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Bodyweight-adjusted rivaroxaban for children with venous
thromboembolism (EINSTEIN-Jr): results from
three multicentre, single-arm, phase 2 studies
Paul Monagle, Anthonie W A Lensing, Kirstin Thelen, Ida Martinelli, Christoph Male, Amparo Santamaría, Elena Samochatova, Riten Kumar,
Susanne Holzhauer, Paola Saracco, Paolo Simioni, Jeremy Robertson, Gernot Grangl, Jacqueline Halton, Phillip Connor, Guy Young,
Angelo C Molinari, Ulrike Nowak-Göttl, Gili Kenet, Stefanie Kapsa, Stefan Willmann, Akos F Pap, Michael Becka, Teresa Twomey,
Jan Beyer-Westendorf, Martin H Prins, Dagmar Kubitza, for the EINSTEIN-Jr Phase 2 Investigators*

Summary

Background Rivaroxaban has been shown to be efficacious for treatment of venous thromboembolism in adults, and
has a reduced risk of bleeding compared with standard anticoagulants. We aimed to develop paediatric rivaroxaban
regimens for the treatment of venous thromboembolism in children and adolescents.
Methods In this phase 2 programme, we did three studies to evaluate rivaroxaban treatment in children younger
than 6 months, aged 6 months to 5 years, and aged 6–17 years. Our studies used a multicentre, single-arm design
at 54 sites in Australia, Europe, Israel, Japan, and north America. We included children with objectively confirmed
venous thromboembolism previously treated with low-molecular weight heparin, fondaparinux, or a vitamin K
antagonist for at least 2 months or, in children who had catheter-related venous thromboembolism for at least
6 weeks. We administered rivaroxaban orally in a bodyweight-adjusted 20 mg-equivalent dose, based on
physiologically-based pharmacokinetic modelling predictions and EINSTEIN-Jr phase 1 data in young adults, in
either a once-daily (tablets; for those aged 6–17 years), twice-daily (in suspension; for those aged 6 months to
11 years), or three times-daily (in suspension; for those younger than 6 months) dosing regimen for 30 days
(or 7 days for those younger than 6 months). The primary aim was to define rivaroxaban treatment regimens that
match the target adult exposure range. The principal safety outcome was major bleeding and clinically relevant
non-major bleeding. Analyses were per-protocol. The predefined efficacy outcomes were symptomatic recurrent
venous thromboembolism, asymptomatic deterioration on repeat imaging at the end of the study treatment period.
These trials are registered at ClinicalTrials.gov, numbers NCT02564718, NCT02309411, and NCT02234843.
Findings Between Feb 11, 2013, and Dec 20, 2017, we enrolled 93 children (ten children younger than 6 months;
15 children aged 6 months to 1 year; 25 children aged 2–5 years; 32 children aged 6–11 years; and 11 children aged
12–17 years) into our study. 89 (96%) children completed study treatment (30 days of treatment, or 7 days in those
younger than 6 months), and 93 (100%) children received at least one dose of study treatment and were evaluable for
the primary endpoints. None of the children had a major bleed, and four (4%, 95% CI 1·2–10·6) of these children had
a clinically relevant non-major bleed (three children aged 12–17 years with menorrhagia and one child aged 6–11 years
with gingival bleeding). We found no symptomatic recurrent venous thromboembolism in any patients (0%, 0·0–3·9).
24 (32%) of 75 patients with repeat imaging had their thrombotic burden resolved, 43 (57%) patients improved, and
eight (11%) patients were unchanged. No patient deteriorated. We confirmed therapeutic rivaroxaban exposures with
once-daily dosing in children with bodyweights of at least 30 kg and with twice-daily dosing in children with
bodyweights of at least 20 kg and less than 30 kg. Children with low bodyweights (<20 kg, particularly <12 kg) showed
low exposures so, for future studies, rivaroxaban dosages were revised for these weight categories, to match the target
adult exposure range. 61 (66%) of 93 children had adverse events during the study. Pyrexia was the most common
adverse event (ten [11%] events), and anaemia and neutropenia or febrile neutropenia were the most frequent grade 3
or worse events (four [4%] events each). No children died or were discontinued from rivaroxaban because of
adverse events.
Interpretation Treatment with bodyweight-adjusted rivaroxaban appears to be safe in children. The treatment
regimens that we confirmed in children with bodyweights of at least 20 kg and the revised treatment regimens that
we predicted in those with bodyweights less than 20 kg will be evaluated in the EINSTEIN-Jr phase 3 trial in children
with acute venous thromboembolism.
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Research in context
Evidence before this study
Treatment of venous thromboembolism in children is mainly
based on evidence obtained in adults. Clinical experience with
unfractionated heparin, low-molecular weight heparin,
and vitamin K antagonist therapy indicates that higher doses
(per kg of bodyweight) are required for the younger patients to
achieve the anticoagulant effects established in adult patients
with venous thromboembolism. For treatment of acute venous
thromboembolism in adults, rivaroxaban, an oral, direct
inhibitor of activated factor X, is given in a fixed-dose regimen.
This regimen is as effective as conventional anticoagulant
therapy, and it is associated with fewer major bleeding events
and improved patient satisfaction. The availability of an oral
anticoagulant treatment that does not require subcutaneous or
intravenous injections or regular blood sampling for
monitoring would be highly desirable in children. We searched
PubMed for articles published in English until March 8, 2019,
with the search terms “rivaroxaban”, “treatment”, “venous
thromboembolism”, and “pediatric”. With this search, we found
no randomised controlled studies. Kubitza and colleagues
evaluated a single administration of rivaroxaban in children
aged 6 months to 18 years in a single-arm, phase 1 study,
to establish bodyweight-adjusted regimens that had a similar
exposure as had been observed in young adults treated with
rivaroxaban in therapeutic dosages.

