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Fixed-dose combination bictegravir, emtricitabine,
and tenofovir alafenamide in adolescents and children
with HIV: week 48 results of a single-arm, open-label,
multicentre, phase 2/3 trial
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Kulkanya Chokephaibulkit, Heather Maxwell, Pamela Wong, Danielle Porter, Sophia Majeed, Mun Sang Yue, Hiba Graham, Hal Martin,
Diana M Brainard, Cheryl Pikora

Summary

Background Bictegravir is a potent integrase strand-transfer inhibitor (INSTI) with a high genetic barrier to resistance.
Bictegravir, coformulated with emtricitabine and tenofovir alafenamide, is recommended by key European and US
HIV treatment guidelines as the preferred single-tablet regimen for adults and adolescents. The aim of this study was
to assess the pharmacokinetics, safety, and efficacy of switching to this regimen in virologically suppressed children
and adolescents with HIV.

Methods In this single-arm, open-label trial, we enrolled virologically suppressed children and adolescents (aged 6 to
<18 years) with HIV at 22 hospital clinics in South Africa, Thailand, Uganda, and the USA. Eligible participants had
a bodyweight of at least 25 kg, were virologically suppressed (HIV-1 RNA <50 copies per mL) on a stable ART regimen
for at least 6 months before screening, had a CD4 count of at least 200 cells per puL, and an estimated glomerular
filtration rate of at least 90 mL/min per 1-73 m2 by the Schwartz formula at screening. All participants received
the fixed-dose regimen of coformulated bictegravir 50 mg, emtricitabine 200 mg, and tenofovir alafenamide 25 mg
once daily. Pharmacokinetic analysis was used for dosing confirmation, and results compared with adult values.
The primary outcomes were area under the curve at the end of the dosing interval (AUC,,) and concentration at the
end of the dosing interval (C,,) of bictegravir, and incidence of treatment-emergent adverse events and laboratory
abnormalities at week 24. Efficacy and safety analyses included all participants who received at least one dose of study
drug. We report the 48-week results. This study is registered with ClinicalTrials.gov, NCT02881320.

Findings Between Sept 29, 2016 and Feb 16, 2018, we enrolled 102 participants. 100 participants received bictegravir,
emtricitabine, and tenofovir alafenamide (cohort 1 [adolescents aged 12 to <18 years], n=50; cohort 2 [children aged
6 to <12 years], n=50). The mean bictegravir AUC,,, was 89100 ngx h/mL (coefficient of variation 31-0%) in adolescents
(cohort 1) and 128 000 ngxh/mL (27 -8%) in children (cohort 2). Compared with adults, bictegravir C,,, was 35% lower
in adolescents and 11% lower in children. The 90% CIs of both parameters were within the predefined pharmacokinetic
equivalence boundary and within overall range of exposures observed in adults and deemed to be safe and efficacious
(geometric least-squares mean ratio [GLSM] 86-3% [90% CI 80-0-93-0] for AUC,, and 65-4% [58-3-73-3] for C,, in
adolescents; GLSM 125% [90% CI 117-134] for AUC,, and 88-9% [80-6-98-0] for C,, for children). Bictegravir,
emtricitabine, and tenofovir alafenamide was well tolerated; most adverse events were grade 2 or less in severity and
no study drug-related serious adverse events were reported. One participant discontinued study drug due to adverse
events (grade 2 insomnia and anxiety). Virological suppression (HIV-1 RNA <50 copies per mL) was maintained by all
100 participants at week 24 and by 98 (98%) of 100 at week 48; no participants had treatment-emergent resistance.

Interpretation In adolescents and children with HIV, the bictegravir, emtricitabine, and tenofovir alafenamide single-
tablet regimen was well tolerated and maintained virological suppression. Our data support the treatment of HIV in
adolescents and children with this single-tablet regimen. At present, the single-tablet regimen is recommended as
first-line treatment in the USA for adolescents and as an alternative regimen in children and has the potential to
represent an important regimen in the paediatric population.

Funding Gilead Sciences.
Copyright © 2021 Elsevier Lid. All rights reserved.
Introduction

The aim of antiretroviral therapy (ART) in children and
adolescents with HIV is to optimise immunological

outcomes via virological suppression while maintaining
overall wellbeing. Children and adolescents receiving
ART with high treatment tolerance are the most likely to
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Research in context

Evidence before this study

Integrase strand-transfer inhibitors (INSTIs) are the preferred
third agents within a complete antiviral regimen for treatment
of HIV in children globally. Coformulated emtricitabine and
tenofovir alafenamide is a preferred component in
antiretroviral regimens for children in the USA and the
European Union. Data in adult populations support the use of
fixed-dose combinations for the treatment of HIV;
single-tablet regimens are recommended for enhancement of
adherence and are also considered optimum for children.
Many fixed-dose combinations recommended for adults are
also recommended for adolescents, but not for children
(especially those with bodyweight <25 kg) due to weight
restrictions. Approval for these fixed-dose combinations have
mainly been based on data derived from use of the individual
components in participants included in paediatric studies
rather than from the fixed-dose product itself. We searched
PubMed for articles published between Jan 1, 1997,

and Sept 30, 2020, using each of the search terms “tenofovir
alafenamide” or "bictegravir”, “children”, “adolescent” or
“pediatric”, “trial” or “study”, limited to English language
articles. The search yielded two articles on the safety, efficacy,
and pharmacokinetics of the single-tablet regimen containing
elvitegravir, cobicistat, emtricitabine, and tenofovir
alafenamide: one study in 50 treatment-naive adolescents
with HIV (aged 12 to <18 years) at week 48 and another study
in 23 virologically suppressed children (aged 6 to <12 years) at
week 24. Results of these studies showed that this
single-tablet regimen was safe, well tolerated, and maintained
high rates of virological efficacy in children and adolescents.

achieve these goals. Integrase strand-transfer inhibitors
(INSTIs) have demonstrated few off-target effects and are
recommended first-line agents in the USA and European
Union for adolescents and children.”?

