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Simplified dolutegravir dosing for children with HIV 
weighing 20 kg or more: pharmacokinetic and safety 
substudies of the multicentre, randomised ODYSSEY trial
Pauline D J Bollen, Cecilia L Moore, Hilda A Mujuru, Shafic Makumbi, Adeodata R Kekitiinwa, Elisabeth Kaudha, Anna Parker, Godfrey Musoro, 
Annet Nanduudu, Abbas Lugemwa, Pauline Amuge, James G Hakim, Pablo Rojo, Carlo Giaquinto, Angela Colbers, Diana M Gibb, Deborah Ford*, 
Anna Turkova*, David M Burger*, and the ODYSSEY trial team†

Summary
Background Paediatric dolutegravir doses approved  by stringent regulatory authorities (SRAs) for children weighing 
20 kg to less than 40 kg until recently required 25 mg and 10 mg film-coated tablets. These tablets are not readily 
available in low-resource settings where the burden of HIV is highest. We did nested pharmacokinetic substudies in 
patients enrolled in the ODYSSEY-trial to evaluate simplified dosing in children with HIV.

Methods We did pharmacokinetic and safety substudies within the open-label, multicentre, randomised ODYSSEY 
trial (NCT02259127) of children with HIV starting treatment in four research centres in Uganda and Zimbabwe. 
Eligible children  were randomised to dolutegravir in ODYSSEY and weighed 20 kg to less than 40 kg. In children 
weighing 20 kg to less than 25 kg, we assessed dolutegravir’s pharmacokinetics in children given once daily 25 mg 
film-coated tablets (approved by the SRAs at the time of the study) in part one of the study, and 50 mg film-coated 
tablets (adult dose) or 30 mg dispersible tablets in part two of the study. In children weighing 25 kg to less than 
40 kg, we also assessed dolutegravir pharmacokinetics within-subject on film-coated tablet doses of 25 mg or 35 mg 
once daily, which were approved by the SRAs for the children’s weight band; then switched to 50 mg film-coated 
tablets once daily. Steady-state 24 h dolutegravir plasma concentration-time pharmacokinetic profiling was done in 
all enrolled children at baseline and 1, 2, 3, 4, 6, and 24 h after observed dolutegravir intake. Target dolutegravir 
trough concentrations (Ctrough) were based on reference adult pharmacokinetic data and safety was evaluated in all 
children in the corresponding weight bands who consented to pharmacokinetic studies and received the studied 
doses. 

Findings Between Sept 22, 2016, and May 31, 2018, we enrolled 62 black-African children aged from 6 years to 
younger than 18 years (84 pharmacokinetic-profiles). In children weighing 20 kg to less than 25 kg taking 25 mg 
film-coated tablets, the geometric mean (GM) Ctrough (coefficient of variation) was 0·32 mg/L (94%), which was 
61% lower than the GM Ctrough of 0∙83 mg/L (26%) in fasted adults on dolutegravir 50 mg once-daily; in children 
weighing 25 kg to less than 30 kg taking 25 mg film-coated tablets, the GM Ctrough was 0·39 mg/L (48%), which was 
54% lower than the GM Ctrough in fasted adults; and in those 30 kg to less than 40 kg taking 35 mg film-coated tablets 
the GM Ctrough was 0·46 mg/L (63%), which was 45% lower than the GM Ctrough in fasted adults. On 50 mg film-coated 
tablets or 30 mg dispersible tablets, Ctrough was close to the adult reference (with similar estimates on the two 
formulations in children in the 20 to <25 kg weight band), with total exposure (area under the concentration-time 
curve from 0 h to 24 h) in between reference values in adults dosed once and twice daily, where safety data are 
reassuring, although maximum concentrations were higher in children weighing 20 kg to less than 25 kg than in 
the twice-daily adult reference. Over a 24-week follow-up period in 47 children on 30 mg dispersible tablets or 
50 mg film-coated tablets, none of the three reported adverse events (cryptococcal meningitis, asymptomatic 
anaemia, and asymptomatic neutropenia) were considered related to dolutegravir.

Interpretation Adult dolutegravir 50 mg film-coated tablets given once daily provide appropriate pharmacokinetic 
profiles in children weighing 20 kg or more, with no safety signal, allowing simplified practical dosing and rapid 
access to dolutegravir. These results informed the WHO 2019 dolutegravir paediatric dosing guidelines and have led 
to US Food and Drug Administration approval of adult dosing down to 20 kg.
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Introduction
Approximately 1∙7 million children younger than 
15 years are living with HIV worldwide, and in 2018, 
about 160 000 children newly acquired HIV—of those, 
approx imately 90% were from sub-Saharan Africa.1,2 
These children and adolescents require lifelong anti-
retroviral therapy (ART) to inhibit viral replication, to 
prevent HIV-related morbidity and mortality, and to stop 
transmission of the virus to others. However, in 2018, 
only an estimated 56% of children with HIV had access 
to ART,1 and treatment outcomes in children and 
adolescents were consistently worse than in adults.3 

Endorsed by recently updated WHO guidelines,4 several 
countries are rolling out dolutegravir, an integrase 
strand transfer inhibitor, as the preferred third ART 
drug combined with two nuc leoside reverse transcrip-
tase inhibitors for first-line treat ment across all ages.5 In 
adults, dolutegravir is highly effective in rapidly reducing 
HIV-1 RNA viral load and has a high barrier to develop-
ment of resistance. Addi tionally, dolutegravir has a 
favourable safety profile with few drug-drug inter-
actions.6 ART regimens, inclu ding dolutegravir, are low 
cost and already available in low-income and middle-
income countries (LMICs) as well as high-income 

Research in context

Evidence before this study
Dolutegravir-based antiretroviral therapy (ART) is being 
adopted in adults living with HIV globally because it offers 
better tolerability, fewer adverse drug reactions, fewer 
drug-drug interactions and higher genetic barrier to resistance 
than other available ART options; dolutegravir is also accessible 
for low-income and middle-income countries (LMICs) because 
of its low cost. Currently, updated WHO guidelines recommend 
dolutegravir-based ART as preferred first-line regimen for 
adults living with HIV initiating ART; however, availability 
and dosing of dolutegravir in children is lagging behind. 
We searched PubMed for clinical trials, pharmacokinetic, or 
cohort studies on dolutegravir in paediatric populations (aged 
>5 years) using the search terms “(pediatric OR paediatric 
OR children OR adolescents) AND dolutegravir” and relevant 
conference abstracts up to Oct 15, 2019. The search produced 
seven articles and two conference abstracts on dolutegravir use 
in paediatric populations. Two articles and two abstracts were 
from the ongoing phase 1/2 paediatric dose-finding trial 
(IMPAACT p 1093), which uses an age-staggered approach to 
investigate safety and pharmacokinetics for age-appropriate 
dolutegravir formulations in children aged between 4 weeks 
and younger than 18 years. The IMPAACT p1093 trial reported 
intensive pharmacokinetic results, 144-week safety results in 
children aged 12 years or older (n=23) and 48-week safety 
results in children aged six and younger than 12 years (n=23). 
On the basis of results from this trial, stringent regulatory 
authorities licensed dolutegravir doses for children aged 6 years 
or older. The US Food and Drug Administration (FDA) licensed 
dolutegravir for those weighing 30 kg or more and the 
European Medicines Authority (EMA) approved dolutegravir for 
those weighing 15 kg or more. Until recently, recommended 
dosing for children younger than 12 years weighing less than 
40 kg was complex, required different paediatric formulations 
within some weight bands, and there was no alignment for 
recommended dosing between the FDA and the EMA 
for children weighing 15 kg to less than 30 kg. Five small 
observational retrospective European cohort studies evaluated 
safety and efficacy of dolutegravir in adolescents; one of these 
also evaluated children and young people aged between 5 years 
and younger than 12 years (N=33). Observational studies show 

high viral suppression rates for dolutegravir-based ART in 
adolescents who are adherent to their ART with only a small 
number of reported side-effects. Data from real-life cohorts in 
younger children, aged between 5 years and younger than 
12 years, using dolutegravir doses of 20 mg, 25 mg, or 35 mg 
are scarce.