Introduction
Paediatric clinical practice guidelines regarding anti
coagulant treatment for venous thromboembolism are
mainly based on extrapolation of results from trials in
adults, rather than on evidence specifically from
randomised controlled trials in children. Anticoagulant
treatment in children often requires parenteral admini
stration of heparins and frequent blood sampling for
laboratory monitoring.1
Rivaroxaban is an oral, direct inhibitor of activated
factor X (factor Xa). For treatment of acute venous
thromboembolism in adults, rivaroxaban is given at a
fixed dose of 15 mg twice daily for 21 days, followed by
20 mg once daily for a period of at least 3 months.2–4 This
regimen is as effective as conventional anticoagulant
therapy, and it is associated with fewer major bleeding
events and improved patient satisfaction than standard
anticoagulants.5–10 The availability of an oral anticoagulant
treatment that does not require subcutaneous or
intravenous injections, and regular blood sampling for
monitoring is also desirable for children.
In collaboration with the European Medicines Agency
and the US Food and Drug Administration,11,12 we
developed a paediatric investigation plan to evaluate
rivaroxaban for the treatment of acute venous thrombo
embolism in children. To manage the potential effects of
the maturation of the haemostatic system in childhood,
Attard and colleagues13,14 evaluated the in vitro

Added value of this study
Rivaroxaban treatment appears to be safe in children from birth
to younger than 18 years. However, to match the target adult
treatment exposure range, children required total daily
rivaroxaban doses per kg bodyweight that increased
substantially with decreasing bodyweights. By shortening the
dosing interval from 24 h to 12 h in children with bodyweights
of less than 30 kg, and further, to 8 h, in children with
bodyweights of less than 12 kg, trough concentrations within
the adult reference range were maintained and high peak
concentrations avoided.
Implications of all the available evidence
The established paediatric rivaroxaban treatment regimens will
be prospectively evaluated in the EINSTEIN-Jr phase 3 study,
in which children of all ages with acute venous
thromboembolism will be randomly assigned to receive the
paediatric rivaroxaban regimens or standard anticoagulation
therapy. The phase 3 trial aims to document the incidence of
recurrent venous thromboembolism and major or clinically
relevant non-major bleeding on a larger scale, and to confirm
that the revised bodyweight-adjusted rivaroxaban regimens
attained equivalent adult exposures.

pharmacodynamic response to rivaroxaban in plasma
from children and neonates. Willmann and colleagues15
developed a physiologically-based pharmacokinetic
(PBPK) model, to inform the rivaroxaban dosing regimen
for clinical studies in children. In the EINSTEIN-Jr
phase 1 study,16,17 in which children received a single
administration of rivaroxaban, we predicted bodyweightadjusted regimens that gave a similar rivaroxaban
exposure as that in young adults treated once daily with
20 mg rivaroxaban. These bodyweight-adjusted regimens
were used in our studies, the EINSTEIN-Jr phase 2
programme.
In the EINSTEIN-Jr phase 2 studies, we aimed to
confirm or adapt the predicted bodyweight-adjusted
rivaroxaban regimens from the phase 1 study in children
younger than 18 years with confirmed venous throm
boembolism who had entered their final period of
anticoagulation, based on long-term exposure data
acquired during the study, and to document the efficacy
and safety of these regimens.