Bictegravir is an INSTI with a high genetic barrier
to resistance and low potential for drug-drug inter-
actions.*® Bictegravir is associated with few drug-drug
interactions with one notable exception: administration
with rifampin decreases bictegravir concentrations,
which are occassionally reduced below levels known to
be efficacious.® Bictegravir 50 mg is coformulated with
emtricitabine 200 mg and tenofovir alafenamide 25 mg
as a single-tablet regimen. Tenofovir alafenamide has a
favourable bone and renal safety profile when compared
with tenofovir disoproxil fumarate,”® which is import-
ant in growing children. In adults, the bictegravir,
emtricitabine, and tenofovir alafenamide single-tablet
regimen results in high virological suppression rates
with a favourable safety profile,>” and is currently
approved in multiple regions for adults, and in the USA
and Brazil for adolescents and children (aged 6 to
<18 years with bodyweight =25 kg).”"* The regimen is
recommended by key European and US HIV Treatment
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Our search identified no articles of the fixed-dose combination
containing bictegravir, emtricitabine, and tenofovir
alafenamide in children and adolescents.

Added value of this study

This is the first report of pharmacokinetic, safety, and efficacy
data for the single-tablet regimen containing bictegravir
coformulated with emtricitabine and tenofovir alafenamide,
given once daily for 48 weeks in paediatric participants (aged
6 to <18 years) with a bodyweight of at least 25 kg. In our
study, population pharmacokinetic modelling showed that the
area under the curve at the end of the dosing interval (AUC,,,)
and maximum plasma concentration (C,,,) of bictegravir in
adolescents were similar to that in adults, and bictegravir
concentrations at the end of the dosing interval [C,,,]) were
slightly lower than adults, but were markedly higher than the
half-maximal inhibitory concentration. In children (aged 6 to
<12 years), bictegravir AUC,,, and C_,, values were modestly
higher than those of adults and C,,, levels were similar to those
of adults. Adherence was high and consistent with the
acceptability of the tablet.

Implications of all the available evidence

The pharmacokinetics, safety, and tolerability of coformulated
bictegravir, emtricitabine, and tenofovir alafenamide given as a
single-tablet regimen in children and adolescents with HIV
(aged 6 to <18 years with bodyweight =25 kg) informed the

US Food and Drug Administration approval for this group in the
USA. The findings of this study support ongoing paediatric drug
development of this treatment regimen at lower doses for
younger children.

Guidelines as the preferred single-tablet regimen
for adults and adolescents.”””'* The approved tablet of
bictegravir, emitricitabine, and tenofovir alafenamide
is small in size (15 mmx8 mm). Comparatively, larger
tablet sizes are reported for abacavir, emtricitabine,
and dolutegravir (22 mmx11 mm) and elvitegravir,
cobicistat, emtricitabine, and tenofovir alafenamide
(19 mmx9 mm).

Fixed-dose combinations are considered optimum
for paediatric ART worldwide and are associated with
improved adherence.”” Optimising adherence to sustain
virological control is crucial for children who require
lifelong therapy. Adolescents with HIV also greatly
benefit from regimen simplification using fixed-dose
combination ART whether infected perinatally or later in
life, since adherence challenges are numerous during
this stage of life.”*

Pharmacokinetic parameters can be used to predict the
efficacy of an antiretroviral in a paediatric population
with HIV on the basis of the drug’s efficacy in adults.
Similar exposures (within a given bioequivalence range)
to particular efficacy-associated analytes in both popu-
lations suggest that efficacy is likely to be similar. Thus,
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pharmacokinetic parameters are often used as primary
endpoints in paediatric studies of antiretrovirals.

We report the 48-week pharmacokinetic, safety, and
efficacy data for the coformulated bictegravir, emtri-
citabine, and tenofovir alafenamide combination in
children and adolescents (aged 6 to <18 years).

Methods

Study design and participants

GS-US-380-1474 is an open-label, single-arm, two-
part trial done at 22 hospital clinics in South Africa,
Thailand, Uganda, and the USA. This study was
designed as a phase 2/3 trial since bictegravir,
emtricitabine, and tenofovir alafenamide was being
assessed in a novel population (ie, paediatric) and the
study follows phase 3 results from four adult studies
comprising 2414 participants.”* Eligible participants
were children and adolescents (aged 6 to <18 years),
had a bodyweight of atleast 25 kg, and were virologically
suppressed (HIV-1 RNA <50 copies per mL) on a stable
regimen for at least 6 months before screening (defined
as an antiretroviral regimen that has not changed
in 180 consecutive days). The stable regimen must
have consisted of two nucleoside reverse transcriptase
inhibitors (NRTIs) plus a third drug. Eligible partici-
pants also had a CD4 count of at least 200 cells per pL
and an estimated glomerular filtration rate (eGFR) of
at least 90 mL/min per 1.73 m2 by the Schwartz
formula at screening. Participants must have also
had no documented or suspected resistance to emtri-
citabine, tenofovir, or INSTIs including, but not limited
to, the reverse transcriptase resistance mutations,
Lys65Arg and Met184Val/Ile.

