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Abstract
Background: Dabigatran etexilate (DE), a direct oral thrombin inhibitor, has been evaluated 
in children with venous thromboembolism (VTE) using oral solution, pellets, or capsules.
Objectives: This study evaluated DE pharmacokinetics (PK) in children with VTE and 
the appropriateness of a DE pediatric age-  and weight- based dosing algorithm.
Patients/Methods: A population PK model was fitted to data from four single- arm 
and one randomized, comparative pediatric VTE studies (358 children aged birth 
to <18 years; 2748 PK observations) and one healthy- adult study (32 males aged 
<40 years; 1523 PK observations) using nonlinear mixed- effects modeling. A stepwise, 
covariate, model- building procedure evaluated the influence of covariates (e.g., age, 

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2021 The Authors. Journal of Thrombosis and Haemostasis published by Wiley Periodicals LLC on behalf of International Society on Thrombosis and 
Haemostasis

www.wileyonlinelibrary.com/journal/jth
mailto:
https://orcid.org/0000-0001-7711-4530
mailto:leonardo.brandao@sickkids.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/


1260  |    RÖSHAMMAR et Al.

1  |  INTRODUC TION

The incidence of venous thromboembolism (VTE) in children, a condi-
tion associated with considerable morbidity and mortality, has risen 
over the past 20 years.1- 3 Standard of care (SOC) treatment for VTE 
in children is based upon data from clinical studies in adults with 
VTE, and comprises unfractionated heparin (UFH), low molecular 
weight heparin (LMWH), or vitamin K antagonists such as warfarin.4 
However, each SOC treatment has its own limitations; for example, 
all require frequent monitoring, and neither UFH nor LMWH are 
available as oral formulations.2,4 The treatment of VTE in children is 
challenging for physicians as they need to consider the differing re-
sponses to SOC as children age and their hemostatic and coagulation 
systems mature.5- 7

Direct oral anticoagulants (DOACs) could be an alternative to 
SOC in treating VTE in children, and may overcome some of the 
limitations associated with SOC. Indeed, initial clinical study data 
support the use of DOACs in treating acute VTE8 and in prevent-
ing VTE recurrence, as a viable alternative in children.9 One such 
DOAC is dabigatran etexilate, a direct oral thrombin inhibitor, 

which is approved for the treatment of VTE and the prevention of 
recurrent VTE in adults based upon efficacy and safety data from 
the phase 3 RE- COVER, RE- COVER II, RE- MEDY, and RE- SONATE 
studies.10- 12 Dabigatran etexilate capsules are available for children 
aged ≥8 years, although those aged ≥8 to 12 years who cannot take 
capsules can be given pellets (coated granules in sachets). Pellets are 
available for children aged <8 years, and oral solution is available for 
infants aged <12 months who cannot swallow the pellets. Five pe-
diatric studies have evaluated different formulations of dabigatran 
etexilate in children aged from birth to <18 years with VTE,9,13- 16 
with the dosage adjusted according to the age and/or weight of each 
child. The majority of children were dosed according to an age-  and 
weight- based dosing algorithm derived from estimated renal func-
tion,17 using adult doses as a reference.

We have developed a population pharmacokinetic (PK) model 
to describe the PK characteristics of dabigatran and to quantify 
covariate– parameter relationships in children. Simulations based 
upon the population PK model have been used to evaluate the ap-
propriateness of the dabigatran etexilate pediatric dosing algorithm 
for use in clinical practice.

body weight, body surface area [BSA]- normalized renal function, and sex). The final 
model was used to evaluate the pediatric dosing algorithm, with simulations comparing 
pediatric trough exposure with reference exposure defined for the pediatric studies.
Results: The population PK of dabigatran was adequately described by a two- 
compartment model with first- order elimination and absorption. Age, weight, BSA- 
normalized renal function, and sex were statistically significant covariates (all P < .05). 
Apparent clearance increased with age (independently of body weight), diminished 
with decreasing BSA- normalized renal function, and was lower in females than males. 
All disposition parameters increased with body weight escalation (allometric scaling). 
Simulations confirmed that for all DE formulations, the final pediatric dosing algo-
rithms achieved reference exposure without dose adjustment.
Conclusions: Using a population PK model of DE for children with VTE, simulations 
showed that the final dosing algorithms were appropriate for all DE formulations; no 
dose titration was needed.

