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ABSTRACT

Introduction:  Once-daily fixed-dose combina-
tions (FDC) containing abacavir (ABC), dolute-
gravir (DTG), and lamivudine (3TC) have been 
approved in the US for adults and children with 
HIV weighing ≥ 6 kg. This analysis assessed the 
ability of previously developed ABC, DTG, and 
3TC pediatric population pharmacokinetic 
(PopPK) models using multiple formulations to 
describe and predict PK data in young children 

using dispersible tablet (DT) and tablet formu-
lations of ABC/DTG/3TC FDC in the IMPAACT 
2019 study.
Methods:  IMPAACT 2019 was a Phase I/II study 
assessing the PK, safety, tolerability, and efficacy 
of ABC/DTG/3TC FDC in children with HIV-1. 
Intensive and sparse PK samples were collected 
over 48 weeks. Existing drug-specific pediatric 
PopPK models for ABC (2-compartment), DTG 
(1-compartment), and 3TC (1-compartment) 
were applied to the IMPAACT 2019 drug con-
centration data without re-estimation (external 
validation) of PopPK parameters. Drug exposures 
were then simulated across World Health Organ-
ization weight bands for children weighing ≥ 6 
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to < 40 kg for each drug and compared with pre-
defined exposure target ranges.
Results:  Goodness-of-fit and visual predictive 
check plots demonstrated that the previously 
developed pediatric PopPK models sufficiently 
described and predicted the data. Thus, new 
PopPK models describing the IMPAACT 2019 
data were unnecessary. Across weight bands, 
the predicted geometric mean (GM) for ABC 
AUC​0–24 ranged from 14.89 to 18.50 μg*h/ml, 
DTG C24 ranged from 0.74 to 0.95 μg/ml, and 
3TC AUC​0–24 ranged from 10.50 to 13.20 μg*h/
ml. These exposures were well within the pre-
defined target ranges set for each drug.
Conclusion:  This model-based approach lev-
eraged existing pediatric data and models to 
confirm dosing of ABC/DTG/3TC FDC formula-
tions in children with HIV-1. This analysis sup-
ports ABC/DTG/3TC FDC dosing in children 
weighing ≥ 6 kg.

Keywords:  Dolutegravir; Abacavir; 
Lamivudine; Population pharmacokinetics; 
HIV-1; Pediatrics

Key Summary Points 

Child-friendly single-tablet fixed dose com-
bination (FDC) regimens are critical for 
improved adherence and treatment outcomes 
in HIV-1. There are very few FDC options 
available for children weighing < 14 kg.

The present study modeled the pharmacoki-
netics (PK) of abacavir (ABC), dolutegravir 
(DTG), and lamivudine (3TC) after adminis-
tering a once-daily ABC/DTG/3TC FDC dose 
(dispersible tablet or tablet) to pediatric par-
ticipants with HIV-1 in IMPAACT 2019 study.

ABC, DTG, and 3TC PK exposures following 
once-daily ABC/DTG/3TC dispersible tablet 
and tablet dosing were comparable to those 
observed in pediatrics and adults with single 
entities, supporting extrapolation of adult 
efficacy data.

INTRODUCTION

Approximately 1.54 million children aged 0–14 
were living with HIV globally in 2022. Unfortu-
nately, only 57% of the children with HIV were 
receiving life-saving antiretroviral therapy (ART). 
Children under the age of 15 represent a small 
portion of all people living with HIV (about 4%), 
but they represent a significant portion of new 
HIV infections (10%) and deaths due to AIDS 
(13%) [1–3]. Immediate ART is recommended 
for everyone diagnosed with HIV, including chil-
dren and adolescents. Current guidelines recom-
mend initiating ART using three drugs in chil-
dren, primarily composed of a dual nucleoside/
nucleotide reverse transcriptase inhibitor (NRTI) 
backbone, along with an anchor drug such as 
an integrase strand transfer inhibitor (INSTI), a 
non-nucleoside reverse transcriptase inhibitor 
(NNRTI), or a boosted protease inhibitor (PI). 
The introduction of fixed dose combination 
tablets (FDCs) revolutionized pediatric ART [4]. 
These formulations combine multiple antiretro-
viral (ARV) drugs into one pill, simplifying treat-
ment for adolescents and young children. FDCs 
address common challenges, such as swallowing 
multiple pills or remembering multiple doses, by 
offering a single, manageable option. The sig-
nificant reduction in the pill burden also helps 
alleviate the burden on their caregivers, who 
often manage multiple medications. Finally, it 
improves adherence, another major factor with 
FDCs, leading to better viral suppression, slower 
disease progression, and enhanced overall treat-
ment outcomes for pediatric HIV patients [5].

