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1. What is already known about this subject?
· There is a paucity of clinical trials assessing treatments for paediatric patients with pulmonary arterial hypertension (PAH); treatment guidelines are based on adult data and expert opinion.  
· The endothelin receptor antagonist, ambrisentan, has shown promising efficacy and was generally well tolerated in paediatric patients with PAH.
2. What this study adds 
· In a population pharmacokinetic analysis, ambrisentan pharmacokinetics in the paediatric PAH population (aged 8 to <18 years) were adequately described by a two-compartment model with first-order absorption and elimination and an absorption lag time. 
· Ambrisentan exposure–response and exposure–safety profiles were similar in the paediatric and historical adult populations.


ABSTRACT (245/250 words)
Aims: To develop a population pharmacokinetic (PK) model of ambrisentan in paediatric patients aged 8 to <18 years with pulmonary arterial hypertension (PAH), compare paediatric ambrisentan systemic exposure to historical adult data, and assess PK–PD relationships. 
Methods: A previously developed adult population PK model provided an initial step for modelling the 211 PK observations from 39 paediatric patients with PAH in the randomised Phase IIb study AMB112529 (NCT01332331). Subsequently, a population PK model was developed using only paediatric PK data. Steady-state systemic exposure metrics were estimated for the paediatric population and compared with historical adult data (adult patients with PAH and healthy volunteers). Exploratory exposure–response analysis assessed ambrisentan systemic exposure versus change from baseline in 6-minute walking distance in paediatric patients; findings were compared with adult data. An exploratory analysis of ambrisentan exposure versus incidence of ambrisentan-related adverse events in paediatric patients was also performed. 
Results: The final paediatric population PK model was a two-compartment model which includes the effect of body weight (allometric scaling),  first-order absorption and elimination, and absorption lag time. Similar steady-state ambrisentan exposure was confirmed in paediatric patients and historical adult data when differences in body weight were accounted for. There was no apparent correlation in the paediatric or adult population between ambrisentan exposure and change in 6-minute walking distance, or between ambrisentan exposure and incidence of ambrisentan-related adverse events in paediatric patients.
Conclusions: Similar ambrisentan exposure and PK–PD profiles were observed in paediatric and adult populations with PAH.

