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This open-label, single-arm, prospectiver cohort trial is the first phase 3 safety study to
describe outcomes in children treated with dabigatran e'texilate for secondary venous

thromboembolism (WE) prevention. Eliglible children aged 12 to <18 years (age stratum 1),

2 lo <12 years (stratum 2), and >3 mo,nths to <2 years (stratum 3) had an objectively
confirmed diagnosis of WE treated wilih standard of care, (SOC) for 23 months, or had

completed dabigatran or SOC treatment in the DIVERSITY trial (NCT018957771and had an

unresolved clinical thrombosis risk factor requiring furtherr anticoagulation. Children re-

ceived dabigatran for up to 12 monthr, or less if the identified VTE clinical risk factor
resolved. Primary end points included VfE recurrence, bleeding event!, and mortality at 5

and 12 months. Overall, 203 children received dabigatran, with median exposure being
36.3 weeks (range, 0-57 weeks); 171 of 2O3 (84.2o/ol and 32 of 203 (15.8olo) took capsules

and pellets, respectively. Overall, 2 of 2O3 children (1.0olo) experienced on-treatment VTE

recurrence, and 3 of 203 (1.5olo) experienced major bleeding events, with 2 (1.0olo)

reporting clinically relevant nonmajor bleeding events, and 37 (18.2o/ol minor bleeding
event5. There were no on-treatment deaths. On-treatment postthrombotic syndrome was

Ior 2 oI 162 chrildren (1 .2olo) who had deep vein thrombosis or <entral-line thrombosis as their most recent VTE.
relationships of dabigatran were similar to those in adutt VTE patients. ln summary,

showed a 'favorable safeQr profile for secondary VTE prevention in children aged from >3 months to
years with persistrent WE risk factor(s). This trial was registerred at www.clinicaltrials.gov as #NCT02197416.

2020;135(7):491-504)

oo
=1_
o
0eoo
o
3

=!

o
!Ecg
o
o
Io
eg
6'oo
o
+q
o
!o

6i
@

{
oo
q

8_q
6
No
@aoo
@
@
P!C
q

@
to

I
o
p
a
Na
No

Few children
developed recurrent
VTE using dabigatran
pediatric formulations
as secondary YTE
prophylaxis.

Few children
experienced major or
clinically rclevant
nonmajor bleeding
events when receiving
secondary VTE
prophylaxis with
dabigatran.

troduction
thromboembolisrn (V[E) in children is associated with

morbidity and mortality.r{ Preventing secondary
in children poses a challenge for clinicians, due to the

maturation o{ a child's hemostatic system with age,
affects not only tl're risk of recurrent WE but also the

and responses to anticoagulants and anti-
telet therapies.s,6 Risk factors for recurrent VTE, the

(which may impact treatment choice) contribute to treatment
complexity.s,6 Risk factors that have been reported to be
associated with recurrent WE in children include central ve-
nous access devices, infection, cancer, congenital heart dis-
ease, and thrombophilia.l,7,8

Current standard of care (SOC) for the secondary prevention
of WE in children, including low-molecular-weight heparins
(LMWHs) or oral vitamin K antagonists (VKAs), depends primar-
ily upon the cause and risk factors of the first WE event, with

,sence of comorbidities, failure to monitor VTE adequately
inform treatment decisions, and limited vascular access
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recurrent WE contributing to the severity and duration of
anticoagulation.6 However, current SOC has several limitations
depending upon the anticoagulant used. For example, LMWH
requires parenteral administration, whereas VKA may result in
variable effects and low time in therapeutic range due to fre-
quent food- and drug-drug interactions, requiring the need for
regular laboratory monitoring to ensure dosing appropriateness
of anticoagulation. Moreover, the rarity of pediatric WE leads to
difficulties in designing and managing clinical trials in this set-
ting.e The treatment of WE in children is extrapolated from
evidence-based recommendations derived from studies per-
formed in adult populations.6 However, the hemostatic system in
infants and children is profoundly different from adults. As such,
pediatric safety studies are recommended by both the European
Medicines Agency (EMA) and the US Food and Drug Admin-
istration (FDA)..'o.tt

Some of the limitations with SOC in children with VTE could be
overcome by dabigatran, a direct, oral thrombin inhibitor shown
to be effective for the treatment and secondary prevention of
WE in adults.12-1a ln addition, previous pediatric phase 2 dabig-
atran VTE trials have reported similar safety and pharmacokinetic/
pharmacodynamic relationships to those seen in adults.ls-l7 ln
this openJabel, phase 3 trial, we report the first safety data on
dabigatran etexilate for the secondary prevention of WE in

children aged <'18 years, as well as the appropriateness of an
age- and body-weight-adjusted dosing algorithm for dabigatran
in this setting.

Materials and methods
Trial design
The trial design has been described in detail previously.ls ln

brief, this open-label, single-arm, safety prospective cohort,
phase 3 clinical trial (NCT02197416) (supplemental Figure 1,

available on the Elood Web site) is a part of a Pediatric ln-
vestigational Plan agreed upon with the EMA Pediatric Com-
mittee, and a postmarketing requirement agreed upon with the
US FDA. The main objective was to assess the safety of dabigatran
etexilate for secondary prevention of WE; all study outcomes
were considered safety related. The current analysis includes the
data set and target enrollmentl8 that fulfills the requirements of
the European Union (EU) Pediatric lnvestigational Plan agreed
with the EMA Pediatric Committee, while recruitment contin-
ued in order to fulfill additional US FDA requirements. The trial
was conducted in accordance with the Declaration of Helsinki
and the principles of Good Clinical Practice, and was approved
by all investigational site ethics committees. Written informed
consent from parents or legal guardians and pediatric patients
(i{they were of legal age, or if they reached legal age during the
trial) was obtained before participation, according to the ln-
temational Conference on Harmonisation Good Clinical Practice,
and the regulatory and legal requirements of each participating
country.

The trial was sponsored by Boehringer lngelheim. Listings of trial
committees and investigators are provided in the supplemental
appendix. The steering committee and sponsor representatives
developed the protocol, supervised the trial, and oversaw any
required protocol amendments. The external independent data
monitoring committee (consisting of the same members as for

the DIVERSITY trial [NCT01895777[ regularly reviewed safefy
and efficacy data, advising the sponsor on whether the tribl
should continue, be modifled, or be terminated. An indepefr-
dent blinded adjudication committee evaluated all coprimafy
end points to conflrm or refute outcome events. Boehringpr
lngelheim coordinated the trial execution, and oversaw the c$l-
lection, management, and analysis of trial data.