A once-daily FDC that combines two NRTIs, 
abacavir (ABC) and lamivudine (3TC), and the 
HIV INSTI dolutegravir (DTG), has been approved 
in many global markets. This FDC tablet contains 
ABC 600 mg/DTG 50 mg/3TC 300 mg (marketed 
as Triumeq) and is indicated for treating HIV-1 
infection in adults and pediatric patients weigh-
ing at least 40 kg [6]. DTG is approved for use 
with other ART agents for treatment-naive and 
-experienced patients at least 4 weeks of age and 
weighing at least 3 kg [7]. ABC is a guanosine 
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nucleoside analog [8], and 3TC is a cytidine 
nucleoside analog [9]. Both are approved for 
use in pediatric patients starting from 3 months 
of age. The World Health Organization (WHO) 
also recommends using DTG-based regimens as 
the preferred first- and second-line treatment for 
all populations, including pregnant women and 
those of childbearing potential [10].

To expand the application of the ABC/
DTG/3TC FDC to children with HIV-1 infection, 
a new child-friendly FDC formulation of DTG 
5 mg/ABC 60 mg/3TC 30 mg was developed as a 
dispersible tablet (DT) [11]. The safety and phar-
macokinetics of this new ABC/DTG/3TC FDC DT 
formulation along with tablet formulation was 
evaluated in the IMPAACT 2019 study in children 
< 12 years old with HIV-1 (≥ 6 to < 40 kg) [12]. As 
stated earlier, each of the individual components 
of ABC/DTG/ 3TC FDC has already been approved 
for use in pediatric patients weighing at least 6 kg. 
Within each weight band, doses administered in 
IMPAACT 2019 using the ABC/DTG/3TC FDC for-
mulations (DT & tablet) were the same or similar 
to those US-FDA approved for individual compo-
nents (Table S1). This ABC/DTG/3TC FDC regi-
men aims to balance a simplified dosing scheme 
while ensuring safe and efficacious exposure for 
all individual drug components across a wide 
range of body weight.

The current analysis aimed to determine the 
ability of the established ABC, DTG, and 3TC 
pediatric population pharmacokinetic (PopPK) 
models to describe and predict the observed ABC/
DTG/3TC PK data in the IMPAACT 2019 study. 
This PopPK analysis supported the pediatric dos-
ing regimens for ABC/DTG/3TC FDC (DT and tab-
let) based on the WHO-defined weight bands. The 
aim was to assess whether the new formulation is 
able to achieve drug exposure levels in children 
across the relevant weight bands similar to those 
observed in children and adults when these medi-
cines are taken individually. These results were 
intended to support the regulatory approval of 
ABC/DTG/3TC FDC (DT and tablet) for children 
weighing at least 6 kg.

METHODS

Ethics

The IMPAACT 2019 study (ClinicalTrials gov 
identifier NCT03760458) was designed in 
accordance with the International Council for 
Harmonization, Good Clinical Practice guide-
lines [13], and applicable country-specific 
requirements and abided by the ethical prin-
ciples of the Declaration of Helsinki. Informed 
consent was obtained from all the participants 
before screening. Institutional review boards and 
national authorities reviewed and approved the 
trial protocol, amendments, and informed con-
sent forms.

Study Design and Pharmacokinetic Analysis

IMPAACT 2019 (Fig. 1) was an international 
Phase I/II, multisite, open-label study investi-
gating the PK, safety, tolerability, and efficacy 
of ABC/DTG/ 3TC FDC (tablets and DT) in 
pediatric patients < 12 years of age living with 
HIV-1. Pediatric participants were enrolled con-
currently based on five separate weight bands 
(≥ 6 to < 10 kg, ≥ 10 to < 14 kg, ≥ 14 to < 20 kg, ≥ 20 
to < 25 kg, and ≥ 25 to < 40 kg). Intensive PK sam-
pling was performed in the first 5–7 pediatric 
participants enrolled in each weight band at the 
Week 1 (Days 5–10) study visit for dose confir-
mation [14]. Intensive plasma PK samples were 
collected up to 24 h after dosing (pre-dose, 1, 2, 
3, 4, 6, 8, and 24 h post-dose). Sparse PK samples 
were collected across all participants at Weeks 

Fig. 1   IMPAACT 2019 study design



1880	 Infect Dis Ther (2024) 13:1877–1891

1 (in participants not undergoing intensive PK 
sampling at Week 1) pre-dose and at least 2 h 
post-dose, and at weeks 4, 12, 24, 36, and 48. 
Among participants with known Met184Val 
mutations, additional sparse PK samples were 
collected at weeks 8, 16, and 20. Dose confirma-
tion for each weight band was based on achiev-
ing the pre-defined geometric mean (GM) PK 
targets [area under the concentration–time curve 
over 24 h (AUC​0–24) and concentration at the 
end of the 24-h dosing interval (C24) for DTG 
and AUC​0–24 for ABC and 3TC] for each drug 
along with safety outcomes. The GM C24 target 
range for DTG was 0.697–2.26 µg/ml, and the 
target GM AUC​0–24 was 37–134 µg*h/ml. This 
DTG target range was selected based on adult 
PK data and is similar to ranges used in prior 
pediatric studies [15]. For ABC, the GM AUC​0–24 
target range was 6.3–50.4 µg*h/’ml, and the 3TC 
GM AUC​0–24 target range was 6.3–26.5 µg*h/ml. 
These ABC and 3TC targets were selected based 
on the lower and upper bound of the 90% CIs 
for predicted exposures with administration 
once per day in children with HIV [14].

