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Abstract
Background and Objective HIV treatment options remain limited in children. Dolutegravir is a potent and well-tolerated, once-
daily HIV-1 integrase inhibitor recommended for HIV-1 infection in both adults and children down to 4 weeks of age. To support 
pediatric dosing of dolutegravir in children, we used a population pharmacokinetic model with dolutegravir data from the P1093 
and ODYSSEY clinical trials. The relationship between dolutegravir exposure and selected safety endpoints was also evaluated.
Methods A population pharmacokinetic model was developed with data from P1093 and ODYSSEY to characterize the 
pharmacokinetics and associated variability and to evaluate the impact of pharmacokinetic covariates. The final popula-
tion pharmacokinetic model simulated exposures across weight bands, doses, and formulations that were compared with 
established adult reference data. Exploratory exposure–safety analyses evaluated the relationship between dolutegravir 
pharmacokinetic parameters and selected clinical laboratory parameters and adverse events.
Results A total of N = 239 participants were included, baseline age ranged from 0.1 to 17.5 years, weight ranged from 3.9 to 91 
kg, 50% were male, and 80% were black. The final population pharmacokinetic model was a one-compartment model with first-
order absorption and elimination, enabling predictions of dolutegravir concentrations in the pediatric population across weight 
bands and doses/formulations. The predicted geometric mean trough concentration was comparable to the adult value following 
a 50-mg daily dose of dolutegravir for all weight bands at recommended doses. Body weight, age, and formulation were signifi-
cant predictors of dolutegravir pharmacokinetics in pediatrics. Additionally, during an exploratory exposure–safety analysis, no 
correlation was found between dolutegravir exposure and selected safety endpoints or adverse events.
Conclusions The dolutegravir dosing in children ≥ 4 weeks of age on an age/weight-band basis provides comparable expo-
sures to those historically observed in adults. Observed pharmacokinetic variability was higher in this pediatric population 
and no additional safety concerns were observed. These results support the weight-banded dosing of dolutegravir in pediatric 
participants currently recommended by the World Health Organization.

Extended author information available on the last page of the article

1 Introduction

Despite a decline in HIV incidence in recent years, approxi-
mately 1.7 million children less than 15 years of age were 
living with HIV worldwide in 2020, and only 54% were 
accessing antiretroviral therapy (ART) [1]. A barrier to 
effective treatment of children has been the limited number 
of antiretroviral agents available, with few optimal formu-
lations and pharmacokinetic (PK) data across pediatric age 
and weight groups [2, 3].

Dolutegravir (DTG) is a once-daily (QD), integrase strand 
transfer inhibitor of HIV-1 integrase that has demonstrated 
good safety, tolerability, and efficacy in trials of treatment-
naïve and experienced HIV-1-infected adults [4, 5]. In the 
European Union, the USA, and many other countries, DTG 
formulations (10-mg, 25-mg, and 50-mg film-coated tablets 
[FCT] and 5-mg dispersible tablets [DT]) are approved for 
adults and for pediatric patients weighing at least 3 kg and 
≥ 4 weeks of age [6, 7]. Additionally, the World Health 
Organization (WHO) has recently updated their guidelines 
to include the use of DTG as a first-line and second-line 
ART in adolescents, children, and infants [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-023-01289-5&domain=pdf
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Key Points 

Nearly half of all children living with HIV aged < 15 
years do not have access to antiretroviral therapy owing 
in part to the limited number of optimal antiretroviral 
formulations available and the lack of pharmacokinetic 
data across age and weight groups.

A population pharmacokinetic model using dolutegra-
vir data from the P1093 and ODYSSEY clinical trials 
identified optimal doses of dolutegravir for children aged 
≥ 4 weeks and weighing ≥ 3 kg using the World Health 
Organization weight bands.

These results enable seamless dosing between infants 
and adults and reduce dissimilarities between the US 
Food and Drug Administration-approved and European 
Medicines Agency-approved weight-based dosing regi-
mens.

Two pediatric studies generated individual PK data in 
children with DTG FCT and DT formulations. The Inter-
national Maternal Pediatric Adolescent AIDS Clinical 
Trials (IMPAACT) Network P1093 study, a phase I/II, 
multicenter, open-label, single-arm trial of HIV-1-infected 
children and adolescents aged 4 weeks to < 18 years who 
were either treatment naïve or treatment experienced [8, 9] 
and the ODYSSEY Study conducted by PENTA (Paediatric 
European Network for the Treatment of AIDS), a phase II/
III, multicenter, open-label, randomized, non-inferiority, 
two-arm trial comparing the efficacy and safety of DTG 
plus two nucleoside reverse transcriptase inhibitors versus 
standard of care in HIV-infected children aged at least 28 
days and < 18 years starting first-line ART or switching 
to second-line ART [10, 11]. The ODYSSEY study also 
included nested PK sub-studies to evaluate DTG dosing. 
Both the IMPAACT and PENTA networks bring together 
investigators, institutions, and representatives from around 
the globe to conduct trials focused on the treatment and 
prevention of HIV in children and pregnant women [12, 13].

An initial population PK (PopPK) analysis of DTG after 
oral administration in pediatric participants of 6 to < 18 
years from P1093 led to the approval of DTG for use in pedi-
atric patients weighing ≥ 30 kg in the USA and ≥ 14 kg in 
the European Union [14]. For the analysis presented here, all 
available data from P1093 and ODYSSEY as of the cut-off 
dates of 30 April, 2019 and 28 February, 2019, respectively, 
were combined to update this previously existing model. A 
population approach was used to characterize DTG pharma-
cokinetics and safety in pediatric patients weighing ≥ 3 kg 
and aged at least 4 weeks to < 18 years who were assigned to 
various DTG doses/formulations in treatment cohorts based 

on age and weight. This PopPK analysis was conducted to 
support pediatric dosing regimens for DTG for both FCT 
and DT formulations using the WHO-defined weight bands 
to achieve DTG exposures similar to adults. Explora-
tory exposure–safety analyses evaluating the relationship 
between DTG exposure and clinical laboratory parameters 
and adverse events (AEs) were also performed. These results 
were intended to support the regulatory approval of DTG 
down to 3 kg, and also to inform further on DTG fixed-
dose combination approvals for pediatric populations in the 
future.

