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Rivaroxaban compared with standard anticoagulants for the
treatment of acute venous thromboembolism in children:
a randomised, controlled, phase 3 trial
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Summary

Background Treatment of venous thromboembolism in children is based on data obtained in adults with little direct
documentation of its efficacy and safety in children. The aim of our study was to compare the efficacy and safety of
rivaroxaban versus standard anticoagulants in children with venous thromboembolism.
Methods In a multicentre, parallel-group, open-label, randomised study, children (aged 0–17 years) attending
107 paediatric hospitals in 28 countries with documented acute venous thromboembolism who had started
heparinisation were assigned (2:1) to bodyweight-adjusted rivaroxaban (tablets or suspension) in a 20-mg equivalent
dose or standard anticoagulants (heparin or switched to vitamin K antagonist). Randomisation was stratified by age
and venous thromboembolism site. The main treatment period was 3 months (1 month in children <2 years of age
with catheter-related venous thromboembolism). The primary efficacy outcome, symptomatic recurrent venous
thromboembolism (assessed by intention-to-treat), and the principal safety outcome, major or clinically relevant nonmajor bleeding (assessed in participants who received ≥1 dose), were centrally assessed by investigators who were
unaware of treatment assignment. Repeat imaging was obtained at the end of the main treatment period and
compared with baseline imaging tests. This trial is registered with ClinicalTrials.gov, number NCT02234843 and has
been completed.
Findings From Nov 14, 2014, to Sept 28, 2018, 500 (96%) of the 520 children screened for eligibility were enrolled.
After a median follow-up of 91 days (IQR 87–95) in children who had a study treatment period of 3 months (n=463) and
31 days (IQR 29–35) in children who had a study treatment period of 1 month (n=37), symptomatic recurrent venous
thromboembolism occurred in four (1%) of 335 children receiving rivaroxaban and five (3%) of 165 receiving standard
anticoagulants (hazard ratio [HR] 0·40, 95% CI 0·11–1·41). Repeat imaging showed an improved effect of rivaroxaban
on thrombotic burden as compared with standard anticoagulants (p=0·012). Major or clinically relevant non-major
bleeding in participants who received ≥1 dose occurred in ten (3%) of 329 children (all non-major) receiving
rivaroxaban and in three (2%) of 162 children (two major and one non-major) receiving standard anticoagulants
(HR 1·58, 95% CI 0·51–6·27). Absolute and relative efficacy and safety estimates of rivaroxaban versus standard
anticoagulation estimates were similar to those in rivaroxaban studies in adults. There were no treatment-related
deaths.
Interpretation In children with acute venous thromboembolism, treatment with rivaroxaban resulted in a similarly
low recurrence risk and reduced thrombotic burden without increased bleeding, as compared with standard
anticoagulants.
Funding Bayer AG and Janssen Research & Development.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
As a result of improved treatment and survival of children
with life-threatening or chronic medical conditions
and increased awareness among paediatricians, venous
thromboembolism is being identified more often in
childhood.1,2 The incidence of venous thromboembolism
in children has been estimated at 0·01–0·05 per
1000 children per year,3–5 which is 20–100 times lower

than in adults.6 Children with venous thromboembolism
constitute a challenge to paediatricians because, with
only a single small randomised trial available,7 there is a
paucity of data about the effectiveness and harms of
anticoagulants in this group.8 Furthermore, the patho
physiology of thrombosis, its anatomical distribution,
and pharmacological responses to anticoagulants differ
between children and adults.1,8
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Research in context
Evidence before this study
Venous thromboembolism in children is predominantly seen
in children with severe underlying medical or surgical problems.
Guidelines for treatment of paediatric venous thromboembolism
rely on low level paediatric evidence or are extrapolated from
adult evidence. We searched PubMed for the period Jan 1, 1990,
to Jan 1, 2019, using the terms “anticoagulants”, “heparin”,
“vitamin K antagonist”, “DOAC”, “children”, “pediatric”,
“treatment”, “venous thromboembolism”, and “randomised
study”. The single randomised trial which we identified was done
in children with venous thromboembolism almost 20 years ago
and was prematurely stopped after inclusion of only 76 children
owing to slow enrolment. The trial compared intravenous
unfractionated heparin followed by warfarin with subcutaneous
administrations of the low molecular weight heparin reviparin
followed by warfarin. Recurrent thromboembolism occurred in
four (10%) of 40 children and major bleeding occurred in
five (13%) of 40 children treated with unfractionated heparin
and warfarin, compared with two (6%) of 36 and two (6%) of
36 children treated with reviparin and warfarin. Treatment of
venous thrombosis in children is further limited by the absence
of paediatric anticoagulant formulations, and the need for
parenteral administration and for regular laboratory monitoring.
Fixed-dose treatment with the direct oral anticoagulant
rivaroxaban is efficacious and safe for treatment of venous
thromboembolism in adults. In the EINSTEIN-Jr phase 1 and 2
studies, bodyweight-adjusted rivaroxaban dose regimens with