Methods

Study design and participants
The EINSTEIN-Jr phase 2 programme consisted of
three studies to evaluate rivaroxaban treatment in
children younger than 6 months (ClinicalTrials.gov,
number NCT02564718), aged 6 months to 5 years
(NCT02309411), and aged 6–17 years (NCT02234843). Our
www.thelancet.com/haematology Vol 6 October 2019
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studies used a multicentre, single-arm design to evaluate
the safety, efficacy, and pharmacokinetic and pharmaco
dynamic profiles of bodyweight-adjusted doses of
rivaroxaban in children with venous thromboembolism.
The studies were conducted at 54 sites in Australia,
Europe, Israel, Japan, and north America (appendix p 8).
We considered children with objectively confirmed
venous thromboembolism for enrolment if they had been
treated with low-molecular weight heparin, fondaparinux,
or a vitamin K antagonist (or more than one of these
treatments) for at least 2 months or, in children with
catheter-related venous thromboembolism, for at least
6 weeks. Children younger than 6 months were required
to have a gestational age at birth of at least 37 weeks, a
bodyweight of more than 2600 g, to have been feeding
orally for at least 10 days, and to have completed at least
5 days of anticoagulant therapy. The main exclusion
criteria were active bleeding or a high risk of bleeding
contraindicating anticoagulant therapy and an estimated
glomerular filtration rate of less than 30 mL/min per
1·73 m²; if younger than 6 months, children would also
be excluded for a serum creatinine concentration more
than 1·5 times higher than reference ranges, hepatic
disease associated with coagulopathy leading to a
clinically relevant bleeding risk, an alanine transaminase
concentration more than five times higher than the upper
limit of normal, or a total bilirubin concentration of more
than twice the upper limit of normal with direct bilirubin
representing more than 20% of the total bilirubin
(appendix pp 3, 4).
Enrolment started with children aged 12–17 years when
the pharmacokinetic data of rivaroxaban in the phase 1
study15–17 supported the use of the PBPK model for further
dose and dosing regimen recommendations. After the
data safety committee approved the pharmacokinetic,
safety, and efficacy data, the steering committee was
asked to enrol the next age cohort (6–11 years). This
process was then repeated for the age groups 2–5 years,
6 months to 1 year, and younger than 6 months. When
the confirmed or predicted rivaroxaban dose regimens
were approved by the data safety and steering committee
in an age group, that age group was also able to participate
in the EINSTEIN-Jr phase 3 study,18 which was done
almost in parallel with the phase 2 study.
The protocols were approved by the institutional review
board of each participating centre and written permission
from a parent or legal guardian and, when appropriate,
child assent, was obtained. An independent data
monitoring committee periodically reviewed study
outcomes and provided recommendations to the steering
committee.

Procedures
We began treating participants with rivaroxaban 4 h
after discontinuation of unfractionated heparin, 6–12 h
after discontinuation of low-molecular weight heparin
(when it was administered in a twice-daily regimen),
www.thelancet.com/haematology Vol 6 October 2019

and 12–24 h after discontinuation of fondaparinux or
low-molecular weight heparin (when it was
administered in a once-daily regimen). In children who
had been receiving vitamin K antagonist therapy, we
only started rivaroxaban treatment if the international
normalised ratio was less than 2·5. We administered
rivaroxaban orally in a bodyweight-adjusted 20 mgequivalent dose, based on PBPK modelling predictions
and EINSTEIN-Jr phase 1 data,15–17 in either a once-daily,
twice-daily, or three times-daily dosing regimen
(table 1). Because of the stepwise design of the
EINSTEIN-Jr programme, ongoing dose optimisation,
and because tablets (and not suspension)were available
at the start of the study, we administered different daily
doses for children with bodyweights of 20–40 kg who
received tablets (those enrolled at the beginning of the
study) rather than suspension (those enrolled later in
the study). In children younger than 6 months, a
cautious dosing approach was taken (designated part A)
because of the absence of any phase 1 data and marked
uncertainties in the PBPK predictions, and we sub
sequently escalated dosing on the basis of initial results
(designated part B).
We administered rivaroxaban for 30 days, with hospital
visits at days 1, 15, and 30. On these visits, we took blood
Children aged
6–17 years*

See Online for appendix

Children aged Children aged birth to
6 months to 6 months‡
5 years†
(suspension,
BID)

Tablet, Suspension,
OD
BID

Part A
(suspension,
BID)

Part B
(suspension,
TID)

Rivaroxaban dose
regimens
recommended for
phase 3§
Total
daily
dose

Regimen

2·6 to <3 kg

··

··

··

1·0

1·5

2·4

0·8 TID

3 to <4 kg

··

··

··

1·2

1·8

2·7

0·9 TID

4 to <5 kg

··

··

··

1·8

2·7

4·2

1·4 TID

5 to <6 kg

··

··

2·8

2·4

··

4·8

1·6 TID

6 to <7 kg

··

··

3·6

3·2

··

4·8

1·6 TID

7 to <8 kg

··

··

4·4

3·8

··

5·4

1·8 TID

8 to <9 kg

··

··

6·4

5·0

··

7·2

2·4 TID

9 to <10 kg

··

··

6·4

··

··

8·4

2·8 TID

10 to <12 kg

··

··

6·8

··

··

9·0

3·0 TID

12 to <20 kg

··

8·0

8·0

··

··

10·0

5·0 BID

20 to <30 kg

7·5

10·0

10·0

··

··

10·0

5·0 BID

30 to <40 kg

10·0

15·0

15·0

··

··

15·0

15·0 OD

40 to <50 kg

15·0

15·0

15·0

··

··

15·0

15·0 OD

≥50 kg

20·0

20·0

··

··

··

20·0

20·0 OD

Data are total daily doses of rivaroxaban in mg, as evaluated in phase 2 studies, stratified by bodyweight. Part A indicates
the doses as derived from phase 1 and further amended during the ongoing dose optimisation (based on data already
obtained in older children). Part B indicates the escalated doses and increase in administrations (from BID to TID)
after initial results were analysed. Dosing regimen, including the dosing frequency, should be adjusted if the child’s
bodyweight changes. This suggested dosing schedule could be subject to changes based on the results of the EINSTEIN-Jr
phase 3 study, and it should therefore not be used for treatment of children outside the framework of the study.
OD=once daily. BID=twice daily. TID=three times daily. ··=data not available. Registered at ClinicalTrials.gov, numbers
*NCT01684423, †NCT02309411, ‡NCT02564718, and §NCT02234843.