2  Methods

2.1  Ethics

The P1093 and ODYSSEY trials were designed in accord-
ance with the International Council for Harmonization, 
Good Clinical Practice guidelines, and applicable country-
specific requirements, and abided by the ethical principles of 
the Declaration of Helsinki. Informed consent was obtained 
from all participants prior to screening. The trial protocol, 
amendments, and informed consent forms were reviewed 
and approved by institutional review boards and national 
authorities.

2.2  Trial Design and Population

All participants in P1093 received DTG in combination with 
optimized background therapy that consisted of at least one 
fully active drug and one additional drug in addition to DTG. 
Trial enrollment initially occurred sequentially in age-spe-
cific cohorts starting with 12 to < 18 years of age (Cohort I, 
FCT), followed by 6 to < 12 years of age (Cohort IIA, FCT; 
Cohort IIB, granules), 2 to < 6 years of age (Cohort III, 
granules and DT), 6 months to < 2 years of age (Cohort IV, 
granules and DT), and 4 weeks to < 6 months of age (Cohort 
V, DT). Because of increasing international recommenda-
tions for pediatric dosing independent of age, enrollment 
of participants to analyze data by WHO weight bands was 
ultimately incorporated for the youngest participants, from 
3 to < 20 kg [8, 9, 15].

The ODYSSEY study included both treatment-naïve and 
treatment-experienced participants, with slightly less than 
half starting first-line ART and slightly more than half start-
ing second-line ART. Of those randomized to standard of 
care, the majority receiving first-line ART were on an efa-
virenz-based regimen while those randomized to standard of 
care receiving second-line ART were on a protease inhibi-
tor-based regimen. A WHO-weight band approach was used 
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from the beginning and the PK sub-studies evaluating DTG 
dosing for children ranged from 3 to < 40 kg [10, 11, 16, 17].

In P1093, intensive PK samples were collected (pre-dose, 
1, 2, 3, 4, 6, 8, and 24 h post-dose) over a single day on study 
days 5–10 from a subset of at least eight participants within 
each WHO weight band (Fig. S1 of the Electronic Supple-
mentary Material [ESM]). Weight-based fixed doses of QD 
DTG FCT, granule, or DT formulations were administered 
under fasting conditions. Sparse PK samples were collected 
from all participants at week 4 (pre-dose and 2–4 h post-
dose), week 12 (any time post-dose), and week 24 (2 sam-
ples 2 h apart between 12 and 26 h post-dose); and sparse 
PK samples were collected from participants receiving any 
of the three formulations and irrespective of food intake. A 
subset of children from the ODYSSEY trial were enrolled 
in two PK sub-studies to evaluate the dosing of DTG FCT 
and DT across WHO weight bands. Several dose concentra-
tions were tested, with the overall aim to reduce the number 
of doses and dosage form strengths (i.e., to support the use 
of 5-mg DT and 50-mg FCT strengths only) and to achieve 
exposures similar to adults. In P1093, dose adjustments were 
implemented for new enrollees and those under study in 
cases where initial PK results showed suboptimal exposure. 
Dolutegravir was administered QD under fasting conditions, 
and DTG PK samples were collected at baseline (pre-dose) 
and 1, 2, 3, 4, 6, and 24 h post-dose. Dolutegravir plasma 
concentrations were quantified using liquid chromatography 
with tandem mass spectrometry [18, 19]. The lower limit 
of quantification of DTG in plasma was 5 ng/mL for P1093 
and 9.7 ng/mL for ODYSSEY. For this PopPK analysis, the 
PK population (239 participants) comprised all participants 
from whom a PK sample was obtained and analyzed for 
DTG and for which the time of dosing and the time of the 
PK sample draw relative to dosing were recorded.

The safety population included 151 participants from 
P1093 and 88 participants from ODYSSEY. For both stud-
ies, safety assessments included monitoring and recording 
of AEs, serious AEs, and laboratory parameters including 
hematology, fasting lipid profile, and blood chemistry. In 
P1093, AEs, hematology, and blood chemistry were collected 
at screening, day 0, days 5–10 in the intensive PK subset, or 
day 10 for all other participants, and at weeks 4, 8, 12, 16, 
24, 32, 40, and 48. Fasting lipids were collected at screening 
and at weeks 24 and 48 in all participants. In ODYSSEY, 
AEs were collected at weeks 2, 4, 12, 24, 36, 48, 60, 72, 84, 
and 96. Biochemistry and hematology assessments were col-
lected at screening, day 0, and weeks 2 (for all participants 
3 to < 14 kg and optional for ≥ 14 kg), 4, 24, 48, 72, and 96 
weeks. Additional assessments at weeks 12, 36, 60, and 84 
were optional. Fasting lipids and glucose assessments were 
mandated on day 0 and at weeks 48 and 96 and optional 
at week 24. For both studies, AEs (clinical and laboratory) 
were graded using the Division of AIDS toxicity grading 

scale with modification for neutropenia based on differences 
observed for normal neutrophil counts by race [20, 21].

