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enous thromboembolism (VTE) is a life-threatening
event occurring with increasing frequency in hospi-
talized children and an incidence of more than 58
events per 10,000 hospitalizations.” In pediatric pa-
tients, VTEs occur less often than in adults, have bimodal peaks
in neonates and adolescents, and are typically provoked, with
central venous access as the most common risk factor."?

Treatment of pediatric VTE includes unfractionated heparin
(UFH), low-molecular-weight heparin (LMWH), and vitamin K
antagonists (ie, warfarin). These agents have limitations, in-
cluding parenteral administration, frequent lab monitoring,
and drug/dietary interactions complicating use. Only recently
have there been pediatric studies to assess these agents’ phar-
macokinetics, pharmacodynamics, safety, and efficacy.?

Direct oral anticoagulants (DOACs) commonly used to treat
VTE in adults have two mechanisms of action: direct thrombin
(activated factor Il) inhibition (ie, dabigatran) and activated fac-
tor X (Xa) inhibition (ie, rivaroxaban, apixaban, edoxaban, be-
trixaban). DOACs offer practical advantages over and efficacy
similar to that of warfarin and heparin products, including oral
administration, predictable pharmacology, no required lab mon-
itoring, and fewer drug/dietary interactions. DOACs are already
approved for VTE treatment in patients 18 years and older.?

This clinical practice update synthesizes 6 years (2014-2020)
of literature regarding DOACs for treatment of VTE, focusing
on their current role in patients 18 years and older and their
emerging role in pediatric patients.

USE IN ADULTS

DOACs are approved by the US Food and Drug Administra-
tion (FDA) for multiple anticoagulation indications in adults,
including treatment and prevention of acute VTE and preven-
tion of stroke in nonvalvular atrial fibrillation (Table). DOACs
are well tolerated by most adults; however, use in certain pop-
ulations, including patients with liver disease with coagulop-
athy, advanced renal disease (creatinine clearance <30 mlL/
min), and class lll obesity (body mass index [BMI] >40 kg/m?),
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requires caution.*® For adult patients with VTE without con-
traindications, DOACs are considered equivalent to warfarin;
current CHEST guidelines even suggest preference of DOACs
over warfarin.® While it is prudent to exercise caution when ex-
trapolating adult data to children, these data have informed
ongoing pediatric DOAC clinical trials.

The efficacy and safety of each of the DOACs (aside from
betrixaban, which is indicated only for prophylaxis) have com-
pared with warfarin for treatment of VTE in adults.® A meta-
analysis of six clinical trials determined DOACs are noninferior
to warfarin for VTE treatment.3 Only two of six trials included
patients with provoked VTEs. The meta-analysis found no dif-
ference in rates of recurrent symptomatic VTE (primary out-
come; relative risk [RR], 0.91; 95% Cl, 0.79-1.06) or all-cause
mortality (secondary outcome; RR, 0.98; 95% Cl, 0.84-1.14). Ad-
ditionally, DOACs were shown as possibly safer than warfarin
due to fewer major bleeding events, particularly fatal bleeding
(RR, 0.36; 95% Cl, 0.15-0.84) and intracranial bleeding (RR, 0.34;
95% Cl, 0.17-0.69). For clinically relevant nonmajor bleeding
(eg, gastrointestinal bleeding requiring <2 U packed red blood
cells), results were similar (RR, 0.73; 95% ClI, 0.58-0.93).

DOACs appear to have effectiveness comparable with that
of warfarin. A retrospective matched cohort study of 59,525
patients with acute VTE compared outcomes of patients on
DOACs (95% on rivaroxaban) with those of patients on war-
farin.® There were no differences in all-cause mortality or ma-
jor bleeding. Another retrospective cohort study of 62,431
patients with acute VTE compared rivaroxaban and apixaban
with warfarin, as well as rivaroxaban and apixaban with each
other.” There were no differences in 3- and 6-month mortali-
ty between warfarin and DOAC users or between rivaroxaban
and apixaban users.

Initial approval of DOACs brought concerns about revers-
ibility in the setting of bleeding or urgent procedural need.
Clinical practice guidelines, primarily based on observational
studies and laboratory parameters in vitro or in healthy vol-
unteers, recommend activated prothrombin complex con-
centrates as a first-line intervention.® However, specific agents
have now been FDA-approved for DOAC reversal.