Tria! population
Children aged <18 years (stratified by age: stratum 1. 12 to <18
years; stratum 2,2 fo <12 years; stratum 3, >3 months to {2
years) were eligible if they had an objectively confirmed {i-
agnosis of WE (eg, by compression ultrasound, computeriz{d
tomography. or magnetic resonance imaging scans) treated wifh
SOC for >3 months, or if they had completed dabigatran or SQC
treatment in the DIVERSITY trial and had an unresolved clinidal
thrombosis risk factor requiring further anticoagulation. Cofn-
plete inclusion and exclusion criteria are provided in supplp-
mental Table 1.

Treatment
Patients were treated with openJabel dabigatran for up to '12

months, or less if the identified clinical risk factor for WE /e-
solved. An age- and weight-adjusted nomogram according lto

Hayton,le derived from estimated renal function, was used po

dose dabigatran and achieve comparable exposure to adrJrlt

populations treated with dabigatran"ls Only 1 dabigatran dope
modification (up- or down-titration) according to the nomogram
was allowed. Different formulations of dabigatran were ad-
ministered depending upon the age of the child; capsulb,s
were given to those aged 8 to <18 years. pellets to thoFe
aged <8 years (or those aged 8 to <12 years unable to swallow
capsules); oral solution was offered for those aged from
>3 months to <12 months who were unable to swallow pelldts
(but ultimately no patient in this trial required oral solution). All
patients discontinued dabigatran at the end of their trial pAr-
ticipation and were switched to SOC if there was a continued
need for anticoagulation. After completing trial treatment, pa-
tients were followed up for a period of 28 days. Patients who
discontinued trial treatment prematurely were to be followed rrrp
according to the remaining visit schedule untilthe end of the trlal
or at least for 28 days. Therefore, patients who discontinued trlal
treatment prematurely and had a follow-up period of at le4st
28 days were not considered as premature trial discontinuatiotps.
Patients who completed trial treatment as planned, but did not
have a follow-up period of at least 28 days, were consider$d
premature trial discontinuations but not premature treatmdnt
discontinuations. Patients who discontinued trial treatment di.re

to resolution of the underlying risk factor were not consider9d
premature treatment discontinuations.

Outcomes
According to the objectives of the study, all outcomes wqre
considered safety related. Primary end points were: recurrenpe
of VTE assessed at 6 and 12 months postenrollment (definid
as all recurrent WE: contiguous progression or noncontiguous
new thrombus, including deep vein thrombosis, pulmonQry
embolism, and paradoxical embolism confirmed by imaging);
mortality (overall and thrombotic/thromboembolic eveint
mortality) at 6 and 12 months; major bleeding events (MBEs) at
6 and 12 months (defined as: fatal bleeding; clinically ovqrt
bleeding l>20 g/L decrease in hemoglobin over 24 hourrsl;
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retroperitoneal, pulmonary, or bleeding that involves the central

nervous system; or bleeding that requires surgical intervention in

an operating suite); clinically relevant non-MBEs (CRNMBEs) at

6 and l2 months (defined as: overt bleeding that is not directly

attributable to the patient's underlying medical condition and

requires administration of a blood product, or bleeding that

requires medical or surglcal intervention other than in an op-

erating suite to restor€r hemostasis); minor bleeding events at

6 and 12 months (de{ined as any overt or macroscc'pic evidence

of bleeding that does not fulfill the MBE or CRNMBE criteria);

and oveirall mortality and thrombotic/thromboembolism-related
mortality.20

Secondary end points included: the occurrence of newly di-

agnosed or worsening of baseline postthrombotic syndrome

(PTS; as per the modified Villalta scale2l'zz) at 6 and 12 months

postenrollment; the relationship between plasma dabigatran

concentrations (total plasma dabigatran trough levels measured

at a central laboratory [Nuvisan GmbH, Neu-Ulm, Germany] by a

validated high-performance liquid chromatography-tandem

mass spectrometry assay) and pharmacodynamic markers (di-

luted thrombin time [dTI], activated partial thromboPlastin time

[aPTT], and ecarin clotting time [ECT] evaluated at a central

laboratory [Menal GmbH, Emmendingen, Germany]); the num-

ber of patients with dose adjustments; and the acceptability

of the administered formulations. The residual effect period for

which events were still considered on-treatment following the

last intake of trial medication was 3 days.

Statistical analysis
Boehringer lngelheim was responsible for data collection and

statistical analysis, and all authors had access to trial data'

Notentered,n=3
. lnclusion/exclusion

criteria not met, n = 3

Treated,n=203
Nottreated, n = 1

Not entered n .= 2
. lnclusion/exclusion

criteria not met, n : 1

r Consent withdrawn, n = 1

Notentered,n=12
. lnclusion/exclusion

criteria not met, n = 7
o Consent withdrawn, n = 3
oOther,n=2

Figure 1. Disporition of Patients.
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Dabigatran formulation.r n (7o)

Capsules

Pellets
1s3 (100.0)

c
18 (42.9)

24 (s7.1)

ryIl
0

8 (100.r)

0 6 (0.5)

171 $4.2)

__r, 
(rr t)

^,2t.8 (4.s)

Age, mean (SD), y
1 s.1 (1 .6) 7.0 (3.0)

Male, n (7o)
87 (s6.e) 21 (s0.0) s (62.s)

1 13 (ss.7)
Region, n (%)

Central/Eastem Europe
Western Europe
North America

Latin America

Asia

lsrael

73 (47.7)

3s (22.91

37 (24.2)

s (3.3)

2 (1.3)

1 (o.7)

21 (s0.0)
't2 Q8.6)
s (1 1.9)

2 (4.8)

1 (2.4)

1(2.4)

7 (87.s)

0

1 (12.5)

0

0

0

101 (49.8)

47 (23.2)

43 (21.2)

7 (3.4)

3 (1.s)

2 (1.0)
Racc,t n (%)

White
Asian

Black or African American
Multiple

141 192.2)

6 (3.e)

4 (2.6)

1(0.71

37 (88.1)

1 (2.4)

3 (7.1)

1 (2.4)

7 (87.s)

0

0

1 (12.s)

18s (91.1)

7 (3.4)

7 (3.4)

3 (1.s)
Body mass index, mean (SD), kg/m, 24.7 (s.4) 17.8 (2.4) 16.1 (1 .2:) 22.9 ls.7)
eGFR,t mean (SD), mUmin/l.73 mz 101.3 (,26.6) 128 s (2s.2) 12s.6 (1s.7) 107.8 (28.3)
Source of p.ti.nt3

Chronically anticoagulated children newly
exposed to dabigatran

Rollover patients treated with dabigatran in
the D|VERStTy trial

Rollover patients treated with SOC in the
DIVERStTY triat

82 (s3.6)

46 (30.1)

2s (16.3)

26 (61.9)

12 Q8.6)

4 (e.s)

7 (87.s)

1 (12.s)

0

1 15 (s6.7)

sq Q9.1)

2p (14.31

Prior anticoaguiation treatment,s n (yo)
LMWH

VKA

Unfractionated heparin
Direct oral anticoagulantll
Fondaparinux

Other

1 16 (7',5.8)