Added value of this study
We nested pharmacokinetic substudies in the ODYSSEY phase 
2/3 randomised controlled trial (ClinicalTrials.gov, 
NCT02259127) aiming to simplify dolutegravir dosing for 
children using WHO weight bands, which are almost universally 
used in low-income settings. We evaluated pharmacokinetics 
and safety by weight band of once-daily dolutegravir dosing 
using paediatric 10 mg and 25 mg film-coated tablets at the 
doses approved by the SRAs at the time of the study and 
simplified dosing with adult 50 mg film-coated tablets in 
children weighing 20 kg or more, as well as dolutegravir 5 mg 
dispersible tablets as a dose of 30 mg in children weighing 
20 kg to less than 25 kg. The latter is an important alternative 
option for children unable to swallow adult tablets. 62 children 
aged between 6 years and younger than 18 years in Uganda and 
Zimbabwe contributed 84 pharmacokinetic profiles and safety 
data. The pharmacokinetic results showed that dolutegravir 
exposures on the SRA-approved doses were lower than adult 
reference values, whereas once-daily adult dolutegravir 50 mg 
film-coated tablets in children weighing 20 kg or more 
and 30 mg dispersible tablets in children weighing 20 kg to less 
than to 25 kg provided adequate pharmacokinetic profiles with 
no adverse safety signals.

Implications of all the available evidence
The results of pharmacokinetic studies allow implementation 
of simplified and readily available dolutegravir-based ART for 
children weighing 20 kg or more using adult tablets. This will 
enable alignment with adult ART regimens preferred by WHO 
in LMICs. WHO has included the option of adult dolutegravir 
film-coated tablets for children weighing more than 20 kg 
in their updated 2019 guidelines. Based on the ODYSSEY data  
the FDA has recently approved the 50 mg film-coated adult 
tablet and 30 mg dispersible tablets for children weighing
20 kg or more.
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countries.5 A key WHO principle for treatment opti-
misation is harmonisation across popu lations making 
dolutegravir the strategically preferred choice.4

For children in LMICs, optimised treatment options lag 
behind those for adults.7 On the basis of results from 
IMPAACT P1093 (NCT01302847), a paediatric phase 1/2 
dose-finding trial,8,9 Stringent Regulatory Authorities 
(SRAs) have approved once-daily dolutegravir 50 mg in 
film-coated tablet form, which is the dose and delivery 
method for adults, for use in adolescents aged 12 years 
and older weighing 40 kg or more. Until recently, once-
daily dolutegravir 35 mg in film-coated tablet form (given 
as one 25 mg tablet plus one 10 mg tablet) was approved 
by the US Food and Drug Administration (FDA) for 
children weighing 20 kg to less than 30 kg. The European 
Medicines Agency and SRAs in Canada and Australia also 
approved once-daily dolutegravir 25 mg in film-coated 
tablet form for children weighing 20 kg to less than 30 kg 
and once-daily dolutegravir 20 mg in film-coated tablet 
form for children weighing 15 kg to less than 20 kg.10,11 The 
paediatric dolutegravir formulations (10 mg and 25 mg 
film-coated tablets) are not available in most LMICs and 
the dosing recommendations are therefore impractical. 
The paediatric antiretroviral market is small and 
fragmented, and stock-outs in low-level health facilities 
are frequent.12 Additionally, children in the lower weight 
bands would require yet another (dispersible) formu-
lation.13,14 Last, complex regimens with two different tablet 
doses of the same drug have the potential to cause dosing 
errors by both health-care workers and caregivers.15

Until very recently there was no approved dolutegravir 
dosing for infants and no consensus on dosing in 
children wei ghing 15–30 kg and options for first-line and 
second-line ART regimens for children failing protease 
inhibitor-based ART were scarce. Simplified and prag-
matic dosing with an alternative robust and tolerable 
anti retroviral agent, such as dolutegravir, is therefore 
urgently required for both first-line and second-line 
treatment for children.

Within the phase 2/3 paediatric ODYSSEY trial 
(ClinicalTrials.gov, CT02259127), we did nested pharma-
cokinetic substudies to evaluate the pharmaco kinetics 
and safety for a practical paediatric dolutegravir dosing 
approach, according to WHO weight bands, and using 
a minimal number of formulations and doses. We 
present the results of three intensive pharmaco kinetic 
substudies in children with HIV weighing 20 kg to less 
than 40 kg.

Methods
Study design and participants
ODYSSEY is an open-label, multicentre, randomised, 
non-inferiority, phase 2/3 trial evaluating efficacy and 
safety of dolutegravir plus two nucleoside reverse 
transcriptase inhibitors versus standard of care over  
96 weeks follow-up in 700 children with HIV (younger 
than 18 years), starting first-line or second-line ART in 
Africa, Europe, and Thailand. We did pharmacokinetic 
substudies in four ODYSSEY sites in Uganda and 
Zimbabwe (University of Zimbabwe Clinical Research 

20 kg to <25 kg (n=34) 25 kg to <30 kg (n=17) 30 kg to <40 kg (n=11)

25 mg FCT 30 mg DT 50 mg FCT 25 mg FCT 50 mg FCT 35 mg FCT 50 mg FCT

Number of children 
consenting to participate

17 10* 9* 17 17 11 11

Ethnicity, black-African 17 (100%) 10 (100%) 9 (100%) 17 (100%) 17 (100%) 11 (100%) 11 (100%)

Sex

Male 9 (53%) 6 (60%) 6 (67%) 13 (76%) 13 (76%) 4 (36%) 4 (36%)

Female 8 (47%) 4 (40%) 3 (33%) 4 (24%) 4 (24%) 7 (64%) 7 (64%)

Age, years (median [IQR, 
range])

9∙5
(7∙6–10∙5; 
6∙9–11∙5)

7∙6
(7∙3–9∙5; 
5∙8–11∙3)

9∙0
(8∙1–9∙7; 
5∙9–11∙7)

10∙4
(9∙1–11∙0; 

7∙2–15∙4)

10∙7
 (9∙7–11∙5; 

7∙5–15∙9)

10∙9 
(9∙9–12∙3; 
9∙8–17∙7)

11∙3 
(10∙3–12∙6; 
9∙8–17∙8)

Weight, kg (median [IQR; 
range])

22∙5 
(21∙2–23∙3; 
20∙3–25∙4)

21∙3 
(20∙5–22∙4; 
20∙0–22∙9)

22∙0  
(21∙0–23∙0; 
20∙4–24∙5)

26∙4  
(25∙6–26∙9; 
25∙0–28∙4)

27∙4  
(25∙8–28∙5; 
25∙0–30∙7)†

30∙2 
(30∙0–31∙4; 
28∙5–37∙6)‡

31∙0 
(30∙2–36∙0; 
29∙9–38∙7)§

Previous ART experience

Receiving first-line ART 3 (18%) 6 (60%) 0 (0%) 9 (53%) 9 (53%) 7 (64%) 7 (64%)

Receiving second-line ART 14 (82%) 4 (40%) 9 (100%) 8 (47%) 8 (47%) 4 (36%) 4 (37%)

Previous dolutegravir 
exposure, weeks

0∙0  
(0∙0–0∙0; 
0∙0–0∙0)

34∙6 
(21∙7–40∙7; 
13∙9–60∙7)

47∙1
 (34∙4–48∙0; 
24∙6–60∙0)

0∙0  
(0∙0–4∙0;  
0∙0–35∙9)

28∙0 
(18∙0–36∙1; 

8∙0–51∙0)

1∙0  
(0∙0-24∙0; 

0∙0–36∙0)

23∙0  
(13∙1–37∙7; 
2∙1-44∙0)

Data are n (%) or median (IQR), unless otherwise stated. FCT=film-coated tablet. DT=dispersible tablets. ART=antiretroviral therapy. *Two participants in weight band 
between 20 kg and lower than 25 kg contributed safety data on dolutegravir 25 mg FCT (part one) and subsequently on 50 mg FCT (n=1) or 30 mg DT (n=1) in part two. 
†One participant increased in weight at the start of 50 mg FCT to 30∙7 kg (previously within 25 to <30 kg, receiving 25 mg FCT). ‡Two participants started 35 mg FCT 
weighing 28∙5 kg and 29∙9 kg. §One participant started 50 mg FCT weighing 29∙9 kg (previously within 30 to <40 kg weight band, receiving 35 mg FCT). By the time 
of their pharmacokinetic assessment day their weight had increase to more than 30 kg.

Table 1: Patient demographics and characteristics by weight band at time of dolutegravir dose initiation
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Centre, Harare, Zimbabwe; Joint Clinical Research 
Centre, Mbarara, Uganda; Joint Clinical Research 
Centre, Kampala, Uganda; Baylor College of Medicine 
Children’s Foundation, Kampala, Uganda) and app-
roved by local ethics committees.

