
1672  |  	﻿�  J Thromb Haemost. 2020;18:1672–1685.wileyonlinelibrary.com/journal/jth

 

Received: 24 December 2019  |  Accepted: 23 March 2020

DOI: 10.1111/jth.14813  

O R I G I N A L  A R T I C L E

Rivaroxaban for treatment of pediatric venous thromboembolism. 
An Einstein-Jr phase 3 dose-exposure-response evaluation

Guy Young1  |   Anthonie W. A. Lensing2 |   Paul Monagle3,4 |   Christoph Male5 |   
Kirstin Thelen2 |   Stefan Willmann2 |   Joseph S. Palumbo6,7 |   Riten Kumar8 |   
Ildar Nurmeev9 |   Kerry Hege10 |   Fanny Bajolle11 |   Philip Connor12 |    
Hélène L. Hooimeijer13 |   Marcela Torres14 |   Anthony K. C. Chan15  |    
Gili Kenet16,17 |   Susanne Holzhauer18 |   Amparo Santamaría19 |   Pascal Amedro20 |   
Jan Beyer-Westendorf21 |   Ida Martinelli22  |   M. Patricia Massicotte23 |    
William T. Smith24 |   Scott D. Berkowitz24  |   Stephan Schmidt25 |   Victoria Price26 |   
Martin H. Prins27 |   Dagmar Kubitza2 |   for the EINSTEIN-Jr. Phase 3 Investigators
1Children's Hospital Los Angeles, University of Southern California Keck School of Medicine, Los Angeles, CA, USA
2Bayer AG, Wuppertal, Germany
3Department of Clinical Haematology, Royal Children's Hospital, Haematology Research Murdoch Children's Research Institute, Parkville, Vic., Australia
4Department of Paediatrics, University of Melbourne, Parkville, Vic., Australia
5Department of Paediatrics, Medical University of Vienna, Vienna, Austria
6Cancer and Blood Diseases Institute, Cincinnati Children's Hospital Medical Center, Cincinnati, OH, USA
7Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH, USA
8Nationwide Children's Hospital, The Ohio State University, Columbus, OH, USA
9Kazan State Medical University, Kazan, Russia
10Riley Hospital For Children at IU Health, Indianapolis, IN, USA
11M3C-Necker Enfants malades, Université Paris Descartes, Sorbonne Paris Cité, Paris, France
12The Noah's Ark Children's Hospital for Wales, Cardiff, UK
13Department of Hematology and Oncology, Beatrix Children's Hospital, University Medical Center Groningen, Groningen, The Netherlands
14Department of Hematology and Oncology, Cook Children's Medical Center, Fort Worth, TX, USA
15McMaster Children's Hospital, Hamilton, ON, Canada
16Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel
17The Israeli National Hemophilia Center and Thrombosis Unit, The Amalia Biron Thrombosis Research Institute, Sheba Medical Center, Tel Hashomer, Israel
18Department of Pediatric Hematology and Oncology, Charité University Medicine, Berlin, Germany
19Hemostasis and Thrombosis Unit, Department of Hematology, University Hospital Vall d'Hebron, Barcelona, Spain
20Paediatric and Congenital Cardiology Department, M3C Regional Reference Centre, Montpellier University Hospital, PhyMedExp, INSERM, CNRS, 
Montpellier, France
21Division of Haematology and Haemostaseology, Department of Medicine I, Department of Haematology, University Hospital "Carl Gustav Carus" Dresden, 
King's Thrombosis Service, King's College London, London, UK
22A. Bianchi Bonomi Hemophilia and Thrombosis Center, Fondazione IRCCS Ca' Granda - Ospedale Maggiore Policlinico, Milano, Italy
23Department of Paediatrics, University of Alberta, Edmonton, AB, Canada
24Bayer U.S., LLC, Whippany, NJ, USA

© 2020 International Society on Thrombosis and Haemostasis

Manuscript handled by: Alan Mast 

Final decision: Alan Mast and 23-March-2020 

A list of the EINSTEIN-Jr investigators and collaborators is provided in the Appendix. 

www.wileyonlinelibrary.com/journal/jth
mailto:﻿
https://twitter.com/GuyYoungMD
https://orcid.org/0000-0001-6013-1254
https://twitter.com/GuyYoungMD
https://orcid.org/0000-0003-1551-3995
https://orcid.org/0000-0001-9218-3622
https://orcid.org/0000-0002-9428-4408
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjth.14813&domain=pdf&date_stamp=2020-06-04


     |  1673YOUNG et al.

