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Abstract
Background and objective Within the UNIVERSAL project (RIA2019PD-2882) we aim to develop a paediatric  dolutegravir 
(DTG)/emtricitabine (FTC or F)/tenofovir alafenamide (TAF) fixed-dose combination. To inform dosing of this study, we 
undertook a relative bioavailability (RBA) study in healthy volunteers to investigate a potential pharmacokinetic effect when 
paediatric formulations of DTG and F/TAF are taken together.
Methods Participants received all of the following treatments as paediatric formulations in randomised order: a single dose 
of 180/22.5 mg F/TAF; a single dose of 30 mg DTG; a single dose of 180/22.5 mg F/TAF plus 30 mg DTG. Blood concen-
trations of DTG, FTC, TAF, and tenofovir (TFV) were measured over 48 h post-dose. If the 90% confidence intervals (CIs) 
of the geometric least squares mean (GLSM) ratios of area under the curve (AUC) and maximum concentration (Cmax) of 
each compound were within 0.70–1.43, we considered this as no clinically relevant PK interaction.
Results A total of 15 healthy volunteers were included. We did not observe a clinically relevant PK interaction between the 
paediatric DTG and F/TAF formulations for the compounds DTG, FTC, and TFV. For TAF, the lower boundaries of the 90% 
CIs of the GLSM ratios of the AUC 0–∞ and Cmax fell outside our acceptance criteria of 0.70–1.43.
Conclusions Although TAF AUC and Cmax 90% CIs fell outside the pre-defined criteria (0.62–1.11 and 0.65–1.01, respec-
tively), no consistent effect on TAF PK was observed, likely due to high inter-subject variability. Moreover, there are several 
reasons to rely on TFV exposure as being more clinically relevant than TAF exposure. Therefore, we found no clinically 
relevant interactions in this study.

1 Introduction

Worldwide, approximately 1.5 million children younger 
than 15 years are estimated to be living with HIV (1). 
These children need lifelong treatment with antiretroviral 
therapy (ART) to prevent HIV-related morbidity and mor-
tality. However, only 57% of the children living with HIV 

had access to ART at the end of 2022, whereas that per-
centage among adults is much higher: 77% (1). Moreover, 
over a third of those children receiving ART in 2021 were 
treated with suboptimal regimens and formulations, which 
contributes to worse treatment outcomes (1).

According to the most recent World Health Organiza-
tion guidelines (2), the preferred treatment for children liv-
ing with HIV is a combination of dolutegravir (DTG) with 
two nucleoside reverse transcriptase inhibitors (NRTIs). If 
these three medicines could be combined in one paediat-
ric formulation, this would allow easy administration and 
simplified procurement by programmes in resource-limited 
settings. Furthermore, fixed-dose combination (FDC) tab-
lets will lead to a minimal pill burden, which will ensure 
better adherence to the therapy and hence improved treat-
ment outcomes. However, the development of an ideal 
combined pill containing different HIV medicines for 
children remains challenging, considering the preferred 
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Key Points 

This is a relative bioavailability study in healthy volun-
teers, conducted in the Netherlands.

We investigated if there is a potential pharmacokinetic 
interaction when paediatric formulations of dolutegravir 
(DTG) and emtricitabine (FTC)/tenofovir alafenamide 
fumarate (TAF) were administered together.

The data of this study will inform on the dose ratio as 
well as dose selection for a paediatric DTG/FTC/TAF 
fixed-dose combination to be developed in the EDCTP-
funded UNIVERSAL project (RIA2019PD-2882).

specific combinations, strengths, and formulations of HIV 
medicines that vary by age and weight.