2.3  PK Modeling Methods

A PopPK analysis was performed using a nonlinear mixed-
effect modeling approach with NONMEM software version 
7.3.0 (ICON, Gaithersburg, MD, USA) and the Monte Carlo 
Importance Sampling Expectation Maximization method as 
the estimation method. R version 3.2.0 was used as a support-
ing application for data handling, summary statistics, explora-
tory diagnostics, and simulations. An interim PopPK model 
for DTG was initially developed using partial data from P1093 
for children 6 to < 18 years of age [14]. The interim model, 
a one-compartment linear model with first-order absorption 
and elimination, was used as a starting point for development 
of the final model. Data from children who received granules 
were included in the models because studies in healthy adult 
volunteers have shown that the relative bioavailability of DT 
was comparable to granules at the same dose [22]. Covariates 
explored for the model included: age, body weight, serum 
albumin, serum alanine aminotransferase, serum creatinine, 
creatinine clearance, race, ethnicity, sex, emesis, hepatitis C 
or hepatitis B virus co-infection, Centers for Disease Control 
and Prevention (CDC) HIV classification for P1093 and WHO 
Clinical Staging of HIV for ODYSSEY, background ART, 
prior integrase inhibitor exposure, DTG formulation, fasted 
status versus without regard to food, and concomitant use 
of metal cation-containing products, ginkgo biloba use, and 
non-ART medications such as cytochrome P450 3A inhibitors 
and inducers, UGT1A1/1A3 inhibitors and inducers, P-glyco-
protein inhibitor, and inducers as data permitted. Covariates 
likely to change over time, such as body weight, age, liver 
function tests, kidney function, or concomitant medications, 
were evaluated as time-varying covariates. Model perfor-
mance was evaluated by goodness-of-fit plots and residual 
standard error of parameter estimates. The decrease in objec-
tive function value to establish statistical significance was ≥ 
6.64 for a single parameter in the forward addition step and < 
10.83 for a single parameter in the backward elimination step. 
To minimize variability due to dose differences, a prediction-
corrected visual predictive check (pcVPC) was performed for 
the final PopPK model.

The final PopPK model was used to compute individual 
estimates of steady-state exposure (area under the concentra-
tion–time curve from 0 to 24 h [AUC 0–24]), maximum con-
centration (Cmax), and trough concentration (C24) following 
repeat dosing of DTG included in the current PopPK analy-
sis. The individual estimates of all model parameters were 
obtained from the final model by an empirical Bayes esti-
mation. Individual estimates of PK parameters were calcu-
lated by non-compartmental methods. These estimates were 
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Table 1  Summary of 
demographics for subjects 
included in the dolutegravir 
population pharmacokinetic 
analysis

Covariate P1093 (N = 151) ODYSSEY (N = 88) Overall (N = 239)

Age (years) at baseline 5.42 (4.98) 7.84 (3.37) 6.31 (4.60)
Weight (kg) at baseline 21.4 (18.0) 20.6 (6.33) 21.1 (14.8)
Bilirubin (μmol/L) at baseline 5.19 (3.82) 4.64 (3.74) 4.99 (3.79)
Albumin (IU/L) at baseline 41.1 (4.62) – 41.1 (4.62)
ALT (IU/L) at baseline 31.7 (48.2) 25.5 (12.3) 29.4 (39.1)
SCR (mg/dL) at baseline 0.348 (0.151) 0.425 (0.153) 0.377 (0.156)
CrCL (mL/min/1.73  m2) at baseline 177 (50.6) 166 (52.7) 173 (51.5)
Sex
 Male 75 (49.7) 45 (51.1) 120 (50.2)
 Female 76 (50.3) 43 (48.9) 119 (49.8)

Race
 White 15 (9.9) – 15 (6.3)
 Black 102 (67.5) 88 (100) 190 (79.5)
 Asian 18 (11.9) – 18 (7.5)
 Other 9 (6) – 9 (3.8)
 Unknown 7 (4.6) – 7 (2.9)

Ethnicity
 Non-Hispanic or Latino 104 (68.9) – 104 (43.5)
 Hispanic or Latino 32 (21.2) – 32 (13.4)
 Unknown 15 (9.9) 88 (100) 103 (43.1)
 Emesis
 No emesis 151 (100) 85 (96.6) 236 (98.7)

Emesis – 3 (3.4) 3 (1.3)
Disease status
 Mildly/asymptomatic 87 (57.6) – 87 (36.4)
 Moderately 19 (12.6) – 19 (7.9)
 Severely 28 (18.5) – 28 (11.7)
 Stage 1 – 37 (42) 37 (15.5)
 Stage 2 – 36 (40.9) 36 (15.1)
 Stage 3 – 10 (11.4) 10 (4.2)
 Stage 3 > 13 years (no) 10 (6.6) – 10 (4.2)
 Stage 3 > 13 years (yes) 7 (4.6) – 7 (2.9)
 Stage 4 – 5 (5.7) 5 (2.1)

Metal cation-containing products
 Absent 123 (81.5) 88 (100) 211 (88.3)
 Present 45 (29.8) 14 (15.9) 59 (24.7)

CYP3A4 inhibitors
 Absent 151 (100) 88 (100) 239 (100)
 Present 6 (4) 10 (11.4) 16 (6.7)

CYP3A4 inducers
 Absent 151 (100) 88 (100) 239 (100)
 Present 1 (0.7) – 1 (0.4)

P-gP inhibitors
 Absent 150 (99.3) 88 (100) 238 (99.6)
 Present 6 (4) 1 (1.1) 7 (2.9)

PgP inducers
 Absent 151 (100) 88 (100) 239 (100)

UGT1A1 inhibitors
 Absent 151 (100) 88 (100) 239 (100)

UGT1A1 inducers
 Absent 151 (100) 88 (100) 239 (100)
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obtained by simulating steady-state intensive PK concentra-
tion–time profiles (concentrations simulated at 0, 1, 2, 3, 4, 
6, 8, and 24 h) following steady-state dosing using individ-
ual PK parameter values. Exposure targets for the pediatric 
population were predefined values comparable to respective 
adult exposures at 50 mg QD [15, 23–25]. The target for 
geometric mean C24 was 0.995 µg/mL with a target range 
of 0.697–2.260 µg/mL. The lower limit for individual C24 
was 0.500 µg/mL. The target geometric mean AUC 0–24 was 
46 µg‧h/mL with a target range of 37–134 µg‧h/mL. The 
primary PK target for matching with the adult-dose exposure 
was C24, and AUC 0–24 was secondary [15].