61 (:19.9)

46 (30.1)

46 (30.1)

1 (0.7)

14 (e.2)

29 (69.0)

11 (26.2)

10 (23.8)

12 (28.6)

0

1 (2.4)

7 (87.s)

1(12.s)

2 (2s.0)

1 (12.s1

0

0

1s2 (74.91

73 (36.0)

s8 (28.6)

s9 (29.1)

1 (0.s)

1s (7.4)
Most recent venou3 thromboembolic

cvent,ll n (96)

DW (other than central-line and cerebral
venous thrombosis)

Pulmonary embolism

Central-line thrombosis
Cerebral venous thrombosis and/or sinus

thrombosis

126 (82.4)

19 ('t2.4)

2(131
8 (s.2)

24 (s7.1)

1 (2.4)

3 (7.1)

14 (33.3)

s (62.s)

0
2 (2s.0)

1 (12.s)

1s5 (76.4)

20 (e.9)

7 t3.4)

23 (1 1.s)

Table 1. Baseline patient denrrographics and characteristics by age strata

DW, deep vein thrombosis; eGFR, estimated glomerular filtration rate; SD, standard d.viation.*One adolescent was not treated.

tMissing data for 1 adolescent.

fCalculated using the Schware fomula.
sNonanticoagulatiff therapy was used to treat the most Fcent vrE in 5 adolescnb, 2 childen aged 2 to <12 yeas, and 1 child aged from >3 months to <2 yaas.llRollover patients treated with dabigatran in the DlvERslry tr,al. - r"!als' dnq I cnrrq ageo rom >

flPatients could be asesed with >l type of most ecent WE.

*tu a$e$od by investgatoEr not within pEspecified categories of risk hctoB.
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12 to <18

Dabigatran

n = 153 2to <l2y,n = Oto<2y,n=8 ail



167 (79.8)
DW (other than central-line and cerebral

venout thrombosis) or central-line

thrombosis

126 (62.1)

61 (30.0)

16 (7.9)

s (62.5)

2 \1t-s.01

1 (12.s)

2s (66.7)

9 (21.4\

s (11.9)

93 (60.8)

so (32.7)

10 (6 s)

Risk factor: for YTE, n (7o)

1 prespecified# risk factor

>2 prespecified# risk {actor

Other risik {actors requiring further
anticoagulation'*

Ofn, a-p *itt tt.mboris; IGFR, $tim.t'd glomerular filtation nto; 5D' standard doiation'

qb* edolcrcnt wtt not tmad'
tfnirling d.te ior 1 ddoscmt

tCelcuhtrd using tho Schwrre fomula'

Si.bmmieegfrhtion thrnpy was urd to trcat the mort rcent vrE in 5 adolerens, 2 childnn aged 2 to <12 yeaE, and 1 child aged frcm >3 months to <2 yeaB

llBollo{t Pati?nts t !.t d with dabigatran in thc DIVERSITY trial'

lPrtirr*r old br usr:ed with >1 type of most recent VTE'

antiphorpholipid and/or lupus antibodies

{4, **d by investigator, not within pnspcified etegoriss of risk {acton'
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Based upon an estimatL'd 57o event rate for the composite

of recurrent VTE, major bleeds, and mortality related to

thromboembolic event at 12 months, a samPle size of 100

patients would provide >99o/" Probability observing at

ieast'l event. However, if the event rate was 195, it would

still provide >63% probability o{ observing at least 1 event'

Although designed to evaluate 100 patients, the sample size

was suLsequently increased to 2OO Patients to meet FDA

regulatory authority reoluests. For the Primary end points and

the secondary PTS end Point at 5 and 12 months Post-

enrollment, time-to-el'ent analyses were summarized as

Kaplan-Meier estimates, along with descriptive rates' Sub-

group analyses included age strata and sex' F:or the de-

scriptive analyses, patients with early withdrawal or those

who were lost to follow-uP were deemed noneverrts' Patients

were censored from the survival analyses if they withdrew

early, were lost to follo'w-up, or did not have VTE or bleeding

episodes. A sensitivity analysis was also conducted includ-

ing all patients entered in the study and the full study pe-

,iJd ftoin entry until thr: day of the last follow-up visit, or until

they were lost to follow-up, death, or consent was with-

drawn (" on-treatment plus follow-up"). The pharmacokinetic/

pharmacodynamic full :rnalysis set consisted of all patients with

>1 postbaseline measurement- Pharmacokinetic results were

summ a rized descriptively. Pharmacokinetic/pharrrracodynamic

relationships were explored using graphical anal'yses' Safety

and adverse events were summarized descriptively'

leading to treatment discontinuation' ln 56 of 203 children

Q7.6";1, treatment was discontinued Prematurely for the fol-

lo*ing r".rons: target dabigatran concentration not achieved

"ft", 
J dor" modification (n = 25), noncomPliance with Pro-

tocol (n : 4), WE recurrence (n : 3; however, 1 of these VTE

events was not confirmed to be a VTE recurrence by the ad-

judication committee and therefore was not included in the

analysis), worsening of other Preexisting disease (n = 2)' other

adrers. events (n : 4), consent withdrawn regarding dabigatran

treatment (n : 2), and other (n : 16)' The trial was discontinued

prematurely (28-day follow-up P"tl99 n?l comPleted as

planned) ii Zq of 203 children lf .8n, with reasons being

adverse events (n = 3), noncomPliance with trial Protocol
(n = 2), consentwithdrawn (n = 5), and other(n = 14)' Only 4

patienis discontinued both treatment and trial prematurely' All

other patients who discontinued the trial prematurely com-

pletejthe treatment period as planned, but discontinued the

irial during the follow-up (posttreatment) period' Baseline

demographics are shown in Table 1. Of the 203 treated chil-

dren, 115 (56.7%) were children receiving chronic anticoagu-

lation who were newly exposed to dabigatran, and 88 (43'3%)

were rolled over from the DIVERSITY trial (59 129'1"/"1 pre-

viously treated with dabigatran and 29 114.3"Alwith SOC)' No

children required oral solution; 171 oI 2O3 (84'2Y"1 and 32 of

203 (15.8%i took capsules and pellets, resPectively' Overall,

113 of 203 children (55.7%) were male, 101 6f 203 (49'8%\

were Central European, and '185 of 203 (91'1"/o) were white'

LMWH was the most frequently used prior anticoagulant'

prescribed for 152 of 203 children (14.9"/"1. Deep vein thrombo-

sis other than central-line-related thrombosis and cerebral

venous thrombosis was the most frequent WE, reported in

I tsa ot 203 children (75.9Y"1;35 of 203 children (17.5%) had

Results
Participants and follow'uP
At EU database lock in March 2019,204 patientsfrom 60 sites

in 22 countries had entered the trial, with 1 adolescent not

treated (due to inability to take treatment) (Figure 1). The

median exposure to clabigatran was 36.3 weeks (range, 0-57

weeks) Risk factors rr-'solved in 32 children during the trial,

DABIGATRAN SECONDAFIY WE PREVENTION IN CHILDREN

PTS at baseline.