Fixed-dose rivaroxaban is effective for treatment of
venous thromboembolism in adults and is associated with
a lower risk of major bleeding as compared with the
traditional combination of heparin followed by a vitamin K
antagonist.9–11 In collaboration with the European and US
regulatory agencies, a strategy was developed to evaluate
rivaroxaban for treatment of venous thromboembolism in
children.12,13 In the EINSTEIN-Jr phase 1 and 2 studies,14–18
bodyweight-adjusted rivaroxaban dose regimens were
established for children aged between birth to 17 years that
matched the exposure range in adults younger than
45 years treated with rivaroxaban 20 mg once-daily.19
Anticoagulants given to young children are mostly
parenterally administered,8 and are limited to dosage
forms designed for adults that often need pharmaceutical
manipulation to achieve the required paediatric dose.7,20
However, manipulations might affect the stability and
bioavailability of these drugs, and are prone to dosing
errors, thereby potentially jeopardising safety and
efficacy.20 To avoid these manipulations, as well as
parenteral administration of anticoagulants, a rivaroxaban
oral suspension was developed, which has similar
pharmacokinetic properties to the tablet formulation.17,18
This suspension will enable precise dosing and easier
administration, especially in young children.

tablets or a newly developed oral suspension have been
established for children aged between birth and 18 years
matching the exposure range of young adults treated with
rivaroxaban 20 mg once daily.
Added value of this study
The EINSTEIN-Jr phase 3 study is the first completed trial of a
direct oral anticoagulant in children and the largest trial of
anticoagulant treatment ever done in children. The results
show that treatment of children with venous
thromboembolism with bodyweight-adjusted rivaroxaban
tablets or suspension resulted in a similarly low recurrence risk
and reduced thrombotic burden without increased bleeding
compared with standard anticoagulants.
Implications of all the available evidence
Study outcomes and relative efficacy and safety of rivaroxaban
versus standard anticoagulants in children were similar to
those observed in adult studies on rivaroxaban treatment.
Given this similarity of clinical course of venous
thromboembolism, and relative treatment effects, the results
of the EINSTEIN-Jr studies can be interpreted in the context of
the body of evidence from adults, which overall provides
sufficient evidence to inform practical use of rivaroxaban in
children. The availability of the rivaroxaban suspension
formulation will obviate the need for long-term treatment of
children with parenteral anticoagulants.

We aimed to compare the efficacy and safety of
bodyweight-adjusted paediatric rivaroxaban dose
regimens with those of standard anticoagulants in
children with acute venous thromboembolism who had
completed at least 5 days of initial heparinisation.

Methods

Study design and participants
A randomised, open-label, phase 3 study was done
comparing the efficacy and safety of rivaroxaban with
those of standard anticoagulants for treatment of venous
thromboembolism. The main study treatment period
was 3 months, with the exception of children younger
than 2 years who had catheter-related venous thrombo
embolism, for whom it was 1 month.21
Elligible children aged 0–17 years were recruited from
107 paediatric hospitals in 28 countries. The trial design
has been published previously.21 The trial was done to meet
the objectives outlined in both the European Medicines
Agency Paediatric Investigational Plan,12 and the Food and
Drug Administration (FDA) Paediatric Research Equity
Act Post-Marketing Requirements,13 with the study window
set at 4 years of age. The protocol22 was approved by the
institutional review board at each participating centre.
Written permission from a parent or guardian and, when
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appropriate, child assent, were obtained. An independent
data monitoring committee periodically reviewed the
study outcomes (appendix p 6). An independent adjudi
cation committee, whose members were unaware of study
group assignment, evaluated the initial diagnosis, all
suspected outcomes, and repeat thrombosis imaging tests.
Children aged between birth to 17 years were potentially
eligible if they had objectively confirmed venous
thrombo
embolism for which heparin treatment was
initiated. Children younger than 0·5 years were required
to have a gestational age at birth of at least 37 weeks, a
bodyweight above 2600 g, and to have had oral feeding
for at least 10 days. Children were ineligible if they had
active bleeding or were at a high risk of bleeding contra
indicating anticoagulant therapy, had a platelet count of
less than 50 × 10⁹ cells per L, hepatic disease associated
with a coagulopathy, severe renal impairment, or a life
expectancy less than 3 months. The full list of eligibility
criteria is provided in the appendix (p 8). The individual
risk factor profile for venous thromboembolism was
centrally classified as unprovoked, or provoked by a
permanent or transient risk factor, or both.22
Children commenced enrolment once the preceding
phase 2 study had identified a rivaroxaban regimen for
their bodyweight that matched the exposure in young
adults treated with 20 mg rivaroxaban once-daily.
The phase 2 study initially evaluated children aged
12–17 years followed by children aged 6–11 years,
2–5 years, and younger than 2 years.18 Consequently,
inclusion in the current study occurred in the same order.

Randomisation and masking
Using an interactive online response system and permuted
blocks of three, we randomly assigned children in a
2:1 ratio to receive open-label rivaroxaban or standard anti
coagulants. Randomisation was stratified according to
the age groups and site of venous thromboembolism
(ie, cerebral vein or sinus thrombosis, or thrombosis of the
caval, renal, portal, or jugular vein), and catheter-related
venous thrombosis, and thrombosis of the lower or upper
extremity (including subclavian and axillary vein), lungs,
right heart, in the absence of a venous catheter. This trial
was open-label, and investigators and patients and their
families were aware of treatment assignment.