The pharmacokinetic substudy for children weighing 
25 kg to less than 40 kg was a within-subject, two-
period, fixed-order, pharmacokinetic study with 
paediatric dolutegravir doses approved by the SRAs at 
the time of the study used in the first period and a 
higher (adult) dose of 50 mg as film-coated tablet in the 
second period. A child first completed 24-h intensive 
pharmacokinetic sampling after at least 1 week of 
receiving 25 mg film-coated tablets if they were in the 
25 kg to less than 30 kg weight band or 35 mg (one 10 mg 
and one 25 mg film-coated tablet) if they were in the 
30 to less than 40 kg weight band. The second 24-h 
pharmacokinetic profile was taken at least 1 week after 
the switch to a daily 50 mg film-coated tablet.

In a parallel pharmacokinetic substudy, children 
weighing 20 kg to less than 25 kg had 24-h intensive 
phar macokinetic profiling on the once-daily dose of 
dolute gravir 25 mg film-coated tablet (part one). After 
review of the results, we did a subsequent substudy (part 
two) in children weighing 20 to less than 25 kg, 
investigating higher dolutegravir doses to achieve better 
exposures. On the basis of results of part one and to 
simplify dosing and future access to formulations, we 
studied the 50 mg adult film-coated tablet. Because we 

were concurrently investi gating dispersible dolutegravir 
tab lets in children weighing less than 20 kg (not reported 
here), we also studied a 30 mg dose given as six 5 mg 
dispersible tablets, which is bioequivalent to a 50 mg 
film-coated tablet,16 as an option for children unable to 
swallow adult tablets. Dolutegravir 50 mg film-coated 
tablet or 30 mg dispersible tablet formu lations were 
allocated by site. This substudy pri marily enrolled child-
ren who had not participated in part one because children 
initially recruited in this weight band had gained weight 
and were no longer in the weight band.

We asked carers and children for additional informed 
consent (and assent respectively when appropriate) to 
participate in the pharmacokinetic substudies until at 
least eight children per weight band, dose, and formu-
lation, had evaluable pharmacokinetic results. According 
to Wang and colleagues17 a power of 80% is reached with 
eight individuals and a coefficient of variation of 31–35%. 
We excluded children with symp toms that could affect 
pharmacokinetic results (ie, severe diarrhoea, vomiting, 
renal, or liver disease), severe malnutrition, or taking 
concomitant medication known to have drug-drug 
interactions with dolutegravir.

Procedures
Children enrolled in the pharmacokinetic substudies 
attended study visits following the main ODYSSEY trial 
protocol (visits every 12 weeks after week 4 from 
enrolment). Participants whose dose was increased to 
30 mg dispersible tablets or the 50 mg film-coated tablet 
had additional safety visits at weeks 2, 4, and 12 after dose 
adaptation. At each visit, we did a clinical assessment, 
including haematology and biochemistry safety para-
meters. We ascertained serious adverse events (defined 
according to International Conference on Harmonisation 
Guideline for Good Clinical Practice), grade 3 and 4 
clinical and laboratory events, and events resulting in 
modification of ART (any grade).

To achieve steady-state, children attended their phar-
ma cokinetic study visit day at least 7 days after starting 
on the investigated dolutegravir dose. We ascertained 
medication adherence during the last 3 days before the 
day of pharmacokinetic assessment to ensure that no 
doses had been missed. To construct a dolutegravir 
plasma concen tration-time profile, blood samples of 2 mL 
were taken at baseline and 1, 2, 3, 4, 6, and 24 h after 
observed dolute gravir intake with 100 mL of water. To 
conform with adult comparator studies, participants 
fasted at least 3 h before dolutegravir intake, although 
an overnight fast was preferred. Dispersible tablets 
were dispersed in a small amount of water and imme-
diately taken, followed by an additional intake of water 
up to a volume of 100 mL. We allowed no medi cations, 
other than nucleoside reverse trans criptase inhibitors, 
within 2 h after dolutegravir intake. Children fasted 2 h 
after dolutegravir intake before having a light breakfast 
(con taining approximately 250 calories). During 

Figure 1: Substudy profile for cohorts weighing 20 kg to less than 25 kg
Non-adherence was predefined as a trough concentration-predose concentration ratio of more than 15. 
FCT=film-coated tablet. DT=dispersible tablets. PK=pharmacokinetic. *Two participants in the 20 kg to less than 
25 kg weight band contributed safety data on 25 mg FCT in part one and subsequently on 50 mg FCT (n=1) or 
30 mg dispersible tablets (n=1) in part two.

10 participants received
30 mg DT

 

9 evaluable PK profiles 
on 30 mg DT

1 excluded PK profile 
for concomitant 
valproate use

 

19 participants part II*       
 

34 participants enrolled 
weighing 20 to <25 kg

17 participants part I
 

17 participants received
25 mg FCT

 

14 evaluable PK profiles on 
25 mg FCT

 

9 participants received
50 mg FCT

9 evaluable PK profiles on 
50 mg FCT

2 participants never 
completed PK  
1 increased weight 

beyond 25 kg
1 carer unable to 

attend PK days
1 excluded PK profile 

for treatment 
non-adherence
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pharma cokinetic assessment days all food was provided 
at set times.

We refrigerated blood samples within 10 min and 
centrifuged them within 24 h of collection. Plasma was 
separated and stored at –80°C until shipping to the 
laboratory of the Department of Pharmacy, Radboudumc, 
Nijmegen, Netherlands for quantification with a validated 
liquid chromatography tandem mass spectrometry bio-
analytical quantification method (lower limit of quan-
tification of 0∙01 mg/L).18

Statistical analysis
We included all participants consenting to inclusion in 
the pharmacokinetic substudies in the safety analyses. 
For the pharmacokinetic analyses, we considered haem-
olysed samples non-evaluable and excluded pharma-
cokinetic profiles if treatment non-adherence was likely 
(predefined when a predose concentration [C0] was 
>15 times below the concentration 24 h after observed 
drug intake (trough concen tration [Ctrough]), if protocol 
violations had occurred, or if concomitant medications 
known to affect dolutegravir drug concentrations had 
been used.

We used Phoenix WinNonlin 64 (version 8.1; Certara, 
Princeton, NJ, USA) for non-compartmental analysis and 
calculation of summary statistics for dolutegravir pharma-
cokinetic parameters; Ctrough, C0 (predose sample), area 
under the concentration-time curve from 0 to 24 h 
(AUC0–24h), maximum plasma concentration (Cmax), 
apparent elim ination half-life (T1/2), oral clearance (CL/F), 
and volume of distribution (Vd/F). C0, Cmax, and obtained 
the time to the maximum plasma concentration (Tmax) 
directly from the observed concentration-time data. We 
estimated Ctrough using T1/2 if the sample was not taken at 
24 h (four curves).

The aim was to achieve pharmacokinetic parameters 
comparable to published values for approved adult 
dolute gravir dosing.19–21 In particular, we aimed to record 
similar geometric mean (GM) Ctrough to adult GM Ctrough 
on dolutegravir 50 mg film-coated tablets given once 
daily under fasted conditions. We considered dolute-
gravir Ctrough as the main pharmacokinetic target, as it 
correlates with viral load decline and is linked to 
antiviral response.19,22 We also compared pharma-
cokinetic results to published adult pharmacokinetic 
reference data on the dolutegravir 50 mg film-coated 
tablet given twice daily, because this is the highest 
approved dose that has a reassuring safety profile. We 
considered the proportion of individuals with Ctrough 
lower than 0∙32 mg/L, which equals the in vivo dolute-
gravir 90% effective concentration (EC90; the effec tive 
concentration at which 90% of maximal viral inhibition 
is achieved in a 10-day mono therapy study).19 Data on 
HIV-1 RNA viral loads were not available for this 
analysis because virological failure is a component of 
the primary endpoint in the main ODYSSEY trial, 
which is still ongoing. For estimation of GM ratios 

(GMRs) and 90% CIs for paired and non-paired pharma-
cokinetic data on different dolutegravir doses and 
formulations we used a linear mixed-model (with dose 
as fixed-effect and random effect for participant) or an 
independent t test as appropriate on log-transformed 
pharmacokinetic parameters with IBM Statistical 
Package for the Social Sciences (version 25). We ass-
essed dose-proportionality for log-transformed and dose 
normalised pharmacokinetic parameters (AUC0–24h and 
Cmax) for adult dolutegravir 50 mg film-coated tablet 
doses versus doses approved by the SRAs at the time of 
the study. In the weight band 20 kg to less than 25 kg, 
we assessed equivalence in exposures for the adult 
50 mg film-coated tablet versus paediatric 30 mg 
dispersible tablets. In both situations we used the stan-
dard 0·80–1·25% equivalence limits that are ack-
nowledged by the SRAs to decide whether dose-line arity 
or equivalence was shown following criteria as defined 
by Williams and colleagues.23