Idarucizumab is an FDA-approved (2015) monoclonal anti-
body with high affinity for dabigatran. Approval was based on
a multicenter prospective cohort study of 503 patients taking
dabigatran who presented with major bleeding (301 patients)
or requiring an urgent surgery (202 patients).” Idarucizumab re-
sulted in a median time to bleeding cessation of 2.5 hours for
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TABLE. Current Indications and Limitations of DOACs in Patients Older Than 18 Years

Dabigatran Rivaroxaban

Mechanism of action Direct thrombin inhibitor Factor Xa inhibitor

Labeled VTE indications? VTE treatment

VTE prophylaxis (surgical)

VTE treatment

Adult dosing frequency Twice daily Daily
Reversal available Yes Yes
Not studied in CrCl < 30°

Renal adjustments, mL/min Not studied in CrCl < 30°

BMI limitation

*Other indications for DOACs (eg, atrial fibrillation) are not included.

VTE prophylaxis (medical and surgical)

DOAC

Apixaban Edoxaban Betrixaban

Factor Xa inhibitor Factor Xa inhibitor Factor Xa inhibitor

VTE treatment VTE treatment VTE prophylaxis (medical)
VTE prophylaxis (surgical)
Twice daily Daily Daily
Yes No No

Not studied in CrCl <25
or Cr>2.5°

Dose reduce if CrCl 15-50
Avoid if CrCl < 15¢

Dose reduce if CrCl 15-30
Avoid if CrCl < 15

Avoid if BMI >40 kg/m? (dosing efficacy not studied)

bPatients with severe renal impairment are not included in many trials, and therefore, the FDA does not address dosing in these populations for the indications listed above.

Some experts recommend avoiding if CrCl > 95.

Abbreviations: BMI, body mass index; CrCl, creatinine clearance; DOACs, direct oral anticoagulants; VTE, venous thromboembolism.

those 134 patients in whom time to bleeding cessation could
be assessed. Patients with intracranial bleeding were exclud-
ed from the timed portion because follow up imaging was
not mandated. For those requiring surgery, 93% had normal
periprocedural hemostasis.

Andexanet alfa is an FDA-approved (2018) drug for reversal
of apixaban and rivaroxaban that acts as a catalytically inactive
decoy Xa molecule, binding Xa inhibitors with high affinity. A
multicenter prospective cohort study of 352 patients on Xa in-
hibitors with major bleeding found administration of andexa-
net alfa resulted in excellent or good hemostasis in 82% of pa-
tients (204/249 patients) at 12 hours.'® There was no difference
between rivaroxaban and apixaban patients. Both idarucizum-
ab and andexanet alfa remain expensive and not universally
available, but availability and use will likely increase with time.

EVIDENCE FOR USE IN CHILDREN

In pediatric patients, most VTEs are provoked, with the most
common risk factor being presence of a central line. Frequency
of this risk factor varies based on age (>60% of cases in older
children and nearly 90% in neonates)." The most recent Amer-
ican Society of Hematology guidelines recommend treating
pediatric symptomatic VTE with anticoagulation and treating
asymptomatic VTE instead of observation.? These recommen-
dations rely on evidence in adult patients due to the current
paucity of evidence in pediatrics.

"Pediatric investigation plans” are the cornerstone for ongo-
ing clinical trials of DOACs in pediatrics. While studies evaluat-
ing safety and efficacy of standard anticoagulants (UFH, LMWH,
and warfarin) in pediatrics exist, clinical trials at the time of drug
development did not include pediatric patients. This means
none of the currently used anticoagulants were initially devel-
oped or approved for children." Under the Pediatric Research
Equity Act of 2007, the FDA requires pharmaceutical companies
to submit a New Drug Application to perform pediatric studies
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of drugs deemed likely for use in pediatric patients. Pediatric
investigation plans allow for establishing safety, efficacy, dos-
ing, and administration routes in pediatric populations. All four
DOAC:s currently approved for treatment of VTE in adults have
ongoing efficacy and safety clinical trials for children.