INTRODUCTION
Pulmonary arterial hypertension (PAH) is a rare, progressive disease with a poor prognosis, characterised by increased pulmonary arterial pressure leading to right ventricular heart failure and death [1]. The emergence of new treatments and the use of aggressive treatment approaches have led to recent improvements in the prognosis for paediatric PAH [2]. Few dedicated paediatric clinical trials have been completed [3, 4], with only one randomised controlled trial (investigating sildenafil) [5, 6], and a number of pharmacokinetic (PK) studies [7-9] Therefore, current treatment guidelines in paediatric patients are largely based on data from adult trials, small uncontrolled paediatric studies and expert opinion [2, 10].
Current therapies for adult PAH include the endothelin receptor antagonist, ambrisentan, which has been shown to improve clinical symptoms, exercise capacity, World Health Organization functional class and quality of life in adult patients with PAH, with an acceptable safety profile [11]. Ambrisentan 5 mg or 10 mg once daily is approved for the treatment of PAH in adults [12]. Ambrisentan has also shown promising efficacy outcomes in paediatric PAH, and a similar safety profile to that of the adult population in a retrospective cohort study [13] and the Phase IIb randomised Study AMB112529 (NCT01332331), which evaluated low- and high-dose regimens in a paediatric population aged 8 to <18 years [14].
[bookmark: _Hlk45536561]Adult PK and PK-pharmacodynamic (PK–PD ) data for ambrisentan have been previously characterised in healthy adults and adult patients with PAH using non-linear mixed effects modelling (NONMEM) (unpublished data on file [Gilead analysis], GSK, PA, USA). The aim of the current analysis was to develop a population PK model in patients with PAH aged 8 to <18 years (based on patient data from Study AMB112529), using the previous adult population PK model as a starting point. Following development of the PK model, steady-state exposure was estimated in the paediatric population and compared with historical adult data. Exploratory analyses of the potential correlation of ambrisentan systemic exposure with efficacy and safety in paediatric patients were also conducted. 
METHODS
Objectives
The analyses were designed to assess the following primary objectives: to evaluate the predictive performance of the previously developed ambrisentan population PK model in adult patients, using data from paediatric patients (aged 8 to <18 years) in Study AMB112529; to develop a population PK model using data from paediatric patients from Study AMB112529 alone; to compare systemic exposure metrics from paediatric patients in Study AMB112529 with those from the adult population; and to explore the relationship between ambrisentan exposure and 6 minute walk distance (6MWD) change from baseline (CFB), and between ambrisentan exposure and incidence of adverse events (AEs; including serious AEs [SAEs]), in paediatric Study AMB112529.
Paediatric population: Study AMB112529 
Study AMB112529 was a 6-month, randomised, open-label Phase IIb study evaluating the safety, PK and efficacy of high- and low-dose ambrisentan in paediatric patients with PAH aged 8 to <18 years (NCT01332331)[14]. Patients were dosed orally once daily for 24 weeks after randomisation to a high- or low-dose group. All patients received the low dose (2.5 mg or 5 mg, depending on body weight) for the first 2 weeks, after which the high-dose group was up-titrated to 5, 7.5 or 10 mg of ambrisentan (depending on body weight) if deemed appropriate by the investigator (Table 1). Safety was evaluated by monitoring treatment-emergent AEs, and efficacy outcomes included 6MWD and World Health Organisation functional class. 
At each investigative site, the study was reviewed and approved by the institutional review board and/or local research ethics committees prior to commencement (all study sites had institutional review board approval) and was conducted in accordance with International Council on Harmonisation of Technical Requirements for Pharmaceuticals for Human Use Good Clinical Practice ethical principles and the Declaration of Helsinki [15]. Written informed consent was provided by each patient (or legal guardian) prior to participation. Information on investigator sites and ethics committees are provided in Table S1.
Eligible patients had a current diagnosis of PAH (Group 1) according to the 4th World Symposium on Pulmonary Hypertension held in 2008 in Dana Point, CA, USA [16] with one of the following PAH aetiologies: idiopathic; heritable (familial); secondary to connective tissue disease; persistent PAH despite surgical repair (≥6 months prior to screening) of atrial septal defects, ventricular septal defects, atrio-ventricular septal defects, and persistent patent ductus. 
Sparse plasma samples for PK analysis were taken from each patient (1 sample per visit) at Week 4 and 12 (trough), Week 8 and 16 (0.5–4 hours post dose), Week 20 (4–22 hours post dose), and 24 hours post last dose. The PK dataset included all randomised patients who received at least one dose of study drug and for whom at least one PK sample of known time relative to dosing was obtained and analysed. 
Adult population: PK and PD datasets
[bookmark: _Hlk41308246][bookmark: _Hlk41308332][bookmark: _Hlk41308351]The adult population PK dataset consisted of the complete PK data from 380 participants, including 41 healthy volunteers and 339 patients with PAH, enrolled in two Phase I studies (AMB-105, AMB-106), one Phase II study (AMB-220, NCT00046319), one Phase II long-term study (AMB-222, NCT00423592)[17], and two Phase III studies and long-term extension (AMB-320 [ARIES-1], NCT00423748; AMB-321 [ARIES-2], NCT00423202; and AMB-320/321-E [ARIES-E], NCT00578786)[18]. The PD dataset consisted of 6MWD CFB and safety from AMB-220, AMB-222, AMB-320, AMB-321 and AMB-320/321-E. See Table S2 for further details. 
Plasma concentration of ambrisentan
The concentration of ambrisentan in plasma samples was determined using validated analytical methods based on protein precipitation using acetonitrile followed by high-pressure liquid chromatography with tandem mass spectrometric analysis for detection. The lower and upper limit of quantification in plasma were 5 and 5000 ng/mL, respectively (further methodological detail is provided in Data S1). 
Paediatric PK model development
Base structural model 
The previously developed adult ambrisentan population PK model was the starting point for model development; this was a linear two-compartment model with first-order absorption and elimination and absorption lag time [Unpublished data on file, GSK, PA, USA]. Parameters for the adult population PK model are shown in Table S3. In a prediction-corrected visual predictive check (pcVPC), the observed concentration versus time data from paediatric Study AMB112529 were overlaid onto the 95% prediction intervals (PIs) from the adult PK model to confirm that data from the paediatric study were consistent with the adult model predictions. The pcVPC plot demonstrates that the majority of the observed ambrisentan PK data from the paediatric data lies within the 90% PI, indicating the adequacy of the adult final population PK model as a starting point.
Allometric body weight scaling was applied to both apparent clearance (CL/F) and apparent volume of distribution (V/F) parameters in the base structural model. Random effect error structural models, including inter-individual variability and residual errors were evaluated.
Pharmacostatistical model 
Distributions of individual parameters (Pi) were assumed to be log-normal and were described by an exponential error model:

