this setting. They do not
interact with HIT antibodies and do not cause platelet activation in
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Bleeding
No
No
No
No
No
No

(New)
thrombotic
event
No
No
No
No
No
No

Days to
platelet
recovery
13
18

Nadir
platelet
32
25
161
61
18
28

HIT complication
Lower extremity DVT
Radial artery thrombosis
Lower extremity DVT
PE with lower extremity

DVT
Possibly UEDVT

No

HIT
confirmation
antibodies
PF4 antibodies
PF4 antibodies
PF4 antibodies
PF4 antibodies

Only clinical

prior to HIT

bid for6 d

UFHfor9d

Nadroparin 3800IU  PF4 and heparin
for9d

Heparin exposure
Enoxaparin for 11 d
UFH for 14d
LMWH for 3d

Heparin indication
critical limb ischemia

orthopedic surgery

orthopedic surgery
Hemodialysis

(sacrum)
DVT treatment following  Enoxaparin 80 mg

Thromboprophylaxis for
orthopedic surgery
(femur)

Thromboprophylaxis for

Post-embolectomy for

PE with UEDVT

Treatment
duration,
mo
NA
NA
3
6

15
2.5

DOAC regimen
followed by 20 mg

od

Fondaparinux 7.6 mg  Rivaroxaban 20 mg od
followed by 20 mg

Dabigatran 110 mg bid

Rivaroxaban 10 mg od

Rivaroxaban 15 mg bid
od

Rivaroxaban 15 mg bid

to DOAC
odfor2d

No

Fondaparinux 2.5 mg  Rivaroxaban 15 mg bid
odfor3d

HIT treatment prior

No
No
No

Patient
67-y- old female
36-y-old male
68-y-old male
63-y-old female
46-y-old male
66-y-old male

bid Indicates twice daily; NA, not available; od, once daily; U, international units; PF-4, platelet factor 4; UFH, unfractionated heparin; and UEDVT, upper extremity deep vein thrombosis.

Table 5. Case reports on the use of direct oral anticoagulants for treatment of heparin-inducted thrombocytopenia

Mirdamadi et al3”

Paper
Hantson et al®®
Sartori et al®®
Ng et al4®

Ng et al*®

Ng et al*®

the presence of HIT antibodies. Together with their favorable
pharmacokinetics, high availability, and lower costs, they could be
particularly suited for patients with HIT. The results of the ongoing
clinical study have to be awaited before the evidence-based use of
DOAC:S in patients with HIT can be recommended.

Conclusion

With the recent introduction of the DOACsS, clinicians now have
multiple therapeutic options for oral treatment of patients with VTE.
DOAGC:S are as effective as VKA in preventing recurrent VTE, but
are associated with a significant reduction in the risk of major
bleeding and are easier to use with no need for dose adaptations.
These findings in the general trial population are consistent with
those in patients with PE, the elderly patients, heavy patients, and
patients with moderate renal impairment, making DOACs a suitable
treatment option for a broad spectrum of patients. Whether DOACs
can also safely be used in patients with cancer-associated VTE,
thrombotic APS, or HIT is currently not proven. Studies are
underway to evaluate DOACs in these high-risk populations.
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