Article published online: 2025-02-19

Review Article

The Use of DOACs in Pediatrics: Current Therapeutic
and Prophylactic Indications, Cardiac Indications,
and Real-World Evidence—A Review

Alessandra Bosch'!

TDepartment of Haematology, University Children’s Hospital Zurich -
Eleonore Foundation, Zurich, Switzerland
2paediatric Thrombosis and Haemostasis Unit, Dr. Von Hauner

Martin Olivieri

2 Susanne Holzhauer3

Address for correspondence Alessandra Bosch, MD, MSc, Universitéts
Kinderspital Zirich, Hdmatologie, Lenggstr. 30, 8008 Zdrich,
Switzerland (e-mail: Alessandra.Bosch@kispi.uzh.ch).

Children’s Hospital, LMU Clinic, LMU Munich, Germany
3Department of Paediatric Haematology and Oncology, Paediatric
Haemostasis Centre, Charité University Medicine, Berlin, Germany

Hamostaseologie 2025;45:89-101.

Abstract

Keywords

=

|

[

\J

\J

DOAC

pediatrics

heart disease

VTE treatment
thromboprophylaxis

Introduction

Based on clinical trials that have been conducted and published in the past decade, direct
oral anticoagulants (DOACs) are increasingly being used as an antithrombotic treatment in
children with venous thrombotic events and to prevent thrombotic events in children at
risk. In this review, current indications and standards for the initiation of DOACs in children
are summarized for the treatment of venous thrombotic events and for the primary
and secondary prevention in children at risk of developing thromboses based on the
published randomized controlled trials (RCT). Similarly, indications for DOACs in children
with underlying cardiac disease are portrayed based on RCT findings. Lastly, available real-
world data are reviewed for the use of DOACs in pediatric patients with a focus on patients
at higher risk of both thrombosis and bleeding who were primarily excluded from the RCTs.
DOACs contribute largely to the evolving individualization of care of thrombotic events in
children, but at-risk patient populations remain underrepresented regarding DOAC
experience, such as preterm infants, and children with severe renal or hepatic disease.
Real-world data from observational studies and registries will continue to be necessary to
establish DOACs’ effectiveness and safety in children in everyday clinical use.

These trials not only delivered controlled data on the safety
and efficacy of DOACs but also on the standard-of-care

The incidence of pediatric thromboembolic complications
has steadily increased over the past 20 years. As a result, the
need for both effective prophylaxis and treatment has ris-
en."? Until recently, the standard anticoagulation therapies
for pediatric thrombotic events included unfractionated
heparin (UFH), low-molecular-weight heparin (LMWH), vi-
tamin K antagonists (VKAs), and additionally antiplatelet
agents such as acetylsalicylic acid (ASA) for arterial throm-
bosis or thromboprophylaxis in cardiac disease.>* In the
past decade, direct oral anticoagulants (DOACs) have been
studied in pediatric clinical trials for various indications.>™1?
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anticoagulants in children.

DOACs are small molecules that directly inhibit coagula-
tion factor Xa (rivaroxaban, apixaban, edoxaban) or throm-
bin (dabigatran).’>~'> DOACs have become an attractive
alternative to the standard-of-care anticoagulants, especially
in the outpatient setting.

After the completion of phase 3 clinical trials in children with
venous thromboembolic events (VTE), three DOACs have been
licensed for use in children across varying medical licensing
agencies and authorities (rivaroxaban, dabigatran, apixaban).>~8
Further trials and subgroup analyses were conducted to
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evaluate DOACs (rivaroxaban, edoxaban, apixaban) for VTE
prevention in pediatric patients with leukemia and in patients
with congenital or acquired heart disease.’~'2 The DOAC dose
used in the thrombosis-prevention differed: some used
therapeutic or full-dose DOACs, and others used reduced-
dose DOACs (=50% dosage). Based on the trial results, the
various DOACs are being widely used, and the real-world
experience with these new medications is growing. This review
will summarize the clinical practices of usage of DOACs in
pediatric populations based on clinical trials and real-world
data in three parts: Part A—Current indications for use of
DOACs in VTE treatment and prophylaxis; Part B—Current
indications for use of DOACs in patients with cardiac indication;
and Part C—The real-world use of DOACs in pediatric patients.