All children consenting to inclusion in a pharma-
cokinetic substudy contributed safety data from the 

28 participants enrolled 25 kg to <40kg
 

16 25 kg to <30 kg at pharmacokinetic 
assessment day 

17 evaluable pharmacokinetic profiles on 
25 mg FCT

18 increased to 50 mg FCT after 
pharmacokinetic assessment day*

1 excluded 
pharmacokinetic
profile for haemolysed 
samples*

 

16 evaluable pharmacokinetic profiles 
on 50 mg FCT

2 excluded pharmacokinetic profiles of 
treatment non-adherence‡

12 30 kg to <40kg at pharmacokinetic 
assessment day 

9 evaluable pharmacokinetic profiles on 
35 mg FCT

 

10  increased to 50 mg FCT after 
pharmacokinetic assessment day§

1 excluded for 
pharmacokinetic 
profile of  treatment 
non-adherence‡

 

2 incorrectly dosed at 25 mg FCT on first 
pharmacokinetic assessment day and 
included in 25 to <30 kg weight band 
instead†

 

10 evaluable pharmacokinetic profiles 
on 25 mg FCT

 

Figure 2: Substudy profile for cohort weighing 25 kg to less than 40 kg
FCT=film coated tablet. *The child with haemolysed samples on the 25mg FCT had a valid pharmacokinetic curve 
on the increased dose of 50 mg FCT. †One participant (30∙6 kg at pharmacokinetic assessment day) was dosed 
at 25 mg, although slightly out of weight band and included in the weight band 25 kg to less than 30 kg for 
pharmacokinetics and safety analyses. One participant (30∙7 kg at the pharmacokinetic assessment day) was 
on 35 mg FCT but was given 25 mg FCT at the pharmacokinetic assessment day only and included in the weight 
band 25 kg to less than 30 kg for pharmacokinetic analyses and in weight band 30 kg to less than 40 kg for safety 
analyses. ‡Pharmacokinetic non-adherence predefined as a trough concentration-predose concentration ratio 
of more than 15. §For one child the pharmacokinetic profile while on 35 mg was excluded from pharmacokinetic 
analysis. The pharmacokinetic profile while on 50 mg from the same child showed no signs of non-adherence 
and was included in the pharmacokinetic analysis. 
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start of each pharmacokinetic dose for 24 weeks or to 
last follow-up visit, whichever was earlier; no participant 
commenced a second pharmacokinetic dose before 
completing 24 weeks on the first pharmacokinetic dose 
with the exception of children weighing 25 kg to less 
than 40 kg crossing over from the doses approved by 
the SRAs at the time of the study the 50 mg film-coated 
tablet, with which follow-up could be shorter. As part of 
the ODYSSEY trial, an independent endpoint review 
committee who were masked to trial groups (third drug 
of ART regimen) reviewed all reported adverse events. 
We did descriptive analysis reporting follow-up and 
adverse events by dose and weight band in STATA 
(version 15.0). An independent data monitoring com-
mittee reviewed conduct, pharma cokinetic, and safety 
data from these substudies. The ODYSSEY trial is 
registered with ClinicalTrials.gov, NCT02259127.

Role of the funding source
The ODYSSEY trial is sponsored by the Paediatric 
European Network for Treatment of AIDS Foundation. 
The Medical Research Council Clinical Trials Unit at 
University College London, London, UK receives core 
support from the UK Medical Research Council (grant 
number MC_UU_12023/26). The Paediatric European 
Network for Treatment of AIDS Foundation provides 
support to sites in Europe. This study received funding 
from ViiV Healthcare, who reviewed and provided com-
ments on the manuscript, although the authors of the 
Article were responsible for the analysis and interpretation 
of the data. The corres ponding author had full access to all 

the data in the study and had final responsibility for the 
decision to submit for publication.

Results
Between Sept 22, 2016, and May 31, 2018, we enrolled 
62 black-African children, aged from 6 years to younger 
than 18 years, and included all in the safety population. 
Most children (33 [73%] of 45) had no dolutegravir 
intake before starting the doses of 25 mg film-coated 
tablet and 35 mg film-coated tablets; by contrast, all 
children starting 30 mg dispersible tablets or 50 mg 
film-coated tablet had taken dolutegravir previously for 
a median of 33 weeks (range 2–61; table 1).

Across the described pharmacokinetic substudies, we 
included 58 (94%) of 62 children in the pharmacokinetic 
population and they contributed to 84 pharmacokinetic 
profiles (figure 1, figure 2). Figure 3 depicts mean plasma 
concentration versus time profiles for all doses by weight 
band. In children weighing 20 kg to less than 25 kg taking 
25 mg film-coated tablets, the GM Ctrough (coefficient of 
variation) was 0·32 mg/L (94%), which was 61% lower 
than the GM Ctrough of 0∙83 mg/L (26%) in fasted adults on 
dolutegravir 50 mg once-daily; in those weighing 25 kg to 
less than 30 kg taking 25 mg film-coated tablets, the GM 
Ctrough was 0·39 mg/L (48%), which was 54% lower than in 
fasted adults; and in those weighing 30 kg to less than 
40 kg taking 35 mg film-coated tablets the GM Ctrough was 
0·46 mg/L (63%), which was 45% lower than in fasted 
adults (table 2).

12 (30%) of 40 children who took the doses approved by 
the SRA at the time of the study had individual Ctroughs 
below 0∙32 mg/L, the dolutegravir in vivo EC90. By 
contrast, the children weighing 20 kg to less than 25 kg 
who took adult 50 mg film-coated tablets had GM Ctrough of 
0∙75 mg/L (44%), those weighing 25 kg to less than 30 kg 
had GM Ctrough of 0∙77 mg/L (43%), and those weighing 
30 kg to less than 40 kg had GM Ctrough of 0∙63 mg/L 
(49%), which were similar to adult reference values, and 
none had a Ctrough below the dolutegravir EC90. The GM 
Ctrough in children taking 30 mg dispersible tablets was 
0∙76 mg/L (73%), which was similar to Ctrough on 50 mg 
once daily in adults, and only one child taking 30 mg 
dispersible tablets had Ctrough below EC90 (table 2, figure 4, 
figure 5).

Total dolutegravir exposure (expressed as AUC0–24h) in 
children weighing 20 kg or more taking 50 mg film-coated 
tablets (or 30 mg dispersible tablets in children weighing 
20 kg to <25 kg) was above the reference AUC0–24h in adults 
taking 50 mg once-daily, but did not exceed the reference 
for twice-daily dosing. However, GM Cmax in children 
weighing 20 kg to less than 25 kg were 17% higher on the 
50 mg film-coated tablet and 32% higher on 30 mg 
dispersible tablets than in adults on 50 mg twice-daily 
(figure 4).

We observed a dose-proportional increase in exposure, 
based on AUC0–24h and Cmax, for the 50 mg film-coated 
tablet compared with the 25 mg and 35 mg film-coated 

Figure 3: Dolutegravir mean plasma concentration versus time profiles by weight band and dose
30 mg dispersible tablet was given as six 5 mg DTs. 50 mg was a single film-coated tablet. 35 mg FCT was given 
as one 25 mg FCT plus one 10 mg FCT. 25 mg was given as a single film-coated tablet. Adult reference lines (grey) 
indicate published geometric mean trough concentrations for 50 mg once daily or twice daily. Orange
horizontal line expresses the in vivo EC90 (0∙32 mg/L). FCT=film-coated tablets. DT=disperisble tablets.
EC90=effective concentration at which 90% of maximal viral inhibition is achieved.
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tablets (appendix p 1, table 1). Additionally, daily dosing 
of 50 mg film-coated tablet versus 30 mg dispersible 
tablets in children weighing 20 kg to less than 25 kg 
resulted in similar AUC0–24h and Cmax: GMR 0∙89 
(90% CI 0∙70–1∙15) and 0∙89 (90% CI 0∙68–1∙15) 
respectively (appendix p 1, table 2).

After a follow-up of 24 weeks in all 17 children weighing 
20 kg to less than 25 kg receiving 25 mg film-coated tablets 
dose, two asymptomatic neutropenias (grade 3 laboratory 
adverse events) and one asymptomatic thrombo cytopenia 
with raised transaminases (grade 3 laboratory adverse 
event) occurred (table 3). After a median follow-up of 
19 weeks (IQR 15–24) in 17 children weighing 25 to less 
than 30 kg receiving 25 mg film-coated tablets, and after 
13 weeks (6–23) in 11 children weighing 30 kg to less than 

40 kg receiving 35 mg film-coated tablets, no reportable 
adverse events occurred.