where  was the parameter value for individual ,  was the typical population value of the parameter, and  were individual-specific inter-individual random effects for individual  and parameter  that were assumed to be normally distributed, .
Shrinkage in each  () was calculated and reported using: 

where  was the standard deviation of post hoc estimates of , and  was the square root of the variance .
A proportional model was used to describe the residual error in the paediatric population:

where  was the  observed value of the dependent variable in the  individual,  was the  predicted value of  in the  individual, and  was the independent, random variable describing the difference between  and  (both with a mean of zero and variance of ).
Covariate model 
Covariates explored in this analysis included age, body weight, gender, race, ethnicity, dose group, total bilirubin (mg/dL), alanine aminotransferase (IU/L), aspartate aminotransferase (IU/L), alanine phosphatase (IU/L), gamma glutamyltransferase (IU/L) and creatinine clearance (mL/min). These covariates had a sufficient range of values and/or were represented by ≥10% of the population (unless there was a strong trend based on exploratory graphics, or previous adult modelling experience suggested a potential influence of covariates on ambrisentan PK).
A full covariate model approach was utilised, whereby all covariate-parameter relationships of interest were entered in the model simultaneously and parameters were estimated. Covariates were removed from the model by order of least significance. The reduced model was subjected to successive elimination steps until all remaining covariates were significant (p<0.001). Further information on covariate modelling and calculations is provided in Data S1. 


Model performance 
The adequacy of the final paediatric population PK model was assessed through objective function value (OFV), and numerical- and simulation-based diagnostic plots (including pcVPC of 500 simulations). 
Derivation of ambrisentan exposure
The final paediatric population PK model was used to compute individual estimates of steady-state systemic exposure metrics for the population following repeat dosing of daily ambrisentan. These were compared against the adult model-derived exposures in the adult population.
Individual estimates of area under the concentration–time curve (AUC) at steady state (AUCss) were calculated as:

where Dosei is the final daily dose for each subject and CL/Fi is the individual estimate of oral clearance. The parameter estimates from the final population PK model were used to simulate 500 datasets based on the covariates, sampling times and the dosing histories contained in the original dataset. The model-derived and predicted CL/F estimates were used to derive AUCss. Median, 5th and 95th percentiles were summarised. Similarly, 5th and 95th percentiles of the adult AUCss were derived for comparison with the adult population.
Concentration–time profiles were simulated using the parameter estimates from the final model to derive estimates of Cmax,ss. Steady-state ambrisentan concentration–time profiles were predicted at 0, 0.5, 1, 1.5, 2 hours and then hourly till 24 hours post dose, and Cmax,ss for each patient in the population PK dataset were derived using their respective doses.