25Department of Pharmaceutics, Center for Pharmacometrics and Systems Pharmacology, University of Florida, OR, USA
26Division of Pediatric Hematology/Oncology, Department of Pediatrics, Dalhousie University, IWK Health Centre, Halifax, NS, Canada
27Department of Clinical Epidemiology and Medical Technology Assessment, Maastricht University Medical Center, Maastricht, The Netherlands

Correspondence
Guy Young, Children's Hospital Los Angeles, 
4650 Sunset Blvd, Mail Stop 54,  
Los Angeles, CA 90027, USA
Email: GYoung@chla.usc.edu

Funding information
Janssen Research & Development. LLC; 
Bayer AG

Abstract
Background: Recently, the randomized EINSTEIN-Jr study showed similar efficacy 
and safety for rivaroxaban and standard anticoagulation for treatment of pediatric 
venous thromboembolism (VTE). The rivaroxaban dosing strategy was established 
based on phase 1 and 2 data in children and through pharmacokinetic (PK) modeling.
Methods: Rivaroxaban treatment with tablets or the newly developed granules-
for-oral suspension formulation was bodyweight-adjusted and administered once-
daily, twice-daily, or thrice-daily for children with bodyweights of ≥30, ≥12 to <30, 
and <12 kg, respectively. Previously, these regimens were confirmed for children 
weighing ≥20 kg but only predicted in those <20 kg. Based on sparse blood sam-
pling, the daily area under the plasma concentration–time curve [AUC(0-24)ss] and 
trough [Ctrough,ss] and maximum [Cmax,ss] steady-state plasma concentrations were 
derived using population PK modeling. Exposure-response graphs were generated 
to evaluate the potential relationship of individual PK parameters with recurrent 
VTE, repeat imaging outcomes, and bleeding or adverse events. A taste-and-tex-
ture questionnaire was collected for suspension-recipients.
Results: Of the 335 children (aged 0-17 years) allocated to rivaroxaban, 316 (94.3%) 
were evaluable for PK analyses. Rivaroxaban exposures were within the adult expo-
sure range. No clustering was observed for any of the PK parameters with efficacy, 
bleeding, or adverse event outcomes. Results were similar for the tablet and suspen-
sion formulation. Acceptability and palatability of the suspension were favorable.
Discussion: Based on this analysis and the recently documented similar efficacy and 
safety of rivaroxaban compared with standard anticoagulation, we conclude that 
bodyweight-adjusted pediatric rivaroxaban regimens with either tablets or suspen-
sion are validated and provide for appropriate treatment of children with VTE.

K E Y W O R D S

anticoagulation, bodyweight-adjusted dosing, pediatric patients, pharmacokinetics, 
rivaroxaban, suspension, venous thromboembolism

1  | INTRODUC TION

Randomized trials to evaluate anticoagulant therapy for venous 
thromboembolism (VTE) have almost exclusively targeted the adult 
population,1,2 with only a single, small randomized trial in children 
reported in 2003.3 Regulatory initiatives in the United States and 
Europe to stimulate the development of high-quality, adequately 
studied, ethically researched medicines for children,4,5 have recently 
led to the development of the direct oral anticoagulant rivaroxaban 
for the treatment of VTE in children.6

The EINSTEIN-Jr phase 3 trial compared the efficacy and safety of 
bodyweight-adjusted rivaroxaban regimens with those of standard anti-
coagulation in 500 children with acute VTE.6 The incidence of recurrent 

Essentials

•	 Pediatric rivaroxaban treatment regimens with tablet or 
newly-developed oral suspension formulation had an 
exposure within the adult range.

•	 Low or high values of pharmacokinetic parameters were 
not linked to efficacy, bleeding, or adverse event outcomes.