A: Current Indications for Use of DOACs in
Children

Treatment of Venous Thromboembolic Events
The treatment of VTE includes the treatment of deep vein
thrombosis, pulmonary embolism, and cerebral sino venous
thrombosis in children. Recent DOAC randomized controlled
trials (RCTs) have provided significant contributions to the
available evidence in the treatment of pediatric VTE
(~Fig. 1).>"8 Dabigatran and rivaroxaban have both been
studied and results have been reported for VTE treatment in
pediatric patients. They have become an attractive alternative
to the previous standard-of-care anticoagulants—especially in
the outpatient setting. Physicians’ level of comfort and confi-
dence in the prescription of DOACs in children with VTE is
based largely on the highly selected patient group who partic-
ipated in clinical DOAC trials. These are reviewed in detail
below and summarized in the text box (= Fig. 2).

The clinical trial results for edoxaban and apixaban for
VTE in children are still pending publication.

Rivaroxaban

The phase I EINSTEIN Jr trial assessed the pharmacoki-
netics, pharmacodynamics, and safety of weight-adjusted

VTE treatment & secondary thromboprophylaxis
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Thromboprophylaxis in Cardiac Disease

rivaroxaban dosing in 59 children." Phase Il EINSTEIN Jr trials
studied the safety of rivaroxaban across different age groups in
93 children, adjusting dosing recommendations based on
measured drug levels for the subsequent phase III trial.'* In
the phase III EINSTEIN Jr randomized controlled trial (RCT),
335 children with VTE were treated with rivaroxaban after an
initial 5- to 9-day course of parenteral anticoagulation. The age
groupsincluded were O to < 2 years (11%), 2 to <12 years (34%),
and 12 to <18 years (54%). Inclusion and exclusion criteria are
shown in =Table 1. The primary efficacy outcome was the
absence of symptomatic VTE recurrence. The efficacy and
safety of rivaroxaban were comparable to standard anticoa-
gulants, but the study was not powered to show superiority.
No major bleeding events occurred in the rivaroxaban group.”
Results from subanalysis studies on central venous line (CVL)
VTE, cerebral sino venous thrombosis, and cancer-related
thrombosis were consistent with those of the main trial 3>
However, heavy menstrual bleeding was reported slightly
more often in the rivaroxaban group as compared with the
standard-of-care group.>'” Available rivaroxaban formula-
tions include tablets (for children weighing >12kg) or liquid
suspension. Rivaroxaban is licensed for VTE treatment and
secondary prevention in the European Medicines Agency
region (EMA), Switzerland, the United States, and Canada.

Dabigatran

The safety, pharmacokinetics, and pharmacodynamics of dabi-
gatran were studied in phase Ila trials with pharmacokinetic/
pharmacodynamic findings consistent with those observed in
adults.’®2" The phase Il DIVERSITY RCT included 177 patients
with VTE who were treated with dabigatran. The age groups
included were 0 to <2 years (12%), 2 to <12 years (24%),and 12
to <18 years (63%). Again, initial anticoagulation was adminis-
tered parenterally or subcutaneously for 5 to 21 days before
patients were switched to dabigatran (~Table 1). The primary
efficacy outcome was a composite of thrombus resolution,
freedom from symptomatic VTE recurrence, and VTE-related
death. Both the efficacy and safety of dabigatran were non-
inferior to the standard-of-care arm. There were four (2.3%)

Edoxaban Apixaban
HoKusal  Edoxaban Apixaban
extension

2023 2024 Not yet published
| 25 | 256
SAXOPHONE PREVAPIX-
ALL
Apixaban Apixaban

Primary thromboprophylaxis

Fig. 1 Clinical trials of DOACs in pediatric patients published over time. Numbers indicate number of patients receiving DOAC in each trial.
DOAC, direct oral anticoagulant; VTE, venous thromboembolic events.
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Current standards to initiate DOACs in children

* Diagnosis of VTE
> Limited experience of DOACs for arterial thrombotic events, stroke
* Age
»>Neonates>37 gestational weeks and >2.6 kg or >3rd weight percentile
>More experience with children aged >2 years
* Clinically stable patient & low bleeding risk
7> No immediate procedures planned, no intracranial haemorrhage within 30 days,
no severe thrombocytopenia, not post operative, no recent severe trauma
> Re-evaluate continuously according to patient’s evolving clinical presentation
* No severe renal dysfunction
» GFR >30 mL/min/1,73 m? for apixaban
» GFR >50 mL/min/1,73 m? for rivaroxaban
* No severe hepatic dysfunction
» AST/ALT<3-5xULN, no coagulopathy based on liver dysfunction
Adequate oral intake
> Oral or nasogastric tube feeding for at least 48h
» Naso-jejunal tube not optimal due to absorption site of DOACs
(generally distal stomach and proximal duodenum)
Initial parenteral or subcutaneous anticoagulation for at least 5 days
* No relevant drug-drug interactions
> Strong inducers or inhibitors of CYP3A4 and/or P-glycoprotein
(e.g. Azole antifungals, anticonvulsants, others)
* Available drug for
> Able to swallow pills/ liquid/ pellets
* Dosing regimens from published trials
> Age specific dosing regimens based on PK
(increased clearance at younger ages)
> Adapt dosing to body weight regularly
* No triple positive antiphospholipid-syndrome (limited paediatric data)
* No mechanical heart valve (limited paediatric data)