PK–PD analysis 
[bookmark: _Hlk45542210]Exposure–efficacy in paediatric and adult patients
An exploratory PK–PD analysis was conducted to assess the relationship between ambrisentan systemic exposure and efficacy (6MWD CFB), both in paediatric Study AMB112529 and in the adult population. Ambrisentan individual AUCss (estimated exposures derived from the final population PK model) were plotted against 6MWD CFB at 12 and 24 weeks, stratified by dose group. Potential correlation between exposure and 6MWD CFB was assessed visually. 
Exposure–safety in paediatric patients
An exploratory analysis was conducted to assess the relationship between ambrisentan exposure and the incidence of AEs related to ambrisentan (including SAEs) in paediatric Study AMB112529. Ambrisentan individual exposures (AUCss and Cmax) were plotted against the incidence of any ambrisentan-related AE; a visual comparison assessed possible correlations.
Software
Population PK analyses of ambrisentan plasma concentration–time data was done using non-linear mixed effects modelling software NONMEM v7.4 (ICON, Ellicott City, MD, USA) [19]. PDx-Pop version 5.2.0 was used as a NONMEM interface (ICON Plc 2015). Data handling, summary statistics, exploratory diagnostics, PK–PD analyses and post-processing were conducted using R version ≥ 3.4.0 (the R Foundation for Statistical Computing, Vienna, Austria) [20]. 
RESULTS
Paediatric population PK modelling
[bookmark: _Hlk40185902]Demographics and analysis data
In Study AMB112529, 39 out of 41 patients (age range: 8–16 years) were included in the PK dataset. One patient was excluded as no PK samples were taken, and the other was lost to follow-up after Week 2, before the first PK sample was scheduled. The distribution of covariates and number of patients receiving ambrisentan by dose group in the population PK analysis are summarised in Table S4. Study AMB112529 also provided paediatric efficacy (i.e. 6MWD) and safety measures for the PK–PD analysis.
The population PK analysis dataset for Study AMB112529 consisted of 211 observations from 39 paediatric patients with PAH, of which only 3% of the post dose observations were below the lower limit of quantification (<5 ng/mL). Ambrisentan plasma concentration data from the different weight groups showed similar exposure within both dose groups (Figure 1).
Predictive performance of the adult population PK model 
The pcVPC plot demonstrated that the majority of the observed ambrisentan PK data from the paediatric study were within the 90% PIs of the previously developed adult population PK model, indicating the adequacy of the adult model in predicting the observed paediatric ambrisentan data from Study AMB112529 (Figure S1). There were a few concentrations at early (4–8 hours) and later (16–20 hours) time points that were under-predicted.
[bookmark: _Hlk37076206]Ambrisentan paediatric population PK base model
The base population PK model for the paediatric population (aged 8 to <18 years) was a two-compartment model with first-order absorption and elimination and absorption lag time with body weight effect (70 kg reference body weight and coefficients estimated) on CL/F, apparent volume of central compartment (Vc/F), apparent inter-compartment clearance (Q/F) and apparent volume of peripheral compartment (Vp/F). Weight effects were fixed to allometric coefficients (0.75 and 1 for the clearance and volume parameters, respectively). 
Effect of covariates
A number of covariates were evaluated (in addition to weight) on PK parameters. The following were included on CL/F: bilirubin, alkaline phosphatase, creatinine clearance, age, gender, race (White vs East Asian vs Other); the following were included on Vc/F: bilirubin, alkaline phosphatase, creatinine clearance; and dose (low/high) was included on absorption lag time. 
No covariates were statistically significant and, therefore, the final covariate model remained the same as the base model, with body weight allometrically scaled. This was selected as the final paediatric population PK model.
Final paediatric population PK model 
The final population PK model in the paediatric population was a two-compartment model with first-order absorption and elimination and absorption lag time. The selected final model incorporated the effect of body weight on the clearance and volume parameters. 
The population PK parameters from the final model are shown in Table 2. Parameter estimates for CL/F, Vc/F, absorption rate constant and absorption lag time using the data from Study AMB112529 were similar to those from the adult population PK model (Table S3).
This final paediatric model adequately described the observed paediatric data with no obvious systematic bias in model predictions (Figure S2). The pcVPC of the final population indicated good overall agreement for the median and the 2.5th and 97.5th percentiles of ambrisentan concentrations between Study AMB112529 observations and model-predicted data (Figure 2).
Comparison of ambrisentan exposure in the paediatric and adult population
Steady-state exposures derived from the final paediatric population PK model and the previously developed adult model confirmed similar exposure for ambrisentan in paediatric patients and adults when differences in body weight were accounted for (Table S5). Overall, there was good agreement between the model-derived average paediatric and adult ambrisentan AUCss and Cmax,ss for both the low- and high-dose groups (Figure S3). The geometric mean AUCss in paediatric patients receiving low doses was only 3% lower than the AUCss in adult population receiving a low dose of 5 mg once daily. The geometric mean AUCss in paediatric patients receiving high doses was similar to the AUCss in adult population receiving a high dose of 10 mg once daily. The geometric mean Cmax,ss in paediatric patients receiving low and high doses was 11% and 18% higher than the Cmax,ss in the adult population receiving low and high doses of 5 and 10 mg once daily, respectively. 