lnformation on previous "/TE and baseline medical conditions

with increased risk of thr,:mbosis uras available for'199 of 203

G blood, 13 FEBIiIUAR'Y 2O2O IVOLUME 135, NUMBER 7 495
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Medical history of previous thromb,oernbolic events
History of prior VTE event lbefore r:he index WE

event in this, trial), n (%)

Yes

No. of prior conliirmed WE ev,:nt:;t
2

3

4

5

6

No

Previous WE,t n (?6)

Unprovoked

Provoked

Postthrombotic syndromr:,! n (%)

n = 150

28 (18.7)

e (6.0)

13 (8.7)

4 (2.71

1 (0.7)

1 (o.7)

122 (81.3)

n=28
21 (7s.O)

7 (2s.0)

29 (19.3)

n=41

6 (14.6)

1 (2.4)

4 (e.8)

0

0

1 (2.4)

3s (8s.4)

n:6
3 (s0.0)

4 (66.7)

s (12.2)

n:8

2 (zs.ol

0

1 (12.1;)

U

0

1(12.1;)

6 (7s.0)

n:2
1 (s0.0)

2 (100.0)

1 (12.rD

N = 199"

36 (18.1)

1o (s.0)

l8 (9.0)

4 (2.0)

1 (0.s)

3 (1.s)

163 (81.9)

n=36
2s (69.41

13 (36.1)

3s (17.6)

Medical conditio$/circum.tance3 with increased
risk of thromboris, n (96)

Congenital heart disease
Hematologic cancer

Presence of central venous line
Recent immobilizationll
Any history of solid cancer
Presence of other venous or arterial catheter
Hypertension

Heart failure

History of stroke or transient ischemic attack
Liver disease (currently not active)
History of major or clinically relevant bleeding event
Total parenteral nutrition dependency

n = 150

6 (4.0)

412.7)

3 (2.0)

7 (4.7)

1 (0.7)

2 (1.3)

3 (2.0)

0

0

0

0

1 (0.7)

n:41

3 (7.3)

7 (17.1)

4 (e.8)

0

2 (4.91

1 (2.4)

0

1 (2.41

1 (2.4)

0

1 12.4)

0

n=8

3 (37.s)

0

4 (s0.0)

0
1 (12.s)

0

0

1 (12.s)

0

1 (12.s)

0

0

N + 199r

11(6.0)

11 (s.s)

11 6.s)
7 (3.s)

4 (2.0)

3 (1.s)

3 (1.s)

2 (1.0)

1 (0.s)

1 (0.s)

1 (0.s)

1 (0.s)

Clinical risk factors requiring seconcllary VTE
prevention, n (7o)

lnherited thrombophiliafl ,#
Factor V Leiden mutation**
Prothrombin mutationlt
Antithrombin deficiency

Protein S/C de'l'iciency

Other{}
2 or more thrornbophilia conditions

Congenital nephrotic :;yndrome

n = 153

79 (s 1 .6)

32 (20.91

1s (e.8)

16 (10.s)

19 (12.4)

20 (1 3. 1)

26 (17.0)

0

n:42

11 (26.21

2 (4.8\

2 (4.8)

4 (e.s)

4 (9.s)

2 (4.8)

4 (9.s)

1 (2.41

n=t|

1 (12.s)

o

0

0

0

1 ('12.s)

0

0

N ,=. 2t03

91 (44.8)

3,+ (16.7)

17 (8.4)

20 (9.9)

23 (1 1.3)

23 (11.3)

30 (14.8)

1 (0.5)

Table 2. Baseline risk ,factors for VTE by age strata

'Medical history of pevious vTE was colleted starting clinical repon fom version 2; mising data for 4 children who were assessed with clinical report {om version 1tlncludes the most Ecent VTE event.

tchildren may be counted in >1 category

SMissing data for 1 adolescent.

Percentages based on the number of Patients with a history of prior vrE events. Missing data for 163 childen.

lllllness requiring b€d Est or involving paralysis.

flThe number of children with =l of the conditions listed.
#Mising data for 2 adolescents and 2 children ages 2 to <12 yeaa.
*Gln506 (s6025), hetero- or homorygous.

ttG20210A mutation.

syndrome).
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N:203

20 (e.e)

29 (14.3',)

26112.8')

71 (3s.0)

n=8

102.s)
1 (12.s)

0

6 (7s.0)

n:42

1 (2.4\

7 (16.7t

6 (14.3)

18 (42.9)

n:153

18 (1 1.8)

21 (13.71

20 (13.1)

47 (30.h

condition3 requiring 5econdary VTE

prophyhxtr, n (%)

Antiphospholipid antibodies and/or lupus antibodies

Recunent unProvoked WE

Structr.rral venous abnormalitYSS

Any other risk factor requiring secondary prophylaxis

2, (continued)

hlstory of peviour WE was colleaed starting cliniGl report {om voEion 2; missing data {or 4 children who were assespd with clinical report fom veoion I

tha most rocent VTE event.

may be countad in >1 category. Percentages ba*d on the number ol patients widr a history ol prior wE events Missing data lor 163 children'

data lor 1 adolescent.

requiring bed rest or involvi rg paralysrs

number o{ children with >1 of the conditions listed'

data {or 2 adole*ats and 2 childmn ages 2 to <12 yeac'

(16025), hetec or homorygous.

0A mutatim.

coasuration diorderdthombophirias incrudins: MrHFR mutatlT:li:i:T^"Il:?*:::,^": T,::j:.Ili"iill":tfl:Tli:::;llii:i#:,i:G 
porvmorphism' {actor Xrr-3$}'.:T:|jffi;^Hffifffffii,i]i;J;'I;ly#,'rffi;fiI,;il;;;U;;#t"in n .,Lti"., srycoprotiin rrrA muiation, ractor vrrr erevation'

syndrome).

o
o
fzo
oo
e

Prior confirmecl WE (before the index [most recent]

E event in this trial) was rePorted by 36 of 199 children (1 8'1%)

of 2-6 confirmed WE events including the most recent

Oable 2). Previc,us VTE was rePorted as being un-

in 25 of 36 (69.4%) and provoked in 13 of 36 children

1%). There were 35 of 1 99 childre n 117 "6%) who had PTS at

. The most comrnon medical conditions with increased

sk of thrombosis were congenital heart disease (12 o{ 199

hematologic cancer (1 1 of 199 [5.5%). and the Presence

a central venous line or catheter (1 1 of 199 [5 5%])' lnherited

freedom from recurrent WE at 12 months, 0'952; Cl. 0'900-

0.977).