Procedures
Following completion of 5–9 days of anticoagulation with
unfractionated heparin, low molecular weight heparin, or
fondaparinux, children were randomised to standard
anticoagulants or rivaroxaban. Children allocated to
rivaroxaban received a bodyweight-adjusted 20 mgequivalent dose, given once-daily (for bodyweights of
≥30 kg), twice-daily (for bodyweights of 12–<30 kg), or
thrice-daily for bodyweights of, <12 kg) (appendix p 9).
Rivaroxaban was administered as immediate release filmcoated tablets available in strengths of 5, 10, 15, or 20 mg,
or as suspension. The suspension was provided as

granules in a bottle that had to be filled with water to a
concentration of 1 mg/mL and was administered by means
of a standardised dosing device. Initially, rivaroxaban was
administered as tablets, but once recruitment of children
younger than 6 years of age was allowed, all newly
randomised children received the suspension. Rivaroxaban
was administered with an age-appropriate serving of fluid
given with or shortly after a meal.
Children in the standard anticoagulants group con
tinued with heparin treatment or switched to a vitamin K
antagonist,21 at the discretion of the treating physician.
Standard anticoagulation was given at therapeutic doses,
according to international guidelines.8,21
At monthly follow-up visits, a structured questionnaire
was used to elicit signs and symptoms of study outcomes.
At the end of the main treatment period, repeat thrombosis
imaging was done, provided no additional ionising
radiation or general anaesthesia was required. Patients
and their guardians were instructed to report to the study
centre if symptoms suggestive of recurrent venous
thromboembolism or bleeding developed. Objective
testing for confirmation was required for children with
suspected outcome events.

Outcomes
The primary efficacy outcome was symptomatic recurrent
venous thromboembolism, assessed by the central inde
pendent adjudication committee. The principal safety
outcome was the composite of overt major and clinically
relevant non-major bleeding (appendix p 10).23,24 Repeat
imaging tests were compared with baseline and results
were classified as normalised, (ie, no residual thrombus
observed), improved (ie, thrombus still present but
partly recanalised or involving less venous segments), no
relevant change (ie, not recanalised and similar in extent),
or deteriorated (ie, new venous segment involved;
appendix p 11).21 Secondary outcomes were the composite
of recurrent venous thromboembolism and deterioration
on repeat imaging, and the composite of recurrent venous
thromboembolism and major bleeding (net clinical
benefit). In a separate publication, the pharmacokinetic
and pharmacodynamic analyses in children belonging to
the rivaroxaban group will be reported in detail.
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Statistical analysis
A properly powered non-inferiority study was not feasible
owing to the low incidence of venous thromboembolism
in children and lack of well-documented information
on recurrence and treatment effect with standard
anticoagulants in children. Hence, there was no formal a
priori sample size calculation.
Efficacy analyses included all randomised children,
whereas safety analyses included those who had received
at least one dose of study medication. Efficacy outcomes
were considered during the main treatment period,
whereas safety outcomes were considered for the main
treatment period during the time from administration of
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Age birth–23 months

Age 2–5 years

Rivaroxaban
(n=37)

Rivaroxaban
(n=47)

Comparator
(n=17)

Comparator
(n=22)

Age 6–11 years

Age 12–17 years

Rivaroxaban
(n=67)

Rivaroxaban
(n=184)

Comparator
(n=34)

Total
Comparator
(n=92)

Rivaroxaban
(n=335)

Comparator
(n=165)

Sex
Female

15 (41%)

6 (35%)

24 (51%)

9 (41%)

24 (36%)

15 (44%)

97 (53%)

55 (60%)

160 (48%)

85 (52%)

Male

22 (59%)

11 (65%)

23 (49%)

13 (59%)

43 (64%)

19 (56%)

87 (47%)

37 (40%)

175 (52%)

80 (48%)
124 (75%)

Race
Caucasian

22 (59%)

11 (65%)

40 (85%)

17 (77%)

51 (76%)

23 (68%)

158 (86%)

73 (79%)

271 (81%)

Asian

6 (16%)

3 (18%)

2 (4%)

2 (9%)

9 (13%)

1 (3%)

3 (2%)

2 (2%)

20 (6%)

8 (5%)

Black

3 (8%)

0

1 (2%)

0

2 (3%)

4 (12%)

7 (4%)

8 (9%)

13 (4%)

12 (7%)

Other or not disclosed

6 (16%)

3 (18%)

6 (18%)

31 (9%)

21 (13%)

2·7–15

3·0–14

10–25

4 (11%)

5 (29%)

23 (49%)

26 (70%)

11 (65%)

19 (40%)

Bodyweight, range, kg

4 (9%)

3 (14%)

16 (9%)

10 (11%)

17–71

19–72

27–135

32–160

12 (55%)

31 (46%)

17 (50%)

16 (9%)

7 (32%)

16 (24%)

8 (24%)

29 (16%)

8·6–22

5 (7%)

2·7–135

3·0–160

9 (10%)

74 (22%)

43 (26%)

11 (12%)

90 (27%)

37 (22%)

Index venous thrombosis location
Cerebral vein or sinus
thrombosis
Catheter-related venous
thromboembolism
Lower extremities

13/26 (50%)

9/11 (82%)

6/19 (32%)

4/7 (57%)

2/16 (13%)

2/8 (25%)

1/29 (3%)

0

22/90 (24%)

15/37 (41%)

0

1/11 (9%)

0

0

1/16 (6%)

0

1/29 (3%)

0

2/90 (2%)

1/37 (3%)

Right heart

1/26 (4%)

0

2/19 (11%)

1/7 (14%)

2/16 (13%)

2/8 (25%)

2/29 (7%)

1/11 (9%)

7/90 (8%)

4/37 (11%)

Upper extremities*

0

0

4/19 (21%)

0

5/16 (31%)

2/8 (25%)

18/29 (62%)

6/11 (55%)

27/90 (30%)

8/37 (22%)

Caval, renal, or portal
vein

Jugular vein

12/26 (46%)

1/11 (9%)

7/19 (37%)

2/7 (29%)

7 (19%)

1 (6%)

5 (11%)