[bookmark: _Hlk50118616]Model-derived and predicted ambrisentan AUCss versus body weight using the final paediatric population PK model are presented in Figure 3. For low and high doses, both model-derived and predicted ambrisentan AUCss in the paediatric population were within the observed adult range. 
PK–PD analysis 
Exposure–efficacy in the paediatric and adult population
The exploratory exposure–efficacy analysis showed no clear correlation between ambrisentan systemic exposure and 6MWD CFB at 12 and 24 weeks in the paediatric or adult population (Figure 4).  
Exposure–safety in paediatric patients 
[bookmark: _Hlk40266867]In another exploratory exposure–response analysis, plots of ambrisentan systemic exposure against incidence of any AE related to ambrisentan in paediatric patients suggested no obvious correlation between ambrisentan exposure and the incidence of ambrisentan-related AEs (Figure 5). 
DISCUSSION
Here we report the development of an ambrisentan population PK model in paediatric patients aged 8 to <18 years with PAH. The population PK model  adequately described the paediatric data, showing no obvious systematic bias in model predictions. It was based on a two-compartment model with first-order absorption and elimination with an absorption lag time that was previously established for ambrisentan in an adult population. The final paediatric population PK model adequately predicted the observed PK concentrations in the paediatric population (aged 8 to <18 years) from Study AMB112529.
As previously identified in the adult model, body weight was a significant covariate on the apparent clearance and volume parameters in the paediatric population. The PK parameter estimates for ambrisentan in the paediatric population were similar to the estimates from the adult population, suggesting no major differences in the paediatric and adult population characteristics when differences in body weight were taken into consideration.
Overall, there was good agreement between the model-derived average paediatric and adult ambrisentan exposure (AUCss and Cmax,ss) at both low and high doses of ambrisentan; the range of individual values in the paediatric population was well within the model-predicted values for the adult population. For both the low- and high-dose groups, the model-predicted paediatric ambrisentan AUCss for all weight groups was within the range of model-predicted AUCss in adults, confirming that the weight-based dosing scheme in paediatric patients achieved exposures comparable to the adult population. This is consistent with a retrospective cohort study by Takatsuki et al., which evaluated ambrisentan PK in 16 paediatric patients aged 3–15 years treated with body weight-adjusted doses of ambrisentan (2.5 to 10.0 mg). The authors concluded that ambrisentan Cmax and AUC in children were similar to that in the adult population [13]. 
An exception to the good agreement between the paediatric and adult ambrisentan exposures was observed in the paediatric low-dose, ≥35–<50 kg weight group, which had 29% higher geometric mean AUCss compared with the adult 5 mg dose group. This observation is despite the fact that, the range of individual paediatric AUCss values were well within the model-predicted values for the adult population. One possible explanation for this observation could be that, in Study AMB112529, patients in the ≥35–<50 kg and in the ≥50 kg weight category for the low-dose group were administered the 5 mg dose, which could have resulted in higher exposure in the ≥35–<50 kg compared with the ≥50 kg weight group. Additionally, the current observation is based on a small sample size (N=8) and therefore these results should be interpreted with caution. Furthermore, the higher AUCss is not expected to be clinically relevant with respect to safety in the paediatric population as the exploratory analysis found no obvious correlation between the predicted AUCss and the incidence of ambrisentan-related AEs in the paediatric population. This is in concordance with the finding that the reported incidence of AEs in the adult population also did not appear to be related to ambrisentan systemic exposure (unpublished data on file, GSK, PA, USA).
Similarly, no apparent correlation was observed in either the paediatric or adult population between ambrisentan exposure and efficacy (change in 6MWD). The lack of a strong exposure–response relationship might be expected given the relatively narrow range of evaluated active doses and between-subject variability in response. The historical adult PK–PD dataset included exposure information from a range of active doses (1–10 mg) and showed relatively flat exposure-response as it did not include placebo data. A wider dose range including the adult placebo data might allow more informative characterisation of the full range of the PK–PD relationship. 
In summary, ambrisentan plasma concentrations from Study AMB112529 in the paediatric population (aged 8 to <18 years) were well interspersed with the historical adult data, and the paediatric PK data were all adequately described with no obvious systematic bias in model predictions using a two-compartment model with first-order absorption and elimination and an absorption lag time. Ambrisentan exposure was similar in the paediatric and adult populations, suggesting appropriateness of the weight-based dosing scheme in the 8 to <18 years population with PAH. Exposure–response (6MWD and safety) relationships were also similar in the adult and paediatric populations, with no clear exposure–efficacy and exposure–safety correlations observed. 
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Table 1: Ambrisentan weight-group-based daily doses for paediatric Study AMB112529
	Body weight
	Low dose
	High dose

