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Summary
Background Two-drug regimen dolutegravir/lamivudine (DTG/3TC) is recommended as an alternative to standard 
three-drug regimens in adult treatment guidelines. This nested pharmacokinetic sub-study within the D3/Penta 
21 randomised trial (#NCT04337450) assessed DTG and 3TC concentrations and safety in virologically-
suppressed children, switching to once-daily DTG/3TC fixed-dose formulations.

Methods Children aged 2–<15 years received either 5/30 mg DTG/3TC dispersible tablets (DT) or 50/300 mg film-
coated tablets (FCT), using WHO weight band (WB)-aligned dosing: 10–<14 kg 4 DTs; 14–<20 kg 5 DTs; 20–<25 kg 
6 DTs or 1 FCT; 25–<40 kg 1 FCT. A minimum of 8-evaluable pharmacokinetic curves per WB/formulation were 
targeted for 24 h pharmacokinetic profiling (t = 0, 1, 2, 3, 4, 6, and 24 h post-dosing) at steady state. The number of 
children with DTG C trough <0.32 mg/L (EC90) and <0.064 mg/L (PA-IC90) were summarised. Safety was evaluated 
through 48 weeks in eligible children consented to the pharmacokinetic sub-study.

Findings Between 11th May 2022 and 31st May 2023, 82 children consented for the sub-study. Seventy-two were 
included in the pharmacokinetic analysis; median (IQR) age was 7.1 (4.9–10.0) years and weight 21.6 (17.7–24.8) 
kg. DTG geometric mean (GM) (%CV) C trough and AUC 0–24 h were 0.82 (54) mg/L and 66.2 (35) h*mg/L. 
3TC GM-AUC 0–24 h was 16.2 (45) h*mg/L. Three children had DTG C trough <0.32 mg/L, all had DTG C trough 
≥0.064 mg/L. In children weighing 20–<25 kg WB and taking 1 FCT (50/300 mg) 3TC GM AUC 0–24 h was 19% 
higher than in children ≥25 kg (1 FCT). Of 82 children, 3 had 4 serious adverse events (SAEs) and 5 had
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6 grade ≥3 adverse events (AEs). No AEs were related to DTG/3TC or resulted in treatment discontinuation. No 
3TC-related AEs or laboratory abnormalities were observed in children taking FCT in the 20–<25 kg WB. PK 
parameters were comparable to historical paediatric data from ODYSSEY (DTG) and IMPAACT2019 (3TC) trials.

Interpretation The study demonstrated adequate DTG and 3TC exposures with reassuring safety profiles using WB-
based dosing, supporting licencing applications for dispersible and film-coated DTG/3TC formulations for 
paediatric use.

Funding The D3/Penta 21 trial is sponsored by Fondazione Penta Onlus ETS (Penta) and funded by ViiV Healthcare.

Copyright © 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Globally, children living with HIV continue to lag behind 
adults in receiving timely diagnosis, initiating

antiretroviral therapy (ART) and achieving virological 
suppression. 1 While the UNAIDS target aims for 95% of 
individuals on ART to achieve virological suppression

Research in context

Evidence before this study
Paediatric antiretroviral therapy (ART) optimisation and 
simplification is critical to improve adherence, minimise 
long-term toxicities and maintain high efficacy. In adults, 
ART simplification through dual ART regimens has been 
shown to offer benefits over traditional triple-drug regimens, 
including smaller tablet sizes, fewer drug–drug interactions, 
and a better safety profile. Hence, the dual ART regimen 
consisting of DTG/3TC has been recommended as a first-line 
treatment option for adults in several international HIV 
treatment guidelines. In children, particularly, DTG/3TC could 
offer additional advantages by reducing cumulative drug 
exposure, mitigating long-term toxicity risks and preserving 
other ART options for future use. We searched PubMed for 
clinical trials, pharmacokinetic or cohort studies of the DTG/ 
3TC regimen in the paediatric populations using “(pediatric 
OR paediatric OR children OR infant OR adolescents) AND 
(DTG/3TC OR dolutegravir/lamivudine)” and relevant 
conference abstracts up to January, 2025, not including the 
presentation of the data in this paper at a previous 
conference. Only the DANCE trial was identified, which is an 
ongoing single arm trial evaluating DTG/3TC including ART-
naïve adolescents older than 12 years. At 96 weeks 22/25 
(88%) of adolescents in DANCE were suppressed and no new 
safety concerns were observed compared to the established 
safety profile in adults. Based on these findings and 
extrapolation consisting of PK exposure matching to adults 
and corresponding adult efficacy data, the adult fixed-dose 
formulation DTG/3TC 50/300 mg (Dovato®) was approved 
for adolescents aged ≥12 years (weighing ≥25 kg by the FDA 
and ≥40 kg by the EMA) for HIV treatment initiation and 
maintenance. However, no clinical studies on dual ART 
regimens have yet been conducted in children under 12 years 
of age.

Added value of this study
This study assessed the pharmacokinetics and 48-week 
safety outcomes of once-daily DTG/3TC, using a dispersible 
tablet (DT) fixed-dose combination (5/30 mg) or the adult 
film-coated tablet (FCT) in virologically suppressed children 
aged 2–<15 years and weighing less than 40 kg. Intensive 24 
h pharmacokinetic profiling was conducted using doses 
aligned with WHO weight bands. The findings confirmed 
that DTG and 3TC exposures achieved with dispersible DTG/ 
3TC are consistent with the prior paediatric data from studies 
using three-drug ART such as ODYSSEY (for DTG) and 
IMPAACT2019 (for 3TC).
This study also evaluated use of the DTG/3TC FCT (50/ 
300 mg) in children weighing 20–<25 kg, comparing it with 
six DTs (30/180 mg). This approach deviated from the WHO 
weight band dosing for 3TC in this weight band to simplify 
treatment, by allowing a single-tablet regimen for children 
who are able to swallow tablets. As anticipated, the adult FCT 
resulted in higher 3TC exposure in the 20–<25 kg weight 
band, but this dose was not associated with an increased risk 
of adverse events or clinically-significant laboratory 
abnormalities. Overall, safety evaluations across all weight 
bands found no new safety signals attributable to DTG/3TC, 
supporting the use of these FDCs in this paediatric 
population.