•	 Bodyweight-adjusted pediatric rivaroxaban regimens 
are validated and provide for appropriate treatment of 
children with VTE.
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VTE was low for rivaroxaban (1.2%; 4/335) and standard therapy (3.0%; 
5/165), whereas no major bleeding events were observed with rivarox-
aban. The absolute incidences of study outcomes and relative treatment 
effects observed in children who received rivaroxaban were similar to 
those in the large rivaroxaban VTE studies in adults.7-10

The rivaroxaban treatment regimens used in EINSTEIN-Jr were 
based on the results of a phase 1 and 2 program in which children of 
all ages were administered rivaroxaban to target an exposure similar 
to that observed in young adults with VTE treated with rivaroxaban 
20 mg once daily.11-14 In children with a bodyweight of 20 kg or more, 
the observed exposures were within the adult reference range.14 
However, in children with a bodyweight below 20 kg, exposures were 
too low and, therefore, the rivaroxaban treatment regimens for these 
children were adjusted based on pharmacokinetic (PK) modeling.14

To confirm that the revised bodyweight-adjusted rivaroxaban 
regimens used in the EINSTEIN-Jr study attained adult exposures, 
blood samples were taken for PK analyses, applying a sparse sam-
pling approach. In addition, values of the derived PK parameters 
were related to recurrent VTE, repeat imaging results, bleeding 
events, and adverse events.

2  | METHODS

2.1 | Study design

EINSTEIN-Jr (clini​caltr​ials.gov: NCT02234843) is a randomized, open-
label, multicenter trial that compared the efficacy and safety of rivar-
oxaban with those of standard anticoagulants for treatment of VTE 
and evaluated the PK of rivaroxaban.15 Clinical efficacy and safety 
results have previously been published.6 The study was conducted at 
107 sites in Australia, Europe, Israel, Japan, China, South America, and 
North America. The main study treatment period was 3 months, with 
the exception of children with catheter-related VTE younger than 
2 years, for whom it was 1 month.16 Randomization occurred in a 2 (ri-
varoxaban) to 1 (standard anticoagulation) ratio. The protocol was ap-
proved by the institutional review board of each participating center 
and written permission from a parent or legal guardian and, when 
appropriate, child assent, was obtained. The study was conducted 
in accordance with the Declaration of Helsinki and International 
Conference on Harmonization Guidelines for Good Clinical Practice. 
A central, independent adjudication committee whose members were 
unaware of allocation of study treatment evaluated all index and 
suspected recurrent VTE events, deaths, and suspected episodes of 
bleeding. In addition, the committee reviewed all repeat imaging tests 
performed at the end of the study treatment period.

2.2 | Patients

Children with objectively confirmed VTE were considered if they had 
initiated treatment with unfractionated heparin, low molecular weight 
heparin or fondaparinux. 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.15 The 
main exclusion criteria were concomitant use of strong inhibitors of 
both cytochrome P450 isoenzyme 3A4 (CYP3A4) and P-glycoprotein, 
as well as concomitant use of strong inducers of CYP3A4, active bleed-
ing or high risk of bleeding contraindicating anticoagulant therapy, an 
estimated glomerular filtration rate <30  mL/min/1.73  m2 if younger 
than 1 year, serum creatinine >97.5th percentile, hepatic disease asso-
ciated with coagulopathy leading to a clinically relevant bleeding risk, 
or ALT > 5× upper limit of normal or total bilirubin >2× upper limit of 
normal with direct bilirubin >20% of the total.6,15

Enrollment started with children aged 12 to 17 years once the PK 
data of rivaroxaban in the phase 2 study became available to support 
further dose and dosing regimen recommendations.13,14 Thereafter, 
children aged 6 to 11, 2 to 5, and 0.5 to 1 years were enrolled, re-
spectively, using a similar stepwise approach. Finally, we evaluated 
children younger than 0.5  years following the demonstration of 
safety in older children.

2.3 | Rivaroxaban treatment regimens

Children were required to have completed at least 5  days of ini-
tial heparinization before start of treatment with rivaroxaban. 
Rivaroxaban was administered in a bodyweight-adjusted 20  mg-
equivalent dose based on phase 1 and 2 data and comprehensive 
PK modeling predictions in either a once-daily, twice-daily, or thrice-
daily regimen in children with a bodyweight ≥30 kg, ≥12 to <30 kg, 
or <12 kg, respectively (Table 1).14 In children weighing <12 kg, the 
lower range of the adult exposure range was targeted to avoid ex-
cessive concentrations at the end of the dosing interval.