2.4  PK Simulation Methods

Simulations were performed to evaluate the appropriateness 
of DTG dosing regimens based on WHO weight bands and 
formulations. The concentration–time profiles were simulated 
by including intensive PK sampling timepoints. A total of 11 

weight band/formulation/dose combinations were evaluated 
for DTG QD dosing: 5-mg DT (3 to < 6 kg; ≥ 1 month), 
10-mg DT (6 to < 10 kg; ≥ 1 to < 6 months), 15-mg DT (6 
to < 10 kg; ≥ 6 months), 20-mg DT (10 to < 14 kg), 25-mg 
DT (14 to < 20 kg), 40-mg FCT (14 to < 20 kg), 30-mg DT 
(20 to < 25 kg), 50-mg FCT (20 to < 25 kg, 25 to < 30 kg, 
30 to < 35 kg, ≥ 35 kg). Two hundred participants (100 male 
and 100 female) were generated for each of the weight band/
dose combinations for a total of 2200 participants in the 
QD dosing simulation. The infantile CDC chart (up to 36 
months of age) was used to sample for the first three dose/
weight band categories and the pediatric CDC chart (from 
24 to 240 months of age) was used to sample the uniform 
distribution of age. The body weight of each subject was then 
derived according to the CDC Growth Chart. In addition to 
QD dosing, other simulation scenarios were explored (e.g., 
twice-daily [BID] dosing and alternate posology) to evaluate 
their impact on DTG exposure. The PK parameters AUC 0–24, 

Table 1  (continued) Covariate P1093 (N = 151) ODYSSEY (N = 88) Overall (N = 239)

 Present 1 (0.7) – 1 (0.4)
UGT1A3 inhibitors
Absent 151 (100) 88 (100) 239 (100)
UGT1A3 inducers
 Absent 151 (100) 88 (100) 239 (100)
 Prior exposure to INI 151 (100) 88 (100) 239 (100)

ART inducers
 Background absent 138 (91.4) 88 (100) 226 (94.6)
 Background present 28 (18.5) – 28 (11.7)

ART inducer levels
 Absent 138 (91.4) 88 (100) 226 (94.6)
 Mild inducer 21 (13.9) – 21 (8.8)

Moderate-to-strong inducer 7 (4.6) – 7 (2.9)
ART inhibitors
 Background absent 147 (97.4) 88 (100) 235 (98.3)
 Background present 12 (7.9) – 12 (5)

DTG formulation
 FCT 46 (30.5) 70 (79.5) 116 (48.5)
 Granules 39 (25.8) – 39 (16.3)
 DT 66 (43.7) 33 (37.5) 99 (41.4)
 Without regard to food/fasted
 Fasted 112 (74.2) 88 (100) 200 (83.7)
 Without regard to food 145 (96) – 145 (60.7)

Values listed are mean (standard deviation) for continuous variables or n (%) for categorical variables
ALT alanine aminotransferase, ART  background anti-retroviral therapy, CrCL creatinine clearance, CYP 
cytochrome P450, DTG dolutegravir, DT dispersible tablet, FCT film-coated tablet, INI integrase inhibi-
tors, PgP P-glycoprotein, SCR serum creatinine, UGT  UDP-glucuronosyltransferase
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Table 2  Parameter estimates for the final population pharmacokinetic model

CI confidence interval, CL/F apparent clearance, CV coefficient of variation, DT dispersible tablet, Etabar arithmetic mean of the η estimates 
and the p-value for the null hypothesis that the true mean is 0, F relative bioavailability, FCT film-coated tablet, Hill Hill coefficient related to 
the slope of this maturation process, IOV intra-occasion variability, KA absorption rate constant, Q/F apparent inter-compartmental clearance, 
Shr shrinkage, TM50 maturation half-time, V/F apparent volume, %RSE percent relative standard error of the estimate = SE*100; ω2

CL, ω2
V, and 

ω2
KA, variance of random effect of CL/F, V/F, and KA and Q/F, respectively

For inter-individual variability, if ω2 >0.15, CV% = 100*
√

e
�
2

− 1

The reference population is a 70-kg subject
a Parameters were taken from Anderson et al. and were used in the model with maturation function
Covariate relationships:
CL/F = 1.03 × (weight/70)0.455 × FMAT
Where FMAT = (PMAHILL/(PMAHILL+TM50HILL); and PMA (weeks) = PNA (years)*52 (weeks) + 40 (weeks)
V/F = 13.6 × (weight/70)0.556

KA (DT and granules) = 1.74 (95% CI 1.20–2.28), calculated as 0.854 × 2.04 (95% CI 0.854 × 1.41–0.854 × 2.67)
F, without regard to food, DT/Granules = 1.68 (1.47–0.91), calculated as 1.10*1.53 (95% CI 1.03 × 1.43–1.17*1.63)