Implications of all the available evidence
This study assessed pharmacokinetics and safety of a dual 
ART regimen consisting of DTG/3TC in virologically 
suppressed children living with HIV from 2 years of age. The 
nested pharmacokinetic sub-study, integrated within a larger 
trial, provides timely regulatory data, supporting the 
licencing of DTG/3TC dispersible and film-coated 
formulations for paediatric use and expediting access to this 
simplified regimen.
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<1000 copies/mL by 2030, in 2023, only 84% of children 
compared to 94% of adults met this benchmark. This 
disparity is largely driven by suboptimal paediatric for-
mulations, adherence challenges and poor retention in 
care. 1

The World Health Organisation (WHO) recom-
mends a three-drug regimen (3DR) for children, 
combining two nucleoside/nucleotide analogue reverse-
transcriptase inhibitors (NRTIs) and an integrase 
strand transfer inhibitor (INSTI), with dolutegravir 
(DTG) as the preferred INSTI. 2,3 A pragmatic WHO 
weight-band dosing approach is commonly applied in 
paediatric antiretroviral treatment to align dose in-
crements with increasing body weight, thereby simpli-
fying prescribing and administration. While the 3DRs 
are effective, life-long treatment presents challenges 
related to sustaining adherence and managing long-
term toxicities associated with cumulative exposures. 4 

As a result, research priorities have shifted towards 
optimising treatment administration and safety and 
improving health-related quality of life, beyond survival 
and viral suppression. 5

Treatment optimisation aims to simplify medication 
intake, improve tolerability and safety while maintaining 
high efficacy. A two-drug regimen (2DR) of DTG and 
lamivudine (3TC) has demonstrated robust efficacy in 
adult trials, showing non-inferiority to 3DR among 
virologically-suppressed and ART-naïve adults with some 
safety advantages, including improved bone and renal 
health compared to tenofovir disoproxil fumarate (TDF)- 
containing 3DRs, as well as more favourable lipid 
biomarkers. 6–9 DTG/3TC has been included in the US 
and European guidelines as a recommended option for 
treatment initiation or treatment switch in adults. 10,11

For children, the DTG/3TC regimen offers a child-
friendly formulation, currently being studied as either 
film-coated tablets (FCT) or dispersible tablets (DT) 
depending on weight and ability to swallow pills, and 
allows for dosing without food requirements. 12 It has 
limited potential for drug–drug interactions and avoids 
toxicities associated with a second NRTI, such as aba-
cavir, zidovudine, TDF or tenofovir alafenamide (TAF), 
preserving these drugs for future treatment lines if 
needed. 13 The regimen also eliminates the need for 
HLA-B*5701 testing for abacavir hypersensitivity in 
settings where such testing is implemented. Further-
more, as children experience fast growth and pubertal 
and neurodevelopmental maturation, reducing cumu-
lative drug exposure may provide long-term safety 
benefits. 14,15

The adult fixed-dose combination of 50/300 mg 
DTG/3TC (Dovato®) is currently approved by the FDA 
and EMA for treatment initiation and maintenance in 
adults and adolescents aged 12 years and older, with 
weight cut-offs of ≥25 kg (FDA) and ≥40 kg (EMA) 
respectively. 16 DANCE (NCT03682848), a single arm 
study demonstrated 88% suppression <50 copies/mL at

96 weeks in 22/25 ART-naïve adolescents weighing ≥25 
kg at enrolment. 17 However, no licenced DTG/3TC fixed-
dose formulations are available for younger children. 

DTG is rapidly absorbed, with peak plasma con-
centrations typically reached within 2–3 h after oral 
administration. It is highly protein bound (>98%) and 
primarily metabolised via UGT1A1, with minor con-
tributions from CYP3A4. DTG has an elimination half-
life of approximately 14 h, supporting once-daily 
dosing. 18 Lamivudine, in contrast, is a hydrophilic 
compound with low plasma protein binding, primarily 
eliminated unchanged by renal excretion. Its half-life is 
shorter (5–7 h), but intracellular triphosphate levels 
support once-daily administration. 19 Both drugs have 
well-characterised PK profiles in adults and children. 

The D3/Penta 21 trial (#NCT04337450) is an 
ongoing randomised controlled trial (RCT) evaluating 
the efficacy and safety of DTG/3TC compared to a triple 
DTG-based regimen in maintaining HIV suppression 
in children aged 2–<15 years. The trial assesses both a 
new DT formulation and the existing FCT, with the 
latter being evaluated for use in younger children than 
currently licenced. This paper presents the results of a 
nested pharmacokinetic sub-study within the D3/Penta 
21 trial, which aims to assess DTG and 3TC concen-
trations and safety in virologically suppressed children 
weighing 6–<40 kg using WHO weight band (WB) 
aligned dosing.

Methods
Study design and participants
The D3/Penta 21 trial is an open-label, phase III, 96-
week non-inferiority RCT being conducted in Spain, 
South Africa, Thailand, Uganda and the United 
Kingdom. 20 At enrolment, participants were children 
aged 2–<15 years, weighing 6 kg or more, who were 
virologically suppressed <50 copies/mL for at least 6 
months, with no history of treatment failure. There 
were no restrictions on enrolment by sex, which was 
recorded as reported by participants or, for younger 
children, by their parent or carer. Following screening 
and enrolment, scheduled visits occurred at weeks 4, 12 
and then every 12 weeks thereafter, with clinical and 
laboratory assessments performed as per study proto-
col. The D3/Penta 21 trial study design is described in 
detail elsewhere. 20

Ethics
This study is being carried out in accordance with the 
principles of GCP as laid down by the ICH topic E6 
(R2), the Declaration of Helsinki 2013, applicable na-
tional regulations, and ethical standards of all research 
committees. This trial was approved by Research Ethics 
Committees, Institutional Review Boards, and by all 
required regulatory authorities in each of the partici-
pating countries. Uganda: Joint Clinical Research
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Centre Institutional Review Board/Research Ethics 
Committee (JC1720; 02-Dec-2021; National Drug Au-
thority (013/NDA/DPS/01/2022; 06-Jan-2022). South 
Africa: University of Witwatersrand Human Research 
Ethics Committee (200808 B; 18-Nov-2021); Pharma-
Ethics (200,823,525; 17- Nov-2021); South African 
Health Products Regulatory Authority (20,200,807; 13-
Dec-2021). Participants are enrolled in the trial 
following informed consent provided be a parent or 
legal guardian. Where appropriate, children who can 
understand the study were also asked to provide assent. 
Adolescents who reach the age of consent during the 
trial are required to re-confirm their continued partici-
pation by signing the informed consent form. For 
participants eligible for the intensive PK substudies, 
additional consent is obtained from parents or legal 
guardians, and assent from children where applicable. 
Consent and assent are also obtained for the storage of 
the samples for analyses outlined in the protocol and 
patient information sheets, as well as for future 
research studies. Informed consent in the trial is taken 
by a site Principal Investigator or a trained member of 
the trial team who have been delegated this activity.