The probability of freedom from bleeding at 12 months during

the on-treatment Period was 0'752 (95% Cl, 0'672-0'815)'

Consistent results were observed for the full study period: on-

treatment plus follow-up (probability of freedom from bleeding

at'12 monihs, 0.771;C,,,0.699-0.827). of the 40 of 203 children

(19.7o/") reporting bleeding events, 1.5% (3 of 203) were MBEs'

1.O% (2 oi 203) were CRNMBEs, and 18.2"/" (37 of 203) were

minor bleeding events (Iable 3). The location of investigator-

reported on-treatment bleeding events with dabigatran is shown

in supplemental Table 2. Of the 3 children rePorting MBEs,

1 was.a 17-year-old female Patient with an MBE originating

from a venous varix in the right leg (treated with idarucizumab

[Praxbind] to reverse dabigatran in the context of a clinical trial

[NCT02815670]); 1 was a '16-year-old male Patient who exPe-

rienced an extraPleural hematoma following surgery, 3 days

after a temPorary interruPtion of dabigatran for planned surgery;

and 1 was a 17-year-old male Patient with thrombophilia and

positive tests for homocysteinemia, high levels of lupus anti-

coagulant, and anticardiolipin antibodies who presented with an

episode of hemoptysis (treatment with dabigatran was switched

to another anticoagulant). This patient exPerienced a pulmonary

embolism with a fatal outcome 6 days after stopping dabigatran

treatment. For the 2 children reporting CRNMBEs, 1 was a 17-

year-old male patient who experienced a cut in a finger that

required medical/surgical intervention (stitches) to achieve he-

mostasis, and 1 was a 10-year-old female patient who presented

with heavy menses after starting her menstrual cycle. There were

no deaths while patients were on treatment.

Secondary end points

rbophilia was reported in 91 of 203 children (44'8"/o); of

, the following disorders were reported: factor V Leiden

{
E
@

{
N

s
o
E
No
@aao
@
@
90
!
g

@ao

o
.}
=N
No

mutation in 34 (16.7"/"), prothrombin mutation in 17 (8'4%),

antithrombin deficiency in 20 (99%), protein C/S deflciency in 23

(1 1.3%), and other coagr.rlation disorders in 23 (1 1 3%)' Of other

conditiorrs requiring secondary WE prophylaxis, recurrent un-

provoked WE was the most common, reported Ictr 29 oI 203

children (14.3%\

Primary end Points;
Overall, 2 oI 203 childr,an (1 .0%) experienced recurrent WE, 1

within 3 months of treatment and the other within 6 months of

treatment fl-able 3; Figure 2A). Both were female adolescents

who had had deep vein thrombosis (n : l) ancl pulmonary

embolism (n : 1) as their most recentVTE event. Clinical risk

factors that required s,:condary WE protection were methyl-

enetetrahydrofolate re,Cuctase (MTH FR) A1298C homozygous

mutation in 1 female patient whose most recent VTE event was

3.5 months prior. ln the other female Patient, whose most

recent WE event was 26 months prior, they were MTHFR

A1 298C, plasminogen activator inhibitor-l 46'1 56 heterozy-

gote mutation, and protein S deficiency. The probability of

{reedonr from recurrenl WE at 12 months across all age strata

during the on-treatment period was 0.988 (95% confidence

interval tCU, 0.951-0 9i)7). Consistent results were observed for
the full study period: on-treatment plus follow-up (probability of

DABIGATRAN SECONDARY VTE PREVENTION IN CHILDREN

ln total, PTS was newly reported irr 2 male adolescents of 162

patients (1 .2%) who had DW or cerrtral-line thrombosis as their
most recent VTE fiable iii; Figure 2B), 1 within 3 months and

G:blood 13 FEBRUARY 2020 lvoLUME 13s, NUMBER 7 497



Recurrent VTE even! n (o/o)

Subgroup analysis,* n/N (%)

Sex

Male

Female

2 (1.3)

0/87 (0.0)

2/66 (3.O)

0

o/21 (0.o)

o/21 (0.0)

0

0/s (0.0)

0/3 (0.0)

2 (1.0)

0/1 13 (0.0)

z/ea Q.2)
PTS,t n (%)

Subgroup analysis,* n/N (%)

Sex

Male

Female

2/128 (1.6)

2/80 (2.s)

0/48 (0.0)

o/27 (o.o)

o/12 (O.O)

0/1s (0.0)

0/7 (0.0)

0/s (0.0)

0/2 (0.0)

2/162 ('t.21

u97 (2.'.t)

0/6s (0.0)

Bleeding events, n (o/o)

Major

Clinically relevant non-major
Minor

37 (24.2)

3 (2.0)

1 (0.7)

34 (22.2)

All-cause death, n (%)

Table 3' on'treatment wEs, PTS, bteeding evenrts, and fatal events at 12 months by age strata (treated set)

*Missing data for 1 adolescent.

tcalculated over the number o{ Patients with deep vein thrombosis (other than central-line and erebnl venous thrcmbosis) or centml-line thrcmbosis,

the other within 3 to 6 months of treatment. The probability
of freedom from newly diagnosed pTS at 12 months across all
age strata during the on-treatment period was 0.9g5 (9S%
Cl, 0.939-0.996). Consistent results were observed for the
full study period: on-treatment plus follow_up (probability of
freedom from newly diagnosed pTS at 12 months, O.ggO; iSy,
Cl, 0.938-0.993). Clinical risk factors that required second_
ary VTE protection in these patients were (i) factor V Leiden
(heterozygous mutation) and prothrombin mutation (homozy_
gous mutation) in 1 male patient whose most recent VTE event
was 3 months prior (modified Villalta score 2) and (ii) factor V
Leiden (heterozygous mutation), prothrombin (heterozygous
mutation), and complete occlusion of the vena cava in 1 male
patient whose most recent VTE event was 11.5 months prior
(modified Villalta score 3).

Adyele events were reported by 152 of 203 children (74.9yo),
with the most common being nasopharyngitis (34 of 203
U6.7yon, headache (33 of 203 t16.3%l), and abdominalpain (21
oI 2Q3 [10.3%]) ffable 4). Serious adverse events were experi_
enced by 25 of 203 children (12.3"/"),and adverse events leading
to treatment discontinuation were reported by 12 of 203 chii_
dren (5.9%).

At end of treatment, according to investigato rs, 124 ol 126
children (98.47") and 16 of 17 children (94.1y") had good or
satisfactory acceptance of capsules and pellets, respectively,
and were able to take them very often or all of the time (124 of
126 [98.4%) and 16 of 17 194.1"/"1for capsules and pellets, re-
spectively) (supplemental Table 3). Overall, dabigatran geo_
metric mean trough exposure over all visits was gg.g ngTmL
(42.6); across age strata it was 96.5 nglmL (34.g) for children
aged 1 2 to < 1 8 years (n : 1 53), I 4.7 ng/ mL (37. 1 ) for those aged
2to <12 years (n : 38). and 40.9 nglmL (91 .1) for those aled
from >3 months to (2 years (n = g) (supplemental fable q).