Fig. 2 Current standards to initiate DOACs in children—based on
inclusion and exclusion criteria of clinical trials. DOAC, direct oral
anticoagulant; VTE, venous thromboembolic events; GFR, glomerular
filtration rate; AST, aspartate transaminase; ALT, alanine amino-
transferase; PK, pharmacokinetics; ULN, upper limit of normal.

major bleeding events as compared with 2.2% in the standard-
of-care arm. Subgroup analyses were performed for patients
with thrombophilia and patients with congenital heart dis-
ease.?223 Results did not differ from the main study findings.
Dabigatran was discontinued early in 10% of patients, due to
below-target drug levels as per study protocol.?* Dabigatran
was overall well tolerated, but there were more gastrointestinal
adverse events such as abdominal pain, vomiting, or dyspepsia
than in the SOC arm, consistent with reports in adults.%'7-2>

Currently available formulations for dabigatran are cap-
sules (studied in children from 8 years of age). Pellets
(studied in children from 3 months of age) or liquid suspen-
sions have not been made available for usage in all juris-
dictions. Dabigatran is licensed for pediatric VTE treatment
and secondary prevention in the EMA region, and the United
States, but not in Switzerland or Canada.

Thromboprophylaxis—Primary and
Secondary Prevention of VTE

The increasing incidence of thrombosis in the last decades
also emphasizes the awareness of thrombosis prevention in
the pediatric population. However, RCTs on the use of
primary thromboprophylaxis in children for preventing
thrombotic events in specific situations are lacking. The
aim of secondary thromboprophylaxis is to prevent throm-
bosis recurrence or progression after completed treatment of
an initial VTE, in the presence of ongoing thrombotic risk.
Dabigatran and edoxaban were studied in extension studies

The Use of DOACs in Pediatrics Bosch et al.

for secondary prevention. The results for dabigatran have
been published, but edoxaban results are still pending.>? The
PREVAPIX-ALL trial investigated apixaban as primary pro-
phylaxis in pediatric patients with hematological malignan-
cies specifically acute lymphatic leukemia and lymphoma."’
Thromboprophylaxis in patients with congenital or acquired
heart disease is discussed in part B of this review.

Dabigatran—Secondary Prevention

Dabigatran was studied in a DIVERSITY extension study after
the VTE treatment period of 3 months had been completed. A
total of 203 patients who required ongoing anticoagulation
for secondary VTE prevention were included. The age groups
included were 0 to <2 years (4%),2 to <12 years (21%),and 12
to <18 years (75%). Patients received dabigatran for up to
12 months, with a median exposure time of 36.3 weeks.’
Inclusion and exclusion criteria as well as efficacy and safety
outcomes were similar to the DIVERSITY trial (~Table 1).
Indications for secondary thromboprophylaxis included on-
going risk factors such as congenital heart disease, hemato-
logic malignancy, the presence of a CVL, thrombophilia
(protein C, protein S, antithrombin deficiency, antiphospho-
lipid syndrome), or recurrent unprovoked VTE. Dabigatran
was administered at the same therapeutic dose as in the
original phase III DIVERSITY trial, with no dose reduction
occurring. Similar to the DIVERSITY trial, 12% of patients
discontinued dabigatran in the extension study due to low
measured drug levels as per protocol.>* Efficacy and safety
outcomes were satisfactory with low VTE recurrence (1%),
low major bleeding rates (1.5%), and clinically relevant non-
major (CRNM) bleeding rates (1%).22 Of note, the study
duration was up to 1 year only, and long-term effects of
DOACs are not known for the pediatric population. Addition-
ally, reduced-dose secondary prophylaxis has not been stud-
ied in the pediatric population—it is unknown whether a
lower dose DOAC would be safe and effective.