This study had two parts: part A was used as a dose-
confirmation component and part B was used to assess
safety and efficacy. Eligible participants were grouped
into two cohorts on the basis of age and bodyweight:
adolescents (aged 12 to <18 years) who weighed at least
35 kg were included in cohort 1 and children (aged 6 to
<12 years) who weighed at least 25 kg were included
in cohort 2. Cohorts were enrolled sequentially into the
dose-confirmation component of the study (part A).
A review of intensive pharmacokinetic data and short-
term safety data for cohort 1 by an independent data
monitoring committee triggered enrolment of new
participants into cohort 2 (part A) and additional partici-
pants into cohort 1 (part B). Additional participants
could enrol into cohort 2 (part B) for assessment of
safety and efficacy after a second data monitoring
committee reviewed pharmacokinetic and safety data
for cohort 2 participants (part A).

This trial was done in accordance with the Declaration
of Helsinki and was approved by central or site-specific
review boards or ethics committees. All participants
provided written or oral assent in their native languages,
and their parents or caregivers provided written informed
consent.

Procedures

Eligible participants received an oral once-daily regimen
of coformulated bictegravir 50 mg, emtricitabine 200 mg,
and tenofovir alafenamide 25 mg. The regimen was
given regardless of food intake.

Post-baseline study visits were done at weeks 1, 2, 4,
8, 12, 16, 24, 36, and 48. After week 48, participants
were given the option to continue receiving bictegravir,
emtricitabine, and tenofovir alafenamide in an open-
label extension phase, during which study visits were
done every 12 weeks. Study drug was made available
to participants in the extension phase until it became
commercially available and accessible to the participant
as approved by ethics committees at each site.

Laboratory tests, done at screening, pre-baseline, and
post-baseline, included haematological analysis, serum
chemistry tests, fasting lipid parameters, CD4 cell counts,
eGFR (calculated using the Schwartz formula; Covance
Laboratories, Indianapolis, IN, USA), and measurement
of plasma HIV-1 RNA (Roche TagMan 2.0 [Roche
Diagnostics, Rotkreuz, Switzerland]). Participants with
confirmed plasma HIV-1 RNA 50 copies or higher per mL
(with a second sample with confirmed plasma HIV-1 RNA
of 200 copies per mL or higher) or plasma HIV-1 RNA
levels of 200 copies per mL or higher in the week 48
window, or at the last visit on study drug, had their plasma
HIV-1 RNA sample tested for the development of
resistance. Protocol-defined resistance testing consisted
of genotypic Sanger sequencing and phenotypic analysis of
integrase, protease, and reverse transcriptase (Monogram
Biosciences, San Francisco, CA, USA). Pre-existing drug
resistance was assessed using available historical geno-
types or retrospective proviral DNA genotyping of baseline
samples from participants who qualified for resistance
testing using the GenoSure Archive assay (Monogram
Biosciences).

Safety was assessed by physical examinations, Tanner
stage assessments, laboratory tests, concomitant drugs,
and recording of adverse events, which were coded
using the Medical Dictionary for Regulatory Activities
(version 22-0). Adverse events and laboratory abnormal-
ities were graded according to a modified version of the
Division of AIDS guidelines (version 2.1).”

In part A, the pharmacokinetics of bictegravir, emtri-
citabine, and tenofovir alafenamide were assessed in an
intensive pharmacokinetic substudy (cohort 1, n=24;
cohort 2, n=25), consisting of post-dose pharmacokinetic
blood samples obtained at 30 min, and 1, 2, 3, 4, 6, 8, and
24 h after an observed dose given at the clinic. Additionally,
for all participants in part A and part B, based on the
cohort, the trough pharmacokinetic blood sample (ie,
the lowest concentration reached by the drug before the
next dose was given) was obtained at on-treatment study
visits (1, 2, 3, 8, 12, 16, 24, 36, and 48 weeks) with samples
collected 20-28 h after participants had a dose of study
drug. Plasma concentrations of bictegravir, emtricitabine,
and tenofovir alafenamide were determined using fully
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validated high performance liquid chromatography tan-
dem mass spectroscopy bioanalytical methods at QPS
(Newark, DE, USA). The investigator (or designee) also
used age-appropriate questions to ascertain palatability
(taste) and acceptability (acceptable product shape and
size) of the tablet. Adherence was assessed by pill count
ascertained from returned bottles between baseline and
last study visit.

Outcomes

The primary endpoints were the pharmacokinetic para-
meters of area under the curve (AUC) at the end of the
dosing interval (AUC, ) and the observed concentrations
at the end of the dosing interval (C,,) for bictegravir at
steady state at weeks 2 and 4 for cohorts 1 and 2, and safety
and tolerability as measured by the incidence of treatment-
emergent adverse events and laboratory abnormalities
at week 24. Secondary endpoints were the proportion of
participants who had maintained virological suppression
(HIV-1 RNA <50 copies per mL) at weeks 24 and 48,
as defined by the FDA-defined snapshot algorithm;*
pharmacokinetic parameters (maximum plasma concen-
tration [C,,] and time of C_, [T,.]) for bictegravir; AUC
C,.. and C,_, for tenofovir alafenamide and emtricitabine,
as applicable; change from baseline in CD4 cell count
and percentage change at weeks 24 and 48; incidence
of treatment-emergent adverse events and laboratory
abnormalities at week 48; and acceptability and palat-
ability of the full-strength bictegravir, emtricitabine, and
tenofovir alafenamide formulation.

'max 'tau?

Statistical analysis

A minimum of 12 participants per cohort in part A were
anticipated to provide 98% power to conclude bictegravir
AUC,, and 94% power to conclude bictegravir C,,
equivalence in adolescent participants and in children
versus adults (approximately 22 participants from adults
in historical phase 2 study”). We assumed that the
expected geometric least-squares mean (GLSM) ratio of
bictegravir AUC,, and C,, between paediatric partici-
pants and adult participants was 1, with an equivalency
boundary of 70-143%, two one-sided tests each with
a=0-05, a SD of AUC,, of 0-19 ngxh per mL, and a
SD of C,, of 0-27 ng/mL (natural log scale). Additional
details on sample size and power calculations are
provided in the appendix (p 2).