Intensive pharmacokinetic sub-study
The sub-study was nested within the main D3/Penta 21 
trial and conducted in the DTG/3TC arm only. Eligible 
participants were children weighing 6 to <40 kg rand-
omised to the DTG/3TC arm at pharmacokinetic sites 
in Uganda and South Africa, including: the Durban 
International Clinical Research Site (Durban), Perinatal 
HIV Research Units (PHRU) in Matlosana and Soweto, 
Baylor College of Medicine Children’s Foundation 
(Baylor), Joint Clinical Research Center, Kampala 
(JCRC) and Makerere University—John Hopkins Uni-
versity Research Collaboration (MU-JHU). The aim was 
to enrol at least eight children with evaluable pharma-
cokinetic curves per WHO WB and formulation, with 
two formulations tested in 20–<25 kg WB (Table 1). The 
6–<10 kg WB was included to align with the main trial’s 
inclusion criteria and to accommodate children who 
could be small-for-age. The pharmacokinetic variability 
(CV) observed in the ODYSSEY PK substudies 21,22 was 
around 30% across weight bands. According to Wang

and colleagues, a power of 80% is reached with eight 
individuals and a coefficient of variation of 31–35%. 23 

Additional exclusion criteria included symptoms or 
conditions that could affect pharmacokinetics (i.e., se-
vere diarrhoea, vomiting, renal disease or liver disease 
or severe malnutrition, defined as weight-for-height z-
score more than three standard deviations below the 
median WHO growth standards 24 or the use of 
concomitant medications known to have interactions 
with DTG/3TC (D3-protocol.pdf). In addition to the 
exclusion criteria, children were eligible for the 24 h 
intensive PK visit only if they had initiated DTG at least 
21 days prior and DTG/3TC at least 7 days prior 
enrolment and had adhered to protocol-defined fasting 
requirements. Participants (or caregivers) had to 
confirm that the child had taken the weight-appropriate 
dose of DTG/3TC once daily in the morning for the 
three days preceding the PK visit, had not taken the 
morning dose on the day of sampling (as it was to be 
administered by study staff), and had not missed any 
doses in the preceding three days. All children were 
required to arrive for their first PK sample 20–30 h after 
the last DTG/3TC dose.

Caregivers provided informed consent for their chil-
dren’s participation in the pharmacokinetic sub-study at 
screening, randomisation or follow-up in the main trial. 
Children who were old enough to understand their 
participation in the study provided informed assent. 
Eligible participants were invited to attend a 24 h 
intensive PK visit unless they were randomised to the 
control arm (after consenting/assenting prior to ran-
domisation) or the applicable WB was closed to recruit-
ment. Before initiating the intensive pharmacokinetic 
sampling, verbal consent and assent were reconfirmed. 

All participants received either the paediatric fixed-
dose DTG/3TC 5/30 mg DT or the adult fixed-dose 
50/300 mg FCT, once daily dosed using WHO weight 
bands (Table 1). Children in the 20–<25 kg WB received 
either six 5/30 mg DTs or one 50/300 mg FCT 
depending on the formulation assigned to their site: 
DTs at Baylor and MU-JHU and FCTs at JCRC, Durban 
and PHRU. Dosing followed WHO recommendations 
for DTG and 3TC, except for children in the 20–<25 kg 
WB receiving the 50/300 mg FCT, which delivers a 
higher 3TC dose than currently recommended by EMA 
and FDA (225 mg) or WHO (180 mg). This dose was 
selected based on the well-established safety profile of 
3TC in children 25 and to simplify treatment by using a 
single adult FCT instead of multiple paediatric 
dispersible DTs.

All children who were eligible for the main trial, 
randomised to DTG/3TC and provided consent to the 
PK substudy were included in the safety population. 
Those who completed the intensive pharmacokinetic 
assessment with an evaluable pharmacokinetic curve 
were included in the intensive pharmacokinetic 
population.

Weight band 5/30 mg DT DTG/3TC 50/300 mg FCT DTG/3TC

6–<10 kg Three tablets (15/90 mg DT)
10–<14 kg Four tablets (20/120 mg DT)
14–<20 kg Five tablets (25/150 mg DT)
20–<25 kg Six tablets (30/180 mg DT) a One tablet (50/300 mg FCT) b

25–<40 kg One tablet (50/300 mg FCT)
a For children 20–<25 kg, WHO-recommended 3TC dose is 180 mg, EMA and FDA-recommended 3TC dose is 
225 mg. b The 3TC dose of 300 mg in children weighing 20–<25 kg and taking 50/300 mg FCT exceeds the 
currently recommended dose; participants in non-pharmacokinetic sites receive 50/300 mg FCT only.

Table 1: D3/Penta 21 DTG/3TC fixed-dose combination dosing by weight band.
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Pharmacokinetic sampling
A 24 h pharmacokinetic assessment (t = 0, 1, 2, 3, 4, 6, 
and 24 h post-dosing) was undertaken at least 21 days 
after initiating DTG to allow for a wash-out of pre-
switch antiretrovirals that could influence DTG con-
centrations, 26 and at least seven days after switching to 
the current DTG/3TC formulation and dosage to 
ensure a steady state on the regimen and dose.

Before observed drug intake, children were prefer-
ably fasted overnight, or for at least 3 h pre-dose. Intake 
of concomitant medication was not recommended 
within the first 2 h after DTG/3TC intake. Blood vol-
umes taken were within blood draw limits for children 
established for research purposes. 27 If the intensive 
pharmacokinetic sampling visit was unsuccessful as 
deemed by the site investigator and/or the D3/Penta 21 
trial team, participants repeated the intensive pharma-
cokinetic sampling on a different date.