Pharmacokinetic/pharmacodynamic curves showed a lineJr
relationship between total dabigatran plasma concentratiof
and dTT and ECT, and a nonlinear relationship between totJl
dabigatran plasma concentrations and apTT (Figure 3). Durint
the on-treatment period, 26.1"/o of patients haal aose adiusf,_
ment (increase or decrease of dose).

Discussion
This trial is the flrst to describe clinicar outcomes in children aoeJ
<18 years being treated with dabigatran etexilate for s..onj.J
VTE prevention. We observed a low frequency of r.".rrr"n|
WEs and few MBEs oTCRNMBEs during dabigatrin treatment irl
this setting. The rate of newly diagnoied piS with aaUiq"truJ
treatment in the study was 2 of 162(1.2%1. Using an ugJ_ 

"ndb ody-we i g h t-a dj u sted d os i n g a I g o rith m, d a b i g-ava n 
-pl 

a sm J
trough exposure was similar to that observedln adrits.,o tJ
addition, the dabigatran pharmacokinetic/pharmacodynamid
relationship seen in this pediatric population was similar to thal
seen in the adult setting.23

ln terms of antithrombotic effect. the DIVERSITy trial has showrJ
similar efficary for dabigatran vs SOC when treatinq children
aged <'18 years with acute VTE, as well as the suitaLiliw of a
pediatric dabigatran-dosing algorithm.2a ln that trial, there *as a
slightly higher frequency of recurrent WE in chiidren beino
treated with dabigatran for acute WE (3.g%) than in this tria]
(1.0"/"1.2t This difference likely reflects the time since the index
VTE event occurred, accompanied by a higher prothrombotic
state during their acute WE setting.

Our study population was composed of -ZO% of patients with
the so-called high+isk inherited thrombophilia tp.t"in SIC or.
antithrombin deficiency) and an additional lti?, of oatients
with antiphospholipid syndrome (ApS). ln comparison, European
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'l2t r<18y,n= ts3

Dabigatran

2 to <'12 y, n =42 0 lo<2y,n= Total, N -a ,3

2 (4.8)

0

1 (2.41

2 (4.8)

1 (12.s)

0

0

1 (12.s)

4Ct (19.7)

3 (1.s)

2 (1.0)

37 (18.2)

0 0 0 0



2. Kaplan-Meier curues lor all a9e strata' Conrbined

Ior time to recurrent WE (A) and post'

syndrome (adjudicated data from the treated set)

investigators analyzed a multicenter German-lsraeli database to

study ihe impact of genetically confirmed, high-rir;k, inherited

thrombophilia on recurrent WE in children and adults after

cessation of anticoagulation.2s A cumulative incidence of

thrombosis recurrence 'cI -4Y" was observed at 12 months of

follow-up among pediatric patients.2s A different analysis of the

same database suggests that these Patients may have been off

anticoagulation betweern 3 and 9 months after their event,26

which could explain their higher frequency of thrombosis re-

currence. Additionally, 2 pediatric studies on APS in patients

with arterial and venc,us thrombosis rePorted recurrence of

thrombosis rates of 19o1, an d29%with mean follow-uP Periods of

6.1 and 5.7 years, respectively.2T'zs Although the follow-up

duration of those stuclies was longer than in our study, and

the participants of thor;e may not match our study population,

these comparisons contribute to placing the overall WE re-

currence rate reported herein in the context of the literature' To

address the issue oi' h'rpus anticoagulants and direct oral anti-

coagulants (DOACs) n adult Patients with high-risk, triple-

positive APS, a lack c,f benefit and increased thrombotic risk

has been reported following treatment with the direct factor

Xa inhibitor rivaroxaban comPared with warfarin,2e raising the

question of whether all DOACs should be avoided in this setting'

Ho*"r"r, as dabigatran has a different mode of action and

directly inhibits thrombin, dabigatran might potentially lead to a

more teneficial outcome in such Patients' lndeed, a post hoc

pooled analysis of the RE-COVER/RE-COVER ll and RE-MEDY

trials found no significant differences in efficacy and safety

between dabigatran and warfarin in adult patients with APS'30 Of

note, APS-positive patients comprised a small number of subjects

enrolled (7'l treated with dabigatran vs 80 treated with warfarin),

and a distinction between high+isk or regular APS status was not

included.3o At present, ProsPective data regarding the efficacy

and safety of dabigatran in the high-risk, triple-positive APS

setting are lacking, and clinical trials are required'

lmportantly, ourtrial results compare favorably to prior reports o{

VIL recurrence in the pediatric population. ln the REVIVE trial, an

openJabel, pediatric, randomized, controlled study in which the

LMWH reviparin was compared with unfractionated heparinly'KA

to treat VTE, the rate of venous thrombosis recurrence or death

of patients treated with LMWH was 5.6olo.31 Similarly, a meta-

analysis of LMWH pediatric studies rePorted pooled incidence

rates for the development of recurrent VTE on LMWH secondary
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Children with any adverse event, rr (ol,)

Drug-related ad,rerser event*
120 ('tt8.4l

37 (,t4.2)
25 (s9.s)

s (1 1.e)
7 (87.s)

1 (12.s)
152_ 1-,t 4.9l,

43 tt-1.2)
Childrcn with rcriour adv.r3. .ventl,t

n (96)

Leading to death
Life-threatening

Requiring hospitalization

Prolonging hospitalization

Other

19 (12.4)

0

2 (1.3)

't7 (11.1)

1 (0.7)

2 (1.3)

6 (14.3)

0

0

6 (14.3)

1 (2.4)

2 (4.8)

0

0

0

0

0

2s (12.3)

0

2 (1.0)

23 (11.3)

2 (1.0)

4 (2.0)

Children with adverse events leading to
treatment discontinuation 1 (12.s)

Adverse events in )5Zo of children ovenall,
n (o/ol

Nasopharyngitis

Drug-related

Serious adverse event
Headache

Drug-related

Serlous

Abdominal paing

Drug-related

Serious

Respiratory tract infectiorrll

Drug-related

Serious

Nausea

Drug-related

Serious

Vomiting

Drug-related

Serious

Cough

Drug-related

Serious 
]

Dyspepsia 
I

26 (17.o)

0

0

27 (17.61

2 (1.3)

0

19 (12.41

s (3,3)

1(07)
1s (9,8)

0

1 (0,7)

13 (8.s)

s (3.3)

0

10 (6.s)

1 (0.7)

0

e (s.e)

0

0

13 (8.s)

e (s.e)

0

11 (7,2)

0

0

12 (7.B')

2 (1.:r)

0

11 
'7.2)

0

7 .16.7)

0

0

6 04.3)
1 (2,41

1(.2.4',)