K E Y W O R D S
algorithms, children, dabigatran, pharmacokinetics, venous thromboembolism

ESSENTIALS

• Responses to standard of care anticoagulation treatment may differ as children age.
• We evaluated dabigatran etexilate (DE) pharmacokinetics (PK) in children with venous throm-

boembolism (VTE).
• Our PK and simulation model supports the age-  and weight- based dosing algorithm used in 

the two pediatric clinical trials, suggesting it to be appropriate for DE with minimal/no dose 
adjustments required.

• On clinical confirmation, these findings would significantly simplify the treatment of children 
with VTE.
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2  |  METHODS

2.1  |  Clinical data sources

Data were included from five studies in children aged from 
birth (neonates had to be full term [≥37 weeks of gestation] for 
inclusion) to <18 years with VTE; three were phase 2a stud-
ies (NCT02223260, NCT01083732, and NCT00844415) and 
two were phase 2b/3 studies (DIVERSITY [NCT01895777] and 
NCT02197416).9,13- 16 One study (NCT00844415) in children aged 
12 to <18 years dosed dabigatran etexilate (given as capsules) 
by adjusting for the patient’s weight.14 The remaining four stud-
ies evaluated dabigatran etexilate given as oral solution, pellets, 
or capsules when dosed using an age-  and weight- based algo-
rithm.9,13,15,16 The studies were single- arm except for DIVERSITY, 
which was an open- label, randomized, non- inferiority study. Phase 
1 data from healthy adult males treated with dabigatran etexilate 
150 mg twice daily, given as oral solution, pellets, or capsules 
(NCT0204436718), were included in order to stabilize the model 
and to further inform on potential differences among the three 
different formulations used in the pediatric studies. The stud-
ies were conducted between August 2009 and November 2019. 
Exploratory graphical analyses of the administered dose of dabi-
gatran etexilate by age and weight, stratified by study and formu-
lation, are shown in Figure S1 in supporting information.

2.2  |  Population PK model development

A previous pediatric- population, two- compartment, PK model (based 
upon three of the pediatric studies: NCT02223260, NCT01083732, and 
NCT00844415),19 and a previously published adult PK model (based 
upon RE- LY study data),20 were updated using final data from the two 
pediatric phase 2b/3 studies (NCT01895777 and NCT02197416).9,13 A 
population PK model was fitted to the dabigatran PK data using non-
linear mixed- effects modeling. Model refinement considered modi-
fication of the absorption model; the disposition model; and aspects 
concerning the relationship between model parameters and body 
weight, age, renal function normalized to body surface area (BSA- 
normalized renal function), and drug formulation.21 A priori structural 
covariates were age (in the model, postmenstrual age [defined as post-
natal age plus 40 weeks] was used primarily, as renal function starts 
to develop prior to birth; however, only postnatal age is reported, as 
all children included were full- term gestation of ≥37 weeks) and body 
weight for disposition parameters, and the impact of the type of formu-
lation (oral solution, pellets, and capsules) for absorption parameters. 
Covariate– parameter relationships of the final dabigatran model are 
shown in Figure S2 in supporting information, and parameter estimates 
of the final model are shown in Table S1 in supporting information. The 
potential influence of baseline covariates (sex, age, race, hemoglobin, 
BSA- normalized renal function [estimated glomerular filtration rate 
(eGFR, ml/min/1.73 m2) using the Schwartz formula22 for both children 
and adults], and concomitant medication with proton pump inhibitors 

[PPIs, often co- administered because of the adverse effects of da-
bigatran etexilate on the gastrointestinal tract]) was evaluated using a 
stepwise covariate model- - building procedure.

2.3  |  Population PK simulation

For each evaluated dosing strategy (oral solution, pellets, and cap-
sules), dabigatran exposure was simulated in a pediatric VTE popula-
tion with 500 patients (approximately 50% girls and 50% boys) in 
each studied age category, according to the age categories of the 
proposed dosing algorithm. A realistic distribution between age 
and body weight was obtained by sampling demographic data from 
13,522 subjects aged 0 to <18 years entered into the National Health 
and Nutrition Examination Survey (NHANES) III database between 
1999 and 2006,23 and trimming to exclude those with a body weight 
outside the 3rd and 97th percentiles.