	
	Starting dose 
	Week 2 onwards
	Starting dose 
	Week 2 onwards

	≥50 kg
	5 mg
	5 mg
	5 mg
	10 mg

	≥35 to <50 kg
	5 mg
	5 mg
	5 mg
	7.5 mg

	≥20 to <35 kg
	2.5 mg
	2.5 mg
	2.5 mg
	5 mg




Table 2: Parameter estimates of the final paediatric ambrisentan population pharmacokinetic model 
	Parameter [units]
	NONMEM estimates

	
	Point estimate
	95% CI
	%RSE
	
	

	CL/F [L/hr]
	1.17
	1.04–1.33
	6.33
	
	

	Vc/F [L]
	12.3
	8.94–16.8
	16.1
	
	

	Q/F [L/hr]
	0.457
	0.302–0.691
	21.1
	
	

	Vp/F [L]
	81.3
	50.2–132
	24.5
	
	

	Ka [hr-1]
	2.46
	1.49–4.07
	25.7
	
	

	ALAG [hr]
	0.525
	0.393–0.700
	14.7
	
	

	Coefficient of body weight effect on CL/F and Q/F
	0.75 FIX
	–
	–
	
	

	[bookmark: _Hlk50533357]Coefficient of body weight effect on Vc/F and Vp/F
	1 FIX
	–
	–
	
	