Table 1: Bodyweight-adjusted rivaroxaban doses from the phase 2 programme, and recommended
rivaroxaban dosing regimens to be used in the EINSTEIN-Jr phase 3 study
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samples for pharmacokinetic and pharmacodynamic
analyses, recorded safety events (bleeding, other adverse
events), and checked the efficacy of the treatment (ie, any
new thrombosis). Children younger than 6 months often
receive short durations of anticoagulant therapy18,19 and,
therefore, a treatment duration of 7 days was permitted,
with hospital visits at days 1, 3, and 7. All children aged at
least 12 years received rivaroxaban as tablet. Initially,
children aged 6–11 years also received rivaroxaban as
tablet, but when the study committees approved the
adjusted rivaroxaban dose based on the ongoing dose
optimisation, all subsequently recruited children received
rivaroxaban as suspension. Rivaroxaban was admini
stered with an age-appropriate volume of fluid for up to
2 h after eating a meal.
We took blood samples for pharmacokinetic analyses
(rivaroxaban plasma concentrations) and pharmaco
dynamic analyses (prothrombin time, activated partial
thromboplastin time [aPTT], and anti-factor Xa activity)
with sparse sampling (ie, use of a restricted number of
blood samples) for different age cohorts. In children aged
6–17 years, we took blood samples for pharmacokinetic
and pharmacodynamic analyses in steady state whereas,
in children younger than 6 years, we collected blood
samples after the first administration of rivaroxaban and
in steady state (appendix p 5). We measured these variables
at central laboratories with methods described
previously.16,17 Anti-factor Xa activity was determined with
a photometric method in accordance with the recom
mendations of the manufacturer (Technoclone; Vienna,
Austria) and rivaroxaban-specific calibrators and controls
(Technoclone). The lower limit of quantification was
14·5 ng rivaroxaban per mL.
We did a repeat imaging test of the venous thrombosis
at the end of the study treatment period (provided no
additional ionising radiation or a general anaesthetic
was required), and these images were compared with
those at baseline. We classified these imaging results as
normalised, improved (ie, the thrombus was still present
but partly recanalised or involved fewer anatomical
areas), no relevant change (ie, not recanalised and
similar in extent), or deteriorated (ie, extended or new
anatomical areas involved). A central independent
adjudication committee who were masked to rivaroxaban
treatment status (eg, dose, administration frequency)
evaluated all index and suspected recurrent venous
thromboembolism events, deaths, and suspected
episodes of bleeding. The independent adjudication
committee reviewed all repeat imaging tests performed
at the end of the study treatment period. A 24-h medical
emergency phone line was available for medical staff
throughout the study.
All children who stopped study treatment earlier than
scheduled were followed up until the end of the intended
30-day (or 7-day, if younger than 6 months) treatment
period. Patients were instructed to report to the study
centre if they had symptoms suggestive of recurrent
e503

venous thromboembolism or bleeding. Objective testing
was required for patients in whom a recurrence was
suspected.
Adverse events were collected during the study treat
ment period and were coded according to the Medical
Dictionary for Regulatory Activities, version 21.1. Events
were categorised by primary system organ class,
according to reported events that had been coded to
preferred terms.

Outcomes
We were required to generate three separate protocols,
implemented in the described stepwise manner, because
of safety concerns in the children younger than 6 months.
These protocols therefore varied in the stated primary
outcomes. However, we had the same aims in all three
protocols (as they were part of the same study): to assess
safety, efficacy, and pharmacokinetic and pharmaco
dynamic activity.
The primary aim was to define rivaroxaban treatment
regimens that match the target adult exposure range.
The predefined safety outcomes were major and
clinically relevant non-major bleeding.20,21 The predefined
efficacy outcomes were symptomatic recurrent venous
thrombo
embolism, asymptomatic deterioration on
repeat imaging, and pharmacokinetic and pharmaco
dynamic findings at the end of the study treatment
period.