Apixaban—Primary Thromboprophylaxis

The safety, pharmacokinetics, and pharmacodynamics of
apixaban were studied in phase Ila trials.">?® Apixaban
drug levels were comparable to those in the adult studies
at a dosing equivalent of 2.5 mg.%® The PREVAPIX-ALL trial
compared primary prophylaxis with reduced-dose apixaban
compared with the standard of care of no thromboprophy-
laxis in pediatric patients newly diagnosed with acute lym-
phoblastic leukemia or lymphoma and a CVL throughout the
induction phase of chemotherapy. A total of 256 patients
received apixaban for a median of 27 days. The age groups
included were 0 to <2 years (0.4%), 2 to <12 years (80%), and
12 to <18 years (19%). See =Table 1 for inclusion and
exclusion criteria. The primary efficacy outcome was a
composite measure of both symptomatic and clinically un-
suspected VTE, detected by ultrasound and echocardiogra-
phy screening at the end of treatment. The safety outcomes
were major and CRNM bleeding events. VTE occurred in 12%
of patients receiving apixaban versus 18% in the SOC group—
the difference was statistically not meaningful. There were
two major bleeding events in each group. However, there
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was a higher rate of CRNM bleeding in the apixaban group (4
vs. 1% in the SOC group), as well as minor bleeding (14 vs. 8%).
In a post hoc analysis, CRNM bleeding rates were similar
between groups for children aged >10 years. In a subanalysis
of patients with obesity, apixaban decreased VTE risk, but
these results have not yet been published.

Overall, adverse events were reported in 91% of partici-
pants, which is expected in a population of patients undergo-
ing treatment for malignancy. However, 5% of participants
discontinued the study medication due to apixaban-related
adverse events. The study was powered to demonstrate supe-
riority, but apixaban did not meet this endpoint. Therefore,
primary thromboprophylaxis with apixaban is not recom-
mended in all patients with newly diagnosed acute lympho-
blastic leukemia or lymphoblastic lymphoma. The authors did,
however, conclude that thromboprophylaxis with apixaban
could be considered in patients at higher VTE risk, based on
individual patient factors and risk assessment. The formula-
tions studied were oral solution and tablets; currently, only
tablets are available. Apixaban has been licensed by the EMA
for treatment and secondary prophylaxis in pediatric patients,
but not for primary prophylaxis.

B: Current Indications for DOACs in Patients
with Underlying Cardiac Disease

Thrombotic complications in congenital and acquired heart
disease are reported in up to 8% of children post-cardiac
surgery,”’ and contribute considerably to morbidity and
mortality in this patient population.28 Risk factors for throm-
bosis include blood flow abnormalities, thrombogenic exo-
genic materials (stents, valves, sutures, shunts), coagulation
derangement due to cardiopulmonary bypass procedures,
polycythemia secondary to cyanotic heart disease or inher-
ited thrombophilia. Additionally, these patients most often
have CVLs, especially in the acute peri- and postoperative
time period. Due to the presence of multiple prothrombotic
risk factors, thromboprophylaxis is often indicated to pre-
vent first thrombotic events or recurrent thrombotic events.
Each individual patient is assessed based on their specific
cardiac physiology and thrombosis risk factors. A team of
cardiac surgeons, cardiologists, intensivists, and/or hema-
tologists then decide which anticoagulant, antiplatelet, or
treatment combination is indicated based on current guide-
lines, and mainly expert opinion or local preference.?’ The
antithrombotic agents used are antiplatelet agents such as
acetylsalicic acid or clopidogrel, and/ or anticoagulation. The
standard-of-care anticoagulants have been UFH, LMWH, and
VKA until recently. Subcutaneous application, frequent lab-
oratory monitoring, narrow therapeutic range, and drug and
dietary interactions lead to a high treatment burden for
patients.28 However, recently three large DOAC clinical trials
were conducted comparing rivaroxaban, apixaban, and edox-
aban to the respective standard of care for the specific cardiac
populations. = Table 2 shows an overview of the three clinical
trials. The study populations consisted mainly of children with
congenital or acquired heart disease (single ventricle condi-
tions, Kawasaki disease, and other heart defects) comparing
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the safety and efficacy of apixaban, edoxaban, and rivaroxaban
to standard-of-care treatments (ASA, VKA, and LMWH).>10:12
The UNIVERSE trial included only patients from 2 to 8 years of
age with a single ventricle condition after the Fontan proce-
dure and compared rivaroxaban to the control group treated
with ASA.° The ENNOBLE-ATE trial included children of all ages
with various cardiac diseases at risk of thromboembolism,
similar to the SAXOPHONE trial that involved pediatric
patients with diverse cardiac conditions aged 28 days to
18 years. The proportion of patients with single ventricle
and Fontan procedures in both studies is high (74 vs. 73%)
and allows for comparison of outcomes with the UNIVERSE
study.m'12