The final population PK model was used for evaluating the 
performance of the dabigatran etexilate pediatric dosing algo-
rithm by comparing the simulated pediatric trough exposure with 
a reference exposure range of 26 to 250 ng/ml, which was defined 
for the conduct of the pediatric studies; 26 ng/ml is the 10th per-
centile of the trough dabigatran concentration range found in the 
RE- COVER trial of patients with VTE11 and 250 ng/ml represents a 
conservative upper boundary based on risk of bleeding events (e.g., 
in RE- COVER, the rate of major bleeding events showed a steeper 
increase above trough dabigatran concentrations of 250 ng/ml). 
The main assumptions used in the simulations are shown in the sup-
porting information. Two different age-  and weight- based dosing 
algorithms were compared; the dosing algorithm used in the clinical 
studies (which allowed for one dosing adjustment), and a final, up-
dated and smoothed dosing algorithm that did not have any dose 
adjustments (up-  or down- titration of dabigatran etexilate dose). 
Simulation results were summarized for the various dosing strate-
gies and stratified by the type of dabigatran etexilate formulation. 
These included: (1) a prediction interval for the full concentration– 
time profiles after the first dose and at steady state, with and with-
out dose adjustments for algorithm- based dosing; (2) dabigatran 
minimum concentration at steady state (Css,min) by age categories 
and across the applicable weight range; and (3) the proportion of 
children by age outside the Css,min reference range derived from 
adult studies.

2.4  |  Analyses

Both the PK model and the population PK simulation analysis 
were performed using NONMEM version 7.3.0 (Icon Development 
Solutions). Data management and further processing of NONMEM 
outputs were performed using the R statistical environment ver-
sion 3.3.3 (R Foundation for Statistical Computing). PK model visual 
predictive checks and log- likelihood profiling were run using Perl- 
speaks- NONMEM version 4.4.8.24,25
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3  |  RESULTS

The analysis data set comprised 358 children with a total of 2748 
PK observations, and 32 healthy adult males with 1523 PK obser-
vations (Table 1). Baseline continuous and categorical covariates 
across the studies included in the analysis are shown in Table 1. 
As age-  and weight- based dosing was applied in the pediatric stud-
ies, a large number of dose levels (12.5– 330 mg) were studied in 
children (Figure S1), with the baseline age ranging between 0.1 and 
39.8 years, and body weight ranging between 3.7 and 132.0 kg 
(Table 1).

3.1  |  Population PK model

The population PK of dabigatran was adequately described by a two- 
compartment model with first- order elimination and absorption, and 
a lag time describing delayed absorption. The visual predictive check 
for the final population PK model adequately described dabigatran 
data across all age and body weight ranges (Figure S3 in supporting 
information), as well as the different formulations, during the whole 
study period for all studies (data not shown).

Age, weight, BSA- normalized renal function, and sex were 
identified as statistically significant covariates (P < .05 for all), with 
all subgroup effects independent of each other (data not shown). 
Typical apparent clearance increased with rising age (independent 
of body weight), with 90% of the full- maturation drug- eliminating 
organ function occurring at a postnatal age of 20 months. All the 
disposition parameters increased with increasing body weight, in 
accordance with allometric scaling (exponents of 0.75 for clear-
ances and 1 for volumes of distribution), and the typical apparent 
clearance in a typical patient with body weight of 10 kg versus 
70 kg was 25.6 L/h versus 110 L/h. As BSA- normalized renal func-
tion decreased, so did the typical apparent clearance, which was 
15% lower in a patient with an eGFR of 50 ml/min/1.73 m2 versus 
a reference patient with a median eGFR of 104 ml/min/1.73 m2. In 
children, the lowest eGFR value was 48 ml/min/1.73 m2, and no 
additional dose adjustment appeared to be warranted in patients 
with eGFR >50 ml/min/1.73 m2. In females, apparent clearance 
was on average 10% lower than in males, independent of the for-
mulation. This difference between females and males was similar 
to data from the adult population PK model,20 and was not consid-
ered to be clinically relevant; as such, no additional dose adjust-
ment seemed to be warranted. Race, hemoglobin, and PPIs (n = 21) 
were not identified as statistically significant covariates, and race 
did not have any statistically significant influence on the PK pa-
rameters, although there were few Black (n = 7) or Asian (n = 18) 
patients.