After a median follow-up of 24 weeks (IQR 24–24) in ten 
children weighing 20 kg to less than 25 receiving 30 mg 
dispersible tablets and a median follow-up of 24 weeks 
(24–24) in nine children weighing 20 kg to less than 25 kg 
who took 50 mg film-coated tablets, there were no 
reportable adverse events (table 3). After a follow-up of 24 
weeks in all 28 children weighing 25 kg or more receiving 
50 mg film-coated tablets, there were three reportable 
adverse events. These included one serious adverse event, 
which was crypto coccal menin gitis (WHO stage 4 and 
Division of AIDS grade 4), one asymptomatic anaemia 
(grade 3 laboratory event) and one asymptomatic 
neutropenia (grade 3 laboratory event). 

20 kg to <25 kg 25 kg to 30 kg 30 kg to <40 kg Adults 
≥40 kg19

Adults 
≥40 kg20,21

25 mg FCT 30 mg DT 50 mg FCT 25 mg FCT 50 mg FCT  35 mg FCT 50 mg FCT 50 mg FCT 50 mg BID FCT

Number of participants with 
pharmacokinetic profiles

14 9 9 17 16 9 10 10* 24†

Age on pharmacokinetic 
assessment day, years

9∙5  
(7∙6–10∙6)

7∙8  
(7∙5–9∙5)

9∙1  
(8∙1–9∙7)

10∙8  
(9∙7–11∙9)

10∙5  
(9∙3–11∙4)

11∙3  
(10∙5–12∙5)

11∙3  
(10∙4–12∙5)

∙∙ ∙∙

Weight on pharmacokinetic 
assessment day, kg (IQR; 
range)

23∙4  
(22∙9–23∙9; 
20∙2–24∙3)

21∙9  
(21∙0–22∙5; 
20∙2–22∙7)

21∙6  
(20∙6–23∙0; 
20∙2–24∙5)

27∙3  
(26∙5–28∙7; 
25∙0–30∙7)‡§

27∙9 
(26∙7–29∙5;  
25.4–30∙6)‡§

31∙0 
(30∙1–35∙0; 
29∙9–38∙2)¶ 

31∙6  
(30∙3–37∙1; 
30∙0–38∙5)

∙∙ ∙∙

Dose, mg/kg 1∙1  
(1∙0–1∙1)

1∙4  
(1∙3–1∙4)

2∙3  
(2∙2–2∙4)

0∙9  
(0∙9–0∙9)

1∙8  
(1∙7–1∙9)

1∙1  
(1∙0–1∙2)

1∙6  
(1∙3–1∙7)

∙∙ ∙∙

Previous dolutegravir 
exposure on pharmacokinetic 
day, weeks

7∙5  
(2∙0–19∙4)

34∙9  
(23∙7–40∙6)

48∙3  
(36∙1–51∙7)

27∙9  
(17∙9–36∙0)

30∙4  
(19∙9–40∙2)

23∙1  
(16∙9–37∙6)

24∙6  
(16∙9–39∙6)

∙∙ ∙∙

Previous exposure to 
investigated pharmacokinetic 
dose on pharmacokinetic 
assessment day, weeks (IQR; 
range)

7∙5  
(2∙0–19∙4; 

1∙6–48∙0)

1∙9  
(1∙7–2∙0; 

1∙3–2∙6)

1∙7  
(1∙3–2∙1; 

1∙1–3∙7)

18∙9 
(14∙6–29∙9; 

0∙0–45∙9)|| 

1∙9  
(1∙9–1∙9;  
1∙0–5∙4)

14∙9 
(7∙9–22∙9; 
2∙0–37∙6)

1∙9  
(1∙9–1∙9;  
1∙0–1∙9)

∙∙ ∙∙

C0, mg/L 0∙49 (80) 0∙85 (76) 1∙26 (49) 0∙53 (59) 1∙05 (45) 0∙51 (97) 1∙00 (37) ∙∙ 3∙20 (69)

Ctrough, mg/L 0∙32 (94) 0∙76 (73) 0∙75 (44) 0∙39 (48) 0∙77 (43)** 0∙46 (63) 0∙63 (49) 0∙83 (26) 2∙72 (70)

Proportion of patients below 
EC90

4 (29%) 1 (11%) 0 (0%) 5 (29%) 0 (0%) 3 (33%) 0 (0%)

AUC0–24h, h × mg/L 30∙0 (41) 71∙4 (26) 63∙7 (26) 33∙1 (23) 58∙6 (28)** 40∙3 (35) 53∙5 (32) 43∙4 (20) 93∙4 (50)

Cmax, mg/L 3∙20 (40) 7∙16 (26) 6∙34 (27) 3∙16 (24) 5∙41 (25) 3∙98 (28) 5∙22 (25) 3∙34 (16) 5∙41 (40)

Tmax, h 2∙0 (1∙0–3∙0) 3∙0 (2∙0–4∙0) 2∙0 (1∙0–3∙0) 2∙0 (2∙0–4∙0) 3∙0 (2∙0–6∙0) 3∙0 (1∙0–4∙0) 2∙5 (2∙0–4∙0) 2∙0 (1∙0–4∙0) 2∙0 (0–7∙9)

T1/2, h 7∙65 (51) 7∙14 (30) 7∙49 (19) 7∙26 (23)†† 8∙14 (16)‡‡ 6∙85 (17)§§ 7∙45 (15)¶¶ 12∙0 (22) ∙∙

CL/F, L/h 0∙83 (41) 0∙42 (26) 0∙79 (26) 0∙76 (23)** 0∙85 (28)** 0∙87 (35) 0∙93 (32) ∙∙ ∙∙

Vd/F, L 9∙19 (62) 4∙33 (25) 8∙48 (28) 7∙94 (27)†† 9∙66 (29)‡‡ 8∙61 (31)§§ 10∙1 (29)¶¶ ∙∙ ∙∙

Data are geometric mean (coefficient of variation %), median (IQR), or n (%), unless indicated otherwise. FCT=film-coated tablet. DT=dispersible tablets. BID=twice daily. C0=predose concentration. 
Ctrough=trough concentration. EC90= the effective concentration at which 90% of maximal viral inhibition is achieved in a 10-day monotherapy study. AUC0–24h=area under the concentration-time curve from 
0 to 24 h. Cmax=maximum plasma concentration. Tmax=time to maximum plasma concentration. T1/2=apparent elimination half-life. CL/F=oral clearance. Vd/F=volume of distribution. *Fasted adults who were 
HIV-positive. †Adults who were HIV-positive and had previous treatment, fed state not specified. ‡One participant received 25 mg FCT while weighing 30∙6 kg and was included in the weight band between 
25 kg and lower than 30 kg; weight was the same (30∙6 kg) on the second pharmacokinetic assessment day on 50 mg FCT; therefore, the pharmacokinetic profile was also included in the results for the weight 
band between 25 kg and less than 30 kg for their second pharmacokinetic assessment day. §One participant started on 35mg FCT but was accidentally administered 25mg FCT for their first pharmacokinetic 
day, weight was 30∙7kg and the pharmacokinetic profile was included in the 25 to less than 30kg weight band for the first pharmacokinetic day. There was no pharmacokinetic profile available on the 50mg 
dose. This participant is considered within safety follow-up for the 30 to less than 40kg group. ¶One participant on 35 mg FCT while weighing 29∙9 kg was included in the weight band between 30 kg and less 
than 40 kg; weight on the second pharmacokinetic assessment day on 50 mg FCT was 30∙1 kg. ||One participant started on 35 mg FCT, but was accidentally administered 25 mg FCT only on the 
pharmacokinetic assessment day (see § above). Exposure to 35 mg FCT before pharmacokinetic assessment day was 13∙0 weeks; another participant started on 25 mg while weighing between 20 kg and less 
than 25 kg, their weight increased to more than 25 kg the day before the pharmacokinetic assessment day, exposure to 25 mg while weighing between 20 kg and less than 25 kg was 3 weeks; the range for 
previous exposure to the investigated pharmacokinetic dose on the pharmacokinetic assessment day, excluding these two participants, is 7∙9–45∙9 weeks. **n=15. ††n=16. ‡‡n=12. §§n=8. ¶¶n=9. 

Table 2: Summary of dolutegravir pharmacokinetic parameters in children by weight band and published adult reference pharmacokinetic parameters
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Over a total follow-up of 20∙5 patient-years in 
47 children on either the 50 mg film-coated tablet or 30 
mg dispersible tablet, there were 3 adverse events 
reported (rate 14∙6/100 person years [95% CI 3∙1–43]; 
table 3). The reporting clinicians and endpoint review 
committee considered none of the adverse events to be 
related to dolutegravir exposure and no events resulted 
in modification of ART.