Plasma PK samples were analyzed using vali-
dated reverse-phase high-performance liquid 
chromatography paired with tandem mass 
spectrometry (MS/MS). The lower limit of 
quantification (LOQ) in plasma was 5 ng/ml, 
and the upper limit of quantification (ULOQ) 
was 10,000 ng/ml for all the three components 
(DTG, ABC, 3TC). In addition, ABC samples 
below LOQ (5 ng/ml) were further analyzed 
using a separate ultra-sensitive method with 
an LOQ in plasma of 50 pg/ml and a ULOQ of 
10,000 pg/ml.

PK Modeling Methods

Description of Established Pediatric PopPK 
Models for ABC, DTG, and 3TC

The PopPK analysis was performed using NON-
MEM software, version 7.3.0 (ICON Develop-
ment Solutions), and run management was 
performed using Pirana (version 2.9.7). All 
post-processing diagnostic plots, simulations, 
post hoc analysis dataset preparation, calcula-
tions of secondary PK parameters, and summary 

statistics were performed using R (version 3.5.1) 
with RStudio (version 1.1 463). The established 
pediatric PopPK models for each single entity 
(ABC, DTG, and 3TC) were previously developed 
with pooled rich pediatric data. These existing 
PopPK models were previously used to support 
the current dosing of each constituent com-
pound in pediatrics. [15, 16]. A brief description 
of each of the models is provided in the follow-
ing sections.

ABC Pediatric PopPK Model

The existing ABC PopPK model was a pooled 
analysis combining six clinical studies[16]. 
PopPK parameters from this model are presented 
in Table 1. Plasma ABC exposure following oral 
dosing in pediatric participants (n = 169) aged 
5 months to 13 years of age (4.6–61.3 kg) was 
well described by a two-compartment model, 
with IIV on (CL/F), apparent volume of distri-
bution of the central compartment (V2/F) and 
apparent peripheral compartment volume of dis-
tribution (V3/F), intercompartmental clearance 
(Q/F), and IOV on CL/F. Weight was a significant 
covariate on CL/F and V/F. A study-specific rela-
tive bioavailability term (F1) was included in the 
model to describe substantially higher observed 
exposure in the ARROW Substudy Part 2 com-
pared to other studies despite administration of 
similar doses/formulations [16].

DTG Pediatric PopPK Model

The existing DTG model was a pooled analy-
sis combining two clinical studies [15]. PopPK 
parameters from this model are presented in 
Table 2. Plasma DTG exposure in pediatric par-
ticipants (n = 239) aged 2 months to 18 years 
of age (3.9–91.0 kg) was well described by a 
one-compartment PK model with first-order 
absorption and first-order elimination, with 
interindividual variability (IIV) on apparent 
clearance (CL/F), apparent volume of distribu-
tion (V/F), and absorption rate constant (Ka) 
[15]. The PopPK model accounts for differences 
in bioavailability across formulations and the 
impact of food on DTG exposures. CL/F and 
V/F were allometrically scaled for body weight, 
respectively, with exponent estimates of 0.455 
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and 0.556. Inter-occasion variability (IOV) was 
added to CL/F and Ka. In addition, an enzyme 
maturation function was applied to CL/F, 
where half-maximal maturation was 52 weeks 
post-menstrual age (12 weeks post-natal age) 

[17]. No other covariates were identified in the 
model.

3TC Pediatric PopPK Model

The existing 3TC model was a pooled analy-
sis combining six clinical studies [16]. PopPK 
parameters from this model are presented in 
Table 3. The plasma 3TC exposure after oral 
administration in pediatric participants (n = 209) 
aged 4 months to 19 years of age (3.1–66.4 kg) 
was well described by a one-compartment model 
with first-order absorption and first-order elimi-
nation. A lag time (ALAG1) for absorption also 
was included. IIV and IOV were estimated for 
CL/F, V/F, and Ka [16]. Weight was a significant 
covariate on CL/F and V/F. A higher absolute 
bioavailability (F1) estimate was identified for 
solid dosage forms (tablet and capsule) than for 
the oral solution, consistent with the results of 
a 3TC relative bioavailability study conducted 
in children [18].

External Model Validation Approach

An external model validation was applied to 
evaluate the adequacy of the existing pediat-
ric PopPK models to describe the PK and vari-
ability in pediatric participants receiving ABC/
DTG/3TC DT and tablet in the IMPAACT 2019 
study. A sequential modeling approach was 
employed. The existing pediatric PopPK mod-
els were applied to the PK dataset from the 
IMPAACT 2019 study without re-estimating 
PopPK parameters (using the MAXEVAL = 0 
option in NONMEM). The predictive perfor-
mance of these existing pediatric PopPK models 
was evaluated using standard goodness-of-fit 
(GOF) plots. Simulation-based diagnostics were 
also used, including visual predictive checks 
(VPC) and normalized prediction distribution 
error (NPDE).