Statistical analysis
Based on the initial high uncertainty regarding the safety
of fixed-dose treatment with rivaroxaban in children,
particularly younger children, we elected to run the
EINSTEIN-Jr phase 2 programme with three separate
protocols. We started with the evaluation of children aged
6–17 years, followed by those aged 6 months to 5 years,
finishing with those younger than 6 months. Although
data were analysed by age group because of our stepwise
approach, we intended to report our data to the scientific
community as a single programme. The programme did
not have a formal sample size calculation. Children were
evaluated by age cohort (12–17 years, 6–11 years, 6 months
to 5 years, and younger than 6 months) with a stepwise
approach. Clinical outcomes and pharmacokinetic data
were shared regularly with the data safety committee.
When the pharmacokinetic data supported the use of the
PBPK model for further dose and dosing regimen
recommendations, the steering committee independently
decided to stop enrolment in the age cohort and open
enrolment for the next age cohort.
Demographic and clinical characteristics and study
outcomes are presented by formulation (rivaroxaban
tablet or oral suspension) and age group. Our safety and
pharmacokinetics and pharmacodynamics analyses
included all children with valid informed consent who
had received at least one dose of rivaroxaban. Pharma
cokinetic and pharmacodynamic activity were evaluated
www.thelancet.com/haematology Vol 6 October 2019
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in all children who received treatment and had repeat
imaging at the end of treatment.
Pharmacokinetic and pharmacodynamic activity out
comes were considered during the intended treatment
period (30 days, or 7 days if the child was younger than
6 months), whereas safety outcomes were considered
during the time from administration of the first dose of
rivaroxaban to 48 h after the administration of the last
dose.5–8 Two-sided 95% CIs were calculated with the
Clopper–Pearson exact method.
The paediatric population pharmacokinetic model that
was developed in the EINSTEIN-Jr phase 1 study16 was
extended by integrating the plasma concentrations
recorded in children younger than 6 months in the
present study. An exploratory paediatric population
pharmacokinetic model for younger children was used
to evaluate these plasma concentration measurements.
Based on these models, we derived the following
pharmacokinetic parameters for rivaroxaban at steady

state for each individual: area under the plasma concen
tration–time curve from time 0 to 24 h (AUC[0–24]),
the Cmax, and the Ctrough at the end of the dosing interval.
These variables were plotted as a function of bodyweight
and compared with the adult reference range (adults
with venous thromboembolism younger than 45 years
who had received 20 mg rivaroxaban once-daily, n=203).22
The prothrombin time, aPTT, and anti-factor Xa activity
findings were assessed as relative changes from baseline
(prothrombin time, aPTT) and absolute values (antifactor Xa activity), using samples obtained at the end of
the dosing interval for baseline values, as baseline values.
Individual prothrombin time and aPTT data were
correlated with plasma concentrations and were
compared with an adult reference population.
Calculations were performed with SAS version 9.2.
These trials are registered at ClinicalTrials.gov, numbers
NCT02564718, NCT02309411, and NCT02234843. These
trials are closed to recruitment.

103 children assessed
for eligibility

10 ineligible

93 enrolled

11 aged 12–17 years

11 received
rivaroxaban tablet
OD*

32 aged 6–11 years

13 received
rivaroxaban tablet
OD*

10 from birth to
<6 months

25 aged 2–5 years

15 aged 6 months to
1 year

19 received
rivaroxaban
suspension BID*

25 received
rivaroxaban
suspension BID*

15 received
rivaroxaban
suspension BID*

5 received rivaroxaban
suspension BID*

5 received
rivaroxaban
suspension TID*

19 evaluable for PK
and PD analyses

25 evaluable for PK
and PD analyses

15 evaluable for PK
analysis
14 evaluable for PD
analysis

5 evaluable for PK and
PD analyses

5 evaluable for PK and
PD analyses

1 withdrew
consent

11 evaluable for PK
and PD analyses

12 evaluable for PK
and PD analyses

1 withdrew
consent

11 completed study
treatment (30 days)

7 had repeat imaging

1 withdrew
consent

1 withdrew
consent

12 completed study
treatment (30 days)

19 completed study
treatment (30 days)

24 completed study
treatment (30 days)

14 completed study
treatment (30 days)

5 completed study
treatment (7 days)

4 completed study
treatment (7 days)

10 had repeat
imaging

16 had repeat
imaging

22 had repeat
imaging

12 had repeat
imaging

4 had repeat imaging

4 had repeat imaging

Figure 1: Trial profile
BID=twice daily. OD=once daily. PD=pharmacodynamic. PK=pharmacokinetic. TID=three times daily. *Evaluable for safety (n=93).
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Younger than
6 months,
suspension (N=10)

6 months to 1 year,
suspension (N=15)

2–5 years,
6–11 years,
6–11 years,
suspension (N=25) suspension (N=19) tablet (N=13)

12–17 years,
tablet (N=11)

Total (N=93)

Sex, n (%)
Female

5 (50%)

9 (60%)

12 (48%)

6 (32%)

5 (38%)

8 (73%)

45 (48%)

Male

5 (50%)

6 (40%)

13 (52%)

13 (68%)

8 (62%)

3 (27%)

48 (52%)

1·4 (0·5)

4·2 (1·1)

8·0 (2·0)

9·2 (2·0)

16·1 (1·1)

6·4 (5·0)

0·6–2·0

2·1–5·8

6·1–12·0

6·7–11·9

14·5–17·3

<0·1–17·3

Age, years
Mean (SD)

0·1 (0·1)

Range

<0·1–0·5

Weight, kg
Mean (SD)

4·0 (1·6)

10·6 (2·4)

17·5 (5·4)

35·2 (11·9)

31·7 (9·9)

73·7 (44·6)

27·2 (25·9)

Range

2·8–8·2

5·8–14·1

12·5–39·6

18·4–58·2

21·8–55·9

20·0–194·2

2·8–194·2

Body-mass index, kg/m²
Mean (SD)