TA B L E  1   Total daily bodyweight-adjusted rivaroxaban doses as 
evaluated in the EINSTEIN-Jr phase 3 study

Bodyweight, kg

Rivaroxaban dose (mg) regimens 
used in phase 3

Total daily dose Regimen

    2.4 0.8 TID

3 <4 2.7 0.9 TID

4 <5 4.2 1.4 TID

5 <7 4.8 1.6 TID

7 <8 5.4 1.8 TID

8 <9 7.2 2.4 TID

9 <10 8.4 2.8 TID

10 <12 9.0 3.0 TID

12 <30 10.0 5.0 BID

30 <50 15.0 15.0 OD

≥ 50 20.0 20.0 OD

Abbreviations: BID, twice daily; OD, once daily; TID, thrice daily.
aDosing regimen, including dosing frequency, was adjusted if the child's 
bodyweight changed during the study. 

https://clinicaltrials.gov
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Rivaroxaban was administered as immediate release film-coated 
tablets in dose strengths of 5, 10, 15, or 20 mg, or as a newly de-
veloped fruit-flavored suspension for oral use. The suspension was 
provided as granules in a bottle that had to be filled with water to 
achieve a concentration of 1 mg/mL and was administered using a 
standardized dosing device. Both rivaroxaban formulations were ad-
ministered with an age-appropriate serving of fluid during or shortly 
after a meal. Initially, rivaroxaban was administered as tablets, but 
once recruitment of children younger than 6 years was allowed, all 
newly randomized children, including those older than 6 years, re-
ceived the suspension.

2.4 | Follow-up and outcomes

All children who stopped study treatment earlier than scheduled 
were followed until the end of the intended 3-month (or 1-month, if 
younger than 2 years and the VTE was catheter-related) treatment 
period. Patients were instructed to report to the study center if they 
had symptoms suggestive of bleeding or recurrent VTE. Bleeding 
events were classified as major, clinically relevant non-major, or trivial 
bleeding, respectively.17,18 Objective testing was required for children 
in whom a recurrent VTE was suspected. In children without recur-
rence, repeat imaging of the venous thrombosis was performed at the 
end of the study treatment period (provided no additional ionizing 
radiation or general anesthetic was required) and was compared with 
baseline images. Results were classified as normalized, improved, un-
certain, no relevant change, or deteriorated.6,15 Adverse events were 
coded according to the Medical Dictionary for Regulatory Activities, 
version 21.1, and categorized by primary system organ class accord-
ing to reported events coded to preferred terms.

2.5 | Pharmacokinetic assessments

Blood samples for PK were taken within specified time windows 
(Table 2) and assessed at a central laboratory. Plasma concentra-
tions of rivaroxaban were measured using high-pressure liquid 

chromatography and tandem mass spectrometric detection with 
a calibration range from 0.500 to 500 μg/L. Quality control sam-
ples in the concentration range from 1.50 to 375 µg/L were de-
termined with an accuracy of 100.0% to 100.8% and a precision 
of 4.7% to 7.2%.

A comprehensive pediatric population PK model, developed based 
on a previous pediatric model version and PK data pooled from all prior 
rivaroxaban pediatric studies,13,14,19 was used to evaluate rivaroxaban 
PK. The following main PK parameters were derived at steady-state (SS) 
for each individual: area under the plasma concentration–time curve 
from time 0 to 24 hours [AUC(0-24)ss] as a measure for daily exposure, 
maximum plasma concentration [Cmax,ss], and concentration at the end 
of the dosing interval [Ctrough,ss]. Individual results were plotted as a 
function of bodyweight and compared with the adult reference range 
(obtained in 203 adults with VTE younger than 45 years who had re-
ceived 20 mg rivaroxaban once daily).19 In addition, exposure-response 
graphs were created to display the relationship of PK parameters with 
individual outcomes associated with poor efficacy (ie, symptomatic 
recurrent VTE, asymptomatic deterioration, or no relevant change on 
repeat imaging), bleeding events, or adverse events.

2.6 | Taste-and-texture questionnaire

Acceptability and palatability of the rivaroxaban granules-for-oral-
suspension formulation was assessed at the day 30 visit in children 
aged 4 to 17 years, using a hedonic scale of facial expressions (com-
fortable, indifference, or uncomfortable) and questions (like it, do 
not like it, or do not know). Children were also asked if they agreed 
with specific descriptors of taste and texture.