Parameter [units] NONMEM estimates

Point estimate 95% CI %RSE

CL/F [L/h] 1.03 0.980–1.07 2.31
V/F [L] 13.6 13.0–14.3 2.42
KA, FCT  [h–1] 0.854 0.686–1.06 11.2
KA~DT and granules 2.04 1.41–2.67 15.7
F, fasted FCT 1.00 – –
F, without regard to food, FCT 1.10 1.03–1.17 3.03
F, fasted DT/granules 1.53 1.43–1.63 3.26
CL/F~WT 0.455 0.418–0.492 4.15
V/F~WT 0.556 0.514–0.598 3.87
TM50  [week]a 52.2 FIX – –
Hilla 3.43 FIX – –

Inter–individual variability Point estimate Etabar (SE) P-value CV% Shr%

ω2
CL 0.0863 0.00139 0.925 29.4 21.5

Covar ηCL, ηV 0.0499 – – R = 0.643 –
ω2

V 0.0698 0.000651 0.961 26.4 22.2
Covar ηCL, ηKA 0.0953 – – R = 0.372 –
Covar ηV, ηKA 0.138 – – R = 0.598 –
ω2

KA 0.762 − 0.00170 0.964 107 33.2
ω2

IOV,CL 0.115 0.0220 0.171 33.9 26.6
ω2

IOV,CL 0.115 0.0314 0.0409 – 29.8
ω2

IOV,CL 0.115 −0.0213 0.0835 – 43.8
ω2

IOV,CL 0.115 −0.0306 0.0183 – 40.7
ω2

IOV,KA 0.610 0.0868 0.00415 91.7 39.9
ω2

IOV,KA 0.610 0.000116 0.993 – 73.6

Residual variability Point estimate 95% CI %RSE CV% Shr%

Proportional error, P1093 0.0818 0.0695–0.0941 7.67 28.6 16.7
Additive error (µg/mL), P1093 0.00164 −0.00142 to 0.00470 95.1 SD = 0.0405 –
Proportional error, ODYSSEY 0.0123 0.00787–0.0167 18.4 11.1 16.3
Additive error (µg/mL), ODYSSEY 0.0900 0.0677–0.112 12.7 SD = 0.300 –
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Cmax, and C24 were determined by using non-compartmental 
methods and compared against pre-defined target exposures.

2.5  Exposure–Safety Analysis

The relationship between DTG and selected safety end-
points was explored by plotting DTG observed concen-
trations and model-derived exposure (Cmax and AUC 
0–24) against selected, time-matched clinical laboratory 
parameters. The following safety endpoints were explored: 
aspartate aminotransferase, alanine aminotransferase, total 
bilirubin, triglycerides, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, serum creatinine, urine 
albumin/creatinine ratio, bicarbonate blood level, creatine 
kinase, neutrophils, leukocytes, and hemoglobin. To explore 
the relationship between DTG and AEs, a logistic regres-
sion model was fit to the data, and a maximum effect func-
tion was used on the logit scale to assess the probability of 
the absence or presence of selected AEs given a particular 

exposure to dolutegravir. The following AEs were included 
in the analysis: insomnia, abnormal dreams, depression, 
suicidality, dizziness, headache, nausea, diarrhea, abdomi-
nal pain, abdominal discomfort, flatulence, upper abdomi-
nal pain, vomiting, rash, vertigo, cough, decreased appe-
tite, immune reconstitution inflammatory syndrome, and 
jaundice/icterus.

3  Results

3.1  Summary of Samples and Demographics

A total of 240 participants provided 2714 PK plasma con-
centrations. Of the 2714 plasma concentrations, 64 were 
excluded because of values below the limit of quantification 
(21), outlier or very low concentrations (7), sample mix-up 
(4), sample hemolysis (13), non-adherence to trial medica-
tion (6), or the sample being from a participant with multi-
ple co-morbidities (13). As a result, the current population 

Fig. 1  Comparison between the simulated concentration at the end of 
a dosing interval (C24) at the evaluated weight bands for once-daily 
dosing and the observed C24 on semi-log scales. Boxes represent the 
median (black horizontal line in the middle), first quartile, and third 
quartile of the data; the vertical black line through the middle of the 

boxes (whiskers) represents the minimum and maximum; red circles 
represent observed concentrations; the red solid line represents the 
target geometric mean C24 of 0.995 µg/mL; and the blue solid line 
represents the minimum target geometric mean C24 of 0.697 µg/mL. 
DT dispersible tablets, FCT film-coated tablets, mths months



1452 H. Chandasana et al.

Table 3  Summary of simulated steady-state dolutegravir  Cmax, C24, and AUC 0–24 by weight band, dose, and formulation for QD dosing

WHO weight bands Formulation Dose 
(mg) 
QD

Statistic Cmax (µg/mL) C24 (µg/mL) AUC 0–24 (µg·h/mL)

3 to < 6 kg (≥1 month) DT 5 10th percentile of geomean 
(95% PI)

2.44 (2.21-2.62) 0.357 (0.266–0.477) 25.4 (23.0–29.2)

Median of geomean (95% 
PI)

4.02 (3.81-4.24) 1.07 (0.941–1.21) 49.4 (46.1–53.2)

90th percentile of the 
median of geomean (95% 
PI)

6.78 (6.20-7.41) 3.01 (2.53–3.50) 95.4 (85.4–105)

6 to < 10 kg (1–< 
6 months)

DT 10 10th percentile of geomean 
(95% PI)

3.67 (3.33-3.98) 0.392 (0.291–0.506) 35.9 (31.9–39.8)

median of geomean (95% 
PI)

5.90 (5.60-6.17) 1.24 (1.09–1.39) 67.4 (63.1–71.6)