The first and only published clinical trial of DOAC efficacy
and safety in pediatrics compared rivaroxaban to standard
treatment of acute VTE (Appendix Table)." The industry-spon-
sored, open-label EINSTEIN-Jr trial randomized patients aged
0 to 17 years 2:1 to weight-based rivaroxaban or standard
treatment after receiving initial parenteral therapy for 5 to 9
days. While most patients were treated for at least 3 months,
patients younger than 2 years with line-related thrombosis
were treated for only 1 month. The study population mostly
consisted of patients with initial, symptomatic, provoked VTE,
with types ranging from cerebral venous sinus thrombosis to
catheter-associated thrombosis. VTE risk factors, which varied
by age, included presence of a central line, major infection,
surgery, or trauma. While most VTEs in pediatric patients are
expected to be central-line related, in the EINSTEIN-Jr trial
only 25.2% of VTEs were central line—associated. The study
evaluated symptomatic recurrent VTE (primary efficacy out-
come) and clinically relevant bleeding (safety outcome). No
significant difference was found between treatment groups
in efficacy or safety outcomes, and there were no treatment-
related deaths. While the trial was not powered to assess non-
inferiority due to low incidence of VTE in pediatrics, the abso-
lute number of symptomatic recurrent VTEs was lower in the ri-
varoxaban group compared with the standard-care group (1%
vs 3%). The investigators concluded that rivaroxaban is similarly
efficacious and safe in children as compared with adults. FDA
approval of rivaroxaban in pediatrics is expected given the tri-
al’s favorable results. Clinicians may wish to consider whether
the studied population is comparable with their own patients
because the trial had a lower percentage of line-associated
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VTE than previously reported in the pediatric population.

Multiple clinical trials evaluating the efficacy and safety of
other DOAC:s in pediatric patients are currently underway (Ap-
pendix Table).”*™ Apixaban and edoxaban have active mul-
ticenter, randomized, open-label clinical trials recruiting pa-
tients up to age 17 who have imaging-confirmed acute VTE. A
similar trial for dabigatran has recently completed recruitment.
Outcome measures include recurrent VTE, VTE-related mor-
tality, and major or clinically relevant non-major bleeding. Like
EINSTEIN-Jr, patients in the dabigatran and edoxaban trials
were treated with parenteral therapy for at least 5 days prior
to randomization.'?' In the apixaban trial, participants can be
randomized without initial parenteral treatment.” Betrixaban,
the newest DOAC approved in adults, does not currently have
any open pediatric trials.

AREAS IN NEED OF FUTURE STUDY

Lack of approved reversal agents may initially limit DOAC use
in children. An open-label study examining idarucizumab safe-
ty has completed enrollment, but it has not yet published re-
sults.”™ To date, there are no pediatric clinical trials examining
andexanet alpha. Future work will need to establish efficacy
and safety of reversal agents in pediatrics.

DOACs have not been adequately studied in populations
of patients with comorbidities, such as liver disease, renal
disease, altered enteral absorption, and BMI higher than 40.
Physiologic differences in children with cancer and in neonates
merit further evaluation of DOAC safety and efficacy. While
ongoing trials established weight-based dosing regimens for
children, longitudinal studies will need to ensure adequate an-
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ticoagulation, especially in the populations listed here.

The safety outcomes in most DOAC studies include clinically
relevant bleeding and VTE-related mortality. These outcomes
are much less common in pediatric patients than they are in
adults, and future studies may need to expand safety out-
comes to those more frequently seen in children. Primary and
secondary endpoint variability in pediatric DOAC clinical trials
presents challenges interpreting and comparing study results.

SUMMARY

VTE is an increasingly common complication in hospitalized
children contributing to significant morbidity." For decades,
the only treatment options have been UFH, LMWH, or warfa-
rin. DOACs offer many advantages compared with standard
anticoagulation options. The only clinical trial evaluating effica-
cy and safety of DOACs published to date demonstrates that
pediatric patients taking rivaroxaban have outcomes similar to
those of patients receiving standard care. It is expected that
DOACs will gain FDA approval for treatment of VTE in pedi-
atric patients in the near future; therefore, hospitalists should
understand indications for use of these medications.
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