Assessment of Predictive Performance 
of Existing Models

The previously developed individual pediatric 
PopPK models were used to compute individ-
ual predictions of AUC​0–24, maximum observed 
concentration (Cmax), and C24 for each of the 

Table 1   Previously reported ABC pediatric PopPK 
parameter estimates

Further details about covariance matrix and full model can 
be found in [16]
%RSE percent relative standard error; IOV inter-occasion 
variability

Parameters Point 
estimate 
(%RSE)

Apparent clearance, CL/F [L/h] 16.3 (3.62)

Apparent central volume of distribution, 
V2/F [l]

10.1(7.56)

Absorption rate constant, KA [h−1] 0.85 
(2.31)

Intercompartment clearance, Q/F [l/h] 1.69 
(7.87)

Apparent peripheral compartment volume of 
distribution, V3/F [l]

23.0 
(17.4)

F, tablet ARROW PK Substudy Part 2 1.62 
(8.02)

F, solution ARROW PK Substudy Part 2 1.75 
(8.23)

CL/F ~ (WT/15.6) 0.794 FIX

V/2F ~ (WT/15.6) 0.698 FIX

Interindividual variability CV%

Q/F 67.9

V2/F 51.9

V3/F 91.9

CL/F 36.3

Interoccasion variability

IOV-CL/F 29.2

Residual error
Proportional error 37.5%
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individual components of ABC/DTG/ 3TC FDC 
(DT and tablet) following a steady-state dose 
for each participant included in the IMPAACT 
2019 PopPK analysis. The individual estimates 
of all model parameters were obtained from the 
final models by an empirical Bayes estimation 
method (post hoc estimates from NONMEM). 
Individual estimates of AUC​0–24, (Cmax), and C24 
were obtained by simulating the steady-state 
concentration-time profiles (concentrations sim-
ulated at 0, 1, 2, 3, 4, 6, 8, and 24 h) using post 
hoc PK parameter estimates for each individual. 
The PK parameters AUC​0–24 (calculated by linear 
up/log down trapezoidal rule), Cmax, and C24, 
and their summary statistics were computed and 
stratified by weight bands (all weights bands ≥ 6 
to < 10 kg, ≥ 10 to < 14 kg, ≥ 14 to < 20 kg, ≥ 20 
to < 25 kg, ≥ 25 to < 40 kg) using R version 3.2.5. 
These mode1-based, steady-state, post hoc PK 
parameters were compared with NCA PK param-
eters [14] to assess the predictive performance of 
the previous pediatric PopPK models.

Clinical Trial Simulations

Model simulations were performed to evaluate 
the appropriateness of ABC/DTG/3TC DT and 

Table 2   Previously reported DTG pediatric PopPK 
parameter estimates

Parameters Point estimate (%RSE)

Apparent clearance, CL/F 
[l/h]

1.03 (2.31)

Apparent central volume of 
distribution, V/F [l]

13.6 (2.42)

Absorption rate constant, 
KA, FCT [h−1]

0.854 (11.2)

Absorption rate constant, 
KA ~ DT and granules 
[h−1]

2.04 (15.7)

F, fasted FCT 1.00

F, without regard to food 
FCT

1.10 (3.03)

F, fasted DT/granules 1.53 (3.26)

CL/F ~ (WT/70) 0.455 (4.15)

V/F ~ (WT/70) 0.556 (3.87)

CL/F ~ maturation func-
tion (FMAT)

Maturation half time, 
TM50 [PMA weeks]

52.2 FIX

Hill coefficient related to 
the slope of the enzyme 
maturation process

3.43 FIX

Interindividual variability CV%

CL/F 29.4

V/F 26.4

KA 107

Interoccasion variability

IOV-CL/F 33.9

IOV-KA 91.7

Residual error

Proportional error study 
P1093

28.6%

Additive error (μg/ml), 
study P1093

0.00164

Table 2   continued

Parameters Point estimate (%RSE)

Proportional error ODYS-
SEY

11.1%

Additive error study (μg/
ml), ODYSSEY

0.090

DT dispersible tablet; FCT film coated tablet; PMA post-
natal age; PMA post-menstrual age
FMAT = (PMAHILL/(PMAHILL + TM50HILL); PMA 
(weeks) = PNA (years)*52 (weeks) + 40 (weeks). Further 
details about covariance matrix and full model can be 
found in the reference [15]
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tablet dosing regimen in the pediatric popu-
lation. The simulations aimed at confirming 
the anticipated exposure across a wider range 
of body weights and age ranges. The DTG, 
ABC, and 3TC concentrations were predicted 
at 0, 1, 2, 3, 4, 6, 8, and 24 h following steady-
state weight-based once-daily doses of ABC/
DTG/3TC DT and tablet. Based on the CDC 
growth charts, pediatric population distribu-
tions corresponding to weight bands were con-
structed. The simulated clinical trial popula-
tion consisted of 1000 participants, with 200 
participants in each weight band, ensuring 
even distribution of the weights and ages in 
the simulation [15]. In total, 1000 replicate tri-
als were simulated of 1000 participants with 
the once-daily ABC/DTG/3TC dosing regimen, 
and plasma AUC​0–24, Cmax, and C24 were calcu-
lated for each of the individual drugs.