All blood samples were processed at each site’s 
laboratory within 7 h of sampling. During this time, the 
samples were stored in a refrigerator or at room tem-
perature and protected from light, due to the light 
sensitivity of DTG. After centrifugation, plasma was 
separated and stored in light protecting amber-coloured 
cryovials at −80 ◦ C until arrival at the laboratory of the 
Department of Pharmacy, Radboudumc, Nijmegen, 
Netherlands for quantification. DTG and 3TC concen-
trations were measured using a validated combined 
liquid chromatography tandem mass spectrometry 
bioanalytical quantification method with a 0.01 mg/L 
and 0.005 mg/L lower limit of quantification (LLOQ) for 
DTG and 3TC, respectively. The calibration range was 
0.01–20 mg/L for DTG and 0.005–10 mg/L for 3TC. 
The assay was externally validated through both the 
International Interlaboratory Quality Control Program 
for Measurement of Antiretroviral Drugs in Plasma and 
the Clinical Pharmacology Quality Assurance Pro-
gram. 28,29 Validation data, including accuracy and pre-
cision, are presented in Table S7.

Outcomes
Primary pharmacokinetic outcomes were the area un-
der the concentration–time curve (AUC 0–24 h ) and 24 h 
concentrations (C trough ) for DTG and AUC 0–24 h for 
3TC. We used AUC 0–24 h as the primary pharmacoki-
netic parameter for both DTG and 3TC to assess and 
compare overall drug exposure. C trough was also 
included for DTG, guided by in-vitro and in-vivo evi-
dence showing a correlation between C trough and ther-
apeutic efficacy. Secondary outcomes included 
maximum concentration (C max ), elimination half-life 
(T 1/2 ), and total oral clearance (Cl/F) for DTG and 
3TC, and 24 h concentrations (C trough ) for 3TC. Safety 
outcomes included clinical and laboratory adverse 
events (AEs) of any grade. All reported AEs and post-
baseline emergent abnormal laboratory results were 
assessed from the first DTG/3TC dose to the earliest of

end of week 48 visit window (377 days) or permanent 
DTG/3TC discontinuation (safety reporting period).

Statistics
Median DTG and 3TC plasma concentrations were 
plotted by nominal time points. Pharmacokinetic pa-
rameters of DTG and 3TC were calculated using non-
compartmental analysis (NCA) in Phoenix WinNonlin 
64 software (version 8.4) and reported as geometric 
mean (GM) with coefficient of variation (CV%). The 
AUC 0–24 h was calculated using the linear up-log down 
trapezoidal method and Cl/F by dividing dose by AUC. 
Individual pharmacokinetic curves were assessed for 
biological plausibility. A PK curve was considered bio-
logically implausible if it showed inconsistent time– 
concentration profiles (e.g. rising concentrations 
beyond expected absorption windows), missing sam-
ples critical for AUC calculation, or unexplained 
analytical outliers. In such cases, an investigation into 
sample collection and processing was conducted. PK 
curves were excluded from analysis if deemed 
unevaluable.

The pharmacokinetic parameters were compared 
with those from previous representative paediatric 
studies on DTG and 3TC. 21,22,30 DTG AUC 0–24 h and 
C trough were compared with data from the ODYSSEY 
pharmacokinetic sub-studies, which assessed DTG 
dosing in children weighing 3 kg to less than 40 kg, 
while 3TC AUC 0–24 h was compared with the IMPAACT 
2019 pharmacokinetic sub-study, a dose-finding study 
for ABC/DTG/3TC fixed-dose dispersible formulation 
in children weighing 6 to less than 25 kg. For com-
parison, the overall GM and CV% C trough and AUC 0–24 h 

across the weight bands were calculated using available 
in-house ODYSSEY data (DTG); for 3TC these were 
calculated by performing a meta-analysis 31 of published 
IMPAACT 3TC results reported by WB. 21,22,30,31

In addition, we aimed to achieve GM values per WB 
that were comparable with the reference ranges used 
for paediatric approvals of dolutegravir (Tivicay®) and 
dispersible ABC/DTG/3TC (Triumeq®): DTG C trough 

0.70–2.26 mg/L (Tivicay®) and 0.67–2.97 mg/L (Triu-
meq®), DTG AUC 0–24 h 37–134 h*mg/L (Tivicay®) 
35.1–134 h*mg/L (Triumeq®), and 3TC AUC 0–24 h 

6.3–26.5 h*mg/L (Triumeq®). For DTG, we also report 
the proportion of individuals with C trough lower than 
0.32 mg/L (90% effective concentration (EC90) in a 10-
day monotherapy study) 32 and below 0.064 mg/L (in-
vitro protein-adjusted 90% inhibitory concentration 
(PA-IC90) 33 by WB.

Safety analysis included children eligible for the 
main trial, randomised to DTG/3TC who provided 
consent to the PK substudy (safety population). 
Descriptive statistics were used to analyse child char-
acteristics by WB and safety outcomes by current WB 
over the safety reporting period detailed above using 
StataNow/MP software (version 18.5).
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Role of funders
The D3/Penta 21 trial is funded by ViiV Healthcare and 
Fondazione Penta ETS, the trial sponsor, provided 
additional funding support to their employees. ViiV 
Healthcare and Penta Foundation reviewed the study 
design and provided input on the trial protocol and the 
manuscript.

Results
Between 11th May 2022 and 31st May 2023, 89 children 
were approached for consent to participate in the 
pharmacokinetic sub-study and consent was obtained 
for 82 (Table S1). Of these, intensive pharmacokinetic 
sampling was conducted for 74 children (Fig. 1). Eight 
children did not attend a pharmacokinetic visit due to 
their WB closing before the pharmacokinetic visit 
(n = 7) or scheduling issues (n = 1). Among the 74 
children who completed pharmacokinetic sampling, 
one was excluded due to ineligibility (concurrent use of 
sodium valproate, which was not permitted), and 
another (10–<14 kg) was excluded for a biologically 
implausible PK curve, which showed rising concentra-
tions from the second-to-last sampling timepoints 
instead of declining as expected during the elimination 
stage (Figure S3). Thus 72 children were included in 
the pharmacokinetic population (Table 2). All weighed 
between 10 and <40 kg, with evaluable curves distrib-
uted by weight band at pharmacokinetic visit as follows: 
10 (10–<14 kg), 17 (14–<20 kg), 14 (20–<25 kg DT), 14 
(20–<25 kg FCT), and 17 (25–<40 kg). Overall, 58% 
were female, with median age of 7.1 years [IQR: 
4.9–10.0] and weight of 21.6 kg [IQR: 17.7–24.8]. All

children were black-African, with most (86%) enrolled 
from Uganda. All adhered to overnight fasting (or at 
least 3 h pre-dose). DTG/3TC dosing typically occurred 
in the morning between 05:00 and 10:00 AM. None of 
the children were on any concomitant medications on 
the day of PK (except supplements and vitamins) that 
have significant drug interactions with DTG/3TC. Note 
that there were no children weighing 6–<10 kg enrolled 
in the main trial, hence no children in this WB were 
enrolled into the PK substudy.