Within the EDCTP2-funded UNIVERSAL project 
(RIA2019PD-2882), complementary antiretroviral FDCs 
for infants and children will be developed. One of the 
products to be developed is a dispersible FDC tablet of 
dolutegravir/emtricitabine/tenofovir alafenamide fuma-
rate (DTG/FTC/TAF). In adults, tenofovir disoproxil 
fumarate (TDF) together with FTC is one of the preferred 
NRTI backbones (3). However, TDF is generally not rec-
ommended in young children due to potential bone and 
renal toxicity in growing children. TAF, as a pro-drug of 
tenofovir (TFV), showed lower plasma exposure to TFV 
compared to TDF, and therefore these adverse effects are 
substantially reduced. The treatment combination of DTG 
with TAF and FTC has recently shown excellent antiviral 
activity in children in Africa who used it as a second-line 
treatment (4). Moreover, a dispersible formulation of this 
combination will ensure that this can also be administered 
to the younger children who are not able to swallow a tab-
let. This paediatric-friendly FDC will simplify treatment 
for children living with HIV in low- and middle- income 
countries.

Prior to the development of this FDC, the pharmacoki-
netics (PK) of DTG, FTC, and TAF need to be considered 
when combined. Earlier drug–drug interaction studies 
showed no clinically relevant effect of emtricitabine/teno-
fovir alafenamide fumarate (F/TAF) on DTG exposure, but 
17% higher TAF and 25% higher TFV concentrations in 
combination with DTG were observed (5, 6). These studies 
were, however, performed with oral solid-dose formula-
tions of DTG and F/TAF not suitable for younger children. 
The PK data on the combination of DTG dispersible tab-
lets (DT) and F/TAF paediatric tablets for oral suspension 
(TOS) are currently lacking. DTG DT had 1.6 times higher 
area under the curve (AUC) than adult film-coated DTG 

tablets (7). Paediatric formulations contain excipients dif-
ferent to those in the adult tablets, which could potentially 
play a role in the absorption phase when combining these 
compounds in one formulation.

In this study, we undertook a relative bioavailability 
(RBA) study in healthy volunteers to investigate a potential 
PK effect when paediatric DTG DT (30-mg dose) and F/TAF 
TOS (180/22.5-mg dose) formulations are taken together. 
These data will support the UNIVERSAL project in select-
ing doses for the paediatric DTG/FTC/TAF FDC.

2  Methods

This single-dose, open-label, three-period, randomised, 
cross-over trial in healthy adult volunteers was conducted 
from November 2022 to March 2023 at the Radboud uni-
versity medical Center, Nijmegen, the Netherlands. To 
investigate the RBA of DTG, TAF, and FTC when taken 
as paediatric TOS formulations simultaneously, the PK of 
single doses of DTG DT and F/TAF TOS were compared to 
a co-administration of DTG DT and F/TAF TOS dispersed 
together. Since TAF is a pro-drug of TFV, both compounds 
were measured. We used Gilead’s F/TAF 60/7.5-mg TOS 
(clinical batch) and ViiV Healthcare’s TIVICAY DTG 5-mg 
DT. Due to bioassay sensitivity, we chose to use three tablets 
of F/TAF 60/7.5 mg (180/22.5 mg), which also provides a 
similar dose to the adult product (200/25 mg). A dose of 
30 mg DT DTG, given as six tablets of 5 mg, was chosen 
because of its bioequivalence to the adult 50-mg film-coated 
tablet of DTG (7).

The protocol was approved by our national ethics com-
mittee as well as the local ethics committee MREC Oost-
Nederland. Data were collected using Castor EDC (Castor 
Electronic Data Capture CB, Amsterdam, the Netherlands). 
The sample size of this three-period, crossover study was 
calculated using a mixed linear model with fixed factors 
period and treatment. A total sample size of 13 participants 
was considered sufficient for a power of 80% to show a 30% 
difference for AUC and maximum concentration (Cmax) con-
sidering an intrasubject variability for TAF AUC has a coef-
ficient of variation percentage (CV%) of ~ 35%. The goal 
was to include a total number of 16 participants to account 
for dropouts.