2.7 | Statistical analysis

Demographics and clinical characteristics are presented by 
formulation (rivaroxaban tablet or suspension) and age group. 
Efficacy outcomes were considered during the main study treat-
ment period, whereas safety outcomes and adverse events were 

TA B L E  2   PK blood sampling schedule

Children administered rivaroxaban in a once-daily or twice-daily regimen

  Day 2

Day 30 Day 60 Day 90

0.5-1.5 h postdose 2.5-4 h postdose 2-8 h postdose Morning trougha 

PK sample – – X X X X

Children administered rivaroxaban in a thrice-daily regimen

  0.5-3 h postdose 7-8 h postdose 0.5-3 h postdose 7-8 h postdose 2-6 h postdose
10-16 h 
postevening dose

PK sample X X Xb  Xb  X  

Abbreviation: PK, pharmacokinetics.
a20-24 h/10-16 h after last dose on previous day; in children aged <2 y with catheter-related venous thrombosis, trough sample already taken on day 30. 
bSlightly modified for children weighing <3250 g at the time of day 30 visit. 
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considered for the same period but during the time from admin-
istration of the first dose of rivaroxaban to 48  hours after the 
administration of the last dose. For this analysis, recurrent VTE, 

results of repeat imaging, bleeding, and adverse events were con-
sidered in the population of children who were valid for PK anal-
yses. Calculations were performed using SAS 9.2 (SAS Institute 

F I G U R E  1   Population PK modeling results for children receiving bodyweight-adjusted rivaroxaban in comparison to adult VTE patients. 
Box-whisker plot indicates the 5th, 25th, 50th, 75th, and 95th percentiles; extremes presented as open circles show individual values 
beyond the 5th to 95th percentile range of the adult VTE patient population. BID, twice daily; OD, once daily; TID, thrice daily, VTE, venous 
thromboembolism
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Inc, Cary, NC, USA). This trial is registered with Clini​calTr​ials.gov, 
number NCT02234843.

2.8 | Role of the funding source

The study was supported by Bayer AG and Janssen Research & 
Development, LLC. The funders contributed to study design, data 
collection, data analysis, data interpretation, writing of the report, 
and had the possibility to review and comment the manuscript be-
fore publication. Data were collected by the authors and their re-
search 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.

3  | RESULTS

Between November 14, 2014, and September 28, 2018, a total of 
335 children were allocated to receive rivaroxaban. Of these, 19 
(5.7%) were excluded from this analysis because they did not re-
ceive rivaroxaban (n = 6), withdrew informed consent (n = 6), or an 
adequate blood sample could not be obtained (n = 7). The demo-
graphic and clinical characteristics of the 316 (94.3%) children in 
the five age groups (birth to <0.5 year, n = 13; 0.5 to 1 year, n = 21; 
2 to 5  years, n  =  44; 6 to 11  years, n  =  65; and 12 to 17  years, 
n = 173) are shown in Table 3. A total of 121 (38.3%) children re-
ceived the rivaroxaban tablet formulation and 195 (61.7%) the sus-
pension formulation.

3.1 | Clinical outcomes

Symptomatic recurrent VTE occurred in two children (0.6%) during 
rivaroxaban treatment. Repeat imaging outcomes in the asympto-
matic children were classified as normalized 124 (39.2%), improved 
in 125 (39.6%), no relevant change in 16 (5.1%), and deteriorated in 
1 (0.3%). In 48 children (15.2%), the result of repeat imaging was 
uncertain. No major bleeding events occurred with rivaroxaban 
treatment, whereas clinically relevant non-major bleeding and trivial 
bleeding were observed in 10 (3.2%) and 111 (35.1%) children, re-
spectively. A total of 488 adverse events were identified.

3.2 | Dose-exposure relationship

Geometric mean values for the half-life of rivaroxaban decreased 
with decreasing age from 4.2  hours in children aged 12  years or 
older to approximately 3 hours in children aged 2 to 11 and 1.9 and 
1.6 hours in children aged 0.5 to 1 year and <0.5 years, respectively. 
As expected, relative oral bioavailability decreased with increasing 
dose per bodyweight. Individual values for AUC(0-24)ss, Cmax,ss, and 
Ctrough,ss were within the adult reference range, irrespective of rivar-
oxaban formulation, age, bodyweight, and treatment regimens. The 
vast majority of the individual values were within the 5th to 95th 
percentile of the adult exposure range (Figure  1). As intended, in 
children with bodyweight below 12 kg, values for AUC(0-24)ss scat-
tered below the median of the adult exposure range with decreas-
ing bodyweights. In children with bodyweight below 7  kg, some 
AUC(0-24)ss values even fell below the 5th percentile of the adult 
exposure range but were still in the range of individual adult values 
below the 5th percentile. Values for Cmax,ss were within the adult 
exposure range and inversely correlated with the number of daily 
rivaroxaban administrations: compared with once-daily administra-
tion, the Cmax,ss was lower with twice-daily and lowest with thrice-
daily administration. Values for Ctrough,ss were also well within the 
adult exposure range and showed a trend towards slightly higher 
values for twice-daily and thrice-daily administrations compared 
with once-daily administration. Results were comparable for the 
tablet and suspension formulation (Table 4). No influence of weak, 
moderate, and strong CYP3A4 inhibitors, P-glycoprotein inhibitors, 
and CYP3A4 inducers on rivaroxaban clearance was identified.