RESULTS

Summary of Samples and Demographics

There were 57 participants enrolled in the 
IMPAACT 2019 study, and 35 participants (7 
in each weight band) provided dose-evaluable 
intensive PK samples. Of these 57 participants, 
2 (one in the ≥ 6 to < 10 kg weight band and the 
other in the ≥ 10 to < 14 kg weight band) discon-
tinued the study during the first week because 
of palatability issues. A total of 55 participants 
contributed 590 ABC, 598 DTG, and 597 3TC 
intensive and sparse PK samples in the cur-
rent population PK analysis. A summary of the 
demographics of the entire dataset is provided 
in Table S2. The median (min–max) baseline age 
across the 55 participants was 6.0 (1.00–11.0) 
years, and weight was 17.00 (8.15–39.30) kg, 
with an approximately similar proportion of 
the population being female (45.5%) and male 
(54.5%). Most of the population was Black 
(67%), with 31% Asians and the remaining 2% 
from all remaining race groups.

Table 3   Previously reported 3TC pediatric PopPK param-
eter estimates

Further details about covariance matrix and full model can 
be found in [16]

Parameters Point 
estimate 
(%RSE)

Absorption rate constant, KA [h−1] 2.08 (9.76)

Lag time ALAG1 (h) 0.297 
(12.1)

Apparent central volume of distribution, V/F 
[l]

23.1 
(4.68)

Apparent clearance, CL/F [l/h] 9.16 
(4.49)

Absolute bioavailability (F1) solution PO 0.496 
(5.36)

Absolute bioavailability (F1) tablet PO 0.609 
(5.35)

CL/F ~ (WT/18.5) 0.758 
(7.07)

VL/F ~ (WT/18.5) 0.677 
(8.98)

Weighing factor for residual error 4.72 
(7.22)

Interindividual variability CV%

CL/F 28.6

V/F 32.7

KA 76.5

Interoccasion variability

IOV-CL/F 24.9

IOV-V/F 60.0

IOVKA 19.7

Residual error
Additive error [mg/l] 0.003
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Evaluation of ABC Pediatric PopPK Model 
and Simulations

The previously developed ABC pediatric PopPK 
model successfully predicted the IMPAACT 
2019 ABC PK data without re-estimating PopPK 
parameters. The VPC (Fig. 2A) and GOF plots 
(Figure  S1) for the ABC model showed good 
agreement between the observed and predicted 
concentrations. The plots showed some over-
prediction of variability, likely due to the lower 
number of participants in each weight band in 
the IMPAACT 2019 study. There was a slight 
model misspecification, especially with some of 
the sparse PK data (Fig. S1). The observed ABC 
PK data in the IMPAACT 2019 study fell mostly 
within the 95% prediction interval (Fig. 2A). 
There was some overprediction of ABC trough 
concentrations. However, as the absolute differ-
ence was relatively small, this was not expected 
to have any significant impact on AUC​0–24, 
which is the primary marker for the antiviral 
activity of ABC [19–21]. Overall, the previously 
developed pediatric ABC PopPK model captured 
the central tendency of data, and its perfor-
mance was considered acceptable for the cur-
rent analysis.

The individual AUC​0–24 post hoc estimates 
obtained from the model by an empirical 
Bayes estimation method showed parameters 
were comparable to the observed NCA PK 
parameters and were within the variability of 
the parameter estimates for each weight band 
(Fig. 2B). While the model accurately predicted 
AUC​0–24 and Cmax, trough (C24) concentrations 
were slightly overpredicted (Table  S3) [14]. 
However, this was considered not to be clini-
cally relevant for NRTI drugs such as ABC since 
the plasma AUC​0–24 is a significant PK param-
eter that correlates with HIV viral RNA suppres-
sion [19–21]. In addition, the ABC exposures 
observed in IMPAACT 2019 are comparable to 
the historical ABC pediatric and adult PK data 
and were within the pre-defined target range. 
Overall, the ABC PopPK model predicted the 
observed data well, and it was deemed appro-
priate for the purpose of clinical trial simula-
tions. The predicted ABC exposures with the 
proposed doses of ABC/DTG/3TC (DT and tab-
let formulations) across different weight bands 
based on the final PopPK model are provided in 
Table 4. The PK parameter estimates were com-
parable for all the weight bands and marginally 
increased in the ≥ 25 to < 40 kg weight band. 
This could be due to the fact that most par-
ticipants in this weight band (≥ 25 to < 40 kg) 