The UNIVERSE trial utilized a reduced dose (50% of thera-
peutic dosage) of rivaroxaban, while in the SAXOPHONE trial
and the ENNOBLE-ATE trial a full/therapeutic dose of edoxaban
and apixaban was used respectively. The aim of all three
studies was to assess the safety and efficacy of the different
DOACs used for primary and secondary thrombosis prevention
in cardiac diseases.>'%-12

All three trials showed low major bleeding rates (SAXO-
PHONE: 0.8%[95% CI: 0.0-4.3%]; ENNOBLE-ATE: 0.9% [95% CI:
0.24-0.25%]; UNIVERSE 2% and low numbers of thrombotic
events [SAXOPHONE 0%; ENNOBLE-ATE 0%, UNIVERSE 2%])
in the intervention group. A post hoc subgroup analysis of
the DIVERSITY trial on the use of dabigatran in patients with
congenital heart disease (N =48, 21 dabigatran, 27 SOC) also
showed low major bleeding rates (0) and high efficacy for the
endpoints thrombus resolution, VTE recurrence, and VTE-
related death. However, this trial showed a significantly
higher rate of minor bleeds (14.3%).2330

According to the systematic review of Guan et al,*° the
DOAC trials including patients with congenital heart disease
were shown to be safe and effective, although it must be
mentioned that all trials were underpowered to demonstrate
superiority over the SOC. In total, 471 participants were
included in the studies. A limitation of the systematic review
was that the study populations of all trials were different and
thus not directly comparable. This precluded a meta-analy-
sis. However, several nonrandomized case series show the
real-world safety and efficacy of DOACs in patients with
underlying cardiac disease (see also part C of this review).>
The safety and efficacy profile of DOACs in this high-risk
patient group represents an alternative to SOC and addition-
ally offers several advantages with reduced treatment bur-
den for patients. To date and in the EMA region, none of the
three DOACs is licensed for use in patients with congenital
heart disease, while in Switzerland and the United States
rivaroxaban is licensed for primary and secondary thrombo-
prophylaxis in Fontan patients.

C: Real-World Experiences of DOACs in
Pediatric Patients

Despite the growing number of pediatric investigational
programs for DOACs, and data published thus far, the range
of indications and pediatric populations studied remains
limited. Younger age groups, particularly neonates, were

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



95

Bosch et al.

The Use of DOACs in Pediatrics

1Bk ‘A 3stuobejue y ulWeA WA ‘ulleday pajeuoildelun ‘H4n sbnip Alojewweyul-ijue [epI0JaISUOU ‘QIYSN JaqQUINU ‘U (DIAIP ISISSE 1B|NJIIIUAA Y3| ‘QVA] ‘ulieday 3ybiam-1e|nd3|jow-mo)
‘HMIAT (9384 uoniesy|y Jejniawo|b “y¥40 ‘uoieuabAxo aueiquiaw |ealtodiodeiixa ‘ONDT Juenbeodiiue |elo 12341p “OYOQ PUBHIZIMS ‘BliIsNY ‘AUBWIRD ‘HOVA ‘AP ‘P {0SHd SWOIYI03AD ‘0GHdAD ‘SUOIIRIARIQQY

"panqiyoid ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad J0} PaPEOJUMOP SBM JUBWNIOP SIY L