Healthy volunteers were randomised to one of the follow-
ing treatment sequences: ABC, ACB, BCA, BAC, CAB, or 
CBA. The treatment regimens were as follows: reference 
treatment A—a single dose of 180/22.5 mg (given as 3 
× 60/7.5 mg) F/TAF TOS; reference treatment B—a sin-
gle dose of 30 mg (given as 6 × 5 mg) DTG DT; and test 
treatment C—a single dose of 180/22.5 mg F/TAF TOS 
co-administered with a single dose of 30 mg DTG DT. 
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Reference treatments A and B were given as a dispersed 
suspension and prepared according to the pharmaceutical 
companies' instructions. In the test treatment, F/TAF TOS 
were dispersed first, then DTG DT were added to provide 
a co-dispersed suspension. Every treatment period was fol-
lowed by a washout period of 7 days.

All participants had an overnight fast before the treat-
ments were administered on the PK days. From 4 h after 
dosing until release from confinement, consumption of 
available beverages was allowed as desired and meals were 
standardised.

3  Blood Sampling

For every participant, blood samples were taken over a 
period of 48 h during all three treatment periods to con-
struct the PK curves of DTG, FTC, TAF, and TFV. Blood 
samples were collected at the following time points: t = 0 
(pre-dose), 0.17, 0.33, 0.5, 0.75, 1.0, 1.5, 2, 2.5, 3, 4, 6, 8, 
10, 12, 24, and 48 h post dose. All samples were centrifuged 
within 1.5 h after collection. To ensure the stability of TAF, 
the samples for measuring TAF were acidified with acetic 
acid. After centrifugation plasma samples were stored at 
−80 °C at the research clinical centre, until transport to the 
laboratory of the Department of Pharmacy at the Radboud 
University Medical Center (Nijmegen, The Netherlands).

4  Analysis

The primary objective of this study was to investigate the 
RBA of paediatric formulations for DTG, FTC, and TAF 
when taken simultaneously, from which the potential 
drug–drug interaction between DTG DT and F/TAF TOS 
could be assessed. The main PK parameters to be evaluated 
with respect to the exposure of DTG, FTC, TAF, and TFV 
were the AUC and Cmax.

Concentrations of DTG, FTC, TAF, and TFV in plasma 
were analysed using a validated liquid chromatography with 
tandem mass spectrometry (LC-MS/MS) method at the labo-
ratory of the Pharmacy of the Radboud University Medical 
Center. The assays were externally validated through the 
International Interlaboratory Quality Control Program for 
Measurement of Antiretroviral Drugs in Plasma and the 
Clinical Pharmacology Quality Assurance (CPQA) Program 
(8). The lower limits of quantification in these assays were as 
follows: DTG 0.05 mg/L, FTC 0.015 mg/L, TAF 1.0 ng/mL,  
and TFV 1.0 ng/mL.

PK parameters were determined by means of non-com-
partmental analysis using Phoenix 64 WinNonlin (version 
8.4). For DTG, FTC, and TAF, the AUC 0–∞ was determined 
using the linear up/log down trapezoidal method. For the 

exposure of TFV, the AUC last instead of the AUC 0–∞ was 
determined because of the long half-life of TFV after TAF 
ingestion and subsequent over-extrapolation of the AUC. 
Additionally, the Cmax, elimination half-life (T½), and time 
to maximum plasma concentration (Tmax) were determined 
for each individual curve.