Fig. 2   A Visual predictive check for the ABC model 
and B non-compartmental analysis (NCA) calculated vs. 
model predicted individual post hoc ABC AUC​0–24 val-
ues with once daily ABC/DTG/3TC doses for pediatric 
patients (intensive PK population group only). A Blue 
circles: observed concentrations. Red solid and red dotted 
lines: median and 95% quantile of observed concentrations 

respectively; red and blue shaded areas: 95% confidence 
intervals of prediction median and 95% prediction inter-
vals. B Boxes represent median (central horizontal line), 
first quartile, and third quartile of the data. Vertical solid 
line through the middle of the boxes (whiskers) represents 
1.5*IQR. Red circles represent NCA, and cyan circles rep-
resent model predicted AUC​0–24 values
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were concentrated between 25 to 30 kg weight 
range. The higher ABC dosage they received 
(~ 20 mg/kg) might have led to slightly higher 
geometric means. However, the predicted GM 
AUC​0–24 ranges were consistent across the 
weight bands (14.89–18.50 µg*h/ml) for both 
DT and tablet formulations and were above 
the minimum target AUC​0–24 GM exposure of 
6.3 µg*h/ml. These proposed ABC/DTG/3TC 
FDC doses are expected to provide similar effi-
cacy as observed with the ABC single entity.

Evaluation of DTG Pediatric PopPK Model 
and Simulations

The previously developed DTG pediatric PopPK 
model successfully predicted the IMPAACT 2019 
PK data without re-estimating PopPK parame-
ters. The VPC (Fig. 3A) and GOF (Fig. S2) for the 
DTG model showed good agreement between 
observed and predicted concentrations. The plot 
showed that the data also were well predicted 
over time. However, there was some overpredic-
tion of variability, likely due to the relatively 
lower number of participants in each weight 
band in the IMPAACT 2019 study. Similar to the 

Table 4   Summary of simulated steady state PK parameters by weight band for ABC/DTG/3TC FDC dosing

AUC​0–24, Cmax and C24 presented as a GM (90% prediction interval). The GM C24 target range for DTG was 0.697–
2.26  µg/ml, and the target GM AUC​0–24 was 37–134  µg*h/ml. For ABC, the GM AUC​0–24 target range was 6.3–
50.4 µg*h/’ml, and the 3TC GM AUC​0–24 target range was 6.3–26.5 µg*h/ml

Weight bands Proposed daily dose Cmax
(µg/ml)

AUC​0–24
(µg*h/ml)

C24
(µg/ml)

ABC

 ≥ 6 to < 10 kg 180 mg DT 6.63 (2.84–14.96) 17.36 (6.66–43.70) 0.039 (0.003–0.344)

 ≥ 10 to < 14 kg 240 mg DT 6.66 (2.85–15.04) 16.66 (6.43–41.62) 0.027 (0.003–0.246)

 ≥ 14 to < 20 kg 300 mg DT 6.41 (2.71–14.71) 15.47 (5.94–39.12) 0.020 (0.003–0.178)

 ≥ 20 to < 25 kg 360 mg DT 6.31 (2.65–14.43) 14.89 (5.72–37.49) 0.016 (0.003–0.138)

 ≥ 25 kg to < 40 kg 600 mg tablet 8.06 (3.31–18.85) 18.50 (7.00–47.70) 0.014 (0.003–0.136)

DTG

 ≥ 6 to < 10 kg 15 mg DT 6.99 (3.83–13.05) 70.55 (30.5–166.4) 0.94 (0.13–4.60)

 ≥ 10 to < 14 kg 20 mg DT 6.88 (3.90–12.13) 65.36 (29.69–142.6) 0.74 (0.10–3.54)

 ≥ 14 to < 20 kg 25 mg DT 7.12 (4.03–12.59) 68.57 (31.33–150.4) 0.81 (0.11–3.78)

 ≥ 20 to < 25 kg 30 mg DT 7.42 (4.21–13.15) 72.36 (33.03–158.3) 0.88 (0.13–4.03)

 ≥ 25 kg to < 40 kg 50 mg tablet 6.24 (3.41–11.38) 66.75 (30.49–146.1) 0.95 (0.15–4.11)

3TC

 ≥ 6 to < 10 kg 90 mg DT 2.83 (1.43–5.48) 11.57 (5.82–22.36) 0.012 (0.003–0.132)

 ≥ 10 to < 14 kg 120 mg DT 2.84 (1.45–5.44) 11.40 (5.79–21.66) 0.0118 (0.003–0.127)

 ≥ 14 to < 20 kg 150 mg DT 2.74 (1.39–5.28) 10.78 (5.49–20.6) 0.0114 (0.003–0.121)

 ≥ 20 to < 25 kg 180 mg DT 2.70 (1.37–5.20) 10.50 (5.34–19.96) 0.0112 (0.003–0.119)
 ≥ 25 kg to < 40 kg 300 mg tablet 3.48 (1.73–6.80) 13.20 (6.59–25.65) 0.0115 (0.003–0.125)
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ABC model, there was a slight model misspeci-
fication (Fig. S2). The observed DTG PK data in 
the IMPACT 2019 study fell well within the 95% 
prediction interval (Fig. 3A). Overall, the model 
accurately predicted the data and was deemed 
appropriate for the current analysis. As a result, 
no model refitting was attempted for the DTG 
dataset.