asop |4

9s0p ﬂNvom\mwmo_u podnpay

asop |4

asop |In4

sixe|Aydoidoquioly
10} pasn asop
pasnpai 1o d1ynadesay

wisijoquiaoquioly}
33nde jo sisoubeiq

alnpasold uejuo4
ymm AbojoisAyd spauan 91buls

19430 ‘ainjie} 11eay
‘A13bIns uejuo4 ‘9SEISIP 1ESEME))|

9Seas|p 1eay 1ay3o
‘9seasIp Ileseme)| 9[2113uaA 3|buls

sixe|Aydoidoquioly
buunbal si103084 Ysiy

e=uhg1>01f7|
g=u:hg|>0A¢
zL=u:hz> 01 yug

A gL 031 yg

9/ =U:sledk §-¢

gz=ukgL>o014h¢|
€L=uhz1>01A7
g=u A 7> 03 yiug
sabe ||e Jo ualp|iyd

ze=ukgl>o014¢|
68=u:hg1> 0147
g=u:kg>01p8gr
sabe |je jo ualpjiyd

sdnoib aby

saulPpInb

|e30] 42d poyzaw aAidasesjuod
paidanoe Ajjeoipaw e buisn

JoU 3Je pue JYdIeuaW paydeal
SABY OUM S9|BLLIDH "S9|BLLID)
buipaajisealq 1o yueubaid pue
‘9seasip onizeday ‘uone|nbeodijue
buiinbau sisayisoid anjea

1eay e yum s323lgns ‘si3ipJedopua
SAIID94U IAIIIE ‘UOIIDUNYSAP
[eual ‘Buipas|q Jo ysu pasealdu)
UB Y}IM PI3RIDOSSE SUOIIIPUOD

buipaalq

Jo 351 ybiy/eanoe ‘uondiosqe
pasiedwi yum A1abins 1o aseasip
|eui3sajuloiseb ‘sisoquiosyy

%0€ > ¥4D ‘Juawalinbal
upidweyn ‘Ayzedosaius
buisol-uiajoud 3jqissod ym
ainpadold uejuod ‘wA ‘HMINT
03] uoiiedIpuleiuod ‘buipas|q s
-ybry/anzoe ‘wsioquaoquolyy

SAIVSN ‘s1o3iqiyui/siadnpul
0SPdAD ‘s33193e|d1ue ‘QVYAT “OIND3
‘eluadolfdoquuolyy ‘uondunysAp
J9A1] 1o |eual ‘Aoueubalid

J0Wn3 10 uoljewlojew

Jejnosen |eruesoedjul ‘buipasiq
aA1oe ‘Ayzedonbeod 13N
|eui3sajuloliseb ‘uoisuariadAy
913A3S ‘WisljoquiaoquIoIy |

131D uoisnPX3

JUdWI|0IUd

910J3q oW { UIYIM ainpadoid
uejuo4 pey oym AbojoisAyd
9p13uaA-9|buls yum uaipiyd

9seasip 31eay paJinboe/ejuabuo)

sixejAydoidoquiolys
burinbaur aseasip
1eay [eyuabuod yum ualpjiyd

eII9JIID uoisnpu|

12y Ul Dv0oqQ buiaedal

8 88 601 6¢1 sjuajed jo saquiny

pasuadl| Jou :eulsny/Auewan uole|NuW.Io}

(6% 0G< uaup|iy> 10§ s39|qe3 bui gL 3|qejiere + (HOva)

by 0L < uaup|iyd ur uoisuadsns rzoz/ol

|eto) sixejAydoidoquiolyy uejuo4 13d se sixe[Aydoidoquiolyy

pasuadl| J0N -350d 950p-padNpal pUBISZIMS pasuadl| 10N pasuadl| J0N 1oy pasuadr]

cz9ALISYIAIA 6ISYIAINN 01 31V-3T190NN3 z1INOHdOXVS ubisap pue sweu |en|
uesjebiqeq ueqexoJeAny ueqexop3 ueqexidy

uo1eIIpUI JBIPIED 10§ S[eLY DVOAd Z @|qel

Vol. 45 No. 1/2025 © 2025. Thieme. All rights reserved.

Hamostaseologie



96

The Use of DOACs in Pediatrics Bosch et al.

underrepresented, and preterm neonates and children with
significant comorbidities were frequently excluded from the
RCTs. This is a critical limitation, as it means that children
who are at high risk for both thrombosis and bleeding
complications have not yet been adequately studied regard-
ing the performance of DOACs.3! Given the apparent advan-
tages of DOACs over VKAs or LMWH, we anticipate a growing
DOAC utilization in vulnerable patient groups, such as those
with impaired renal or liver function, cancer, or neonates.

First practical experience with DOACs for the treatment of
venous thrombosis in pediatric patients confirms the effec-
tiveness and safety of these anticoagulants (for details, see
~Table 3).3273° A novel insight is the comparison of different
DOACs regarding bleeding complications. The “American
Thrombosis and Hemostasis Network 15” reported the use
of DOACs in 233 patients younger than 21 years from 15
specialized hemostasis centers in the United States.>? This
study found that heavy menstrual bleeding was experienced
by significantly more adolescent females treated with rivar-
oxaban compared with those treated with apixaban (45.6 vs.
18.9%). Similarly to previously reported RCTs, most patients
in these case series were adolescents; high-risk patient
groups, such as multimorbid patients and those with im-
paired kidney or liver function were not represented. Thus,
while these early real-world data support the outcomes of
clinical trials, they leave important knowledge gaps
unaddressed.