Covariate– parameter relationships of the final dabigatran model 
are shown in Figure S4 in supporting information and Table S1. The 
apparent relative bioavailability of dabigatran was approximately 
30% and 40% lower in children receiving oral solution and pellets, 

respectively, compared to those receiving capsules (0.69 and 0.62 
times the bioavailability of capsules, respectively). In contrast, the 
apparent relative bioavailability of dabigatran in healthy adults re-
ceiving oral solution and pellets was 1.16 and 1.25 times greater 
than that for capsules, respectively. In both children and adults, the 
first- order absorption rate constant (ka) was higher after dabigatran 
etexilate administration as either oral solution (ka 1.84 h−1) or pellets 
(ka 1.56 h−1), compared to capsules (ka 0.939 h−1), while the absorp-
tion lag time was largely similar across formulations (0.300 hours for 
oral solution, 0.408 hours for pellets, and 0.431 hours for capsules). 
Model diagnostics for the final population PK model supported its 
usability for simulations to explore various dosing strategies and jus-
tify suitable doses for children with VTE.

3.2  |  PK simulation

A simulation of the clinical study dosing algorithm dabigatran 
concentration– time profiles after the first dose and at steady state, 
with and without dose adjustments (only one dose adjustment was 
allowed with the clinical study dosing algorithm), showed minimal 
changes in simulated dabigatran levels following dose adjustment 
across all dabigatran formulations.

Simulation of Css,min 12 hours after dabigatran etexilate dosing 
(at steady state and without any dose adjustment), based upon ref-
erence ranges derived from the adult dabigatran clinical study pro-
gram (26– 250 ng/ml), is shown in Figure 1. Exposure for most of the 
younger children given oral solution was within the reference range, 
with only a few children having exposure <26 ng/ml or >250 ng/ml 
(<5% and <1%, respectively). Furthermore, in younger children given 
pellets, exposure tended to be toward the lower end of the refer-
ence range across several age categories; >10% of children had ex-
posure <26 ng/ml, with few (<2%) having exposure >250 ng/ml. For 
capsules, given to older children/adolescents, exposure was within 
the reference range for most patients.

Simulations of Css,min 12 hours after dabigatran etexilate dosing 
using the updated dosing algorithm appear to indicate that, without 
any potential dose adjustment, exposure for all formulations was 
within the reference range derived from adult studies for the ma-
jority of children across all age categories (Figure 1). The simulated 
proportions of children by age who would be within (26 to <250 ng/
ml) or outside the Css,min reference range using the updated dos-
ing algorithm are shown in Table 2. For children aged <12 months 
given oral solution, >94.0% would be within the reference range, 
with <6.0% and 1.0% having Css,min exposure <26 and ≥250 ng/ml, 
respectively. More than 89.0% of children aged <12 years treated 
with pellets would be within Css,min exposure 26 to <250 ng/ml, 
with <9.4% and <4.1% having Css,min exposure <26 and ≥250 ng/
ml, respectively. For children aged 8 to <18 years treated with cap-
sules, >92.8% would be within Css,min exposure 26 to <250 ng/ml, 
with <1.8% and <6.2% having Css,min exposure <26 and ≥250 ng/
ml, respectively.
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Analysis of Css,min 12 hours after dabigatran etexilate dosing 
using the clinical study algorithm showed that, overall, the impact of 
dose adjustment appeared to be minimal across all weight categories 

(Figure 2). Dabigatran exposure in some children receiving oral solu-
tion and pellets was toward the lower end of the reference range 
across all weight categories. Exposure appeared to be slightly lower 

F I G U R E  1  Simulated dabigatran Css,min by age, without dose adjustment, following dosing using the clinical study and the updated 
algorithms. The horizontal line in the middle of the boxes is the geometric mean. Boxes indicate the 25th and 75th percentiles, with whiskers 
extending between the 5th and 95th percentiles. Dashed lines represent the reference range (26– 250 ng/ml) derived from adult studies. 
Css,min, minimum concentration at steady state; m, month; y, year

TA B L E  2  The simulated proportion of children inside and outside the target Css,min reference range using the final dabigatran etexilate 
dosing algorithm, by age category and dabigatran formulation