Geometric least squares mean (GLSM) ratios and 90% 
confidence intervals (CIs) of the PK parameters of the test 
treatment (DTG DT and F/TAF TOS combined) to both 
reference treatments (DTG DT or F/TAF TOS separately) 
were determined using the method described in the Euro-
pean Medicines Agency (EMA) guidance on investigations 
of bioequivalence (9). An analysis of variance (ANOVA) 
was performed on log-transformed data with fixed effects: 
treatment, period, sequence, and subject within sequence 
(bioequivalence module in WinNonlin/Phoenix version 
8.4). To determine whether there is a potential, clinically 
relevant PK interaction, the following pre-defined accept-
ance criteria were used: if after a single dose, the 90% CIs 
of the GLSM ratios of AUC and Cmax of each compound are 
within the range 0.70–1.43, there is no clinically relevant 
PK interaction. The 0.70 and 1.43 boundaries were selected 
based on the dose–exposure relationship for the antiretro-
viral drugs studied, which indicated that a 30% change in 
exposure was not clinically relevant. In addition, these no-
effect boundaries have been previously used in the interac-
tion tables of the substance summary of product charac-
teristics (SmPCs) to inform dosing of adults and children, 
where a difference less than 30% did not lead to any dose 
adjustments for clinical practice. In addition, the safety and 
tolerability of the treatments in healthy participants were 
evaluated. All adverse events reported spontaneously by the 
participant or observed by the investigator, or his staff were 
recorded. For each adverse event, the following information 
was recorded and formally reported: start and stop date and 
time, severity, relationship to trial medication, action taken, 
and outcome.

5  Results

Sixteen healthy volunteers (seven female, nine male) were 
enrolled in this study. One female discontinued before study 
medication was taken, because of recently started antibiotic 
treatment. Two dropped out after the first period of the study 
because of personal considerations that were unrelated to the 
study. The latter two received treatment B (30 mg DT DTG) 
only; the corresponding PK curves of DTG were included in 
the analysis. The median age of the 15 included participants 
was 27.0 (interquartile range [IQR] 21.0–31.0) years. The 
median body mass index was 25.1 (IQR 21.6–26.0) kg/m2.  
Most of the participants were Caucasian (86.7%), with only 
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one black and one Asian participant. All participants pro-
vided written informed consent for this study.

Figure 1 shows the median concentration–time profiles of 
all compounds for each treatment. Table 1 shows the geo-
metric means and coefficient of variation for PK parameters 
of the test treatment (C) and the reference treatments (A and 
B) and the GLSM ratios and the corresponding 90% CIs of 
the test treatments versus the reference treatment. Test treat-
ment C (DTG and F/TAF combined) met the pre-specified 
acceptance criteria when compared to the reference treat-
ments (DTG and F/TAF separately) for DTG, TFV, and FTC 
components. The DTG GLSM ratios (90% CI) were 1.02 
(0.94–1.10) for AUC 0–∞ and 1.16 (1.10–1.23) for Cmax. The 
TFV values were 0.84 (0.70–1.01) for AUC 0–last and 1.06 
(0.92–1.23) for Cmax. The FTC values were 0.97 (0.92–1.02) 
for AUC 0–∞ and 1.05 (0.94–1.17) for Cmax. All 90% CIs were 
within the range of 0.70–1.43 except for TAF; the lower 
boundaries of the 90% CIs of the GLSM ratios for AUC 0–∞ 
and Cmax were 0.62 and 0.65, respectively. Figure 2 shows 
the individual ratios of the test treatment versus the reference 
treatments for all compounds.

No serious adverse events were observed, and none of 
the drop-outs in the study were related to adverse events. 
In total, 19 adverse events of mild to moderate grade were 
observed and reported during the study. Four adverse events 

were judged not to be related to study medication. Three 
adverse events were judged to be possibly related to the 
study medication. The others were unlikely related to the 
study medication. Table 2 shows the number, grade, and 
relation to study medication of these adverse events.

6  Discussion

In this study, we did not observe a clinically relevant PK 
interaction between DTG DT and F/TAF TOS for the com-
pounds DTG, FTC, and TFV. For TAF, the lower boundaries 
of the 90% CIs of the GLSM ratios of the AUC 0–∞ and Cmax 
fell outside our acceptance criteria of 0.70–1.43.