··

17·8 (2·3)

16·3 (3·0)

19·2 (4·1)

17·8 (2·1)

26·0 (14·5)

18·8 (6·6)

Range

··

15·3–22·7

11·9–29·0

13·5–29·6

13·7–21·4

12·6–66·3

11·9–66·3

10 (91%)

78 (84%)

Race, n (%)
White

8 (80%)

10 (67%)

23 (92%)

16 (84%)

11 (85%)

Black

1 (10%)

2 (13%)

1 (4%)

1 (5%)

1 (8%)

0

Asian

0

1 (7%)

0

1 (5%)

0

1 (9%)

3 (3%)

Multiple or not reported

1 (10%)

2 (13%)

1 (4%)

1 (5%)

1 (8%)

0

6 (6%)

Lower extremity, caval vein, lung, right atrium

7 (70%)

10 (67%)

6 (24%)

4 (21%)

1 (8%)

7 (64%)

Upper extremity, subclavian vein, or both

0

0

4 (16%)

3 (16%)

4 (31%)

1 (9%)

12 (13%)

Cerebral vein and sinus, jugular vein or both

3 (30%)

5 (33%)

15 (60%)

12 (63%)

8 (62%)

3 (27%)

46 (49%)

6 (6%)

Index venous thromboembolism, n (%)
35 (38%)

··=not available.

Table 2: Baseline characteristics, by age group and method of administration

Role of the funding source
The funders of the study contributed to study design, data
collection, data analysis, data interpretation, and writing
of the report and were able to review and comment on the
manuscript before publication. All authors had full access
to all the data in the study, and the first author had final
responsibility for the decision to submit for publication.

Results
Between Feb 11, 2013, and Dec 20, 2017, we enrolled
93 children (ten children younger than 6 months;
15 children aged 6 months to 1 year; 25 children aged
2–5 years; 32 children aged 6–11 years; and 11 children
aged 12–17 years) into our study (figure 1). The
demographic and clinical characteristics of the children
are shown in table 2. Of the 93 children, 89 (96%) children
completed study treatment and were evaluable for the
safety and pharmacokinetic and pharmacodynamic
endpoints. One (3%) child aged 6–11 years, one (4%) child
aged 2–5 years, one (7%) child aged 6 months to 1 year,
and one (10%) child younger than 6 months did not
complete treatment (all because they withdrew consent).
92 (99%) children were evaluable for pharmacokinetic
analyses (one [3%] child aged 6–11 years was excluded)
and 91 (98%) children (one [3%] child aged 6–11 years and
one [7%] child aged 6 months to 1 year were excluded)
were evaluable for pharmacodynamic analyses. These two
exclusions were because blood sampling was unsuccessful
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(one of whom then withdrew consent). Repeat imaging at
the end of the 30-day (or 7-day, if younger than 6 months)
rivaroxaban treatment period was obtained in 75 (81%)
children.
No major bleeding was reported in any patients.
Clinically relevant non-major bleeding was reported in
four (4%) children (95% CI 1·2–10·6), which presented as
menorrhagia in three children aged 12–17 years and
gingival bleeding in one child aged 6–11 years.
We found no symptomatic recurrent venous thrombo
embolism in any patients (0%; 95% CI 0–3·9). In those
with repeat imaging, we found resolution of the venous
thrombosis in 24 (32%) children, improvement in
43 (57%) children, and no relevant change in thrombosis
burden in eight (11%) children (table 3). None of the
children showed a deterioration on repeat imaging.
For children with a bodyweight of at least 30 kg, at
steady state, all but one of the individual values for
AUC(0–24), Cmax, and Ctrough were within the range of the
adult reference population (figure 2). Children weighing
less than 30 kg who received rivaroxaban once-daily as
tablets had AUC(0–24) values lower than the adult
median, with some values below the 5th percentile of the
adult reference range. This effect on AUC(0–24) at steady
state was not reported in children of the same bodyweight
category who were treated with rivaroxaban oral
suspension twice-daily, which can be explained by a
higher daily rivaroxaban dose used in the twice-daily
www.thelancet.com/haematology Vol 6 October 2019
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Younger
than
6 months
(N=8)

6 months
to 1 year
(N=12)

2–5 years
(N=22)

6–11 years
(N=26)

12–17 years
(N=7)

Total
(N=75)

Resolved

4 (50%)

5 (42%)

6 (27%)

6 (23%)

3 (43%)

24 (32%)

Improved

3 (38%)

4 (33%)

15 (68%)

17 (65%)

4 (57%)

43 (57%)

Unchanged

1 (13%)

3 (25%)

1 (5%)

3 (12%)

0

8 (11%)

Deteriorated

0

0

0

0

0

0

Data are n (%).