The individual post hoc DTG C24 estimates 
were comparable to those observed from the 
NCA and were within the variability of the 
parameter estimates for all the weight bands 
(Fig. 3B) [14]. In addition, the DTG exposures 
observed in IMPAACT 2019 are comparable to 
historical DTG pediatric and adult PK data and 
within the pre-defined target range. Overall, 
the previously developed DTG pediatric PopPK 
model successfully predicted the observed data 
and was deemed appropriate for the subsequent 
clinical trial simulations (Table S4). The pre-
dicted DTG exposures with the proposed doses 
of ABC/DTG/3TC (DT and tablet formulations) 
across different weight bands based on the DTG 
pediatric PopPK model are provided in Table 4. 
The predicted GM C24 ranges were consistent 
across the weight bands (0.74–0.95  µg /ml) 
for both DT and tablet formulations and were 
above the minimum target GM concentration 
of 0.697 µg/ml. Similarly, GM AUC​0–24 ranges 

ranged from 65.36 to 72.36 µg *h/ml across the 
weight bands, well above the minimum target 
GM exposure of 37 µg*h/ml [14]. These ABC/
DTG/3TC FDC doses are expected to provide 
similar efficacy as observed with DTG single 
entity since exposures are similar.

Evaluation of 3TC Pediatric PopPK Model 
and Simulations

The previously developed 3TC pediatric PopPK 
model successfully predicted the IMPAACT 2019 
PK data without re-estimating PopPK parame-
ters. The VPC (Fig. 4A) and GOF plots (Fig. S3) 
for 3TC show good agreement between observed 
and predicted concentrations. There was some 
mismatch in the lower concentration range at 
the end of the dosing interval. However, as this 
only occurs at the end of the dosing interval 
where concentrations are low, this does not sig-
nificantly affect the predictions of the overall 
exposure. Similar to the other two components 
(ABC and DTG), there was a slight model mis-
specification, especially with some of the sparse 
PK data. As the VPC plot shows, overall observed 
3TC PK data in the IMPAACT 2019 study mainly 
fell within the 95% prediction interval (Fig. 4A). 
This indicates that the model can reliably be 

Fig. 3   A Visual predictive check for the DTG model and 
B NCA calculated vs model predicted individual post 
hoc DTG C24 values with once-daily ABC/DTG/3TC 
doses for pediatric patients (intensive PK population 
group only). A Blue circles: observed concentrations. Red 
solid and red dotted lines: median and 95% quantile of 
observed concentrations respectively; red and blue shaded 

areas: 95% confidence intervals of prediction median and 
95% prediction intervals. B Boxes represent median (cen-
tral horizontal line), first quartile, and third quartile of the 
data. Vertical solid line through the middle of the boxes 
(whiskers) represents 1.5*IQR. Red circles represent NCA, 
and cyan circles represent model predicted C24 values
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used for making predictions and considered 
adequate for this analysis.

The individual 3TC AUC​0–24 post hoc esti-
mates were comparable to the observed NCA 
data and were within the variability of the 
parameter estimates for all the weight bands 
(Fig.  4B). While the model accurately pre-
dicted AUC​0–24 and Cmax, some deviations were 
observed for trough (C24) concentrations, as 
it was slightly underpredicted (Table S5) [14]. 
However, this was considered not clinically 
relevant because for NRTI drug such as 3TC, 
AUC​0–24 is the best predictor of antiviral activ-
ity similar to ABC [19–21]. In addition, the 3TC 
exposures observed in IMPAACT 2019 are com-
parable to the historical 3TC pediatric and adult 
PK data and were within the pre-defined target 
range. Overall, the previously developed 3TC 
pediatric PopPK model successfully predicted 
the observed data and was deemed appropriate 
for subsequent clinical trial simulation. Based 
on the final model, the predicted 3TC exposures 
with the proposed doses of DTG/ABC/3TC (DT 
and tablet formulations) across different weight 
bands are provided in Table 4. The PK estimates 
were consistent across the different weight bands 
and demonstrated that the previously developed 
3TC pediatric PopPK model could predict PK 
exposure in IMPAACT 2019 participants with 

ABC/DTG/3TC dosing. The 3TC PK exposures 
observed in IMPAACT 2019 were higher com-
pared to the simulated data, primarily in the ≥ 25 
to < 40 kg weight band, which might be because 
actual participants enrolled in this weight 
band were concentrated between the 25–30 kg 
weight range. The higher dosage they received 
(~ 10 mg/kg) might have led to slightly higher 
exposure. However, the predicted GM AUC​0–24 
ranges were consistent across the weight bands 
(10.50–13.20 µg*h/ml) for both DT and tablet 
formulations. They exceeded the minimum tar-
get AUC​0–24 GM exposure of 6.3 µg*h/ml. These 
proposed ABC/DTG/3TC FDC doses are expected 
to provide similar efficacy as observed with 3TC 
single entity.