The analyses for this report were done after all enrolled
participants had completed their week 48 study visit or
had prematurely discontinued the study drug.

Bictegravir and tenofovir alafenamide exposures were
estimated using population phramacokinetic analyses.
We used pharmacokinetic compartmental models, which
coupled non-linear mixed-effect models with ordinary
differential equations describing the flow of drug concen-
tration between compartments.” The model to describe
bictegravir pharmacokinetics in children and ado-
lescents was a one-compartment model with first-order

tau
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absorption, first-order elimination from the central
compartment and a lag time, interindividual variability
on apparent oral clearance, apparent peripheral volume,
and first order absorption rate constant (k,), covariance
on oral clearance and apparent peripheral volume, an
additive error model (for log-transformed data), and
inter-occasion variability on oral clearance and apparent
peripheral volume.

The final model to describe tenofovir alafenamide
pharmacokinetics in children and adolescents was a two-
compartment model with the M3 method, zero order
input with first order absorption, linear elimination, inter-
individual variability terms on oral clearance, apparent
peripheral volume, k, and loading dose, and covariance
on oral clearance and apparent peripheral volume, k, and
loading dose, with a proportional error model (for
log-transformed data). Additional details regarding the
pharmacokinetic compartmental models are provided in
the appendix (pp 2-5).

Using the developed population pharmacokinetic
models, the pharmacokinetic concentration-time profile
for each participant was simulated at steady-state for each
analyte via an ordinary differential equation solver. Based
on the simulated steady-state concentration profile, the
endpoint of AUC,,, was computed using trapezoidal rule
to obtain the area under the concentration profile curve
over the dosing interval, and C,,, was obtained based on
the maximum concentration attained in the simulated
concentration profile.

Emtricitabine exposures were calculated from inten-
sive pharmacokinetic data in paediatric groups in the
current study.”*

Predicted systemic exposures of bictegravir and
tenofovir alafenamide in adolescents weighing at least
35 kg and children weighing at least 25 kg given
bictegravir, emtricitabine, and tenofovir alafenamide
were compared with those from adults with HIV who
participated in four phase 3 studies evaluating the same
regimen and formulation (n=1193)."* For bictegravir,
an ANOVA model was fitted to the natural logarithm-
transformed values of AUC,, and C,; as the primary
endpoints) and C,, (as the secondary endpoint), with
treatment group as a fixed effect, by cohort. Treatment
groups were defined as test treatment (paediatric
participants in this study) and reference treatment (adults
in historical studies). The pharmacokinetic parameters
AUC,, C,.. and C,, for emtricitabine, and AUC,, and
C,.. for tenofovir alafenamide were analysed using the
same methods. C,, was not reported for tenofovir
alafenamide, which has a short halflife and is not
detectable at the end of the dosing interval, which
precludes estimation of C,,..

For bictegravir, emtricitabine, and tenofovir alafenamide,
90% ClIs for the GLSM ratios of the test and reference
treatments were calculated for AUC,,, C,., and C,, by
cohort, as applicable. Equivalency in pharmacokinetics
was concluded if the 90% Cls were within the equivalence

tau?

tau tau

‘tau

See Online for appendix
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boundaries of 70-143%. Additional details on the statistical
comparative analyses are provided in the appendix

(pp 5-6).

116 participants assessed for eligibility

14 not enrolled

g 14 did not meet eligibility criteria

A

102 participants enrolled

—b| 2 never dosed

A 4

100 treated with bictegravir, emtricitabine,
and tenofovir alafenamide

1 discontinued regimen

1 had an adverse event

A 4

99 continued on bictegravir, emtricitabine,
and tenofovir alafenamide

Figure: Trial profile

Cohort 1 (age12to <18years;  Cohort 2 (age 6 to <12 years;

n=50) n=50)
Median age, years (range) 15(12to 17) 10 (6to 11)
Sex
Female 32 (64%) 27 (54%)
Male 18 (36%) 23 (46%)
Race*
Asian 13 (27%) 11 (22%)
Black 32 (65%) 36 (72%)
Native Hawaiian or Pacific Islander 1(2%) 0
White 1(2%) 2 (4%)
Other 2 (4%) 1(2%)
Hispanic or Latino 2 (4%) 0
Weight, kg 44-8 (40-0to 56-1) 29.0 (26-9to 32-5)
Weight Z score -0-54 (-1:-55t0 0-39) -0-35 (-1-30 to 0-45)
Height, cm 1555 (148-5 to 159-0) 133-3(129:5t0 139:5)
Height Z score -0-87 (-1-62 to -0-41) -0-67 (-1-27 t0 0-01)
eGFR (Schwartz), mL/min per 1.73 m* 145-0 (134-0 to 170-0) 1535 (144-0to 173-0)
Tanner staget
Male participants with available 18 23
data, n
Stage 1-3 10/18 (56%) 23/23 (100%)
Stage 4-5 8/18 (44%) 0
Female participants with available 32 27
data, n
Stage 1-3 11/32 (34%) 27/27 (100%)
Stage 4-5 21/32 (66%) 0
HIV-1 RNA <50 copies per mL 50 (100%) 50 (100%)
(D4 count, cells per L 750 (586 t0 926) 898 (707 to 1121)
(Table 1 continues on next page)
646