Age

Oral solution Pellets Capsules

% of children with Css,min % of children with Css,min % of children with Css,min

<26 ng/ml
26 to 
<250 ng/ml

≥250 ng/
ml

<26 ng/
ml

26 to 
<250 ng/ml

≥250 ng/
ml

<26 ng/
ml

26 to 
<250 ng/ml

≥250 ng/
ml

0 to <1 m 4.23 95.59 0.20 4.43a  92.41a  3.16 – – – 

1 to <2 m 3.94 95.84 0.22 5.01 a  94.08a  0.91 – – – 

2 to <3 m 3.85 95.13 1.03 9.42a  90.31a  0.26 – – – 

3 to <4 m 3.85 96.15 0 3.63a  92.54a  3.83 – – – 

4 to <5 m 5.39 94.61 0 4.55a  91.30a  4.14 – – – 

5 to <6 m 3.80 95.60 0.60 4.60a  92.60a  2.80 – – – 

6 to <7 m 4.30 95.29 0.41 5.00 91.04 3.96 – – – 

7 to <8 m 4.71 94.26 1.02 4.31 94.66 1.03 – – – 

8 to <9 m 4.84 94.76 0.40 6.71 91.87 1.42 – – – 

9 to <10 m 3.21 96.39 0.40 4.02 93.98 2.01 – – – 

10 to <11 m 4.01 95.99 0 5.22 92.37 2.41 – – – 

11 to <12 m 6.00 94.00 0 4.40 92.40 3.20 – – – 

1 to <1.5 y – – – 5.20 93.00 1.80 – – – 

1.5 to <2 y – – – 4.20 92.80 3.00 – – – 

2 to <2.5 y – – – 3.20 91.20 5.60 – – – 

2.5 to <3 y – – – 3.60 90.20 6.20 – – – 

3 to <4 y – – – 3.00 93.20 3.80 – – – 

4 to <5 y – – – 4.00 91.20 4.80 – – – 

5 to <6 y – – – 6.60 90.20 3.20 – – – 

6 to <7 y – – – 6.40 90.80 2.80 – – – 

7 to <8 y – – – 8.20 89.00 2.80 – – – 

8 to <9 y – – – 8.60 89.20 2.20 1.60 93.60 4.80

9 to <10 y – – – 6.20 92.40 1.40 0.40 95.20 4.40

10 to <11 y – – – 6.80 91.80 1.40 1.80 93.80 4.40

11 to <12 y – – – 6.20 91.60 2.20 1.60 92.80 5.60

12 to <13 y – – – – – – 1.20 92.80 6.00

13 to <14 y – – – – – – 1.40 93.60 5.00

14 to <15 y – – – – – – 0.80 94.00 5.20

15 to <16 y – – – – – – 0.60 93.20 6.20

16 to <17 y – – – – – – 0.60 93.60 5.80

17 to <18 y – – – – – – 1.00 93.40 5.60

Abbreviations: Css,min, minimum concentration at steady state; m, month; y, year.
aWhile the two phase 2b/3 pediatric study protocols allowed for children aged <6 months to receive pellets, no children aged <6 months were 
administered pellets in either phase 2b/3 study. 
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for pellets than for the oral solution. For capsules, most children 
across all weight categories had exposure within the reference 
range, with some children having exposure slightly above the ref-
erence range. Simulations of Css,min 12 hours after dabigatran etex-
ilate dosing using the updated dosing algorithm indicated that most 
children across all body weights would achieve adequate exposure 
without dose adjustment.

4  |  DISCUSSION

The objectives of this study were to develop a population PK model 
that would describe the PK characteristics of dabigatran and quan-
tify covariate– parameter relationships, and to then use this model in 
population PK simulations to evaluate the appropriateness of the da-
bigatran etexilate pediatric dosing algorithm. The previous pediatric 

F I G U R E  2  Simulated dabigatran Css,min versus body weight following dosing using the clinical study and the updated algorithms. Black 
lines: smoothed median concentration. Colored lines: 5th and 95th percentiles. Dashed lines represent the reference range (26– 250 ng/ml) 
derived from adult studies. Css,min, minimum concentration at steady state
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population PK model was based on a limited number of pediatric 
patients, most of whom were exposed to a single dose of dabigatran. 
The updated model is enriched with data from phase 2b/3 studies in 
children. The population PK of dabigatran was adequately described 
by a two- compartment disposition model, and model diagnostics 
supported the usability of the population PK model for PK simu-
lation. The original pediatric dabigatran etexilate age-  and weight- 
based dosing algorithms used in the clinical studies were confirmed 
by PK simulations, with and without dose adjustment. Using the 
final, updated dosing algorithms, PK simulation found that no dose 
adjustment was needed when dabigatran was administered to pedi-
atric patients as oral solution, pellets, or capsules. In the five pediat-
ric studies,9,13- 16 there were too few pediatric patients with outcome 
events to be able to directly explore PK and outcomes in dabigatran- 
treated children. However, the evaluation of pediatric dosing in our 
analysis was based on the dabigatran target exposure range applied 
in the pediatric studies (26– 250 ng/ml), an exposure range that cor-
responds with efficacy in the adult VTE setting.10- 12 This matching 
exposure approach is adequate if PK/pharmacodynamic (PD) param-
eters are similar between the populations, and a separate PK/PD 
analysis shows that this is the case.26