For DTG, the overall GM (CV%) C trough and 
AUC 0–24 h were 0.82 (54%) mg/L and 66.2 (35%) h*mg/ 
L (Table 3). In all WBs, DTG GM AUC 0–24 h and C trough 

levels were within the ranges used in regulatory ap-
provals of paediatric Tivicay® and Triumeq®. For 
3TC, the overall GM (CV%) AUC 0–24 h was 16.2 h*mg/ 
L (45%) (Table 3). In all WBs, GM AUC 0–24 h levels for 
3TC were within the range used for regulatory ap-
provals of paediatric Triumeq®. In addition, DTG and 
3TC concentrations were comparable with ODYSSEY 
and IMPAACT 2019, respectively. Ethnic composition 
in these three trials were comparable with all PK 
studies including a majority of participants of Black 
African ethnicity (100% in D3, 99% in ODYSSEY, and 
65% in IMPAACT 2019) (Table S1). Median concen-
tration time curves for DTG across individual WBs 
were overall similar across the weight bands in terms of 
shape, rate of decline, and total exposure (AUC; Fig. 2A 
and Figure S1). Among children weighing 20 kg– 
<25 kg, the GM AUC 0–24 h of 3TC was 23.37 h*mg/L in 
those receiving the adult FCT and 13.56 h*mg/L in 
those receiving the paediatric DT formulation (Figs. 2B 
and 3B and Figure S2). Only three children had a DTG

Fig. 1: Disposition flowchart.
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C trough level below the EC90 of 0.32 mg/L: one child in 
the 10–<14 kg WB, receiving DTG 20 mg (four DTs 
DTG/3TC 5/30 mg), had C trough of 0.26 mg/L, and two 
children in the 25–<40 kg WB receiving the adult FCT 
(DTG/3TC 50/300 mg), had C trough levels of 0.25 mg/L 
and 0.30 mg/L. All participants had C trough levels above 
the PA-IC90 of 0.064 mg/L (Fig. 3A).

There were five major protocol deviations in four of 
the 72 children relating to the intensive pharmacoki-
netic sampling (appendix Table S2). Two deviations 
occurred in two children in the 14–<20 kg WB: one 
child missed a single DTG/3TC dose two days prior to 
the pharmacokinetic visit and for another child, the 
DTG/3TC dose on the intensive pharmacokinetic

Number of participants Overall 10–<14 kg 14–<20 kg 20–<25 kg DT 20–<25 kg FCT 25–<40 kg

N = 72 n = 10 n = 17 n = 14 n = 14 n = 17

Sex
Male 30 (42%) 5 (50%) 8 (47%) 3 (21%) 7 (50%) 7 (41%)
Female 42 (58%) 5 (50%) 9 (53%) 11 (79%) 7 (50%) 10 (59%)

Race (black) 72 (100%) 10 (100%) 17 (100%) 14 (100%) 14 (100%) 17 (100%)
Age (years)
Median (IQR) 7.1 (4.9, 10.0) 3.2 (2.4, 3.9) 5.0 (4.6, 6.1) 7.3 (7.0, 8.1) 8.1 (7.1, 9.1) 12.3 (10.8, 13.5)
Range [2.3–13.8] [2.3–4.5] [3.7–7.0] [6.6–11.4] [5.5–11.1] [7.2–13.8]

Weight (kg)
Median (IQR) 21.6 (17.7, 24.8) 13.0 (12.6, 13.5) 17.9 (16.3, 19.0) 22.2 (21.3, 22.8) 22.6 (21.0, 24.0) 33.3 (29.4, 35.6)
Range [12.5–39.5] [12.5–14.1] [14.1–19.8] [20.5–23.1] [20.0–25.1] [26.7–39.5]

Weight-for-age a 53 10 17 12 12 2
Median (IQR) −0.6 (−0.9, −0.1) −0.8 (−1.5, −0.2) −0.6 (−0.9, −0.3) −0.5 (−0.8, −0.0) −0.6 (−1.1, −0.1) 0.5 (−0.0, 1.0)
Range [−2.2, −1.0] [−2.2, −0.1] [−1.5, −0.3] [−1.1, −0.2] [−2.2, −0.3] [−0.0, −1.0]
3 to less than −2 2 (3%) 1 (10%) 0 (0%) 0 (0%) 1 (7%) 0 (0%)
2 to less than 0 43 (60%) 8 (80%) 15 (88%) 9 (64%) 10 (71%) 1 (6%)
0 or more 8 (11%) 1 (10%) 2 (12%) 3 (21%) 1 (7%) 1 (6%)
Missing 19 (26%) 0 (0%) 0 (0%) 2 (14%) 2 (14%) 15 (88%)

Height (cm)
Median (IQR) 119 (108, 131) 90 (88, 95) 109 (103, 112) 119 (118, 122) 118 (117, 126) 142 (139, 148)
Range [85–153] [85–101] [99–125] [116–127] [110–134] [131–153]

Height-for-age a

Median (IQR) −1.0 (−1.6, −0.3) −1.4 (−1.6, −1.1) −0.4 (−1.5, 0.0) −0.8 (−1.1, −0.3) −0.8 (−1.6, −0.3) −1.3 (−1.8, −0.1)
Range [−4.1, −3.4] [−3.6, −0.7] [−2.6, −3.4] [−4.0, −0.5] [−4.1, −0.3] [−2.6, −2.1]
Less than −3 3 (4%) 1 (10%) 0 (0%) 1 (7%) 1 (7%) 0 (0%)
3 to less than −2 6 (8%) 0 (0%) 1 (6%) 1 (7%) 1 (7%) 3 (18%)
2 to less than 0 52 (72%) 9 (90%) 11 (65%) 11 (79%) 11 (79%) 10 (59%)
0 or more 11 (15%) 0 (0%) 5 (29%) 1 (7%) 1 (7%) 4 (24%)