3 (14%)

Lower extremities

2/7 (29%)

0

3/5 (60%)

1/3 (33%)

9/20 (45%)

6/9 (67%)

Caval, renal, or portal
vein

4/7 (57%)

0

1/5 (20%)

0

3/20 (15%)

1/9 (11%)

Non-catheter-related
venous thromboembolism

6/16 (38%)
20 (30%)

2/8 (25%)
9 (26%)

7/29 (24%)
139 (76%)

4/11 (36%)
72 (78%)

76/139 (55%) 31/72 (43%)
2/139 (1%)

0

1/139 (1%)

1/72 (1%)

Right heart

0

0

0

0

1/20 (5%)

0

Pulmonary

0

0

0

2/3 (67%)

3/20 (15%)

0

Upper extremities*

0

1/1 (100%)

0

0

2/20 (10%)

2/9 (22%)

9/139 (6%)

Jugular vein

1/7 (14%)

0

1/5 (20%)

0

2/20 (10%)

0

5/139 (4%)

32/90 (36%)
171 (51%)

9/37 (24%)
85 (52%)

90/171 (53%)

38/85 (45%)

10/171 (6%)

1/85 (1%)

2/171 (1%)

1/85 (1%)

49/171 (29%)

31/85 (36%)

9/72 (13%)

11/171 (6%)

12/85 (14%)

2/72 (3%)

9/171 (5%)

46/139 (33%) 29/72 (40%)

2/85 (2%)

Symptomatic venous
thromboembolism

20 (54%)

13 (76%)

32 (68%)

15 (68%)

50 (75%)

26 (76%)

169 (92%)

82 (89%)

271 (81%)

136 (82%)

First episode of venous
thromboembolism

37 (100%)

16 (94%)

44 (94%)

21 (95%)

65 (97%)

32 (94%)

180 (98%)

83 (90%)

326 (97%)

152 (92%)

Initial heparinisation†

37 (100%)

17 (100%)

47 (100%)

22 (100%)

67 (100%)

34 (100%)

184 (100%)

92 (100%)

335 (100%)

165 (100%)

4 (6%)

1 (3%)

13 (7%)

5 (5%)

20 (6%)

6 (4%)

Plus thrombolysis or
thrombectomy, or both

0

0

0

3 (6%)

0

Rivaroxaban formulation
Tablet
Suspension

NA

1 (2%)

NA

18 (27%)

NA

106 (58%)

NA

125 (37%)

NA

36 (97%)

NA

45 (96%)

NA

49 (73%)

NA

74 (40%)

NA

204 (60%)

NA

1 (3%)

NA

1 (2%)

NA

NA

4 (2%)

NA

6 (2%)

NA

No study medication given

0

Standard anticoagulation group
Heparins† only

NA

15 (88%)

NA

17 (77%)

NA

26 (76%)

NA

48 (52%)

NA

106 (64%)

Heparins and vitamin K
antagonist

NA

2 (12%)

NA

5 (23%)

NA

8 (24%)

NA

41 (45%)

NA

56 (34%)

0

NA

0

NA

0

NA

3 (3%)

NA

3 (2%)

No study medication given NA
Study treatment duration, days
3-month intended study
period

91 (83–96)

89 (84–91)

92 (89–96)

92 (90–95)

91 (87–95)

92 (89–93)

91 (88–95)

90 (85–94)

91 (88–95)

91 (87–94)

1-month intended study
period

32 (29–35)

29 (28–31)

NA

NA

NA

NA

NA

NA

NA

NA

Data are n (%) or median (IQR) . NA=not applicable. *Including axillary and subclavian vein. †Unfractionated heparin, low molecular weight heparin, or fondaparinux.

Table 1: Baseline characteristics
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first dose of study drug to 2 days after administration of
last dose. Efficacy and safety outcomes were analysed by
means of a Cox proportional hazards model, stratified
according to index event (ie, cerebral vein or sinus
thrombosis, catheter-related venous thromboembolism,
and non-catheter-related venous thromboembolism).
Absolute differences in risk with 95% CIs were calculated.
Kaplan-Meier curves were constructed to show the
distribution of events over time. For the comparison of the
ordered categories of change in thrombotic burden,
the van Elteren test was used.25 Results are presented
descriptively and are compared with the historical
3-month efficacy and safety results of a programme which
evaluated rivaroxaban versus standard anticoagulation
in 8282 adult patients with acute venous thrombo
embolism.9–11 Since young children might differ
considerably from older children regarding demographics,
clinical characteristics, risk factor profiles and treatment
duration, we report these results for each age category
separately without providing statistical analyses.
This trial is registered with ClinicalTrials.gov, number
NCT02234843.

Role of the funding source
The funders contributed to study design, data collection,
data analysis, data interpretation, writing of the report,
and had the opportunity to review and comment on the
manuscript before publication. Data were collected by
the authors and their research teams. All authors had
access to all study data and the first author had
responsibility for the final version of the manuscript that
was submitted.