90th percentile of the 
median of geomean (95% 
PI)

9.57 (8.61-10.5) 3.63 (3.15–4.27) 127 (113–141)

6 to < 10 kg (≥ 6 months) DT 15 10th percentile of geomean 
(95% PI)

4.24 (3.94-4.60) 0.262 (0.185–0.344) 36.4 (32.4–40.3)

median of geomean (95% 
PI)

6.67 (6.36-6.97) 0.964 (0.839–1.11) 68.4 (64.7–73.3)

90th percentile of the 
median of geomean (95% 
PI)

10.6 (9.70-11.6) 3.21 (2.77–3.79) 128 (115–143)

10 to < 14 kg DT 20 10th percentile of geomean 
(95% PI)

4.30 (3.89-4.56) 0.184 (0.122–0.242) 34.3 (30.8–38.1)

median of geomean (95% 
PI)

6.61 (6.26-6.90) 0.719 (0.623–0.847) 63.1 (59.7–67.6)

90th percentile of the 
median of geomean (95% 
PI)

10.2 (9.43–11.1) 2.56 (2.22–3.07) 115 (105–129)

14 to < 20 kg DT 25 10th percentile of geomean 
(95% PI)

4.63 (4.29–4.96) 0.212 (0.159–0.299) 37.8 (33.4–42.4)

median of geomean (95% 
PI)

7.17 (6.89–7.49) 0.824 (0.713–0.950) 69.5 (65.1–73.5)

90th percentile of the 
median of geomean (95% 
PI)

11.2 (10.4–12.1) 2.87 (2.42–3.36) 127 (115–143)

14 to < 20 kg FCT 40 10th percentile of geomean 
(95% PI)

4.38 (4.06–4.75) 0.254 (0.185–0.361) 39.6 (35.4–44.0)

median of geomean (95% 
PI)

6.96 (6.64–7.28) 0.972 (0.822–1.14) 72.6 (68.2–77.5)

90th percentile of the 
median of geomean (95% 
PI)

11.0 (10.2–12.0) 3.25 (2.73–3.90) 132 (120–150)

20 to < 25 kg DT 30 10th percentile of geomean 
(95% PI)

4.77 (4.39–5.14) 0.227 (0.159–0.294) 39.3 (35.4–43.9)

median of geomean (95% 
PI)

7.37 (7.06–7.77) 0.881 (0.736–1.01) 72.0 (67.0–77.1)

90th percentile of the 
median of geomean (95% 
PI)

11.4 (10.5–12.4) 3.02 (2.55–3.71) 133 (117–148)
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analysis included 2650 samples (1909 intensive and 741 
sparse pharmacokinetics) from 239 participants (Table 1). 
The median (range) age was 6.00 (0.170–17.5) years with 
equal portions of the population being female and male, with 
the majority of the population being black (80%).

3.2  Dolutegravir Model Development

Initially, a PopPK model was developed using data from 
an analysis of DTG after oral administration in pediatric 
participants (n = 41) from Cohort I (12 to < 18 years), IIA 
(6 to < 12 years, FCT), and IIB (6 to < 12 years, granules) 
of P1093 participants. This interim model was a one-com-
partment model with first-order absorption, absorption lag 
time, and first-order elimination. A pcVPC of the interim 
model, once updated with additional data from P1093 and 
available data from ODYSSEY, demonstrated reasonable 

prediction of the observed data. The addition of absorption 
lag time was not supported for inclusion in the base model 
because of a lack of sufficient data in the absorption phase 
to estimate absorption lag time with good precision. For 
the updated model, a maturation function (Hill model) was 
applied to apparent clearance (CL/F) to account for the CL/F 
in infants. The fixed values of the maturation function were 
based on paracetamol because of its clearance pathways 
involving similar metabolic enzymes as dolutegravir [26]. 
Random effects included inter-individual variability (IIV) 
on all parameters as well as inter-occasion variability on 
both CL/F and the absorption rate constant (Ka). Separate 
residual errors were estimated for the two studies as different 
bioanalysis methods were used to determine concentrations 
of dolutegravir.

AUC 0–24 area under the concentration–time curve from pre-dose to the end of the dosing interval at steady state, C24 concentration at the end of 
a dosing interval, Cmax maximum plasma concentration, DT dispersible tablet, FCT film-coated tablets, max maximum, min minimum, NA not 
applicable, PI prediction interval, QD once daily, WHO World Health Organization

Table 3  (continued)

WHO weight bands Formulation Dose 
(mg) 
QD

Statistic Cmax (µg/mL) C24 (µg/mL) AUC 0–24 (µg·h/mL)

20 to < 25 kg FCT 50 10th percentile of geomean 
(95% PI)

4.73 (4.31–5.11) 0.289 (0.191–0.380) 43.2 (38.5–47.9)

median of geomean (95% 
PI)

7.43 (7.11–7.80) 1.08 (0.919–1.24) 78.6 (73.7–83.6)

90th percentile of the 
median of geomean (95% 
PI)

11.8 (10.8–12.8) 3.62 (3.03–4.37) 145 (128–157)

25 to < 30 kg FCT 50 10th percentile of geomean 
(95% PI)

4.26 (3.97–4.64) 0.272 (0.196–0.359) 39.3 (35.1–44.4)

median of geomean (95% 
PI)

6.74 (6.44–7.06) 0.997 (0.885–1.14) 71.4 (67.6–76.5)

90th percentile of the 
median of geomean (95% 
PI)

10.6 (9.93–11.5) 3.32 (2.77–3.92) 131 (119–146)

30 to < 35 kg FCT 50 10th percentile of geomean 
(95% PI)