Discussion
These ODYSSEY pharmacokinetic substudies showed 
that taking the once-daily dolutegravir 50 mg film-coated 
tablet resulted in appropriate drug exposures in children 
weighing 20 kg or more. In addition, 30 mg dispersible 
tablets, evaluated in children weighing 20 kg to less than 
25 kg, offer a practical alternative for children weighing 
20 kg or more unable to swallow tablets. Safety signals 
were not seen for any of the doses studied.

An accepted approach to providing evidence supporting 
the use of drugs in children is to determine a paediatric 
dose that shows drug exposure sufficiently similar to the 
exposure that is effective and safe in adults. Dolutegravir 
clinical studies showed that mini mum plasma concen-
trations correlated with reduction in HIV-1 viral load 
after 10-day monotherapy19 and with virological outcomes 
after 48 weeks of treatment in a treatment-experienced 
population.6,22 Therefore, we chose dolute gravir Ctrough as 
the main target pharmacokinetic parameter. Our results 
show that GM trough concentrations in children 20 kg to 
less than 40 kg on dolutegravir film-coated tablets 
licensed at the time of the study were lower than pub-
lished reference values in adults on dolutegravir 50 mg 
once daily;19 although there are no data showing that 
paediatric dosing with 20 mg, 25 mg, or 35 mg are 

associated with virological failure or resistance. On the 
increased doses (50 mg film-coated tablet for the weight 
band 20 kg to less than 40 kg and 30 mg dispersible 
tablets for the weight band 20 kg to less than 25 kg) Ctrough 
concentrations were reassuringly similar to the adult 
references.

Initial paediatric dolutegravir doses were previously 
licensed on the basis of pharmacokinetic and safety data 
from the ongoing phase 1/2 dose-finding IMPAACT 
P1093 trial, evaluating safety, tolerability, and pharma-
cokinetics for age-appropriate dolutegravir formulations. 
Intensive pharmacokinetic sampling within the 
IMPAACT P1093 trial showed GM Ctrough concentrations 
(0·93 mg/L) in children aged 6 years to younger than 
12 years to be similar to those in adults on film-coated 
tablets: weight-based dosing of approxi mately 1 mg/kg; 
50 mg in children weighing more than 40 kg (n=5), 
35 mg in children weighing 30 kg to less than 40 kg 
(n=2), and 25 mg in children weighing 20 kg to less than 
30 kg (n=4). These data led to approval of the 35 mg film-
coated tablet dose for children weighing 30 kg to less 
than 40 kg by the SRAs. The proposed 25 mg film-coated 
tablet dose in children weighing 20 kg to less than 30 kg 
was also approved by European Medicines Agency and 
the SRAs in Australia and Canada but not by the FDA. A 
subanalysis by the FDA revealed lower GM Ctrough 
(0·52 mg/L) in children weighing 20 kg to less than 
30 kg (n=4) than in the adult reference.22,24

The minimal dolutegravir trough concentration to 
attain optimal viral inhibition in vivo is not yet fully 
elucidated. Although the in-vitro protein adjusted 
min imal inhibitory concentration (IC90) for dolutegravir 
was established at 0∙064 mg/L,25 the in-vivo EC90 derived 
from data by Min and colleagues19 was approximately 

Figure 4: Individual dolutegravir Ctrough, AUC0–24h, and Cmax in children weighing 20 kg to less than 25 kg
Horizontal black lines indicate geometric means per dose. Orange line indicates dolutegravir in-vivo EC90. Grey dashed lines indicate published geometric mean adult 
reference values for 50 mg once-daily (lower line) and twice-daily doses (upper line). Ctrough=trough concentration. AUC0–24h=area under the concentration-time curve 
from 0 to 24 h. Cmax=maximum concentration. EC90=the effective concentration at which 90% of maximal viral inhibition is achieved in a 10-day monotherapy study. 
*Dispersible tablets.
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0∙32 mg/L.19 In addition, within a phase 2b dose-
ranging trial, the GM Ctrough in adults on the lowest 
dolutegravir dose tested (10 mg film-coated tablet once 
daily) was 0∙30 mg/L, which resulted in sustained 
virological response rates similar to 50 mg film-coated 
tablet once daily at 96 weeks of treatment (79% vs 88%, 
with plasma HIV-1 RNA <50 copies per mL). No dose-
related toxic effects were identified and the 50 mg dose 
was subsequently chosen because of robustness against 
missed doses and possible reductions in drug exposure 
caused by drug-drug interactions.26 With a conservative 
approach, considering 0∙32 mg/L as mini mum Ctrough 
target, our results suggest that the paediatric dolute-
gravir doses approved at the time of the study can result 
in low Ctrough in around a third of children on 25 mg or 

35 mg film-coated tablets; by contrast, only one of 
35 children had low Ctrough on the adult 50 mg film-coated 
tablet.

The most likely explanation for children requiring 
relatively high doses to achieve similar trough concen-
trations compared with adults is their higher dolutegravir 
plasma clearance per kg of bodyweight.27 Of note, there is 
an increase in dolutegravir exposure when it is admin-
istered with food. In adult healthy volunteers, food 
increased dolutegravir C24 by 33% with low, 45% with mod-
erate, and 73% with high fat meals compared with fasting.28 
In the ODYSSEY trial, we studied phar macokinetics under 
fasted conditions to compare with data on fasted adults 
and to represent the lowest likely scenario for dolutegravir 
trough concentrations. In real-life settings, dolutegravir 

Figure 5: Individual dolutegravir Ctrough, AUC0–24h, and Cmax on the initial dolutegravir dose and after switch to adult formulation
Children weighing 25 kg to less than 30 kg (A). Children weighing 30 kg to less than 40 kg (B). Grey dashed lines indicate published geometric mean adult reference 
values for 50 mg once-daily (lower line) and twice-daily doses (upper line). Red dashed line indicates the effective concentration at which 90% of maximal viral 
inhibition is achieved in a 10-day monotherapy study (EC90). Ctrough=trough concentration. AUC0–=24h=area under the concentration-time curve from 0 to 24 h. 
Cmax=maximum concentration.
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concentrations might be higher in non-fasting children, 
although food security is an issue in many settings.

Important for interpretation of our data is the absence 
of a clear relationship so far between dolutegravir plasma 
concentration and adverse events or toxic effects.22,29 
Although the potential long-term toxicity of dolutegravir 
is still being explored, adults with virological resistance 
against first-generation integrase inhibitors receiving 
dol utegravir 50 mg twice daily for a median of 1 year had 
a reassuring safety profile, which was comparable to 
adults on once-daily dolutegravir.20 In our pharma-
cokinetic studies, children weighing 20 kg to less than 
40 kg on increased doses of dolutegravir of 50 mg film-
coated tablet and 30 mg dispersible tablets had GM 
AUC0–24h in between reference values in adults on once-
daily and twice-daily dolutegravir. Although GM Cmax in 
children weighing 20 kg to less than 25 kg on 50 mg film-
coated tablet and 30 mg dispersible tablets exceeded the 
reference parameters in adults on twice-daily dolutegravir, 
safety data are reas suring. Over a total follow-up of 
20·5 patient-years in 47 children on the 50 mg film-
coated tablet or 30 mg dis persible tablets none of the 
three reported adverse events were considered to be 
related to dolutegravir, and none were in the children 
weighing 20 kg to less than 25 kg. On the basis of results 
of these studies, and after review of data by the 
Independent Data Monitoring Committee and the Trial 
Steering Committee, children in the main ODYSSEY 
trial weighing 20 kg or more were switched to dolutegravir 

50 mg film-coated tablet and safety and efficacy data 
collection is ongoing.

The use of the adult 50 mg film-coated tablet, which is 
currently the only formulation of single-entity dolute-
gravir available in LMICs, will greatly accelerate timely 
access to dolutegravir for children living with HIV.