Table 3: Thrombotic burden between baseline imaging of the index event and repeat imaging at the end
of the rivaroxaban treatment

10 000

AUC (0–24), μg/h per L

Tablet once daily
Suspension twice daily
Suspension three times daily
Adult reference range

1000

Cmax, μg/L

1000

100

100

Ctrough, μg/L

regimen (table 1). In children with bodyweights of less
than 20 kg, and particularly children with bodyweights of
less than 12 kg, most individual AUC(0–24), Cmax, and
Ctrough values were lower than the median or less than the
adult reference range. Pharmacokinetic variable data did
not cluster at the lower extreme of the range in the
children with no relevant change on repeat imaging or at
the higher extreme of the range in children with
normalisation or improvement on repeat imaging or
clinically relevant non-major bleeding (appendix p 6).
With few exceptions, individual prothrombin time and
aPTT values were concordant with those of the adult
reference population. The change in prothrombin time
at the sampling timepoints during rivaroxaban treatment
versus the prothrombin time at baseline were correleated
with the plasma concentrations of rivaroxaban (appendix
p 7). Results were comparable across all age categories
and when rivaroxaban was administered as either oncedaily tablets or oral suspension twice or three times daily.
Few prothrombin time and aPTT values were greater
than the 99% prediction intervals of the adult reference
population. We found no age-related effects on pharma
codynamic response to rivaroxaban. We also noted a
linear relationship between anti-factor Xa activity and
rivaroxaban plasma concentrations (figure 3).
61 (66%) children had adverse events during the study
(table 4). Pyrexia was the only adverse event that occurred
in 10% of children or more. The most frequent grade 3 or
worse adverse events were anaemia and neutropenia. No
children were discontinued from rivaroxaban because of
adverse events.
We confirmed rivaroxaban exposures after bodyweightadjusted treatment with rivaroxaban once-daily in
children with a bodyweight of at least 30 kg and twicedaily in children with a bodyweight of at least 20 kg
but less than 30 kg (table 1). Children with a bodyweight
of less than 20 kg, and particularly those with a
bodyweight less than 12 kg, were found to have either a
low or subtherapeutic exposure. Hence, rivaroxaban
dosages to be used in future studies were revised for
these weight categories to twice-daily administrations of
rivaroxaban in those with a bodyweight of at least 12 kg
but less than 20 kg and three times-daily administrations
in those weighing less than 12 kg, to match the target
adult exposure range while avoiding excessive concen
trations at the end of the dosing interval (table 1).

10

1

Discussion
We found that, in children with a bodyweight of at least
30 kg, a once-daily rivaroxaban regimen had an exposure
consistent with the adult reference range. In children
with bodyweights of at least 20 kg but less than 30 kg,
only the twice-daily rivaroxaban regimen offered an
appropriate exposure. However, to achieve equivalent
exposure, the daily dose of rivaroxaban should be
increased in future studies in children with a bodyweight
of less than 20 kg. Moreover, in children with bodyweight
www.thelancet.com/haematology Vol 6 October 2019
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Figure 2: Pharmacokinetic results for children receiving bodyweight-adjusted rivaroxaban relative to adult
patients with venous thromboembolism
Data are at steady state. Box and whisker plots (on the right of the graph) indicate the 5th, 25th, 50th, 75th,
and 95th percentiles; open circles show individual values beyond the 5–95th percentile range of the adult venous
thromboembolism patient population. AUC(0–24)=area under the plasma concentration–time curve from time
0 to 24 h.
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400

Grade 1–2
Any adverse event

Anti-factor Xa activity, µg/L

300

200

100

0

Tablet once daily
Suspension twice daily
Suspension three times daily
0

100

200

300

400

Concentration of rivaroxaban, μg/L

Figure 3: Factor Xa and rivaroxaban plasma concentrations

of less than 12 kg, a regimen of three administrations a
day will be required. In our study, none of the children
developed a recurrent venous thromboembolism or
major bleeding, and most children showed either a
normalisation or improvement of the index venous
thromboembolism on repeat imaging at the end of the
rivaroxaban treatment period, relative to the imaging
tests obtained at presentation for the index event.
However, all children received standard of care
anticoagulation for the index event before the start of
rivaroxaban and, therefore, the observed effects on
thrombotic burden cannot be fully attributed to treatment
with rivaroxaban.
Individual prothrombin time and aPTT values were
within the adult reference range, and we confirmed
linear correlations between change from baseline of
these parameters and rivaroxaban plasma concentrations.
We found no age-related effects on pharmacodynamic
response to rivaroxaban, in concordance with results
from previous in vitro experiments.13,14 We also observed
a linear relationship between anti-factor Xa activity and
plasma concentration of rivaroxaban.
Despite the absence of age-related differences in vitro,
the required rivaroxaban daily doses per kg of body
weight increased substantially with decreasing
bodyweight, as was previously also reported for heparins
and vitamin K antagonists.23,24 The exact mechanism for
these differences is unknown and could relate to drug
absorption, metabolism, or excretion. Further study of
this observation is required. However, to achieve the
required increase in daily dose of rivaroxaban while
avoiding high peak concentrations and keeping trough
concentrations within the adult reference range, a
shortening of the dosing interval from 24 h to 12 h, and
further to 8 h in the youngest children, was necessary.
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48 (52%)

Grade 3
11 (12%)

Grade 4
2 (2%)