3.94 (3.53–4.25) 0.256 (0.183–0.332) 36.5 (32.3–40.1)

median of geomean (95% 
PI)

6.20 (5.92–6.51) 0.944 (0.810–1.06) 66.6 (62.4–70.3)

90th percentile of the 
median of geomean (95% 
PI)

9.78 (9.13–10.7) 3.10 (2.65–3.71) 121 (110–135)

≥ 35 kg FCT 50 10th percentile of geomean 
(95% PI)

3.07 (2.79–3.34) 0.233 (0.168–0.309) 29.2 (25.5–32.6)

median of geomean (95% 
PI)

4.93 (4.70–5.19) 0.814 (0.710–0.931) 54.0 (50.6–58.3)

90th percentile of the 
median of geomean (95% 
PI)

7.93 (7.36–8.63) 2.59 (2.17–3.22) 99.1 (89.3–113)
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The final DTG model was a one-compartment model with 
first-order absorption and elimination. Significant effects 
were observed for age and body weight on CL/F and for 
body weight on apparent distribution volume (V/F). Addi-
tionally, Ka was formulation specific, and relative bioavail-
ability was both formulation and diet specific (e.g., fasting vs 
without regard to food) (Table 2 and Table S1 of the ESM). 
The IIV and inter-occasion variability were moderate for 
CL/F (coefficient of variation = 29% and 34%, respectively) 
and large for Ka (coefficient of variation = 107% and 92%, 
respectively). However, the precision was reasonable for the 
Ka estimates. Goodness-of-fit plots (Fig. S2A of the ESM) 
and pcVPC (Fig. S2B of the ESM) suggested an adequate 
model fit with no obvious systemic bias in predictions and 
good prediction of observed concentrations. The effect of 
weight on CL/F and V/F was estimated as 0.455 (95% CI 
0.418–0.492) and 0.566 (95% CI 0.514–0.598), respectively. 
For the range of weights in the analysis dataset (4–96 kg), 
CL/F ranged from 0.280 to 1.19 L/h. Apparent distribution 
volume also scaled linearly with weight, with a range from 
2.77 to 16.2 L across the weight range. In addition to allom-
etry, age (maturation function) was applied as a covariate on 
CL/F. No other covariates were identified.

3.3  Steady‑State Post‑hoc Parameters

Individual post-hoc estimates of PK parameters were derived 
from the final model by an empirical Bayes estimation 
method and summarized by weight band, formulation, and 
dose (Table S2 of the ESM). On average, DTG exposures 
appeared to be similar across the weight bands for the cur-
rent analysis population.

3.4  Simulations

The box-and-whisker plot depicts the simulation with QD 
dosing of steady-state C24 for each cohort (11 weight band/
dose combinations) overlaid by the observed C24 (Fig. 1). 
The predicted median geometric C24 ranges were fairly 
consistent across the different weight bands for the FCT 
(0.814–1.08 µg/mL) and DT (0.719–1.24 µg/mL) formu-
lations and were comparable to the target concentration 
of 0.995 µg/mL. Similarly, median geometric mean AUC 

ranges for FCT were 54.0–78.6 µg.h/mL and for DT were 
49.4–72.0 µg.h/mL across the weight bands for the recom-
mended doses. Steady-state exposure parameters (Cmax, 
C24, and AUC 0–24) for QD dosing are summarized by 
weight band and formulation in Table 3. Simulations were 
also performed with BID dosing and alternative posology 
(Table S3 of the ESM), and the results did not show a sig-
nificant advantage over QD administration.

3.5  Exploratory Exposure–Safety Analysis

Model derived AUC 0–24 and Cmax values were plotted 
against selected safety endpoints for all data (Fig. 2 and 
Fig. S3 of the ESM) and the probability of the absence or 
presence of selected AEs for P1093 (Fig. 3). These plots 
suggest a lack of correlation between DTG exposure and 
evaluated safety endpoints and AEs.

4  Discussion and Conclusions

Dolutegravir is currently recommended by the WHO for 
first-line and second-line treatment of children with HIV, 
with dosing that bridges from infants and children receiv-
ing the DT formulation up to 20 kg, and children 20 kg 
and above and adults primarily receiving the 50-mg FCT 
formulation. The data presented here contributed to these 
WHO guidelines and to approvals of DTG dosing by the 
European Medicines Agency and the US Food and Drug 
Administration [6, 7, 27].

The final PopPK model for DTG in pediatric participants 
was a one-compartment model with first-order absorption 
and elimination. Significant predictors of DTG pharmacoki-
netics in the pediatric population were body weight, age, 
formulation, and food intake. The final model incorporated 
the effect of age on CL/F and of body weight on CL/F and 
V/F along with formulation-specific Ka and formulation-
specific and diet-specific (fasted vs without regard to food) 
relative bioavailability. The model was similar in structure 
to the adult model [28].

The PK parameter estimates for DTG in the pediatric pop-
ulation were comparable to estimates from the adult model, 
suggesting similar PK behavior of DTG between children of 
various ages and adults when accounting for differences in 
body weight. The relative bioavailability estimated by the final 
model was 53% higher for the DT formulation than the FCT 
formulation under fasted conditions (Table 2). Additionally, 
the bioavailability estimate for the FCT formulation was 10% 
higher when food status was not considered compared with 
fasted conditions and was lower than the bioavailability seen 

Fig. 2  Exploratory plots of observed dolutegravir concentrations and 
model-derived (A) area under the concentration–time curve from 0 to 
24 h (AUC 0–24) and (B) maximum concentration  (Cmax) versus safety 
endpoints for all data (linear regression model). The blue line repre-
sents the model regression line and the gray area represents the 95% 
confidence interval around the model line. ALT alanine aminotrans-
ferase, AST aspartate aminotransferase, HDL high-density lipopro-
tein, LDL low-density lipoprotein

◂
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in adults. The difference in adult and pediatric bioavailabil-
ity is likely owing to the well-defined meals used in the adult 
population compared with the pediatric population. Allometric 
exponents for CL/F and V/F were estimated to be lower than 
the standard 0.75 and 1.0 estimates, respectively. However, the 
relative ratio of the exponents was generally maintained, which 
may reflect the exponents addressing weight influences outside 
of direct hepatic capacity. As allometry alone was insufficient 
to predict clearance in infants compared to adults, a maturation 
function (Hill model) was applied to CL/F.