Supplies for adults are less prone to stock-outs than 
paediatric formulations. The 50 mg dose aligns with adult 
dosing approved by the SRA of several ART backbone 
components for children; for instance with co-formulated 
teno fovir alafenamide 25 mg and emtrici tabine 200 mg in 
children weighing 35 kg or more by the European 
Medicine Agency and in children weighing 25 kg or more 
by the FDA,30,31 with abacavir 600 mg and lamivudine 
300 mg for children weighing 25 kg or more,32 or tenofovir 
disoproxil fumarate 300 mg and lamivudine 300 mg for 
children weighing 35 kg or more. This dosing allows 
children to use adult single tablet regimens, such as 
abacavir 600 mg, lamivudine 300 mg, and dolutegravir 
50 mg; tenofovir disoproxil fumarate 300 mg, lamivudine 
300 mg, and dolutegravir 50 mg; as well as tenofovir 
alafenamide 25 mg, emtricitabine 200 mg, and dolute-
gravir 50 mg, which has recently received a ten tative 
approval by the FDA.33 The latter two single-tablet regi-
mens are produced by generic companies and expected to 
be widely available in low-resource settings.5 A single 
entity adult dolutegravir 50 mg film-coated tablet is already 
procured for adults requiring twice-daily dolute gravir for 
treatment of tuberculosis and integrase-resistant HIV, and 

20 to <25 kg (n=34) 25 to <30 kg (n=17) 30 to <40 kg (n=11)

17 patients 
(25 mg) FCT

10 patients 
(30 mg)* DT

9 patients 
(50 mg)* FCT

17 patients 
(25 mg) FCT

17 patients 
(50 mg) FCT

11 patients 
(35 mg) FCT

11 patients 
(50 mg) FCT

Follow-up time, weeks 24∙0 
(24∙0–24∙0)†

24∙0 
(24∙0–24∙0)

24∙0 
(24∙0–24∙0)

19∙0 
(15∙1–24∙0)‡

24∙0 
(24∙0–24∙0)§

13∙1  
(6∙3–23∙0)¶

24∙0  
(24∙0–24∙0)§

Total follow-up time, weeks 408 223 189 304 408 145 264

Total adverse events|| 3 (18%) 0 0 0 1 (6%) 0 2 (18%)

Grade 3 or 4 clinical 
adverse events

0 0 0 0 0 0 1 (9%)

Cryptococcal meningitis 0 0 0 0 0 0 1 (9%)**

Grade 3 or 4 asymptomatic 
laboratory events

3 (18%) 0 0 0 1 (6%) 0 1 (9%)

Anaemia 0 0 0 0 0 0 1 (9%)

Neutropenia 2 (12%) 0 0 0 1 (6%) 0 0

Thrombocytopenia and 
raised transaminases

1 (6%) 0 0 0 0 0 0

Data are n (%) and median (IQR), unless otherwise stated. FCT=film-coated tablet. DT=dispersible tablet. *Two participants in weight band between 20 kg and less than 
25 kg contributed safety data on dolutegravir 25 mg FCT (part one) and subsequently on 50 mg FCT (n=1; part two) or 30 mg DT (n=1; part two). †One participant 
received twice-daily dolutegravir (for use of rifampicin) for the total duration (24 weeks) of safety follow-up for 25 mg FCT dose. No adverse events occurred within this 
period. ‡Two participants received twice-daily dolutegravir (for use of rifampicin) for the total duration (24 weeks) of safety follow-up for 25 mg FCT dose. No adverse 
events occurred within this period for either participant. During follow-up the protocol required twice-daily dolutegravir (on current dose) until 2 weeks after stopping 
rifampicin. Rifampicin as an interacting co-medication was not allowed during the pharmacokinetic evaluations. §One participant in the 30 kg to less than 40 kg weight 
band was incorrectly dosed 35 mg FCT for 1 day and one participant in the 25 kg to less than 30 kg weight band was incorrectly dosed 25 mg FCT for 84 days, while within 
the safety follow-up period for 50 mg FCT. No adverse events occurred within this period for either participant. ¶One participant weighing between 30 kg and less than 
40 kg was incorrectly administered 25 mg for 1 day (pharmacokinetic assessment day) while within the safety follow-up period for the 35 mg FCT. ||Grade 3 or 4 or 
serious-adverse event. No events led to a change in antiretroviral therapy and none were considered by an independent Endpoint Review Committee to be related to 
dolutegravir. **Serious adverse event.

Table 3: Summary of adverse events by weight band and dolutegravir dose and formulation
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therefore will be available for children weighing 20 kg or 
more.

Our data on the dispersible formulation of 30 mg in 
children weighing between 20 kg to less than 25 kg 
provide support that this dose is safe to be administered 
for all children weighing more than 20 kg who are unable 
to swallow film-coated tablets and add to the safety data 
on dolutegravir 50 mg film-coated tablets, because the 
30 mg dispersible tablet dose and the 50 mg film-coated 
tablet have approximately equivalent bio availability. 
Further pharmacokinetic stu dies eval uating dosing with 
dolute gravir 5 mg dispersible tablets have recently been 
completed in both IMPAACT P1093 and ODYSSEY and 
will be used to inform dosing in children weighing less 
than 20 kg. Scored dolutegravir 10 mg dispersible tablets 
are expected to be available from generic companies in 
2020–21 providing an alternative to treatment based on 
ritonavir-boosted lopinavir for young children in LMICs. 
This should help to provide har monised and practical 
treatment options for adults and children and optimal 
procurement for programmes in LMICs.

The results of the ODYSSEY pharmacokinetic and safety 
substudies in children weighing 20 kg to less than 40 kg 
were eagerly awaited by paediatric clinical com munities, 
and have informed the recently updated WHO paediatric 
dosing recommendations.13 Based on the ODYSSEY data 
the FDA has recently approved the 50 mg film-coated 
tablet or 30 mg dispersible tablets for children weighing 
20 kg or more.34 Further data are required on dolutegravir 
dosing in chil dren with resis tance to integrase inhibitors 
to evaluate whe ther the adult dose is safe and effective if 
given twice daily.

In conclusion, the adult dolutegravir 50 mg film-
coated tablet given once daily provides adequate pharma-
cokinetic profiles in children weighing 20 kg or more 
with no safety signal of concern. Dolutegravir 30 mg 
dispersible tablets provide similar exposure to the 50 mg 
film-coated tablet and can be used in children unable to 
swallow tablets. The use of adult dolutegravir 50 mg 
film-coated tablets will allow practical dosing and rapid 
access to dolutegravir for children as well as alignment 
with adult ART regimens preferred by WHO in LMICs.
Contributors
PDJB, CLM, AC, DF, DMG, AT, and DMB conceived and drafted the 
manuscript. All authors made crucial revisions to and approved the 
final manuscript.

Declaration of interests
DMB has received payments for serving on the advisory board of ViiV 
Healthcare; and DMB, PDJB, and AC received research funding for 
Radboudumc Institute for Health Sciences from ViiV Healthcare. 
All other authors declare no competing interests.

Data sharing
The ODYSSEY data are held at Medical Research Council Clinical Trials 
Unit at University College London, which encourages optimal use of 
data by employing a controlled access approach to data sharing, 
incorporating a transparent and robust system to review requests and 
provide secure data access consistent with the relevant ethics committee 
approvals. All requests for data are considered and can be initiated by 
contacting mrcctu.ctuenquiries@ucl.ac.uk.

Acknowledgments
The ODYSSEY trial is sponsored by the Paediatric European Network 
for Treatment of AIDS Foundation. The MRC Clinical Trials Unit at 
University College London, London, UK receives core support from 
the UK Medical Research Council (grant number MC_UU_12023/26). 
The PENTA Foundation provides support to sites in Europe. This study 
received funding from ViiV Healthcare, who reviewed and provided 
comments on the manuscript, although responsibility for the analysis 
and interpretation of the data as presented in the final manuscript lies 
with the authors. We thank the participants of the ODYSSEY-trial and 
their families, the principal investigators and their staff at all the 
centres participating in the ODYSSEY trial, and the technicians of the 
Department of Pharmacy of Radboudumc. Some data from this study 
were presented at HIV Pediatrics workshop 2018 (Amsterdam, 
Netherlands) and the Conference on Retroviruses and Opportunistic 
Infections 2019 (Seattle, WA, USA).

References
1 UNAIDS. Core epidemiology slides. 2019. https://www.unaids.org/

en/resources/documents/2019/core-epidemiology-slides (accessed 
Oct 21, 2019).

2 Hamers RL, Rinke de Wit TF, Holmes CB. HIV drug resistance 
in low-income and middle-income countries. Lancet HIV 2018; 
5: e588–96.

3 UNAIDS. Start free Stay free AIDS free, 2019 report. 2019. 
https://www.unaids.org/sites/default/files/media_asset/20190722_
UNAIDS_SFSFAF_2019_en.pdf (accessed Oct 21, 2019).

4 WHO. Updated recommendations on first-line and second-line 
antiretroviral regimens and post-exposure prophylaxis and 
recommendations on early infant diagnosis of HIV: interim 
guidelines. December, 2018. https://apps.who.int/iris/bitstream/
handle/10665/277395/WHO-CDS-HIV-18·51-eng.pdf?ua=1 
(July 28, 2019).