The population PK model showed that age (<2 years) and body 
weight were key covariate factors impacting dabigatran exposure, 
justifying the age-  and weight- based dosing algorithm. Apparent 
clearance increased with age (independent of body weight) and 
with increasing body weight (in accordance with allometric scaling). 
Overall, as children aged, increases in apparent clearance could be 
estimated by the final PK model with precision, and no additional 
dose adjustment seemed to be warranted. The impact of age upon 
dabigatran exposure for younger children is not surprising consider-
ing that their hemostatic and coagulation systems are maturing.5- 7 
For instance, Ignjatovic et al. reported age- related differences in 
activated partial thromboplastin time levels that correlated with a 
therapeutic heparin range of 0.35 to 0.7 anti- factorXa IU/ml, with 
more pronounced differences in younger children compared to 
adults (≤5 years, 78– 200 s; 6 to ≤16 years, 54– 154 s; adults, 55– 
118 s; younger children vs. adults, P < .05).7 Two additional key 
covariate factors impacting dabigatran exposure and therapy were 
BSA- normalized renal function and sex. The identification of BSA- 
normalized renal function is unsurprising considering that 80% of 
dabigatran is eliminated via the kidneys,27 and while there was a small 
effect of eGFR upon clearance, no additional dose adjustment ap-
peared to be warranted in patients with eGFR >50 ml/min/1.73 m2. 
The 10% lower apparent clearance in females versus males was in 
alignment with the adult dabigatran population PK model based on 
the RE- LY study,21 and no additional dose adjustment seemed to be 
warranted.

Hemoglobin value, race, and concomitant use of PPIs were not 
identified as statistically significant covariates in children, although 
there were few Black/Asian children or children taking concomitant 
PPIs. In contrast, an analysis of 27,706 dabigatran plasma concen-
trations from 9522 adult patients found that dabigatran PK parame-
ters were impacted by hemoglobin (apparent volume of distribution 

decreased by 4.0% per 1 g/dl increase above median hemoglobin of 
14.3 g/dl), race (apparent clearance decreased by 20.3% in South 
Asian patients), and PPI co- medication (bioavailability decreased by 
12.5%).20 While in adults the effect of hemoglobin was in addition to 
that of sex, in children there was no effect of hemoglobin although 
sex differences were of the same magnitude as adults.

In children, while dabigatran absorption was faster (higher ka) for 
oral solution or pellets compared to capsules, the apparent relative 
bioavailability with oral solution and pellets was lower. This is in con-
trast to the healthy adult volunteers’ data, in which relative bioavail-
ability was found to be lower with capsules than with pellets or oral 
solution. The lower- than- expected relative bioavailability for pellets 
in children led to an update of the dabigatran etexilate pediatric dos-
ing algorithm. While the expected relative bioavailability was also 
lower for the oral solution than for the capsules, this was considered 
acceptable given the wide target exposure range and did not require 
an update of the dabigatran etexilate dosing algorithm.

While the population PK analysis was based upon several as-
sumptions, these have been shown to be justified. For example, the 
assumption that the dabigatran exposure– response relationship 
would be comparable between children and adults has been sup-
ported by similarities in the dabigatran exposure– response relation-
ships for the laboratory coagulation parameters (activated partial 
thromboplastin time, diluted thrombin time, and ecarin clotting time) 
between adults and children.26 In addition, the assumption that the 
simulated population would have comparable age and weight distri-
bution in children in the NHANES database23 was justified, as simu-
lation results using the original and final dosing algorithms seemed 
consistent comparing across age-  and body- weight categories.