3.3 | Exposure-response relationship

Figures 2, 3 and 4 show the individual results for AUC(0-24)ss, Cmax,ss, 
and Ctrough,ss in relation to recurrent VTE, results of repeat imaging, 
bleeding events, and (treatment-related) adverse events, respec-
tively. Values of these PK parameters did not cluster at the lower part 
of the exposure range in children with recurrent VTE, asymptomatic 
deterioration or no relevant change on repeat imaging. There was 
also no evidence of PK parameters clustering at the higher end of 
the range in children with normalization or improvement on repeat 
imaging, or bleeding. No clustering at the lower or higher end of the 
exposure range was observed with adverse events.

TA B L E  4   Exposures observed in children aged between 6 and 18 y who received rivaroxaban tablets or oral suspension once daily

PopPK parameter, 
geometric mean/%CV 
(range)

Children aged 6-11 y Children aged 12-17 y

Tablet
N = 10

Suspension
N = 19

Tablet
N = 103

Suspension
N = 70

AUC(0-24)ss (µg*h/L) 1960/41.4 (1310-3790) 1960/27.0 (1350-4390) 2170/25.2 (1320-4490) 2050/28.0 (1140-4540)

Cmax,ss (µg/L) 254/26.3 (189-395) 243/21.9 (189-487) 242/19.1 (158-383) 232/21.2 (131-380)

Ctrough,ss (µg/L) 14.6/78.1 (7.08-53.6) 15.8/45.6 (8.38-44.3) 21.4/43.5 (8.78-78.5) 19.7/49.1 (7.74-74.9)

Abbreviations: %CV, coefficient of variation (%); AUC(0-24)ss, area under the curve from 0 to 24 h at steady state; Cmax,ss, maximum drug 
concentration at steady state; Ctrough,ss, trough concentration at steady state; PopPK, population pharmacokinetics.

https://clinicaltrials.gov
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3.4 | Acceptability and palatability of the 
rivaroxaban suspension

The taste-and-texture questionnaire was completed by 130 of 
168 children (77.4%) who were administered the suspension 

formulation. The majority of children responded with expres-
sions of comfort or indifference regarding the appearance (93.9%), 
smell (93.1%), and taste (86.8%), respectively. The majority also 
liked the taste (83.1%) and would like to take the suspension again 
(79.1%). The most frequent affirmative responses for descriptors 

F I G U R E  2   Correlation of rivaroxaban plasma concentrations in children with outcomes of repeat imaging or recurrent VTE in comparison 
to the adult reference range. AUC(0-24)ss, area under the curve from zero to 24 h at steady state; Cmax,ss, maximum drug concentration at 
steady state; Ctrough,ss, trough concentration at steady state; PopPK, population pharmacokinetics; VTE venous thromboembolism, 
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of taste and texture of the suspension were for “sweet” (50.0%) 
and “creamy” (40.0%).

4  | DISCUSSION

In children with acute VTE, bodyweight-adjusted pediatric rivaroxaban 
regimens, as derived based on extensive phase 1 and 2 evaluations 
and PK modeling,13,14 achieved an exposure match with the targeted 
adult exposure range, while avoiding high plasma concentrations at 
peak and at the end of the dosing intervals. The observed trend to-
ward decreasing oral bioavailability of rivaroxaban with increasing 
dose per bodyweight is in line with the dose-dependency of the rela-
tive oral bioavailability observed in adults.19 Exposure-response evalu-
ations did not reveal clustering of any of the main PK parameters with 
efficacy outcomes, bleeding events, or adverse events (Figures 2-4), 

suggesting a wide therapeutic window of the pediatric rivaroxaban 
treatment regimens. Results were similar for the tablet and the newly 
developed suspension formulation. Based on this dose-exposure-re-
sponse analysis and the recently reported similar efficacy and safety 
of rivaroxaban compared with standard anticoagulation,6 we conclude 
that the bodyweight-adjusted rivaroxaban regimens with either tab-
lets or the new suspension formulation are validated and provide an 
alternative treatment option for VTE in children.