All participants who received at least one dose of
study drug were included in the efficacy analysis. For
the snapshot analysis, participants were classified
on the basis of three outcomes: plasma HIV-1 RNA
50 copies per mL or higher at week 24 or 48
(days 141-210, inclusive) or week 48 (days 295-378,
inclusive), participants who discontinued study drug
due to reasons other than absence of efficacy before or
at week 24 or 48 with last plasma HIV-1 RNA 50 copies
per mL or higher, and participants who discontinued
study drug before or at week 48 due to absence of
efficacy); plasma HIV-1 RNA 50 copies per mL or less at
week 24 or 48; and no virological data in the week 24 or
48 window (participants who discontinued study drug
due to reasons other than absence of efficacy before or
at week 24 or 48 with last available plasma HIV-1 RNA
<50 copies per mL, and participants who remained on
study drug with missing plasma HIV-1 RNA data at
week 24 or 48). Change from baseline in CD4 cell count
and percentage at weeks 24 and 48 were summarised by
treatment group with descriptive statistics based on the
full analysis set.

We summarised baseline characteristics with descrip-
tive statistics for the safety analysis set, which included
all participants who received at least one dose of study
drug. Safety data were integrated across the two cohorts
and summarised using descriptive statistics. Safety data
are described using all data collected on or after study
drug was first given until either the data cutoff date or,
for participants who discontinued treatment early, up
to 30 days after the last dose of study drug. Tanner
stage assessments were used to evaluate the onset and
progression of pubertal changes. Bodyweight, weight
Z score, height, and height Z score were summarised.

This study is registered with ClinicalTrials.gov,
NCT02881320.

Role of the funding source

The study funder had the lead role in study design, data
collection, data analysis, data interpretation, and writing
of the manuscript.

Results

Between Sept 29, 2016, and Feb 16, 2018, 102 participants
were enrolled, of whom 100 received at least one dose of
study drug and thus were included in the full analysis
set (figure). This analysis includes data collected up to
June 21, 2019. At the time of data cutoff for this analysis,
100 participants had been treated with bictegravir,
emtricitabine, and tenofovir alafenamide and 99 had
completed the 48-week main phase. One participant
discontinued study drug due to adverse events. Median
age was 12 years (range 6-17), median weight was
38-9 kg (range 25-0-122-8), 59 (59%) of 100 participants
were female, and most were black (68 [68%)]) or Asian
(24 [24%]; table 1). Most participants had acquired HIV
perinatally (93 [93%] of 100 participants), and 93 [93%] of
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100 participants had no HIV symptoms or AIDS at
baseline. The median time since HIV diagnosis was
11 years (range 2-17). Previous antiretoviral regimens
are listed in the appendix (p 7).

Population pharmacokinetics of bictegravir were
assessed using data collected from intensive pharmaco-
kinetic sampling (ie, involving a series of blood samples
from each participant over time) in part A for each cohort,
and sparse pharmacokinetic sampling in all participants
in parts A and B (table 2). For cohort 1 (adolescents aged
12 to <18 years), the bictegravir AUC,, GLSM ratio (86-3%
[90% CI 80-0-93-0]) was within the associated 90% CIs
of the predefined pharmacokinetic equivalence boundary
(70-143%). Bictegravir C,, was 35% lower in this cohort
than in adults. The bictegravir AUC,, and C,, GLSM
ratios were also within the pharmacokinetic equivalence
boundary for cohort 2 (children aged 6 to <12 years;
table 2).

Tenofovir alafenamide and emtricitabine exposures in
adolescents were similar to those in adults (table 2).
In children, tenofovir alafenamide AUC,,, was 83% higher
and C,,, was 53% higher than adults. Mean emtricitabine
AUC,, was 43% higher and C_, was 85% higher in
children than in adults. Although tenofovir alafenamide
and emtricitabine exposures exceeded the upper limit
of the equivalence boundary, the exposures were within
the range of safe exposures obtained from adults and
children.

Median study drug adherence was 99%, and 76 (76%) of
100 participants had more than 95% adherence. No
participants reported issues with the palatability of study
drug and product shape or size (acceptability).

The median exposure to study drug was 80 weeks
(IQR 66-82) and the single-tablet regimen was well
tolerated. Most adverse events were mild or moderate in
severity (table 3). The most common adverse events
were upper respiratory tract infection (26 [26%] of
100 participants) and diarrhoea (11 [119]). Most events were
common childhood infections or gastrointestinal adverse
events. No participants died or had study drug-related
serious adverse events. A 7-year-old female participant
weighing 25-5 kg at baseline, who had a previous medical
history of anxiety and neuropsychiatric changes after
receiving raltegravir, discontinued the study at week 20 due
to grade 2 insomnia and anxiety, which was considered by
the investigator to be related to treatment. At week 16,
this participant had a trough bictegravir concentration
of 3060 ng/mL, which was within the mean (SD) for
cohort 2 at that timepoint (202736 ng/mL [1650]). The most
commonly reported study drug-related adverse event was
grade 1 abdominal discomfort (three [3%] of 100 partici-
pants), which was transient. Grade 3 laboratory
abnormalities were reported for 21 participants, and
two participants had grade 4 laboratory abnormalities
(appendix p 8); most were isolated and transient.