Model diagnostics of the population PK model supported its 
usability for population PK simulation, which not only verified the 
suitability of clinical study dosing algorithms, but also identified 
areas of refinement. Simulation analyses for the oral solution sug-
gested that the apparent relative bioavailability was lower than ex-
pected relative to capsules. However, as the proportion of patients 
with exposure <26 ng/ml was also lower than for those receiving 
pellets, no modification of the clinical dosing algorithm was con-
sidered necessary. For pellets, simulation analyses showed that the 
apparent relative bioavailability was lower than expected relative 
to capsules, leading to more children than expected with exposure 
<26 ng/ml across most age groups (with the exception of children 
aged <1 month). Increasing the dose by approximately 20% in the 
simulations to the nearest available strength compensated for the 
lower- than- expected apparent relative bioavailability. For capsules, 
the 50- mg dose is no longer considered necessary, and capping the 
maximum dose from 330 mg to 300 mg did not negatively influence 
the proportion of patients with exposure <26 ng/ml. The use of 
these final dosing algorithms for pellets and capsules should result 
in a higher proportion of children achieving the targeted Css,min ex-
posure for dabigatran across both the age-  and body- weight catego-
ries. Moreover, simulations using the clinical study dosing algorithms 
clearly showed that dose adjustment resulted in only a marginal re-
duction of patients outside of the 26 and 250 ng/ml limits across all 



1268  |    RÖSHAMMAR et Al.

age groups. As such, any further dose adjustment provides limited 
value, with a minimal increase in the proportion of patients within 
the reference range derived from adult studies. Therefore, dose ad-
justment based on dabigatran plasma levels is not considered neces-
sary when using the final, updated dosing algorithm.

The treatment of VTE in children has been challenging for phy-
sicians, so how might these data overcome some of the challenges? 
We discuss here the potential clinical implications of our findings. 
Oral anticoagulants that require neither routine laboratory mon-
itoring nor dose titration will provide a significant advance in the 
treatment of VTE in children, overcoming several of the limitations 
associated with SOC. Use of the clinical study dosing algorithms in 
the phase 2b/3 studies provided comparable efficacy and safety 
for dabigatran compared to SOC in children with acute VTE, and 
a favorable safety profile for secondary VTE prevention.9,13 With 
the final, updated dabigatran etexilate age-  and weight- adjusted 
dosing algorithms, treatment of children with VTE will be simplified 
for clinicians, as neither routine laboratory monitoring nor dose 
titration are required. The observed pediatric data show the effi-
cacy and safety of dabigatran in children with VTE aged from birth 
(≥37 weeks gestational age) to <18 years of age, who weighed be-
tween 3.7 and 132.0 kg. We are unable to provide insight into the 
management of extremely vulnerable premature infants or those 
weighing <3.7 or >132.0 kg, as infants with gestational age at birth 
<37 weeks or with body weight lower than the 3rd percentile (ac-
cording to the World Health Organization child growth standards) 
were excluded from the dabigatran pediatric studies. In late 2020, 
the European Medicines Agency approved pediatric indications for 
dabigatran etexilate, and the latest dosing information is available 
in the Summary of Product Characteristics (https://www.ema.eu-
ropa.eu/en/docum ents/produ ct- infor matio n/prada xa- epar- produ 
ct- infor mation_en.pdf). At the time of manuscript publication, the 
recommended dosing in the United States is not yet established 
as discussions with the Food and Drug Administration are still 
ongoing.

The only other DOAC to report efficacy in the pediatric VTE set-
ting to date is rivaroxaban,8 using a dosing strategy based upon body 
weight (once- daily dosing in children ≥30 kg, twice- daily dosing in 
those ≥12 to <30 kg, and thrice daily in those <12 kg) to achieve ex-
posure within a reference range obtained from 203 adults with VTE 
aged <45 years who had received 20 mg rivaroxaban once daily.28,29 
Apixaban is also being investigated in a phase 4 randomized, open- 
label, active controlled study (NCT02464969) in ~250 children with 
acute VTE and final data are expected in 2023; preliminary safety 
data from a pilot study are available from 15 children aged 12 to 
21 years (NCT04041843).30 In addition, an ongoing phase 3 ran-
domized study evaluating edoxaban versus SOC (NCT02798471) in 
274 children aged from birth to <18 years is due to complete by the 
end of 2021.

In summary, a population PK model of dabigatran for pediat-
ric patients with VTE was developed and used in PK simulations, 
which demonstrated that the final dabigatran etexilate dosing al-
gorithm is appropriate for all dabigatran formulations, has fewer 

dosing categories, and does not require dose adjustments or rou-
tine monitoring of dabigatran levels. This, together with the effi-
cacy and safety of dabigatran in the pediatric VTE setting, validates 
and supports the use of dabigatran etexilate for the treatment of 
VTE in children.
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