BMI (kg/m 2 )
Median (IQR) 15.5 (14.6, 16.4) 15.9 (14.8, 16.5) 15.2 (13.9, 15.5) 15.1 (14.5, 16.0) 15.7 (14.6, 16.7) 16.1 (15.1, 17.2)
Range [11.6–18.3] [12.4–17.3] [11.6–18.3] [13.9–17.1] [13.2–17.5] [13.5–18.0]

BMI-for-age a

Median (IQR) −0.4 (−1.0, 0.2) 0.3 (−0.4, 0.8) −0.0 (−1.0, 0.2) −0.4 (−0.8, 0.4) −0.1 (−0.6, 0.3) −0.9 (−1.1, −0.5)
Range [−3.5, −1.8] [−2.3, −1.3] [−3.5, −1.8] [−1.7, −0.9] [−2.2, −0.9] [−3.3, −0.6]
Less than −3 2 (3%) 0 (0%) 1 (6%) 0 (0%) 0 (0%) 1 (6%)
3 to less than −2 5 (7%) 1 (10%) 1 (6%) 0 (0%) 2 (14%) 1 (6%)
2 to less than 0 41 (57%) 3 (30%) 8 (47%) 10 (71%) 7 (50%) 13 (76%)
0 or more 24 (33%) 6 (60%) 7 (41%) 4 (29%) 5 (36%) 2 (12%)

DTG exposure prior to D3 entry 
<1 month or no use 8 (11%) 1 (10%) 4 (24%) 0 (0%) 3 (21%) 0 (0%)
≥1 month 64 (89%) 9 (90%) 13 (76%) 14 (100%) 11 (79%) 17 (100%)

Country
South Africa 10 (14%) 2 (20%) 3 (18%) 0 (0%) 5 (36%) 0 (0%)
Uganda 62 (86%) 8 (80%) 14 (82%) 14 (100%) 9 (64%) 17 (100%)

DT, dispersible tablet; FCT, film-coated tablet; IQR, interquartile range; BMI, body mass index; DTG, dolutegravir. a WHO Child Growth Charts and WHO Reference 2007 
Charts. Weight-for-age calculated for those younger than 10 years. If children were 10 years or older, weight for age will be missing.

Table 2: Child characteristics at intensive pharmacokinetic sampling day by weight band (N = 72).
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N D3/Penta 21 ODYSSEY 21,22

Dose by weight
(mg/kg)

AUC 0–24 h
(h*mg/L)

C max (mg/L) C trough (mg/L) T 1/2 (h) T max (h) Cl/F (L/h) AUC 0–24 h
(h*mg/L)

C trough (mg/L)

Dolutegravir (DTG) 
Overall 72 66.25 (35) 6.49 (33) 0.82 (54) 65.07 (29) b 0.77 (54) b

10 kg–<14 kg 10 1.54 (1.42–1.60) 61.65 (40) 6.38 (30) 0.74 (64) 7.71 (16) 1.03 (1.00–2.00) 0.32 (40) 76.10 (21) 0.77 (57)
14 kg–<20 kg 17 1.40 (1.26–1.77) 63.48 (30) 6.68 (28) 0.70 (42) 7.30 (16) 2.00 (1.00–4.02) 0.39 (30) 69.93 (28) 0.87 (64)
20 kg–<25 kg (DT) 14 1.35 (1.30–1.46) 68.93 (32) 6.59 (45) 0.94 (38) 9.54 (72) 2.01 (0.00–4.03) 0.44 (32) 71.40 (26) 0.76 (73)
20 kg–<25 kg (FCT) 14 2.22 (1.99–2.50) 72.89 (35) 6.91 (28) 0.90 (66) 7.66 (23) 2.00 (1.00–6.00) 0.69 (35) 63.70 (26) 0.75 (44)
25 kg–<40 kg 17 1.50 (1.27–1.87) 64.53 (40) 6.00 (33) 0.82 (62) 7.86 (17) 2.00 (0.00–4.02) 0.77 (40) 25–<30 kg:

58.60 (28) 
30–<40 kg: 
53.50 (23)

25–<30 kg:
0.77 (43) 
30–<40 kg: 
0.63 (49) 

D3/Penta 21 IMPAACT 2019 30

Lamivudine (3TC) 
Overall 72 16.20 (45) 3.28 (50) 0.06 (37) 15.52 (21) c 0.06 (33) c

10 kg–<14 kg 10 9.23 (8.51–9.60) 12.29 (28) 2.88 (30) 0.06 (23) 5.22 (18) 1.01 (1.00–2.00) 9.77 (28) 14.20 (24) 0.05 (48)
14 kg–<20 kg 17 8.38 (7.58–10.64) 13.52 (31) 2.93 (39) 0.05 (36) 4.71 (18) 1.00 (1.00–4.02) 11.10 (31) 13.00 (16) 0.06 (37)
20 kg–<25 kg (DT) 14 8.13 (7.79–8.78) 13.56 (64) 2.81 (91) 0.06 (23) 6.01 (156) a 1.02 (0.00–3.02) 13.27 (64) 14.50 (17) 0.06 (18)
20 kg–<25 kg (FCT) 14 13.30 (11.95–15.00) 23.37 (30) 4.78 (24) 0.07 (41) 4.21 (15) 1.00 (1.00–2.00) 12.48 (30) – –
25 kg–<40 kg 17 9.01 (7.59–11.24) 19.55 (27) 3.29 (30) 0.07 (46) 4.27 (12) 1.02 (0.00–4.00) 15.35 (27) 21.70 (26) 0.08 (35)

Data presented as median (range) for dose by weight and T max and geometric mean (percentage of coefficient variation) for other pharmacokinetic parameters. AUC 0–24 h , area under the concentration– 
time over 24 h (dosing interval); C max , maximum concentration; C trough , minimum concentration; T 1/2 , elimination half-life; Cl/F, apparent oral clearance. a This long T 1/2 comes from one participant with 
an unusual flat curve. b Calculated geometric means and percentage of coefficient variation from the available ODYSSEY pharmacokinetic data. c Geometric means and percentage of coefficient variation 
from meta-analyses of published results by weight band.

Table 3: Pharmacokinetic outcomes of DTG and 3TC within the D3/Penta 21 intensive PK study overall and by weight band.