Results
From Nov 14, 2014, to Sept 28, 2018, 500 (96%) of
520 children from 107 paediatric hospitals in 28 countries
(ie, Australia, Israel, Japan, and China, and countries in
Europe, South America, and North America) passed the
screen of eligibility criteria and were randomised
(appendix pp 3–5). Nine (2%) children did not take
any study medication. One child in the standard
anticoagulation group was lost to follow-up. Patient
characteristics are in table 1. 117 (23%) had cerebral vein
or sinus thrombosis (none catheter-related), 127 children
(25%) had catheter-related venous thromboembolism,
and 256 (51%) children had other, non-catheter-related
venous thromboembolism (figure). Of the 127 children
with catheter-related venous thromboembolism, 37 (29%)
were younger than 2 years of age and had a main
treatment period of 1 month. The most frequent sites of
venous thromboembolism involved the lower extremities
(165 children, 33%), cerebral veins or sinuses (117, 23%),
lungs (80, 16%), upper extremities (58, 12%) and jugular
vein (52, 10%). Venous thromboembolism was un
provoked in 56 children (11%) and provoked by persistent
risk factors (87 children [17%]) or transient risk factors
(236 [47%]), or the combination of both (115 [23%];

table 2). In the standard anticoagulation group,
106 children (64%) received parenteral anticoagulation
with heparins only.
After a median follow-up of 91 days (IQR 87–95) in
children who had a study treatment period of 3 months
(n=463) and 31 days (IQR 29–35) in children who had a
study treatment period of 1 month (n=37), symptomatic
recurrent venous thromboembolism occurred in
four (1%) of the 335 children in the rivaroxaban group
and in five (3%) of the 165 children in the standard
anticoagulation group (hazard ratio [HR] 0·40, 95% CI
0·11 to 1·41; table 3), and an absolute difference in risk of
1·8 percentage points (95% CI −0·6 to 6·0). Fatal venous
thromboembolism did not occur.
Repeat imaging showed improved clot resolution with
rivaroxaban as compared with standard anticoagulation
(test for ordered categories, p=0.012; table 4). Complete
resolution of the index thrombosis occurred in
128 children (38%) in the rivaroxaban group as compared
with 43 children (26%) in the standard anticoagulation
group (odds ratio [OR], adjusted for index event, 1·70
[95% CI 1·11–2·58]; p=0·012). Only one child in each
treatment group had an asymptomatic deterioration
(tables 3, 4). The demographics and clinical characteristics
of children with study outcomes are shown in the
appendix p 13.
520 children were screened for eligibility

20 did not meet eligibility criteria

500 children were enrolled in the trial

335 were assigned to receive rivaroxaban
74 had cerebral vein or sinus thrombosis
90 had catheter-related VTE
171 had non-catheter-related VTE

6 did not receive any study medication

329 received at least one dose
125 received rivaroxaban tablets
204 received rivaroxaban suspension

7 prematurely discontinued main study
treatment period
1 died
6 withdrew consent

335 included in efficacy analyses
329 included in safety analyses

165 were assigned to receive standard
anticoagulation
43 had cerebral vein or sinus thrombosis
37 had catheter-related VTE
85 had non-catheter-related VTE

3 did not receive any study medication

162 received at least one dose

6 prematurely discontinued main study
treatment period
1 was lost to follow-up
5 withdrew consent

165 included in efficacy analyses
162 included in safety analyses

Figure: Trial profile
VTE=venous thromboembolism.
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Age birth–23 months

Age 2–5 years

Age 6–11 years

Age 12–17 years

Total

Rivaroxaban Comparator
(n=37)
(n=17)

Rivaroxaban Comparator
(n=47)
(n=22)

Rivaroxaban Comparator
(n=67)
(n=34)

Rivaroxaban
(n=184)

Rivaroxaban Comparator
(n=335)
(n=165)

Comparator
(n=92)

Cause of index venous thromboembolism
Provoked by persistent risk factor

2 (5%)

1 (6%)

5 (11%)

2 (9%)

18 (27%)

4 (12%)

37 (20%)

18 (20%)

62 (19%)

25 (15%)

Provoked by transient risk factor

15 (41%)

8 (47%)

26 (55%)

15 (68%)

30 (45%)

23 (68%)

80 (43%)

39 (42%)

151 (45%)

85 (52%)

Provoked by persistent and transient
risk factor

18 (49%)

6 (35%)

14 (30%)

3 (14%)

17 (25%)

4 (12%)

41 (22%)

12 (13%)

90 (27%)

25 (15%)

26 (14%)

22 (24%)

31 (9%)

25 (15%)

Unprovoked

2 (5%)

1 (6%)

1 (2%)

1 (5%)

2 (3%)

1 (3%)

Not applicable or unknown

0

1 (6%)

1 (2%)

1 (5%)

0

2 (6%)

0

1 (1%)

1 (<1%)

5 (3%)

Provoked venous thromboembolism, number of risk factors
1

8 (22%)

5 (29%)

20 (43%)

8 (36%)

36 (54%)

23 (68%)

94 (51%)

46 (50%)

158 (47%)

82 (50%)

2

19 (51%)

3 (18%)

17 (36%)

10 (45%)

24 (36%)

7 (21%)

49 (27%)

17 (18%)

109 (33%)

37 (22%)

>2

8 (22%)

7 (41%)

8 (17%)

2 (9%)

5 (7%)

1 (3%)

15 (8%)

6 (7%)

34 (10%)

15 (9%)

Provoked venous thromboembolism, type of risk factor
Active cancer*

1 (3%)

0

9 (19%)

2 (9%)

10 (15%)

5 (15%)

20 (11%)

9 (10%)

40 (12%)

16 (10%)

Haematological cancer

1 (3%)

0

5 (11%)

2 (9%)

7 (10%)

3 (9%)

12 (7%)

6 (7%)

25 (7%)

11 (7%)

Solid tumour

0

0

4 (9%)

0

3 (4%)

2 (6%)

8 (4%)

3 (3%)

15 (4%)

5 (3%)

3 (14%)

17 (25%)

2 (6%)