For DTG, we found a GLSM ratio of 1.16 (90% CI 
1.10–1.23) for Cmax, with all but one individual ratio above 
1. This may indicate that there is a non-significant increase 
in the absorption of DTG when combined with F/TAF 
TOS. As there was no impact on AUC 0–∞, and the Tmax 
was reached earlier (0.75 h in the test treatment versus 1 
h in the reference treatment), this effect may occur in the 
absorption phase only. A significant higher Cmax of DTG 
has been observed and reported when the adult film-coated 
formulation of DTG was given with F/TAF, suggesting that 
this minor effect may be related to co-administration, but 

Fig. 1  Median plasma concentration–time curves of a DTG after 
single-dose 30 mg DTG (treatment B) or single-dose 30 mg DTG + 
280/22.5 mg F/TAF (treatment C); b TAF after single-dose 280/22.5 
mg F/TAF (treatment A) or single-dose 30 mg DTG + 280/22.5 mg 
F/TAF (treatment C); c TFV after single-dose 280/22.5 mg F/TAF 

(treatment A) or single-dose 30 mg DTG + 280/22.5 mg F/TAF 
(treatment C); d FTC after single-dose 280/22.5 mg F/TAF (treatment 
A) or single-dose 30 mg DTG + 280/22.5 mg F/TAF (treatment C). 
DTG dolutegravir, F/TAF FTC/TAF, FTC emtricitabine, TAF tenofo-
vir alafenamide fumarate, TFV tenofovir
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the actual mechanism for this potential effect is currently 
unknown (5, 10). Given that the safety data for DTG has 
been reassuring (11-13), and we expect not to reach the Cmax 
of 5.4 mg/L found in adults taking DTG 50 mg twice daily 
and which has been demonstrated to be safe (12), we see no 
cause for concern. Finally, we found comparable AUC 0–∞ 
and Cmax values for DTG in our study after a single dose of 
30-mg DT compared to other single-dose studies with the 
50-mg adult DTG product, which is bioequivalent to the 
dose we gave (14, 15).

For FTC, there were no differences in Cmax and AUC 0–∞ 
GLSM ratios compared to previous studies (5, 6, 16). In 
addition, the individual values are equally distributed; hence 
no trend was observed in higher or lower exposure in either 
of the treatments.

For TAF, we could not rule out a potentially relevant 
PK interaction between DTG DT and F/TAF TOS based 
on AUC 0–∞ and Cmax GLSM ratios on 90% CIs. However, 

when evaluating the individual ratios of TAF in the test treat-
ment versus the reference treatment, no consistent trend was 
seen in TAF exposure in either of the treatments: 50% of 
the participants in this study had a ratio below 1 and 50% 
had a ratio above 1. In contrast to our study, higher TAF 
exposure was reported when given with DTG as adult for-
mulations (5, 6). Furthermore, as TAF is a pro-drug of TFV, 
and since TFV exposures were not impacted, the clinical 
impact was doubtful. It has been shown that higher con-
centrations of intracellular TFV diphosphate (TFV-DP) are 
found after administration of TAF compared to adminis-
tration of TDF, with much lower TFV concentrations (6). 
TAF exhibits greater stability in the intestine and plasma 
compared to TDF; as a consequence, TAF has improved 
intracellular accumulation of TFV-DP in HIV target cells 
with lower circulating levels of TFV. Therefore, we expect 
that the lower exposure of TAF observed in our study is neg-
ligible in terms of clinical relevance. In addition, the AUC 

Table 1  PK parameters of DTG, TAF, TFV, and FTC in each treatment (test versus reference)

This table shows the PK parameters AUC 0–∞, Cmax, Tmax, and T½ as geometric means and the percentage of variation coefficient. Tmax is shown 
as median plus interquartile range. For DTG, FTC and TAF, the Cmax and AUC 0–∞ GLSM ratios of test treatment versus reference treatment with 
90% CIs are presented; for TFV, the Cmax and AUC 0-last GLSM ratios of test treatment versus referencetreatment with 90% CIs are presented. The 
test treatment (treatment C) consisted of single-dose F/TAF 180/22.5 mg TOS and DTG 30 mg DT. Reference treatment A consisted of single-
dose F/TAF 180/22.5 mg TOS; reference treatment B consisted of single-dose DTG 30 mg DT
AUC  area under the curve, CI confidence interval, Cmax maximum concentration, DT dispersible tablet, DTG dolutegravir, F/TAF emtricitabine/
tenofovir alafenamide fumarate, FTC emtricitabine, GLSM geometric least squares mean, PK pharmacokinetic, T½ elimination half-life, TAF 
tenofovir alafenamide fumarate, TFV tenofovir, Tmax time to maximum plasma concentration, TOS tablet for oral suspension