Cardiac Disease

Most of the DOAC real-world data for specific patient groups
pertains to primary or secondary prophylaxis in children
with congenital or acquired heart defects and originated in
the Boston Children’s Hospital. Vander Pluym and colleagues
developed a protocol to treat pediatric cardiology patients
with apixaban for both prophylactic and therapeutic pur-
poses before results from the RCT and before liquid formu-
lations were available. Unlike the “one dose per weight fits
all” model used in the earlier-described RCTs, the authors
opted to regularly measure apixaban-specific anti-Xa chro-
mogenic levels in their patients and adjust dosages based on
peak levels.36=3? This approach was aimed at determining
the “correct” and “safe” dose for each patient based on age,
weight, and renal function while allowing for varying levels
or doses that may be more appropriate for different clinical
indications. Similar to findings in adults, the authors found in
219 pediatric patients that apixaban has a wide margin of
safety and effectiveness, resulting in clot resolution and
absence of bleeding and adverse events across a broad range
of apixaban levels. Although apixaban levels tended to be
higher in patients who experienced adverse events (median
178 ng/mL, range: 48-450) compared with those without
adverse events (median: 155ng/mL, range: 23-474), the
difference was not statistically significant.3® The authors
report having adjusted the dosage in 25% of patients overall.
Adkins et al added information on the use of apixaban for the
specific indication of thromboprophylaxis in children post-
Fontan cardiac surgery.3® With this, the authors underline
the safety and effectiveness of DOAC in this patient group but
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fail to show that peak level-based dosing is superior to fixed
regimens as used in both the UNIVERSE and SAXOPHONE
trials.®'? Initial results on long-term experiences have been
published by Sagiv et al, showing that prophylaxis with
edoxaban in children with large aneurysms following Kawa-
saki disease was safe and effective during a median observa-
tion period of 48 months.*? For details see ~Table 3.

Cancer-Associated Thrombosis

Although thrombotic events are frequent in children with
cancer, only a few children with cancer and associated VTE
have been included in the DOAC RCTs. In the EINSTEIN Jr
study, 11% of included patients had cancer in the trial.>'® To
date, two retrospective case series involving a total of 27
pediatric oncology patients have been published on DOAC
therapy.*"*2 Barg and Kenet published the first case series of
16 pediatric patients with active or recurrent cancer treated
with rivaroxaban for cancer-associated thrombosis.*! The
authors confirmed that drug levels in that specific patient
group and recanalization rates were comparable to those
published in the EINSTEIN JR study. However, adverse events,
including major bleeding and thrombotic complications,
were more frequent with CRNM bleeding reported in nearly
20% of the patients. Sultan et al recently described their
experience on 11 children treated with rivaroxaban for
hematological malignancy at two pediatric oncology centers
in Quebec, Canada.*? Here, major or CRNM bleeding, which is
a major concern in leukemia and lymphoma patients, was
observed in none of the patients, while recurrent thrombotic
events occurred in 9% of patients. However, no information
on dose adjustments or interruption of therapy based on
platelet count or co-medications that may influence drug
levels is reported in either of the retrospective analyses.
Consequently, although these early reports generally sup-
port the use of DOACs for the treatment of cancer-associated
thrombosis, prospective and cancer-specific observational
studies along the lines of clinical oncology studies are needed
to define patient groups that benefit from DOAC treatment or
prophylaxis.

Renal Impairment

No evidence is currently available for the use of DOACs in
children with a GFR <30 mL/min/1.73 m? or patients on
hemodialysis. Unlike heparin or VKAs, there are no estab-
lished therapeutic or prophylactic drug levels to guide DOAC
dosing in these cases; consequently, DOACs are currently
contraindicated in children with severe renal impairment.
Although children with a GFR >50 mL/min/1.73 m? were not
excluded from the RCTs, very few children with mild to
moderate renal impairment participated in published trials
and no real-world data have been published so far. Among
the available DOACs, there are important differences in their
renal elimination rate (apixaban 27%; rivaroxaban 35%;
edoxaban 50%; and dabigatran 80%).*~4’ Dabigatran has
the highest renal elimination as an active metabolite, while
apixaban has the lowest. As drug exposure increases with
declining renal function—corresponding to the proportion of
the drug excreted via the kidneys—careful consideration
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must be given to the choice of anticoagulant. Still, since long-
term use of LMWH is difficult to tolerate, and VKAs have been
linked to accelerated progression of chronic kidney disease,
DOACs may be an option for selected children with severe
renal impairment, provided that drug levels are carefully
monitored and adjusted as needed.*®4°