The pediatric dosing strategy was based on body weight to 
achieve exposures similar to adults receiving DTG 50 mg QD. 
The predicted C24 for QD dosing in pediatric participants 
was comparable to the target concentration of 0.995 µg/mL 
(Fig. 1 and Table 3). The percentage of pediatric participants 
below the minimum C24 DTG target concentration (0.5 µg/
mL) ranged from 15 to 32% and the percentage of participants 
with predicted C24 lower than the tenth percentile of the adult 
estimate (0.323 µg/mL) ranged from 8 to 20. However, all 
of the participants were above the IC90 (0.064 µg/mL) and 
there was no evidence of a decreasing virologic response in 
participants with lower plasma DTG exposure. Predicted C24 
values were similar to observed C24 values. The increased 
PK variability and shorter half-life in younger participants 
with decreased weights required a higher mg/kg dose resulting 
in higher Cmax to achieve target C24 values. Up to approxi-
mately 92% of predicted Cmax values in pediatric participants 
were above the 90th percentile for Cmax in adults (4.42 µg/
mL). Simulations were performed for BID dosing/alternative 
posology (Table S3 of the ESM) to assess if a different dosing 
strategy would produce lower Cmax values. The modification 
in the dosing regimen from QD to BID resulted in decreased 
Cmax. However, based on adult data and the pediatric expo-
sure–safety analysis confirming no relationship between expo-
sure and clinical or laboratory events, together with the advan-
tages of a QD dosing regimen, Cmax following QD dosing was 
deemed acceptable [6]. Maintaining a QD dosing schedule 
would be expected to positively affect sustained adherence 
and efficacy as opposed to BID dosing.

While the exposure–safety analysis found no correlation 
between DTG exposure and select safety endpoints (Fig. 2) 
or AEs (Fig. 3), the analysis was limited by the small num-
ber of participants per weight band and high variability in 
PK exposures and clinical laboratory data. This lack of a 

exposure–safety relationship observed in the pediatric partici-
pants was similar to that observed across the clinical studies 
in adults.

The dosing in the ≥ 6 to < 10 kg weight band is depend-
ent on age. In P1093, participants < 6 months of age dem-
onstrated adequate exposures (geometric mean C24 = 1.82 
µg/mL) with DTG DT 10 mg QD whereas participants ≥ 6 
months of age receiving DTG DT 10 mg QD showed rela-
tively lower C24 (geometric mean C24 = 0.735 µg/mL) con-
centrations compared with those < 6 months of age owing 
to the effect of UGT1A1 enzyme maturation. However, a 
dose of DTG DT 15 mg QD achieved sufficient exposure 
(geometric mean C24 = 0.908 µg/mL) for those ≥ 6 months 
of age. The Cmax predicted with the 15-mg DT dose in < 
6 months (8.56 µg/mL), and ≥ 6 months (6.69 µg/mL), was 
comparable to the Cmax observed in the pediatric participants 
in other weight bands as well as that historically observed in 
adults. Thus, based on observed data and supported by the 
maturation effect in the PopPK model, the Food and Drug 
Administration recommends a single 15-mg dose in the ≥ 6 
to < 10 kg weight band without regard to age while the Euro-
pean Medicines Agency recommends two different doses (10 
mg in < 6 months of age and 15 mg in ≥ 6 months of age).

The final PopPK DTG model developed using data from 
P1093 and ODYSSEY reflected observed data in pediatric 
participants (Fig. 1 and Fig. S4 of the ESM). Using expo-
sure matching to the efficacious adult DTG concentrations, 
this modeling analysis strongly supports the following 
daily doses for DTG DT and FCT formulations in pediatric 
patients aged ≥ 4 weeks and weighing ≥ 3 kg using the 
WHO weight bands: 5 mg DT (3 to < 6 kg; ≥ 4 weeks), 
10 mg DT (6 to < 10 kg, < 6 months), 15 mg DT (6 to < 10 
kg, ≥ 6months), 20 mg DT (10 to < 14 kg), 25 mg DT (14 
to < 20 kg), 40 mg FCT (14 to < 20 kg), 30 mg DT (20 kg 
and greater), 50 mg FCT (20 kg and greater) [Table S4 of 
the ESM]. These results enable seamless dosing between 
infants and adults and reduce dissimilarities between the 
Food and Drug Administration-approved and European 
Medicines Agency-approved weight-based dosing regi-
mens. The remains a knowledge gap for children (neonates) 
< 4 weeks of age but study is ongoing (IMPAACT 2023) to 
address this gap.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40262- 023- 01289-5.
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Fig. 3  Exploratory plots of observed dolutegravir concentrations and 
model-derived (A) area under the concentration–time curve from 0 to 
24 h (AUC 0–24) and (B) maximum concentration (Cmax) versus select 
adverse events for Study P1093 (maximum effect [Emax] function on 
the logit scale). The red line represents the model line and the gray 
area represents the 95% confidence interval around the model line. 
GI gastrointestinal, IRIS immune reconstitution inflammatory syn-
drome, Prob probability
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