The availability of an anticoagulant treatment regimen that is 
administered orally and does not require routine laboratory moni-
toring and dose titration is a major step forward for the treatment 
of VTE in children. In the comparator group of the EINSTEIN-Jr 
phase 3 study,6 only one-third of children transitioned from ini-
tial subcutaneous heparin treatment to oral treatment with a vita-
min K antagonist, necessitating the majority of neonates, infants, 
and young children to be exposed to subcutaneous injections on 

F I G U R E  3   Correlation of rivaroxaban plasma concentrations with treatment-emergent bleeding events

Ctrough,88 (µg/L)Cmax,88 (µg/L)AUC(0-24),88 (µg h/L)
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a twice-daily basis for a period of weeks to months. In addition, 
the rapid onset of action of rivaroxaban,7 in combination with the 
a priori bodyweight-defined therapeutic dose, translates into a 
minimization of exposure at sub-therapeutic or supra-therapeutic 
concentrations.

Liquid formulations of anticoagulants for use in children are not 
commercially available, and, therefore, the introduction of the ri-
varoxaban granules for oral suspension is a milestone in itself. The 
availability of such a formulation will be instrumental to abolish the 
common practice of manipulation of adult dosage forms of antico-
agulants to achieve the recommended pediatric dose,20-22 thereby 
preventing issues with stability and dosing errors associated with 
such manipulation. Although not evaluated in the present study, it 
can be assumed that patient-reported satisfaction and quality of life 
would also be improved with the pediatric rivaroxaban treatment 
regimens compared with long-term parenteral low molecular weight 
heparin with or without subsequent laboratory-adjusted vitamin K 
antagonist therapy. Indeed, studies have shown that hospitalized 
children report needle procedures as one of the most feared and 
painful experiences that may result in needle phobia and increased 
avoidance behavior and attempts to eliminate any possible exposure 
to needles.23,24

Although the pediatric rivaroxaban treatment regimens 
matched the adult exposure reference range (Figure 1) and no re-
lationship was found between low or high plasma concentrations 
and efficacy or safety outcomes (Figures 2-4), occasional labora-
tory measurement and dose titration may be useful in certain chil-
dren. Children who may qualify for measurement include those 
with potentially impaired absorption because of gastrointestinal 
disease, severe renal impairment, complicated morbidities, and 
multiple drug use. In addition, judicious laboratory measurement 
may be indicated to determine drug levels in case of suspected 
therapeutic failure, bleeding, poor adherence, or planned inva-
sive procedures. In a separate publication, the pharmacodynamic 
assessment of children treated with rivaroxaban will be reported 
in detail and possibilities for therapeutic drug monitoring will be 
discussed.

Our study has the following limitations. First, a conventionally 
designed study using rich blood sampling to determine concentra-
tions for a full PK parameter calculation using standard PK methods 
was not possible in children because of limitations on blood sample 
volumes taken in any single 24-hour period and across other time 
periods. However, we adopted a sparse sampling approach using 
population-based PK modeling that allowed for a reduction in the 

F I G U R E  4   Correlation of rivaroxaban plasma concentrations with treatment-emergent adverse events
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number of samples required from each child within an age group by 
increasing the overall population size. Second, PK measurements 
were collected at predefined moments and were correlated with 
recurrent VTE, bleeding, or adverse events that occurred through-
out the duration of the study. PK measurements immediately before 
these events occurred were not available.

In summary, treatment of children with bodyweight-adjusted ri-
varoxaban regimens resulted in exposures similar to that previously 
observed in young adults treated with rivaroxaban 20 mg once daily. 
Observed values of rivaroxaban exposure were not related to the oc-
currence of efficacy, safety outcomes, or adverse events. Based on 
this analysis and in conjunction with the documented similar efficacy 
and safety of rivaroxaban compared with standard anticoagulation, 
we conclude that the bodyweight-adjusted pediatric rivaroxaban reg-
imens with either tablets or the newly developed suspension are vali-
dated and provide an alternative treatment option for VTE in children.
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