Advanced Liver Disease

Pediatric patients with liver disease were excluded from
clinical trials; precise exclusion criteria differed between trials,
for details see ~Table 1. Real-world data to guide the manage-
ment of VTE in children with advanced liver disease are
not available. As introduced in the context of renal function,
DOACs undergo varying degrees of non-renal elimination;
consequently, it can be expected that children with advanced
liver disease will experience altered pharmacokinetic and
clinical effects secondary to reductions in coagulation factors,
plasma protein binding, metabolism, and renal excretion in
hepatorenal syndrome. As DOACs gain importance in the
treatment of adult patients with advanced liver disease and
thrombotic events are common in liver disease, a key focus of
the International DOAC Registry of the ISTH is the systematic
monitoring of pediatric patients with impaired liver function
and VTE.>0->2

Neonates and Preterm Infants

Neonates and children younger than 2 years are underrep-
resented in published RCTs. Additionally, published real-
world evidence on the effectiveness and safety of DOACs at
this early age group is limited. Recently, a clinical experience
was published with 25 patients younger than 2 years, show-
ing that 87.5% of neonates and infants showed a reduction in
the thrombotic burden with either normalized or improved
reimaging and no bleeding complications were reported.>*

Unmet Needs
The expanded use of DOACs has resulted in a growing number
of patients presenting for elective and urgent procedures while
on therapeutic DOACs. Interventional clinicians are increas-
ingly expected to be knowledgeable about DOAC management.
Currently, strategies for managing and reversing DOACs in
pediatric patients during the perioperative period are based
solely on case studies or extrapolated data from adults.>> RCTs
on DOAC reversal for emergency surgeries are unlikely to be
conducted in the near future due to the rarity of such events.
The safety and efficacy of andexanet alfa for rivaroxaban,
apixaban, or edoxaban as well as idarucizumab for dabigatran
have not been studied in pediatric patients and are not
approved for pediatric use. Additionally, there are currently
no dosing recommendations for pediatric patients.54

While foregoing drug level measurements when prescrib-
ing DOACs is generally appealing, it remains unclear whether
this approach is safe and effective for all patient populations.
Specifically, further research is needed to determine the
viability of this approach for patients with conditions such
as short bowel syndrome, protein loss, or those concurrently
taking medications that might lead to significant drug inter-
actions. Furthermore, it is unknown which specific DOACs

The Use of DOACs in Pediatrics Bosch et al.

might be most appropriate for these patient subgroups. Sys-
tematically documenting experiences and outcomes in these
patients, potentially alongside drug-level monitoring, is crucial
to optimize DOAC selection and ensure safety and efficacy.

Finally, DOACs offer new possibilities for the prevention of
thrombosis in children with severe thrombophilia such as
protein C, protein S, and antithrombin deficiency. Here too,
clinical studies will be critical in assessing long-term effec-
tiveness and safety.”®

Outlook and Conclusion

DOACs contribute largely to the evolving individualization of
care of thrombotic events in children. Through the results of
the clinical trials, DOACs have become a part of the standard
of care for the treatment of pediatric VTE in children. Recent
studies on pediatric thromboprophylaxis suggest that DOACs
are also suitable for thrombosis prevention for children with
cardiac disease. However, DOACs are not yet approved for
this prophylactic indication across all jurisdictions.

Although available real-word data confirm the results of the
RCTs, significant gaps remain regarding the efficacy and safety
of the different DOACs for prophylaxis and treatment in
higher-risk scenarios. Future studies should focus on specific
patient populations such as preterm infants and children with
kidney or liver diseases. Important questions include the
optimal choice of DOACs based on indications, appropriate
dosages, and whether therapeutic drug monitoring is benefi-
cial or necessary for certain indications. Furthermore, it will be
essential to further study, gain experience, and establish
guidance regarding periprocedural and bleeding management
of pediatric patients with DOAC therapy. Real-world data from
observational studies and registries will continue to be neces-
sary to establish DOACs'’ effectiveness and safety in children in
everyday clinical use.>%>®
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