Fig. 2: A: DTG median concentration time profile by weight band. B: 3TC median concentration time profile by weight band.
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sampling day was not properly dispersed according to 
guidance. Intensive pharmacokinetic sampling was 
repeated for these two participants, and data from their 
second successful visits were included in this analysis. 
The other three deviations involved missing blood 
samples at one or more time points for three children 
(2 in 14–<20 kg WB; 1 in 20–<25 kg FCT WB), these 
children were included in the analysis, and the missing 
values were extrapolated.

Safety outcomes
Baseline characteristics of the 82 children included in 
the safety population are shown in Table S1. All chil-
dren who completed pharmacokinetic sampling were 
on the per-protocol dose. Two children switched to 
ABC/3TC/DTG after their pharmacokinetic visit and 
before the end of the safety reporting period.

Of 82 participants, 3 (4%) experienced 4 serious 
adverse events requiring hospitalisation, and 5 (6%) had
6 grade ≥ 3 clinical AEs, including two participants with

SAEs (Table 4, appendix Table S3). There were no 
deaths within the reporting period. Infections, primar-
ily respiratory tract infections, were the most common 
AEs reported. All other AEs occurred in <5% of par-
ticipants (appendix Tables S5). AE patterns were similar 
across weight bands. None of the reported events were 
deemed related to ART or resulted in treatment 
discontinuation or dose modification.

Grade ≥3 laboratory abnormalities occurred in 4 
(5%) children (Table 4, appendix Table S4). Most lab-
oratory abnormalities were grade 1 in severity (ap-
pendix Table S6). The most frequent abnormalities 
were reduced creatinine clearance (15/113, 13%), 
elevated alkaline phosphatase (18/113, 16%) and 
raised lactate (26/97, 27%). A numerically higher fre-
quency of grade 1–2 lipase elevations was observed in 
20–<25 kg WB FCT (4/17, 24%) compared to ≤1 
(0–4%) in other WBs. Participants with elevated lipase 
had no relevant clinical symptoms, and no cases of 
pancreatitis were reported.

Fig. 3: A: Individual DTG C trough levels by weight band. The horizontal dotted black line indicates the GM C trough level from ODYSSEY children 
weighing 10–<40 kg, calculated using available-in house ODYSSEY data. The dotted red line below shows the EC90 of 0.32 mg/L, and the 
lowest dashed red line is the PA-IC90 (0.064 mg/L). B: Individual DTG AUC 0–24 h levels by weight band. The horizontal dotted black line 
indicates the GM AUC 0–24 h level from ODYSSEY, calculated using available-inhouse ODYSSEY data. C: Individual 3TC AUC 0–24 h per weight 
band. The horizontal dotted black line indicates the pooled GM AUC 0–24 h level from IMPAACT2019, calculated by meta-analysis the reported 
GM values of the IMPAACT2019 study per WB.

Dose and formulation Overall 10–<14 kg 14–<20 kg 20–<25 kg 20–<25 kg 25–<40 kg

(20/120 mg DT) (25/150 mg DT) (30/180 mg DT) (50/300 mg FCT) (50/300 mg FCT)

Number of participants 82 12 33 17 22 32
Follow-up, weeks a

Median 53.9 (53.7, 53.9) 23.3 (11.8, 35.9) 39.1 (23.9, 53.9) 47.9 (35.7, 53.9) 42.0 (17.9, 53.9) 53.9 (30.6, 53.9)
Range 29.7–53.9 4.0–53.9 3.9–53.9 24.0–53.9 5.1–53.9 5.7–53.9

Number of serious adverse events b,c 4 [3] 0 [0] 1 [1] 0 [0] 3 [2] 0 [0]
Infections and infestations a 2 [2] 0 [0] 1 [1] 0 [0] 1 [1] 0 [0]
Respiratory, thoracic, and mediastinal disorders b 2 [2] 0 [0] 0 [0] 0 [0] 2 [2] 0 [0]

Number of clinical events grade ≥3 6 [5] 0 [0] 2 [2] 1 [1] 2 [1] 1 [1]
Blood lymphatic and system disorders c 2 [2] 0 [0] 0 [0] 1 [1] d 0 [0] 1 [1]
Gastrointestinal disorders d 1 [1] 0 [0] 1 [1] 0 [0] 0 [0] 0 [0]
Infections and infestations a 2 [2] 0 [0] 1 [1] 0 [0] 1 [1] 0 [0]
Respiratory, thoracic, and mediastinal disorders e 1 [1] 0 [0] 0 [0] 0 [0] 1 [1] 0 [0]

Number of treatment emergent laboratory events grade ≥3 5 [4] 1 [1] 3 [3] 1 [1] 0 [0] 0 [0]
Haemoglobin 1 [1] 0 [0] 1 [1] 0 [0] 0 [0] 0 [0]
Creatinine clearance 1 [1] 0 [0] 1 [1] d 0 [0] 0 [0] 0 [0]
Neutrophils 3 [3] 1 [1] 1 [1] 1 [1] d 0 [0] 0 [0]

Data are n [N]: number of events [number of participants]; MedDRA system organ classification shown. MedDRA preferred terms: a cerebral malaria (14−<20 kg), pneumonia (20−<25 kg FCT); b cor 
pulmonale (20−<25 kg FCT), adenoidal hypertrophy (20−<25 kg FCT); c sickle cell anaemia with crisis (≥25 kg), febrile neutropenia (20−<25 kg DT); d diarrhoea (14−<20 kg); e cor pulmonale (20−<25 kg 
FCT). a Follow-up based on time-updated DTG/3TC dose: dose changes were primarily due to weight gain and transitioning into the next weight band. Two children switched to ABC/3TC/DTG prior to 
the end of week 48 follow-up (377 days) and were censored at date of DTG/3TC discontinuation in the safety analysis; one child was enrolled in 20–<25 kg DT WB and the other in 20–<25 kg WB FCT. 
There were no reportable clinical AEs or laboratory events for either child by the end of week 48 follow-up. b One of the SAEs (adenoidal hypertrophy) was classified as Grade 2 in a child receiving 50/ 
300 mg FCT in 20−<25 kg WB. c One child experienced two SAEs (pneumonia and cor pulmonale) in the 20−<25 kg WB (50/300 mg FCT). d One child experienced two laboratory grade 3 abnormal results 
in two different weight bands: grade 3 reduced creatinine clearance occurred in the 14–<20 kg WB (25/120 mg DT) and grade 3 decreased neutrophils occurred in 20–<25 kg WB (30/180 mg DT), the 
latter was deemed to be clinically significant and related to grade 3 febrile neutropenia, reported as adverse event.