2 (4.81

2 (4.8)

0

3 (7.1)

0

0

3 (7.1)

2 (4.8t

0

4 (9.s)

1(2.4)

0

4 (e.s)

0

0

0

0

0

2 (4.8)

0

0

1(2.4)

0

0

2 (4,8)

0

1 (12.s)

0

0

0

0

0

0

0

U

0

0

0

0

0

0

0

0

0

1(12.s)

0

0

0

0

U

n

0

0

0

0

0

0

34 (16.71

0

0

s3 (16.3)

3 (1.s)

1 (0.s)

21 (10.3)

7 (3.4)

1 (0,s)

18 (8.9)

0

1(0s)
16 (7.e)

7 (3.4)

0

14 (6.9)

2 (1.0\

0

14 (6.9)

0

0

13 (5.4)

9 (4.4\

0

13 (6.4)

0

0

13 (6.4)

2 (1.0)

0

13 (6.4)

0

[?:::"1 ::ilt"" 
of adverse events, and adverse events occurring in >5% of chitdren in either treatment group

'lnvestigator defined.

tA child could be countEd in >1 cat69ory.

elevationofto,"lbilirbin mom thantwof.rd rpp.,l;ii.i;;;J;;:;;i";;;;;;i;;;i;;,1'ni 
"n "tr.".ttrofotd 

inq.ae ia;;;ine from basrinc reverstrratlisaboverreupper limit of nomal.

Slncludas children with upp€r abdominal pain.

lllncludes children with upper respictory tract infection and virar upper respiratory tract infection.
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12 to <18 ,n=153

Dabig

2to<1

tran

t'Y, n = 42 Oto<2y, =8 Total, I\

Children with adverse erverrts of special
interest+

0 0 0 0

9 (s.9) 2 (4.81
12 (s.9)



I'able 4. (continued)

Serious

Epistaxis

Drug-related

Serious

'llrvstigator defined.

tf child could be counted in >1 otagory.

tprctocoldefined advem evonts o{ special intenst wEre elwated aspartate aminotnnsfns and/or alanine aminotnnsfmse mor than thcefold rrooer limit ol nomal combined with an

ohverim of toalbilirubin mm thrn two{old upper limito{ nom"t .r".uJJin't'r1."-lto; ao* o.d", anJ 
"i "t 

1.""t t*o{old incrase in se"tiiine {rm baeline levels that is above

{re uppcr limit of nomal.

Slncludas childnn with upper abdominal pain.

lJnaudcs ctritdmn with uPPor nsPintory tnct inf*tion and vi6l uPPer GPiBtory tnct infectim'

$rophylaxis as being 5.2"/o,32 whereas other LMWH Pediatric

dose-finding studies have reported VTE recurrence rates

Jf 3%...

lh both trials, the frequency of any bleeding events on treatment

il,ith dabiqatran was similar (19.7"/o in this trial and 19'9% in

bVgnSrfi, with a low incidence of MBEs in both studies ('l '5%
in this trial and2.6% in DIVERSITY). Our bleeding comPlications

Ilion with results in the pediatric literature' The REVIVE trial with

{f,J Lfr4Wrf reviparin reported a major bleeding rate of 5'6%'3r

Likewise, a meta-analysis of LMWH pediatric studies rePorted a

booled incidence rate for major bleeding of 1'8% and 6'5% for

[nce-daily and twice-daily administration, respectively'32

ln relation to newly diagtnosed PTS, the incidence of 1'2% (all

cases being possible mild ones) raises the concern as to whether

these data were evaluaterd prematurely. Of note, ther last official

recommendation from the lnternational Society on'Thrombosis

and Haemostasis Subcornmittee stated that possible PTS should

be detected after 6 months from the index limb deep vein

thrombosis, and definitive PTS after 12 months'3a lnterestingly,

almost 70% of the incle;< VTEs were unprovoked, a known risk

factor for PTS in children.3s'36 Furthermore, the baseline PTS

detected for patients with previous VfEwas 177o, which is lower

than the weighted mean (43%; 95%Cl,3B"/oto 48Y") reported for

pediatric PTS dertected retrospectively 2l Contemporary work

investigated whether DOACs (ie, rivaroxaban) can reduce the

rate of PTS in adults with limb deep vein thromb'csis in com-

parison with LMWH/VI(A by providing a more stable anti-

coagula'rion, but this protective effect was not initially confirmed

(odds ratio [OR],0.76; '?5% Cl,,0.51-1 .13).37 Recerrtly, this sus-

picion arose again in a,Jults treated with rivaroxaban (OR, 0.5;

95%C',,0.3-0.9: P: .02).3s Our low PTS rate will need to be

reevaluated after a longer {ollow-up. ln our trial, <75% oI

children experienced adverse events,12% reported serious

adverse events, and <6a/o of children discontinueid treatment

because of an adverser event. These data are comparable to

adult patients tneated in the pivotal WE trials o{ dabigatran,

apixaban and rivaroxaban. ln the RE-COVER, RE-MEDY and RE-

SONATE trials, 66% to717" of patients treated with dabigatran

experienced adverse G)vents, 7% ro 16yo reporterJ serious ad-

verse events, andTo/" t,c 9% discontinued treatmerrt because of

an adverse event.13'14 lsimilarly, in the AMPLIFY and EINSTEIN

trials, 67% to 71'% and 63% of patients treated with apixaban and

DABIGAIRAN SECONDARY VTE PREVENTION IN CHILDREN

rivaroxaban, resPectively, experienced adverse events; 13o/o to

16o/o and 12o/o reported serious adverse events; and 60lo to

8% and 5% discontinued treatment because of an adverse

event.39-al

Finally, an analysis of dabigatran pharmacokinetic/pharmaco-

dynamic data from previous pediatric and adult trials indicates

tlrat the most aPProPriate assays for dabigatran might be dTT

and ECT,42 which is iurther supported by data from this trial' as

well as the DIVERSITY trial.2a DeveloPmental changes in the

hemostatic system had little effect on dabigatran pharmacokinetic/

pharmacodynamic relationships, with children. aged <2 months

teing the possible exception.a2 A pharmacokinetic simulation

analytls of dabigatran exPosure in pediatric Patients (data on

file) has indicated that the impact o{ dose adjustments on

overall exposure is minimal' Therefore, it is considered ap-

propriate io follow an age- and weight-adjusted dosing al-

gorithm in pediatric patients without monitoring of dabigatran

plasma levels.
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Our trial did not have a comparator arm, yet the Present safety

data complement the dabigatran sa{ety data from DIVERSITY

that does have a comParator arm and showed similar efficacy

and safety of dabigatran vs SOC in pediatric Patients treated for

acute VTE.2a As mentioned previously, the duration of follow-up

in our trial from DW diagnosis to time of PTS assessment during

the study was also variable, given the variability in lag time from

WE diagnosis to enrollment in this study of extended WE
treatment.

ln view of the low Patient numbers and different risk profile of

patients in stratum 3 (age, )3 months to <2 years), our data

cannot be extrapolated with absolute confidence to younger

patients. Based upon the inclusion criteria and the study pop-

ulation (ie, >60% unprovoked WE), our flndings apply most

directly to pediatric Patients with unprovoked WE and those

who require extended anticoagulant therapy (ie, beyond

3 months post-WE diagnosis). A final limitation is the exclusion

of patients with early withdrawal from the study medication

due to failing to reach target dabigatran concentrations not

included in the main analyses. However, the results of the

sensitivity analyses that included all patients entered, and the

full study period (on-treatment plus follow-up), were consistent

with those of the primary analyses. Moreover, comparison of

g
o
!o

@

{
N

o
o
o-aoq
d
No
@ooo
@
P
!o
r
aco
oa
o
!