18 (10%)

9 (10%)

63 (19%)

20 (12%)
14 (8%)

Major organ disease

18 (49%)

16 (94%)

10 (21%)

Cardiac

15 (41%)

6 (35%)

8 (17%)

2 (9%)

6 (9%)

1 (3%)

6 (3%)

5 (5%)

35 (10%)

Gastrointestinal

0

0

0

0

0

0

3 (2%)

1 (1%)

3 (1%)

1 (1%)

Renal

2 (5%)

0

0

1 (5%)

9 (13%)

0

5 (3%)

1 (1%)

16 (5%)

2 (1%)

Neurological

1 (3%)

0

2 (4%)

0

2 (3%)

1 (3%)

4 (2%)

2 (2%)

9 (3%)

3 (2%)

Major congenital venous anomaly

0

1 (6%)

0

0

4 (6%)

1 (3%)

5 (3%)

3 (3%)

9 (3%)

5 (3%)

Known inherited thrombophilia

2 (5%)

0

2 (4%)

0

4 (6%)

0

19 (10%)

5 (5%)

27 (8%)

5 (3%)

Antithrombin, protein C, or protein S
deficiency

1 (3%)

0

1 (2%)

0

3 (4%)

0

10 (5%)

2 (2%)

15 (4%)

2 (1%)

Factor V Leiden or prothrombin
mutation

1 (3%)

0

1 (2%)

0

1 (1%)

0

9 (5%)

3 (3%)

12 (4%)

3 (2%)

Acquired thrombophilia†

0

0

0

0

2 (3%)

0

6 (3%)

2 (2%)

8 (2%)

2 (1%)

Family history of venous thrombosis‡

0

0

0

0

0

0

5 (3%)

2 (2%)

5 (1%)

2 (1%)

Morbid obesity

0

Major surgery or trauma

12 (32%)

0
6 (35%)

0

14 (8%)

4 (4%)

14 (4%)

4 (2%)

13 (28%)

0

9 (41%)

0

18 (27%)

0

9 (26%)

35 (19%)

18 (20%)

78 (23%)

42 (25%)

Major infectious disease

11 (30%)

10 (59%)

25 (53%)

12 (55%)

28 (42%)

15 (44%)

32 (17%)

9 (10%)

96 (29%)

46 (28%)

Venous catheter

26 (70%)

10 (59%)

19 (40%)

7 (32%)

16 (24%)

8 (24%)

29 (16%)

11 (12%)

90 (27%)

36 (22%)

2 (1%)

2 (2%)

3 (1%)

3 (2%)

53 (16%)

24 (15%)

Prolonged immobilisation

0

0

0

1 (5%)

1 (1%)

0

Use of oestrogens or progestins

0

0

0

0

0

0

53/97 (55%)§

24/55 (44%)§

*Active cancer is defined as presence of metastases, or recently (<6 months) diagnosed or treated. †Antiphospholipid syndrome (ie, lupus anticoagulant, anti-cardiolipin, or anti-β2-glycoprotein 1 antibodies,
or both). ‡First degree (ie, parent or sibling). §In girls aged 12–17 years.

Table 2: Risk factor profiles

Clinically relevant bleeding was observed in ten (3%) of
the 329 rivaroxaban recipients (all were non-major) and
in three (2%) of the 162 standard anticoagulation
recipients (two major and one non-major [HR 1·58,
95% CI 0·51 to 6·27]; table 3), an absolute difference in
risk of 1·2 percentage points (95% CI −2·8 to 4·0).
The major bleeding events presented as an intracranial
and pulmonary bleeding. The composite of recurrent
venous thromboembolism or major bleeding occurred in
four (1%) of 335 children in the rivaroxaban group and
seven (4%) of 165 children in the standard anticoagulation
group (HR 0·30 [0·08 to 0·93]). The death of a
single child in the rivaroxaban group was due to cancer
progression. The most frequent adverse events during
6

the main study treatment period are listed in table 5, and
a full list of adverse events is provided in appendix p 13–16.
In the rivaroxaban group, the upper margins of the
95% CIs of the incidences of recurrent venous
thromboembolism, major bleeding, net clinical benefit,
and mortality were comparable with results observed in
adults (appendix p 17).9−11 Although the point estimate of
the HR of the relative treatment effect of rivaroxaban
versus standard anticoagulants was more favourable in
children than in adults (ie, 0·40 vs 0·82), the upper
margin of the 95% CI was slightly higher in
children (ie, 1·41 vs 1·13). The Kaplan-Meier curves of
recurrent venous thromboembolism and clinically
relevant bleeding events in children who received
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Rivaroxaban

Comparator

335

165

Hazard ratio (95% CI)

Efficacy population
Participants assessed
Primary efficacy outcome

4 (1%)

··

5 (3%)

0·40 (0·11–1·41)

Cerebral vein and sinus thrombosis

0

1

··

Catheter-related venous thromboembolism

0

0

··

Non-catheter-related venous thromboembolism

4

4

Primary efficacy outcome or deterioration on repeat imaging

5 (1%)

6 (4%)

0·41 (0·12–1·36)

Primary efficacy outcome or major bleeding

4 (1%)

7 (4%)

0·30 (0·08–0·93)

Mortality

1 (<1%)

0

··

1

0

··

329

162

Cancer-related

··

Safety population
Participants assessed
Major or clinically relevant non-major bleeding

10 (3%)

··

3 (2%)

1·58 (0·51–6·27)

Major bleeding

0

2 (1%)

··

Pulmonary

0

1

··

Intracranial

0

1

··

1 (1%)

··

Clinically relevant non-major bleeding

10 (3%)

Gastrointestinal

4

0

··

Urogenital

2

0

··

Skin

1

0

··

Nasal or mouth

3

1

··

Data are n (%), unless otherwise stated.