Increases from baseline in serum creatinine were
observed at week 1 and remained stable through week 48:

‘max
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Cohort 1 (age 12 to <18 years;

Cohort 2 (age 6 to <12 years;

Median time since HIV diagnosis,
years (range)

Mode of infection (HIV risk factor)#

12:0 (3-0t0 17-0)

regimen before dosing; therefore, some percentages might sum to more than 100%.

n=50) n=50)
(Continued from previous page)
(D4 count category, cells per pL
<50 0 0
>50to <200 0 0
>200to <350 2 (4%) 0
>350t0 <500 5 (10%) 2 (4%)
2500 43 (86%) 48 (96%)
(D4 cell count, % 32:9% (28-5t038-2) 36-5% (31-9to 41-1)

100 (2:0t0 11.0)

Heterosexual sexual intercourse 1(2%) 0

Homosexual sexual intercourse 0 0

Intravenous drug use 0 0

Blood transfusion 0 1(2%)

Vertical transmission 45 (90%) 48 (96%)

Other 0 0

Unknown 4(8%) 1(2%)
HIV disease status

Asymptomatic HIV infection 46 (92%) 47 (94%)

Symptomatic HIV infection 4 (8%) 2 (4%)

AIDS 1(2%)
Antiretroviral regimen before enrolment§

Multiple tablets 35 (70%) 46 (92%)

Twice daily dosing 24 (48%) 36 (72%)

Data are median (IQR), n (%), or n/N (%), unless stated otherwise. eGFR=estimated glomerular filtration rate. *Some
local regulators did not allow collection of race or ethnicity information, or participant’s family preferred not to
answer; thus, data were missing for one participant in cohort 1. tMaximum stage of pubic hair or genitalia for males,
and maximum stage of pubic hair or breasts for females; the denominators are by sex. tParticipants could be included
in more than one HIV risk factor category. §Participants might have been on more than one type of antiretoviral

Table 1: Baseline characteristics

median change 0-08 mg/dL (IQR 0-03 to 0-14).
One patient had a grade 1 increase in serum creatinine.
Correspondingly, decreases from baseline in eGFR
(Schwartz formula) were observed at week 1, and had
stabilised by week 48: median change —16-0 mL/min per
1-73 m2 (IQR -33-0 to —1-0); appendix p 10). Minimal
changes from baseline were identified in height Z scores
and a modest improvement from baseline in weight
Z scores (ie, scores were closer to the expected weight
for age) at week 48 (appendix p 9).

After switching to Dbictegravir, emitricitabine, and
tenofovir alafenamide, virological suppression (HIV-1
RNA <50 copies per ml) was maintained in all
100 participants at week 24 and 98 (98%) of 100 partici-
pants at week 48 (table 4). One participant in cohort 1
had HIV-1 RNA 50 copies per mL or higher at week 48
and one participant in cohort 2 discontinued the study
due to an adverse event at week 20, at which time they
had virological suppression (HIV-1 RNA <50 copies per
mL). Between week 2 and week 48, mean changes from
baseline in CD4 count ranged from —40 to 56 cells per pL
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Paediatric Adult* Geometric least-
squares mean ratio of
test to reference
(90%CI)

n Mean (coefficient n Mean (coefficient

of variation) of variation)

Cohort 1 (adolescents aged 12 to <18 years with bodyweight 235kg)

Bictegravirt

AUC,, ngxh/mL 50
Cue NG/ML 50
C,, Ng/mL 50

Emtricitabinet
AUC,,, ngxh/mL 24
Coue NG/ML 24
C,. Ng/ML 24
Tenofovir alafenamidet
AUC,,,, ngxh/mL 49
C,.o Ng/ML 49

Cohort 2 (children aged 6 to <12 years with bodyweight =25 kg)

Bictegravirt
AUC,,, ngxh/mL 50
C,.o Ng/ML 50
C Ng/ML 50
Emtricitabinef
AUC,, ngxh/mL 25
Cae NG/ML 25
C Ng/ML 24
Tenofovir alafenamidet
AUC,, ngxh/mL 47
Cue NG/ML 47

89100 (31-0%) 1193
6240 (27-1%) 1193
1780 (44-4%) 1193

102000 (26-9%)
6150 (22:9%)
2610 (35-2%)

86-3% (80-0-93-0)
100% (93-8-107)
65-4% (583-73-3)

13600 (21:7%) 77 12300 (29-2%) 113% (102-124)

2690 (34-0%) 77 2130 (34-7%) 127% (111-145)
64-4 (25-0%) 74 96-0 (37-4%)  69-3% (61-6-77-9)

196 (50-3%) 486 142 (17-3%) 128% (116-141)
133 (70-2%) 486 121 (15-4%) 88-6% (75-0-105)

128000 (27-8%) 1193
9460 (24-3%) 1193
2360 (39:0%) 1193

102000 (26:9%)
6150 (22:9%)
2610 (35-2%)

125% (117-134)
153% (143-163)
88.9% (80-6-98-0)

17600 (36-9%) 77 12300(292%)  143% (127-159)
3890 (31-0%) 77 2130 (34-7%)  185% (162-210)
227 (322-8%) 74 96 (37-4%) 95-0% (69:9-129)
278 (40-3%) 486 142 (17-3%) 183% (165-202)
205 (44-6%) 486 121(154%)  153% (136-173)

Data are presented to 3 significant figures. AUC

tay

=area under the curve at the end of the dosing interval. C,, =maximum

plasma concentration. C,,,=concentrations at the end of the dosing interval. *Pharmacokinetic data obtained for the
pooled population from four phase 3 studies™* in adults with HIV (GS-US-380-1489, GS-US-380-1490,
GS-US-380-1844, and GS-US-380-1878 for bictegravir), pooled intensive pharmacokinetic data from four phase 3
studies™* in adults with HIV (GS-US-380-1489, GS-US-380-1490, GS-US-380-1844, and GS-US-380-1878 for
emtricitabine), and pharmacokinetic data for the pooled population from two phase 3 studies™* in adults with HIV
(GS-US-380-1489 and GS-US-380-1490 for tenofovir alafenamide). tPaediatric data were from population
pharmacokinetic data. +Paediatric data were from intensive pharmacokinetic substudy (part A of the current study).