;o
No

3':blood" 13 FEBFIUARY 2020 lvoLUME 135, NUMBER 7 s01



EA

2o0

E
g 'rso

H roo

^ 30o
E

ti 200

E
L

100

5eo

E.o

Total dabigatran plasma concentration (ng/mL)

+ !.i1 A vm7 o v.tl1 + uNsvit4 + st..d,sb*v.t4 or.t! auNstrftt xuNsvds 6-th6nX Vhi5 O Vrht X UNSVEh2 O DSih
X U.l6 Q Vi3h1o O UNsVi*i O EEOTvirh

0 200 4OO 600

Total dabigatran plasma con(entntion (ng/mL)

x l-sh: A vd7 x vdll o uNsvtrr. o EEoTyEr
I yill 0 vdt o uNsvdl o uNsvds 0 sb.dyilb+ Utt5 + Wt9 * UNSrui2 + O.Uth pcn-ftr.iion
o kh6 A Wrlo x uNsr.h3 A D.Hrih2

0 2OO 4OO 600

Total dabigatran plasma concentration (ng/mL)

9I1! OVfr' +vdI xuNsyd4 6Edhn
ly:I: *v!.it BUrsy.nl 6uflsv,ns xh.4tub
I y:h: o yrl? * uNSVfr2 o Ddh FturMA V6t6 O Vhnlo O UNSydt + O.btrn2

JFB

200

t
I lso
*9
E ,oo

^ 300

tr
100

E
Eso

ts60

c

400 600

Iotal dabigatran plasma roncentntion (ng/mL)

+y.n3 AhhT OV.t1l +UNSVd4 ASi..drtuo* Vid4 O y.nl X UNSV&I X UNSViS pBrttrbn
+ wns o ystt t uNsre2 o offih
X YEt6 O YEir1o O UNSM.nl O EEOTViTt

0 50 .too !50 2oo 250

Iotal dabigatran plasma concentration (ng/m[)

o vi.t3 o vfr7 a vdil o EEOIU.I
X Vi.it{ + VlnB * UNS&I + Sr.dyffi* M.ns X Vbh9 O UNSyEt2 po(-th&n
A vHr6 o ftil l0 O D$hh

Rr - 0.357'

0 25 50 75 1oo 125

Iotal dabigatran plasma (oncentration (ng/mL)

O rEit3 * trtit6 tr EEOTVbi
A Vtt4 O Ytrn9 X St..dt3bb
+ M3n 5 O uNs v.i 1 F.!ft.tion

0 200 4OO 600

Total dabigatran plasma conrentntion (ng/mL)

A V.it3 A VrnT X Vcnil O UNsvfr4 + EEOTVbi
1I11 OvLir! OUNsvitil OUNSbn5 xs..Or!b
O h[5 + vnh9 * UNs uri2 a D.btu pt{itr rbn
o vbt6 o y.t 10 + uNswh3 x Dstu2

G

0 50 l0o 150 200 250

Total dabigatran plasma concenlration (ng/mL)

O Wt3 O hn7 + ytrt11 o EEoTvbnAVd! +YBtE ou$$frj Osbdytub
X Y*5 * V.tr9 X UNSMIh2 po.Gtr.tbn
* &6 A Vbtlo O O.btu

100 125

Total dabigatran plasma con(entrati0n (ng/mL)

aht3 ov!n6 xEoTvlnOkn4 *Yrh9 +Shdyd.b
O M.(5 O UNSMTi I pon-&.tion

0 200 400 6m
Total dabigatran plasma concentratioh (n9/mt)

O vrh3 O hi7 + rdlt , ,*rr*a i aaor*+ vda * vdt O ursvdt 6 u$v6, * Su*X VdS O Mfit t UNyun2 O D.btu m-ri,.t-
A VEh6 O V*lO O UtrSvilt + Stu2

K

0 5o lo0 150 200 2so

Iotal dabigatran plasma (on(entration (ng/mL)

O V.i3 * VtnT X ydil A EEprW
A ylna o vti I Usy6h! + sbdrrbxv.t5 ovrh9 ouNsrd2 Ffr.hh
O Vd6 + urnro D D.bnih

Sl.p. -0.241

0 25 50 75 1oO .t25

Total dabigatran plasma con(entration [ng/ml)
O Mth3 t fd6 A mTV&
A yri4 O ylnt X Sb.4rb
+ YBt 5 O UNS Yfr 1 pd-ftniOn

120

! roo

980
tr

60

150

€ rzsE
eg 100

f,'
50

25

60

5so

trr40

LH

to

-50

60

tr
€ 4,0

€4s

940
tr

o
o{
?-
ooo

o
3

!

o-6o
a
No
@ooo
@
@
@
ile
r
aco
o

o
t
=ll
N
o

Figure 3' Pharmacokinetic-pharmacodynami< relation3hip curuer at trough sampling times. For dabigatran pK and drr (,A" overall; B, aged 12 to <1g yeas; c, aged 2 to
,X"?ilT; ?" -"31 :,#l',*;3Li:i':i'JJl:gi'i:*:l i"1"^:lll"*;; ;;;,, vears; H, ased rrom >3 months to <2 years), and ECr (, overail; J,
:ffil:JT;:1ff:;f;1ffli,ll#,1veare; 

L, ased rrom 
's ..*i;i" .i ,".d ;;;:;:; ;;,Illlil 

'"ili:#I;,^ 
,il'Jll:;il:fili:;X,,il11::l?l5i

SO2 ':}blood" 13 FEBRUARY 2o2O IVoLUME 
,I35, 

NUMBER 7
BMNDAO et al

250

12A

D



patient and thronrbus characteristics betweerr Patients

'n due to failing to reach target dabigatran concen-

the retained population shows that there are

differences in the 2 grouPs (supplemental Table 5)'

conclusion, this trial has shown favorable safety o{ pediatric

:ions of dabigatran for secondary Prevention of WE in
aEed from >3 months to < 1 I years with persistent VTE
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