5 Clinton Health Access Initiative. 2018 HIV market report: the state 
of the HIV treatment, testing, and prevention markets in low- and 
middle-income countries, 2017–2022. https://clintonhealthaccess.
org/wp-content/uploads/2018/09/2018-HIV-Market-Report_FINAL.
pdf (accessed July 29, 2019).

6 Cahn P, Pozniak AL, Mingrone H, et al. Dolutegravir versus 
raltegravir in antiretroviral-experienced, integrase-inhibitor-naive 
adults with HIV: week 48 results from the randomised, double-blind, 
non-inferiority SAILING study. Lancet 2013; 382: 700–08.

7 Penazzato M, Watkins M, Morin S, et al. Catalysing the 
development and introduction of paediatric drug formulations 
for children living with HIV: a new global collaborative framework 
for action. Lancet HIV 2018; 5: e259–64.

8 Viani RM, Alvero C, Fenton T, et al. Safety, pharmacokinetics and 
efficacy of dolutegravir in treatment-experienced HIV-1 infected 
adolescents: forty-eight-week results from IMPAACT P1093. 
Pediatr Infect Dis J 2015; 34: 1207–13.

9 Viani RM, Ruel T, Alvero C, et al. Long-term safety and efficacy 
of dolutegravir in treatment-experienced adolescents with human 
immunodeficiency virus infection: results of the IMPAACT P1093 
study. J Pediatric Infect Dis Soc 2020; 9: 159–65.

10 Tivicay EMA. Summary of product characteristics. 
May 21, 2019. http://www.ema.europa.eu/docs/en_GB/document_
library/EPAR_-_Product_Information/human/002753/
WC500160680.pdf (accessed July 28, 2019).

11 US Food and Drug Administration. Prescribing information tivicay. 
October, 2014. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2014/204790s001lbl.pdf (accessed July 28, 2019).

12 Hwang B, Shroufi A, Gils T, et al. Stock-outs of antiretroviral and 
tuberculosis medicines in South Africa: a national cross-sectional 
survey. PLoS One 2019; 14: e0212405.

13 WHO. Annex 3. Dosages of ARV drugs for adults and adolescents. 
Annex to interim guidelines; updated recommendations on 
first-line and second-line antiretroviral regimens and post-
exposure prophylaxis and recommendations on early infant 
diagnosis of HIV, 2018. https://www.who.int/hiv/pub/guidelines/
ARV_Guidelines-2018-Annex3.pdf?ua=1 (accessed July 28, 2019).

14 Ruel TA, Singh EP, Alvero RP, et al. PK and 4-week outcomes 
of dolutegravir dispersible tablets in HIV-infected children. 
Retroviruses and Opportunistic Infections (CROI); 
Seattle, WA, USA; March 4–7, 2019 (abstr 829).



Articles

e544 www.thelancet.com/hiv   Vol 7   August 2020

15 Mukui IRB, Mwalili S, Bukusi E, Farquhar C. High prescription 
error rates amoung children on antiretroviral therapy in Kenya. 
Retroviruses and Opportunistic Infections (CROI); 
Seattle, WA, USA; March 4–7, 2019 (poster 824).

16 Buchanan A AK, Singh R, Parasrampuria R, Barthel S, Orr B, 
Wolstenholme A, DiLullo K. Clinical pharmacology study report 
205893: a 2-part, phase I, single dose, crossover relative 
bioavailability study of both TIVICAY 10 mg conventional tablets 
and 5 mg dispersible tablets compared with conventional tivicay 
tablets in healthy adult subjects: VIIV healthcare and the 
glaxosmithkline group of companies, 2017. https://clinicaltrials.gov/
ct2/show/results/NCT03095638 (accessed July 28, 2019).

17 Wang Y, Jadhav PR, Lala M, Gobburu JV. Clarification on precision 
criteria to derive sample size when designing pediatric 
pharmacokinetic studies. J Clin Pharmacol 2012; 52: 1601–06.

18 Bollen PDJ, de Graaff-Teulen MJA, Schalkwijk S, van Erp NP, 
Burger DM. Development and validation of an UPLC-MS/MS 
bioanalytical method for simultaneous quantification of the 
antiretroviral drugs dolutegravir, elvitegravir, raltegravir, 
nevirapine and etravirine in human plasma. 
J Chromatogr B Analyt Technol Biomed Life Sci 2019; 1105: 76–84.

19 Min S, Sloan L, DeJesus E, et al. Antiviral activity, safety, 
and pharmacokinetics/pharmacodynamics of dolutegravir as 10-day 
monotherapy in HIV-1-infected adults. AIDS 2011; 25: 1737–45.

20 Eron JJ, Clotet B, Durant J, et al. Safety and efficacy of dolutegravir 
in treatment-experienced subjects with raltegravir-resistant 
HIV type 1 infection: 24-week results of the VIKING Study. 
J Infect Dis 2013; 207: 740–48.

21 ClinicalTrials.gov. A pilot study assessing the integrase inhibitor 
GSK1349572 in HIV-infected persons with virus resistant to 
raltegravir. Study results. 2013. https://clinicaltrials.gov/ct2/show/
results/egravir&recrs=e&cond=Hiv&outc=AUC&age=1&draw=4&ra
nk=30 (accessed July 28, 2019).

22 US Food and Drug administration. Clinical pharmacology and 
biopharmaceutics review. Dolutegravir (Tivicay). 2013. 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/204790
Orig1s000ClinPharmR.pdf (accessed May 7, 2019).

23 Williams RL, Chen ML, Hauck WW. Equivalence approaches. 
Clin Pharmacol Ther 2002; 72: 229–37.

24 US Food and Drug administration. Clinical review. Dolutegravir 
sNDA 204790 (Tivicay). 2016. https://www.fda.gov/media/99068/
download (accessed May 7, 2019).

25 Kobayashi M, Yoshinaga T, Seki T, et al. In vitro antiretroviral 
properties of S/GSK1349572, a next-generation HIV integrase 
inhibitor. Antimicrob Agents Chemother 2011; 55: 813–21.

26 van Lunzen J, Maggiolo F, Arribas JR, et al. Once daily dolutegravir 
(S/GSK1349572) in combination therapy in antiretroviral-naive 
adults with HIV: planned interim 48 week results from SPRING-1, 
a dose-ranging, randomised, phase 2b trial. Lancet Infect Dis 2012; 
12: 111–18.

27 Anderson BJ, Holford NH. Understanding dosing: children are 
small adults, neonates are immature children. Arch Dis Child 2013; 
98: 737–44.

28 Song I, Borland J, Chen S, et al. Effect of food on the 
pharmacokinetics of the integrase inhibitor dolutegravir. 
Antimicrob Agents Chemother 2012; 56: 1627–29.

29 Elliot ER, Wang X, Singh S, et al. Increased dolutegravir peak 
concentrations in people living with human immunodeficiency 
virus aged 60 and over, and analysis of sleep quality and cognition. 
Clin Infect Dis 2019; 68: 87–95.

30 US Food and Drug Administration. Prescribing information 
descovy. April, 2017. https://www.accessdata.fda.gov/drugsatfda_
docs/label/2017/208215s001lbl.pdf (accessed July 28, 2019).

31 Natukunda E, Gaur AH, Kosalaraksa P, et al. Safety, efficacy, 
and pharmacokinetics of single-tablet elvitegravir, cobicistat, 
emtricitabine, and tenofovir alafenamide in virologically 
suppressed, HIV-infected children: a single-arm, open-label trial. 
Lancet Child Adolesc Health 2017; 1: 27–34.

32 US Food and Drug Administration. Prescribing information 
epzicom. March, 2017. https://www.accessdata.fda.gov/drugsatfda_
docs/label/2017/021652s022lbl.pdf (accessed Oct 25, 2019).

33 Mylan. Mylan receives tentative approval for combination 
HIV treatment DTG/FTC/TAF under FDA’s PEPFAR program. 
Feb 20, 2018. http://newsroom.mylan.com/2018–02–20-Mylan-
Receives-Tentative-Approval-for-Combination-HIV-Treatment-
DTG-FTC-TAF-Under-FDAs-PEPFAR-Program (accessed 
June 7, 2019).

34 US Food and Drug Administration. Highlights of prescribing 
information. Tivicay. June, 2020. https://www.accessdata.fda.
gov/drugsatfda_ docs/label/2017/021652s022lbl.pdf (accessed 
June 13, 2020). 


	Simplified dolutegravir dosing for children with HIV
weighing 20 kg or more: pharmacokinetic and safety
substudies of the multicentre, randomised ODYSSEY trial
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References