Table 2: Summary of pharmacokinetic parameters
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(appendix p 11). At week 48, two participants met
criteria for virological resistance testing and no emer-
gence of resistance was identified. Three participants
had the emtricitabine-associated resistance mutation
Met184Val at baseline and all three maintained virological
suppression (HIV-1 RNA <50 copies per mL) at week 48.

Discussion

Week-48 results of this ongoing, single-arm, open-label
trial showed that the single-tablet regimen of bictegravir,
emtricitabine, and tenofovir alafenamide was well tolerated
and highly effective in maintaining virological suppression
in adolescents and children with HIV.

Exposure-related adverse events have not been
identified in adults receiving bictegravir, emtricitabine,
and tenofovir alafenamide using a pharmacokinetic—
pharmacodynamic evaluation for the most commonly

reported adverse events (unpublished data). The higher
exposures of bictegravir C,, and tenofovir alafenamide
AUC,, and C_,, observed in children in this study were
contained within the range of adult exposures assessed in
the pharmacokinetic—-pharmacodynamic safety analysis,
indicating an absence of clinical impact on safety for
these exposures.

Pharmacokinetic parameters are a common primary
endpoint in paediatric studies of antiretrovirals. The
similarities between disease and antiviral response in
children and adults with HIV enable extrapolation of
efficacy from adults to children using a pharmacokinetic
bridge. If a particular analyte exposure is associated
with efficacy in adults, this same efficacy can be
extrapolated to a paediatric population if the exposures
to the analytes of interest are similar. To assess
similarity, GLSM ratios are compared between children
and adults using a bioequivalence range. The selection
of the bioequivalence range of 70-143% for the GLSM
ratio comparison is a generally accepted range used by
regulators. Values below this range could potentially
suggest reduced efficacy whereas values markedly above
this range might affect safety.

Although the reason for the decrease in bictegravir C,_, in
adolescents relative to the adult mean is unknown, the
mean bictegravir C,, (1784 ng/mL) in this study was more
than 11-fold higher than the established protein-adjusted
95% eftective concentration (paEC,;) of 162 ng/mL against
wild-type virus.” This finding, coupled with the high
proportion of participants who had virological suppression,
indicate that the difference in bictegravir C,, between
adults and adolescents is mnot clinically significant.
A modestly higher bictegravir C,_,, (53%) and AUC (25%)
in children compared with adults were also not considered
clinically important since the observed safety profile in this
population was favourable and similar to that observed in
the adult population.

Exposures of emtricitabine and tenofovir alafenamide
in adolescents and children were within the range of
exposures observed from previously published data in
adolescents and children for approved emtricitabine
and tenofovir alafenamide-containing products, in which
there were no associated safety concerns.”*

The safety profile of bictegravir, emtricitabine, and
tenofovir alafenamide in adolescents and children was
consistent with that observed in adults. One participant in
cohort 2 discontinued the study due to grade 2 treatment-
related events of insomnia and anxiety. At week 16, the
bictegravir trough concentration in this participant was
comparable to those of other participants in the same
weight band and age cohort. Long-term neuropsychiatric
adverse events are being collected for participants
remaining in the study extension and new participants
with bodyweight 14 kg to less than 25 kg who are receiving
a reduced dose with similar bictegravir exposures as the
children with a bodyweight of at least 25 kg. No related
safety signals have been reported to date.
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Bone density was not measured in this study. No
fractures were reported. Additionally, tenofovir exposures
in adolescents and children in this study were consistent
with tenofovir exposures in children of the same age and
bodyweight given coformulated elvitegravir, cobicistat,
emtricitabine, and tenofovir alafenamide in whom
height-age adjusted BMD Z scores changed minimally
from baseline at 24 and 48 weeks.”” Changes in eGFR
were consistent with bictegravir-mediated reduction in
activity of the renal transporters, OCT-2 and MATE-1,2*
which affect creatinine secretion without affecting actual
eGFR.

Weight Z scores, synonymous with the SD of the mean
when compared to a reference population of adolescents
and children, provides context in regard to individual
weight increases or decreases. For the participants of this
study, median weight Z scores remained less than zero
but improved slightly by 48 weeks. However, median
height Z scores showed no change. This observation is
consistent with what is commonly observed in virologically
suppressed children and adolescents with perinatal HIV

www.thelancet.com/child-adolescent Vol 5 September 2021

boundary who weigh less than 25-0 kg is currently being
evaluated as part of a separate cohort in this study
(NCT02881320).

One potential limitation of our study is the non-
comparative design, which was chosen in accordance
with regulatory guidance and enabled efficacy to be
extrapolated from data in adults.**® This approach
expedites drug development for the paediatric popu-
lation. Although data for 100 participants treated
for 6 months are considered sufficient evidence to
support the safety of a new antiretroviral for paediatric
populations, a 48-week follow-up period with 100 partici-
pants would not be adequate to identify rare adverse
outcomes.*

The bictegravir, emtricitabine, and tenofovir alafenamide
patent has been provided to the medicines patent pool to
allow generic manufacture. Notably, coadministration
with strong cytochrome P450 3A, uridine 5'-diphospho-
glucuronosyltransferase 1A1, and P-glycoprotein inducers
such as rifampin results in a 75% decrease of bictegravir
AUC whereas coadministration with rifabutin results in a
38% reduction.” Hence, the efficacy of bictegravir could
potentially be compromised in this setting, potentially