PK parameter DTG + F/TAF (test C) DTG (reference B) GLSM ratio (90% CI)

DTG
AUC 0–∞ (h*mg/L) 40.71 (30) 40.18 (27) 1.02 (0.94–1.10)
Cmax (mg/L) 2.69 (22) 2.35 (24) 1.16 (1.10–1.23)
Tmax (h) 0.75 (0.5–1.0) 1.0 (1.0–2.0)
T½ (h) 12.97 (17) 13.38 (15)

PK parameter DTG + F/TAF (test C) F/TAF (reference A) GLSM ratio (90% CI)

TAF
 AUC 0–∞ (h*ng/mL) 104.87 (57) 115.75 (42) 0.83 (0.62–1.11)
 Cmax (ng/mL) 180.14 (44) 204.95 (37) 0.81 (0.65–1.01)
 Tmax (h) 0.3 (0.3–0.3) 0.3 (0.2–0.3)
 T½ (h) 0.35 (21) 0.33 (24)

TFV
 AUC 0–last (h*ng/mL) 89.19 (54) 98.04 (32) 0.84 (0.70–1.01)
 Cmax (ng/mL) 7.03 (29) 6.34 (24) 1.06 (0.92–1.23)
 Tmax (h) 0.75 (0.3–0.9) 0.75 (0.6–1.0)
 T½ (h) 32.44 (36) 36.73 (33)

FTC
 AUC 0–∞ (h*mg/L) 7.52 (15) 7.80 (20) 0.97 (0.92–1.02)
 Cmax (mg/L) 1.49 (20) 1.44 (25) 1.05 (0.94–1.17)
 Tmax (h) 0.75 (0.5–1.0) 0.78 (0.75–1.5)
 T½ (h) 7.41 (22) 8.14 (34)
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0–∞ levels observed within this study, were still within ranges 
that were found to be safe and effective in adults, indicating 
that the observed changes are not clinically relevant (17). We 
suggest that our results mainly reflect the high intersubject 
variation which has been reported for TAF. Previous studies 
measuring TAF (25-mg dose) administered to adults in a 

fasting state found PK results in the same order of magni-
tude as we found with a 22.5-mg TAF dose (6, 18), which 
reinforces confidence in the study results.

In conclusion, we did not find any clinically relevant PK 
interaction between DTG DT and F/TAF TOS for DTG, 
TFV, and FTC when co-administered, compared to products 

Fig. 2  Individual AUC and 
Cmax ratios of a DTG, b TAF, 
c TFV, and d FTC. The grey 
areas indicate the pre-defined 
acceptance criteria for 90% CI 
(0.70–1.43). The dotted line in 
the middle indicates a GLSM 
ratio of 1, meaning that there is 
no change in exposure or Cmax 
between the test treatment C 
and the reference treatment A 
or B. AUC  area under the curve, 
CI confidence interval, Cmax 
maximum concentration, DTG 
dolutegravir, FTC emtricitabine, 
GLSM geometric least squares 
mean, TAF tenofovir alafena-
mide fumarate, TFV tenofovir
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administered separately. Although TAF AUC 0–∞ and Cmax 
90% CIs fell outside the pre-defined criteria, no consistent 
effect on TAF PK was observed, likely due to high intersub-
ject variability. Moreover, there are several reasons to rely 
on TFV exposure as being more clinically relevant than TAF 
exposure. Therefore, we assume that we found no clinically 
relevant interactions in this study. These data will inform on 
the dose ratio as well as dose selection for a paediatric DTG/
FTC/TAF FDC to be developed in the UNIVERSAL project.
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