Table 3: Prespecified efficacy and safety outcomes

Age birth–23 months

Age 2–5 years

Age 6–11 years

Age 12–17 years

Total

Rivaroxaban Comparator
(n=37)
(n=17)

Rivaroxaban Comparator
(n=47)
(n=22)

Rivaroxaban Comparator
(n=67)
(n=34)

Rivaroxaban Comparator
(n=184)
(n=92)

Rivaroxaban Comparator
(n=335)
(n=165)

Normalised

16 (43%)

5 (29%)

17 (36%)

6 (27%)

28 (42%)

8 (24%)

67 (36%)

24 (26%)

128 (38%)

Improved

10 (27%)

7 (41%)

18 (38%)

9 (41%)

27 (40%)

16 (47%)

74 (40%)

43 (47%)

129 (39%)

43 (26%)
75 (45%)

Uncertain

10 (27%)

2 (12%)

9 (19%)

4 (18%)

8 (12%)

5 (15%)

30 (16%)

17 (18%)

57 (17%)

28 (17%)

16 (5%)

13 (8%)

No relevant change

1 (3%)

3 (18%)

2 (4%)

2 (9%)

4 (6%)

4 (12%)

9 (5%)

4 (4%)

Deterioration

0

0

1 (2%)

0

0

0

0

1 (1%)

1 (<1%)

1 (<1%)

Symptomatic recurrent venous
thromboembolism

0

0

0

1 ( 5%)

0

1 (3%)

4 (2%)

3 (3%)

4 (1%)

5 (3%)

Data are n (%). For classification rules, see appendix p 12.

Table 4: Change in thrombotic burden on repeat imaging at the end of the main treatment period as compared with the index event

rivaroxaban were superimposable with those in adults
(appendix p 18, 19).

Discussion
In children of all ages with various manifestations of
venous thromboembolism, treatment with bodyweightadjusted rivaroxaban, targeting the therapeutic exposure
range of young adults, resulted in a low risk of recurrent
venous thromboembolism and clinically relevant
bleeding, similar to standard therapy. Moreover, treat
ment with rivaroxaban resulted in a greater reduction of
thrombus mass as compared with standard therapy at
repeat imaging. Study outcome rates and relative efficacy
and safety of rivaroxaban were similar to findings from
previous randomised trials evaluating rivaroxaban versus

standard anticoagulants in adults with venous thrombo
embolism.
The study could not be powered to independently
show non-inferiority for efficacy of rivaroxaban in
comparison to standard therapy in children; therefore,
interpretation of the results relies in part on extrapolation
of data obtained with rivaroxaban in adults. As a
prerequisite for extrapolation according to FDA and
European Medicines Agency paediatric guidelines,27,28 on
the basis of comparison of the results of this paediatric
study with those of large randomised studies in adults,9–11
we deduce a similar clinical course of venous
thromboembolism, and similar relative treatment
effects. The upper margin of the 95% CI of the HR for
the main efficacy outcome of the comparison of
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Rivaroxaban (n=329)

Any event
Blood and lymphatic system disorders

Standard anticoagulants (n=162)

Grade 1–2

Grade 3

Grade 4

Grade 1–2

Grade 3

grade 4

231 (70%)

39 (12%)

4 (1%)

100 (62%)

23 (14%)

29 (9%)

8 (2%)

1 (<1%)

12 (7%)

4 (2%)

0

1 (1%)

Bone marrow failure

2 (<1%)

0

1 (<1%)

0

0

0

Febrile neutropenia

3 (1%)

7 (2%)

0

0

1 (1%)

0

Thrombocytopenia

10 (3%)

4 (1%)

0

2 (1%)

0

0

8 (2%)

1 (<1%)

1 (<1%)

4 (2%)

2 (1%)

0

Low cardiac output syndrome

0

0

1 (<1%)

0

0

0

Pericardial haemorrhage

0

0

1 (<1%)

0

0

0

0

0

7 (4%)

0

0

Cardiac disorders

Eye disorders

18 (5%)

Gastrointestinal disorders

101 (31%)

9 (3%)

0

44 (27%)

1 (1%)

0

Abdominal pain

17 (5%)

2 (1%)

0

8 (5%)

1 (1%)

0

Constipation

10 (3%)

0

0

12 (7%)

0

0

Diarrhoea

22 (7%)

2 (1%)

0

9 (6%)

0

0

Nausea

21 (6%)

0

0

7 (4%)

0

0

Vomiting

31 (9%)

4 (1%)

0

13 (8%)

0

0

74 (22%)

7 (2%)

0

51 (31%)

1 (1%)

0
0

General disorders and administration site conditions
Fatigue

18 (5%)

2 (1%)

0

6 (4%)

0

Pyrexia

35 (11%)

0

0

13 (8%)

0

0

5 (2%)

1 (<1%)

44 (27%)

5 (3%)

0

0

0

8 (5%)

0

0

0

1 (<1%)

0

0

0

74 (22%)

4 (1%)

0

27 (17%)

3 (2%)

1 (1%)

14 (4%)

0

0

10 (6%)

0

0

Infections and infestations

110 (33%)

Nasopharyngitis

25 (8%)