Cohort1 Cohort 2 Cohort1 Cohort 2 Overall
(12to <18 years; (6 to <12years; (age 12 to <18 years; (age 6 to <12 years; (6 to <18 years;
n=50) n=50) n=50) n=50) n=100)
Any grade adverse event 40 (80%) 41 (82%) Week 24 50 (100%; 92-9t0 100-0) 50 (100%; 92-9 to 100-0) 100 (100%; 96-4 to 100-0)
Any grade adverse event (=5% in all participants) Week 48 49 (98%; 89-4 to 99-9) 49 (98%; 89-4 t0 99-9) 98 (98%; 93-0to 99-8)
U iratory tract infection 12 (24% 14 (28%
pper respiratory tract infection (24%) 4( ) Data are n (% 95% Cl).
Diarrhoea 5 (10%) 6 (12%)
Headache 4 (8%) 5 (10%) Table 4: Virological suppression (HIV-1 RNA <50 copies per mL) at weeks 24 and 48
Cough 3(6%) 6 (12%)
Influenza 6 (12%) 2 (4%) . ) . 3 .
. infection who have larger improvements in weight than
Nasopharyngitis 3(6%) 3(6%) R R
Resoiratory tract infecti 3 (6%) 2 (6%) height over time.”"*
espiratory tract infection % % .. .
v p,t' Y %) 28%) The favourable safety profile and ease of administration
‘omitin % % . . . . . .
Alera gh' " To% 1 of bictegravir, emtricitabine, and tenofovir alafenamide
Abzrglc‘r ||n| N > (6 ‘) 2( ‘) were reflected in the high levels of adherence and viro-
% % . . ..
ormnapam 3(6%) (@) logical suppression at 48 weeks. Moreover, all participants
Streptococcal pharyngitis 0 5 (10%)
o as young as age 6 years found the tablet palatable and
Tohs'll't's o 2 (4%) 3(6%) acceptable in terms of size and shape. These findings are
UT'”arytraCt'anCt'O" 5 (10%) 0 consistent with the increased adherence associated with
?Q;:'C:Eﬁer respiratory tract 4(8%) 1(2%) single-tablet regimens observed in adults and indicate
b danoetit o 6 similar advantages in a population of adolescents and
ecreased appetite (4%) 3(6%) children.
Grade 3 or 4 adverse event 3 (6%) 0 .
Although the specified age range for cohort 2 was 6 years
Adverse event attributed to study 3 (6%) 8 (16%) . .. . .
drug” to less than 12 years, dosing predictions for bictegravir,
Serious adverse eventt 3(6%) T emtricitabine, and tenofovir alafenamide were based on
Adverse event leading to study 0 1(2%) weight rather than age since there is no significant
drug discontinuation$ physiological difference in metabolism of these analytes in
Death 0 0 children of this age group. It was therefore important to
ensure enrolment of children with a bodyweight equal to
Data are n (%). *The most common adverse event attributed to study drug was . : .
abdominal discomfort (n=3); all other related adverse events occurred in or close to this lower boundary' Thltls’ two Chl.ldren welghed
one participant each. tGrade 2 unrelated abdominal pain (n=1), grade 2 unrelated 25-0 kg at enrolment and four children WEIghed between
lung abscess (n=1), and grade 3 unrelated hyperthyroidism (n=1). Grade 2 25-0 and 26-0 kg. A low-dose tablet of bictegravir,
insomnia and anxiety. emtricitabine, and tenofovir alafenamide for children at
Tl R el sy STHE) least 2 years of age and independent of an upper age
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restricting its use in children coinfected with tuberculosis.
This is a limitation of our analysis and will require further
evaluation.

Another potential limitation of our study is that we did
not include pregnant individuals. The potential for ado-
lescents to become pregnant while taking the bictegravir,
emtricitabine, tenofovir alafenamide single-tablet regimen
remains unclear. Outcomes of administration of the
bictegravir, emtricitabine, and tenofovir alafenamide fixed-
dose tablet to pregnant women continue to be captured in
the Antiretroviral Pregnancy Registry (NCT00404989).
A study of the pharmacokinetics, safety, and efficacy of
bictegravir, emtricitabine and tenofovir alafenamide fixed-
dose tablet in virologically suppressed pregnant women
with HIV in their second or third trimesters is ongoing
(NCT03960645). Additionally, a study to assess pharmaco-
kinetic properties of antiretroviral and anti-tuberculosis
drugs, including in adolescents, during pregnancy and
postpartum is planned (NCT04518228).

The bictegravir, emtricitabine, and tenofovir alafenamide
single-tablet regimen has the potential to meet an unmet
need for eligible children and adolescents with HIV.
INSTI-based ART is now preferred for children according
to paediatric guidelines in the USA and European
Union."” Bictegravir has been shown to have a similar or
more favourable resistance profile than dolutegravir, an
INSTI frequently recommended in guidelines but with a
minimum weight restriction of 40 kg when given as
a single-tablet regimen of abacavir and emitricitabine.’
Bictegravir, emtricitabine, and tenofovir alafenamide
has the advantage of providing children and adolescents
INSTI-based therapy in the context of a fixed-dose tablet
with the well tolerated NRTT backbone of emtricitabine
and tenofovir alafenamide. This combination is also
currently being studied at reduced doses in a fixed-dose
combination in children aged 2 years and older who weigh
less than 25 kg, which aligns with the WHO weight
band dosing, and will assist in the simplification of drug
forecasting for this population.

In summary, in virologically suppressed children and
adolescents weighing at least 25 kg, the full-strength
formulation of the single-tablet regimen containing
bictegravir, emtricitabine, and tenofovir alafenamide
was well tolerated and maintained high rates of
virological suppression at 48 weeks. No clinically
meaningful drug exposure differences relative to adults
in phase 3 trials were identified. These results support
use of this single-tablet regimen in eligible children
and adolescents with HIV, and ongoing paediatric drug
development of this treatment regimen at lower doses
for younger children.
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