DISCUSSION

Pediatric programs for HIV center around the 
primary objective of exposure matching through 
PK analysis. This IMPAACT 2019 study included 
PK as a primary objective. Since the sample size 
was small, the anticipated safety and efficacy in 
children can be extrapolated from adults based 
on exposure matching. In addition, respective 
single entities have already been approved in 

Fig. 4   A Visual predictive check for the 3TC model and 
B NCA calculated vs. model predicted individual post hoc 
3TC AUC​0–24 values with once daily ABC/DTG/3TC 
doses for pediatric patients (intensive PK population 
group only). A Blue circles: observed concentrations. Red 
solid and red dotted lines: median and 95% quantile of 
observed concentrations, respectively; red and blue shaded 

areas: 95% confidence intervals of prediction median and 
95% prediction intervals. B Boxes represent median (cen-
tral horizontal line), first quartile, and third quartile of the 
data; vertical solid line through the middle of the boxes 
(whiskers) represents 1.5*IQR, red circles represent NCA, 
and cyan circles represent model predicted AUC​0–24 values
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pediatrics in the same weight group, establishing 
expected efficacy and safety at the given target 
exposures. Thus, not only can the exposure be 
matched with those observed as safe and effi-
cacious in adults but also with those that have 
already been observed to be safe and efficacious 
in pediatrics is critical. Given the smaller sample 
size in each of the weight bands and having the 
majority of participants provide sparse PK sam-
ples, the used model-based approach was essen-
tial to achieve an understanding of the potential 
variability in PK and reduced the uncertainty 
of predicting exposures in a larger number of 
pediatric patients as provided in the clinical trial 
simulations, as opposed to direct extrapolation 
of observed exposures.

The present study modeled the PK of ABC, 
DTG, and 3TC after administering a once-daily 
FDC dose (DT or tablet) to pediatric participants 
with HIV-1. Its purpose was to leverage exist-
ing pediatric ABC, DTG, and 3TC PK models 
which have been used previously for regulatory 
approval of the individual drugs. These models 
were developed using extensive pediatric data 
across different weight ranges (4.6–61.3 kg for 
ABC, 3.90–91.0 kg for DTG, and 5.1–66.4 kg for 
3TC) and using several different formulations. 
These models were used to predict observed 
concentrations in pediatric participants (≥ 6 
to < 40 kg) receiving ABC/DTG/3TC DT and tab-
let formulations in the IMPAACT 2019 study. 
These models were applied to the individual 
IMPAACT 2019 data without re-estimation of 
PopPK parameters. The GOF and VPC plots dem-
onstrated that the models sufficiently describe 
and predict the plasma drug concentration data. 
As the models could adequately predict the 
observed data and PK parameters, it was unnec-
essary to re-evaluate covariate relationships or 
develop new PopPK models specifically for the 
IMPAACT 2019 data.

The post hoc PK parameter estimates were 
comparable to the NCA PK parameter estimates. 
They were also within the target exposure range 
for the most critical exposure metrics defined in 
the study protocol based on observed PK of the 
single entity in adult and pediatric populations 
(DTG: C24 and AUC​0–24, ABC + 3TC: AUC​0–24).

ABC, DTG, and 3TC PK exposures follow-
ing once-daily ABC/DTG/3TC DT and tablet 

dosing were comparable to those observed in 
children and adults with single entities, sup-
porting extrapolation of adult efficacy data 
[16, 22–26]. This is further supported by weight 
band-based PK simulations (Table 4). The pre-
dicted exposures for each of the single entities 
were also within the target exposure range in 
pediatrics, providing further support for the use 
of FDC formulation in a larger pediatric popula-
tion. The ABC/DTG/3TC FDC doses evaluated 
in IMPAACT 2019 are expected to provide safety 
and efficacy similar to those observed in the sin-
gle-entity studies.

CONCLUSIONS

This model-based approach allowed leverag-
ing existing pediatric data and models, which 
included the weight range (≥ 6 to < 40 kg) to 
confirm the ABC/DTG/3TC doses in the pedi-
atric population for the DT and tablet formu-
lations. Overall, the modeling and simulation, 
along with IMPAACT 2019 data, support the 
once-daily administration of ABC/DTG/3TC 
DTs to children living with HIV-1 weighing ≥ 6 
to < 25 kg and ABC/DTG/3TC tablets to pediatric 
patients weighing at least 25 kg.
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