Sepsis

0

Injury, poisoning, and procedural complications
Contusion
Subdural haemorrhage

0

Investigations
Alanine aminotransferase increased

0

0

27 (8%)

9 (3%)

1 (<1%)

0
17 (10%)

0

1 (1%)

5 (3%)

0

4 (1%)

3 (1%)

0

4 (2%)

3 (2%)

0

Hepatic enzyme increased

2 (1%)

1 (<1%)

1 (<1%)

0

0

0

Platelet count decreased

6 (2%)

3 (1%)

0

2 (1%)

0

0

Metabolism and nutrition disorders

26 (8%)

1 (<1%)

0

7 (4%)

0

0

Musculoskeletal and connective tissue disorders

52 (16%)

4 (1%)

0

19 (12%)

0

0

22 (7%)

2 (1%)

0

8 (5%)

0

0

0

0

1 (1%)

2 (1%)

0

Pain in extremity
Neoplasms benign, malignant, and unspecified (including cysts
and polyps)
Nervous system disorders

1 (<1%)
78 (24%)

5 (2%)

0

34 (21%)

4 (2%)

0

56 (17%)

1 (<1%)

0

22 (14%)

2 (1%)

0

27 (8%)

2 (1%)

0

13 (8%)

0

0

23 (7%)

0

0

5 (3%)

0

0

78 (24%)

2 (1%)

1 (<1%)

33 (20%)

1 (1%)

0

Cough

16 (5%)

0

0

10 (6%)

0

0

Epistaxis

38 (12%)

0

0

18 (11%)

0

0

0

1 (<1%)

0

0

Headache
Reproductive system and breast disorders
Menorrhagia
Respiratory, thoracic, and mediastinal disorders

Respiratory failure

0

Skin and subcutaneous tissue disorders

61 (19%)

0
25 (15%)

0

0

1 (1%)

0

Data are n (%) of events (as defined by the Medical Dictionary for Regulatory Activities).26 Data shown for all randomised patients who received at least one dose of treatment.
All grade 4–5 events are shown, but grade 3 events are shown if they occurred in at least three (1%) children in the rivaroxaban group and at least two (1%) children in the
standard anticoagulant group. Grade 1–2 events are only shown if there were grade 3 or worse events. Grade 1–2 events would also have been shown had they occurred in at
least 5% of children. A single grade 5 event occurred (myxofibrosarcoma in the rivaroxaban group), which was not treatment related.

Table 5: Adverse events during the main study treatment period

rivaroxaban with standard anti
coagulants was 1·41.
In rivaroxaban treatment studies in adults,9–11 a noninferiority margin of 1·75 was accepted because this
margin preserves at least 75% of the established
8

treatment effect of standard anticoagulant therapy.29
By use of this margin, or even the more stringent margin
of 1·50 which was used in the venous thromboembolism
treatment study with edoxaban,30 bodyweight-adjusted

www.thelancet.com/haematology Published online November 4, 2019 https://doi.org/10.1016/S2352-3026(19)30219-4

Articles

rivaroxaban treatment could be considered to be noninferior to standard anticoagulants in children.
Certain features of the study require comment. First,
we believe that the trial population is representative of the
paediatric population with venous thromboembolism,
since the broad range of manifestations of venous
thromboembolism typically observed in paediatric
practice were included and a short list of ineligibility
criteria was applied. Approximately 90% of children had
venous thromboembolism secondary to underlying
disorders associated with hypercoagulable states such
as cancer, trauma or surgery, major organ disease,
thrombophilia and infection, while many had multiples
of these risk factors. The proportion is distinctly different
from the distribution of risk factors in adults in
whom approximately half of the patients present
with unprovoked venous thromboembolism,31 but is
consistent with the known epidemiology of thrombosis in
children.2–5,8,22 Second, the use of an open-label design is a
potential weakness, but long-term administration of
placebo injections and blood samples for sham laboratory
monitoring in children randomised to rivaroxaban was
considered to be neither ethical nor feasible. Hence,
observer bias was limited by requiring objective tests
when recurrent venous thromboembolism was suspected
and by use of an independent adjudication committee
unaware of study treatment assignment. Third, in adults,
rivaroxaban is started without initial heparinisation and
administered in a dose of 15 mg twice-daily for 3 weeks
followed by 20 mg once-daily. Since many children with
venous thromboembolism are referred from peripheral
centres to more specialised centres and the process of
obtaining informed consent in children is notoriously
time consuming, most potentially eligible children had
already received initial heparin treatment for several days.
Therefore, we decided to deviate from the rivaroxaban
regimen in adults and elected for an initial course of at
least 5 days of heparinisation followed by rivaroxaban.
What are the clinical implications of this study’s
observations? We think physicians will have the option to
treat children with bodyweight-adjusted oral rivaroxaban
regimens, administered as tablet or suspension, without
requiring regular laboratory monitoring and dose
adjustments. Such anticoagulant regimens, validated in
the paediatric venous thromboembolism population,
obviate the need for manipulation of adult dosage forms,
and substantially reduce the number of injections needed
for standard anticoagulation treatment and associated
blood sampling. Thus, the paediatric rivaroxaban
native treat
regimens represent an advantageous alter
ment for children with venous thromboembolism.
In summary, in children with acute venous thrombo
embolism, treatment with rivaroxaban in bodyweightadjusted 20 mg-equivalent dose regimens resulted in a
similar low risk of recurrent venous thromboembolism
and improved clot resolution without increased bleeding,
as compared with standard anticoagulation. Study

outcomes and relative efficacy and safety of rivaroxaban
in children were similar to those observed in adults.
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