	Inter-individual variability
	
	Etabar (SE)
	p-value
	CV%
	Shr%

	ω2CL
	0.0477
	–0.0000260 (0.0280)
	0.999
	21.8
	19.0

	Covar ηCL, ηVc
	–0.108
	–
	–
	R=–0.621
	–

	ω2Vc
	0.634
	0.000878 (0.105)
	0.933
	94.1
	16.5

	Covar ηCL, ηQ
	0.0776
	–
	–
	R=0.872
	–

	Covar ηVc, ηQ
	–0.119
	–
	–
	R=–0.367
	–

	ω2Q
	0.166
	–0.000152 (0.0453)
	0.973
	42.5
	29.6

	Covar ηCL, ηVp
	–0.00121
	–
	–
	R=–0.0167
	–

	Covar ηVc, ηVp
	0.0429
	–
	–
	R=0.162
	–

	Covar ηQ, ηVp
	–0.00815
	–
	–
	R=–0.0603
	–

	ω2Vp
	0.110
	–0.000389 (0.00729)
	0.593
	33.2
	86.1

	Covar ηCL, ηKa
	–0.0369
	–
	–
	R=–0.167
	–

	Covar ηVc, ηKa
	0.653
	–
	–
	R=0.812
	–

	Covar ηQ, ηKa
	0.0584
	–
	–
	R=0.142
	–

	Covar ηVp, ηKa
	0.0664
	–
	–
	R=0.198
	–

	ω2Ka
	1.02
	0.0125 (0.119)
	0.916
	133
	25.9

	Covar ηCL, ηALAG
	0.0156
	–
	–
	R=0.229
	–

	Covar ηVc, ηALAG
	–0.169
	–
	–
	R=–0.680
	–

	Covar ηQ, ηALAG
	–0.00599
	–
	–
	R=–0.0471
	–

	[bookmark: _Hlk40264843]Covar ηVp, ηALAG
	–0.00741
	–
	–
	R=–0.0716
	–

	Covar ηKa, ηALAG
	–0.264
	–
	–
	R=–0.838
	–

	ω2ALAG
	0.0973
	0.000357 (0.0363)
	0.922
	31.2
	26.4

	Residual variability
	
	95% CI
	%RSE
	
	

	Proportional error
	0.210
	0.152–0.268
	14.2
	45.8
	


Etabar is the arithmetic mean of the η estimates and the p-value for the null hypothesis that the true mean is 0
Residual error terms were estimated as thetas (point estimate is )
CV% = 100*  or 100* is  for log-normally distributed variability terms
If ω2 ˃0.15, CV% = 100* 
Parameter estimates in this analysis are for the reference population which is a 70 kg patient with PAH
%RSE, percent relative standard error of the estimate; ALAG, absorption lag time; CI, confidence interval; CL/F, apparent clearance; CV%, coefficient of variation; Ka, absorption rate constant; NONMEM, non-linear mixed effects modelling; PAH, pulmonary arterial hypertension; Q/F, apparent inter-compartmental clearance; SE, standard error; Shr, shrinkage; Vc/F, apparent volume of central compartment; Vp/F, apparent volume of the peripheral compartment; ω2CL, variance of random effect of CL/F; ω2Vc, variance of random effect of Vc/F; ω2Vp, variance of random effect of Vp/F; ω2Ka, variance of random effect of Ka; ω2Q/F, variance of random effect of Q/F 


FIGURE LEGENDS 
Figure 1: Observed ambrisentan concentration–time data, stratified by dose and weight groups in the paediatric Study AMB112529 (A) linear and (B) log-linear
Figure 2: Prediction-corrected visual predictive check of the final paediatric population PK model using PK data from the paediatric Study AMB112529 (A) linear and (B) log-linear
Open circles, observations
Shaded areas represent 90% prediction interval of the median of predicted concentrations (pink) and 5th and 95th percentiles of the predicted data (blue) from the adult PK model
Red solid line, median of the observed data from paediatric Study AMB112529
Red dashed line, 5th and 95th percentiles of the observed data from paediatric Study AMB112529
PK, pharmacokinetic
Figure 3: Model-derived and predicted AUCss versus body weight using the final paediatric population PK model
Open circle, model-derived paediatric AUCss
Solid line, median of predicted paediatric AUCss
Blue shaded region, 90% prediction interval for predicted paediatric AUCss
Grey shaded region, 5th and 95th percentiles for adult model-derived AUCss at low dose (left) and high dose (right) 
AUCss, area under the plasma drug concentration–time curve from pre-dose to the end of the dosing interval at steady state; PK, pharmacokinetic
Figure 4: Predicted ambrisentan individual systemic exposure versus change in 6-minute walk distance in paediatric Study AMB112529, and in the adult population, stratified by dose
6MWD, 6-minute walking distance; AUCSS, area under the plasma drug concentration–time curve from pre-dose to the end of the dosing interval at steady state.

Figure 5: Ambrisentan exposures versus incidence of any adverse event related to ambrisentan in paediatric Study AMB112529
0 = no ambrisentan-related AE
1 = ambrisentan-related AE
AE, adverse event; AUCSS, area under the plasma drug concentration–time curve from pre-dose to the end of the dosing interval at steady state; Cmax,ss, maximum plasma concentration at steady state; IP, investigational product (ambrisentan)