Acute lymphocytic leukaemia,
recurrent

0

1 (1%)

0

Alanine aminotransferase
(increased)

0

2 (2%)

0

Anaemia

0

4 (4%)

0

Asthma

0

1 (1%)

0

Atrial thrombosis*

0

1 (1%)

0

Bronchomalacia

0

1 (1%)

0

Cardiac arrest

0

0

1 (1%)

Febrile neutropenia

1 (1%)

0

1 (1%)

Gingival bleeding

0

1 (1%)

0

Influenza B virus (positive test)

0

1 (1%)

0

Neutropenia

2 (2%)

3 (3%)

0

Platelet count (decreased)

0

1 (1%)

0

Post-thrombotic syndrome

0

1 (1%)

0

Pyrexia

9 (10%)

1 (1%)

0

Thrombocytopenia

0

1 (1%)

0

Tracheomalacia

0

1 (1%)

0

Data are n (%) of events (as defined by the Medical Dictionary for Regulatory
Activities). Data shown for all patients who received at least one dose of
treatment (n=93). All grade 3 or worse events are shown, but grade 1–2 events
are only shown if there were grade 3 or worse events. Grade 1–2 event would also
have been shown had they occurred in at least 10% of children. No grade 5 events
occurred. *The atrial thrombosis was discovered at the end of study treatment but
was also retrospectively confirmed at baseline.

Table 4: Adverse events

Although the reported absence of major bleeding,
recurrent venous thromboembolism, and deterioration
on repeat imaging is reassuring, these findings do not
provide proof of safety and efficacy of the established
paediatric rivaroxaban dose regimens, predominantly
because the number of children evaluated was relatively
small, rivaroxaban was only administered after children
had completed a period of weeks to months of
anticoagulation with standard care, and daily rivaroxaban
dosages were too low in those with bodyweights of less
than 20 kg. It should be noted that, before the established
paediatric rivaroxaban dose regimens can be imple
mented in clinical practice, additional randomised
controlled evaluations in children with acute venous
thrombo
embolism are required. In such studies, in
which children will be treated with rivaroxaban soon
after the onset of venous thromboembolism and for
longer periods, both the efficacy and safety need to be
documented. Additionally, the pharmacokinetic and
pharmacodynamic profile of the established rivaroxaban
regimens need to be confirmed for a longer treatment
duration. In the EINSTEIN-Jr phase 3 study,18,19 several
hundreds of children with differing manifestations of
acute venous thromboembolism will be included. After
initiation with parenteral anticoagulant therapy, children
will be randomly assigned to continue treatment with
either fixed doses of bodyweight-adjusted rivaroxaban,
www.thelancet.com/haematology Vol 6 October 2019
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with dosing regimens as determined in this study, or
with standard of care, and they will be followed
up to document the incidence of recurrent venous
thromboembolism and bleeding. Extensive pharmaco
kinetic and pharmacodynamic data will be collected in
the phase 3 study, to add further information about the
optimal dosing for young children in subsequent clinical
practice.
Our study has a few limitations. First, before starting
rivaroxaban treatment, children were required to have
completed anticoagulant treatment for at least 2 months
or, in those with catheter-related venous thrombo
embolism, for at least 6 weeks. Children younger than
6 months were required to have completed at least 5 days
of anticoagulant therapy. Since this treatment occurred
before the study, we were unable to document treatment
compliance and to assess its effects on the outcome of
repeat imaging. Our decision to expose children to
rivaroxaban at the time at which they had almost
completed their regular anticoagulant treatment period
was based on a safety-first approach because of the very
little available data on rivaroxaban dosing in children
and the high risk for recurrent venous thrombo
embolism and bleeding during the first weeks following
presentation with acute venous thrombo
embolism.
Second, we did not systematically collect data on
individual risk factors for venous thrombo
embolism,
and we are therefore unable to relate study outcomes to
the presentation of venous thrombo
embolism. The
importance of such risk factor profiles is recognised and,
therefore, an extensive evaluation of risk factor profiles
for venous thromboembolism in children is being
completed in the large EINSTEIN-Jr phase 3 study.
Finally, the studies evaluating children aged 6 years to
younger than 18 years and 6 months to younger than
6 years initially had a randomised controlled design.
However, because of slow recruitment and the need to
collect enough pharmacokinetic and pharmacodynamic
data in children of all ages, the studies were amended
and continued as single-arm rivaroxaban studies.
In conclusion, treatment with bodyweight-adjusted
rivaroxaban regimens appeared to be safe in children of
all ages. Increased total daily doses are needed in children
with bodyweights of less than 20 kg to achieve the
exposures observed in young adults treated with 20 mg
rivaroxaban once-daily, and a switch to twice-daily or three
times-daily dosing regimens are required in children with
bodyweights of at least 20 kg but less than 30 kg and less
than 12 kg, to match the target exposure range while
avoiding excessive peak plasma concen
trations. The
established paediatric rivaroxaban regimens will be
prospectively evaluated in children with acute venous
thromboembolism in EINSTEIN-Jr phase 3, to further
document their clinical efficacy and safety.
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