Table 4: Safety outcomes by current weight band and dose/formulation over 48-week follow-up (from first DTG/3TC dose to earliest of end of week 48 window or DTG/3TC 
discontinuation).
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Discussion
This pharmacokinetic sub-study nested within the D3/ 
Penta 21 trial is the first to assess drug concentrations 
and safety of once-daily fixed-dose DTG/3TC formula-
tions in children aged 2–<15 years.

The study showed that the selected WB doses ach-
ieved the targeted DTG and 3TC exposures. Primary 
pharmacokinetic outcomes (GM C trough and AUC 0–24 h 

for DTG and GM AUC 0–24 h 3TC) were consistent with 
historical paediatric data from ODYSSEY (DTG) and 
IMPAACT2019 (3TC). Across all WBs, GM AUC 0–24 h 

and C trough levels for DTG and GM AUC 0–24 h for 3TC 
were within the reference ranges from prior regulatory 
approvals for paediatric Tivicay® and Triumeq®. Most 
children had DTG C trough levels above the EC90 target 
of 0.32 mg/L, comparable to ODYSSEY in similar WBs/ 
doses and formulations. 21,22 Three children had DTG 
C trough level below this target, one in the 10–<14 kg WB 
and two in the ≥25 kg WB. All children exceeded the 
PA-IC90 of 0.064 mg/L, with the lowest recorded level 
at 0.25 mg/L. The observed variability in individual 
DTG levels is consistent with previous data in children, 
likely reflecting inter individual differences in meta-
bolic enzyme activity. Although this study was not 
designed to assess covariates through modelling ap-
proaches, known factors such as body size and food 
intake were accounted for by applying WHO-
recommended weight-band dosing and standardised 
fasting conditions based on dosing, respectively.

This study evaluated the adult 3TC dose (300 mg) in 
children weighing ≥20 kg, considering simplification 
and patient preference for a single tablet. This resulted 
in 72% higher 3TC GM AUC 0–24 h in the 20–<25 kg 
FCT WB compared to children on DTG/3TC dispers-
ible tablets in the same WB in D3/Penta 21, and 61% 
higher than in IMPAACT 2019, both of which used a 
3TC dose of 180 mg. 30 However, the 3TC GM AUC 0–24 h 

in this WB was only 19% higher than in children 
weighing ≥25 kg in D3/Penta 21, receiving one adult 
DTG/3TC FCT, and 8% higher than in children in 
IMPAACT 2019, receiving adult DTG/ABC/3TC. While 
children receiving one adult DTG/3TC tablet in 20–<25 
kg may be temporarily exposed to higher levels of 3TC, 
this increased exposure is transient due to rapid growth 
at this age. Importantly, no 3TC-related adverse events 
or clinically significant laboratory abnormalities were 
observed in this group. Although earlier studies indi-
cated a potential link between 3TC concentrations and 
neutropenia in adults receiving high doses (20 mg/kg/ 
day), 34 no excess haematological toxicities were noted in 
children in the 20–<25 kg FCT WB compared to other 
WBs.

Both DTG/3TC fixed-dose combination formula-
tions were well tolerated, with reassuring safety out-
comes over 48 weeks. The findings align with paediatric 
ODYSSEY and IMPAACT 2019 trials. 30,35 Notably, 
GEMINI trials of ART-naïve adults reported fewer drug-

related adverse events and more favourable changes in 
renal and bone biomarkers amongst those receiving 
DTG + 3TC compared to triple drug regimen 
(DTG + TDF/FTC). 8 However, some adult switch trials 
(e.g. TANGO, SALSA) showed a higher rate of AEs in 
the first 24–48 weeks post-switch to DTG and 3TC 
compared to continuing triple-drug regimens, which 
could be expected with a switch to a new regimen. 
Notably, this was a single arm substudy which aimed to 
assess PK and safety. Comparative safety outcomes, 
including laboratory parameters, will be evaluated by 
randomised arm in the main trial, which is expected to 
provide more robust data relative to currently used 
DTG-based three-drug regimens. 20

A potential concern with the DTG/3TC 2DR 
regimen is the risk of treatment-emergent resistance, 
especially in populations with pre-existing mutations 
and those at risk for non-adherence, such as adoles-
cents. However, recent real-world data and clinical trials 
in adults have shown no new INSTI resistance in in-
dividuals who are ART-naïve and minimal resistance in 
those with prior ART experience. 36 Even in individuals 
with M184V/I mutations, virological failure rates 
remained low, suggesting that a 2DR regimen with 
DTG/3TC carries no increased risk of resistance 
compared to the standard 3DR regimens. 37

A limitation of this study was the absence of phar-
macokinetic curves for children in the lowest weight band 
(6–<10 kg WB), as no virologically suppressed children 
aged ≥2 years and weighing <10 kg were recruited to the 
main trial. This weight band was the lowest WHO dosing 
weight band that accommodated 2-year-olds on the lower 
percentiles for weight-for-age. We anticipated a low 
number of eligible participants, given the longer time 
infants take to achieve virological suppression. Despite 
the absence of data from the 6 to <10 kg weight band, the 
study’s large sample size and diverse age and weight 
range strengthen the robustness of our findings. Inter-
individual variability in DTG and 3TC exposures was 
consistent with previous studies (ODYSSEY, 
IMPAACT2019), supporting the applicability of the WHO 
weight-band dosing approach of the majority of children. 

Five major protocol deviations were identified in 
four children. In the two cases where deviations could 
have influenced the results, repeat intensive PK sam-
pling was performed; thus, these deviations are not 
expected to have impacted the results. Additionally, four 
PK timepoints lacked concentration data for three 
children (two in 14–<20 kg WB and one in 20–<25 kg 
FCT WB), representing less than 1% of all samples and 
unlikely to affect overall findings.

In conclusion, the D3/Penta 21 pharmacokinetic 
sub-study demonstrated adequate DTG and 3TC drug 
exposures with reassuring safety profiles for WB-based 
dosing of DTG/3TC, supporting the licencing applica-
tions for dispersible and film-coated DTG/3TC formu-
lations for paediatric use.
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