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HIV-associated tuberculosis: a pharmacokinetic and safety
study within the open-label, multicentre, randomised,
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Summary

Background Children with HIV-associated tuberculosis (TB) have few antiretroviral therapy (ART) options. We aimed
to evaluate the safety and pharmacokinetics of dolutegravir twice-daily dosing in children receiving rifampicin for
HIV-associated TB.

Methods We nested a two-period, fixed-order pharmacokinetic substudy within the open-label, multicentre, randomised,
controlled, non-inferiority ODYSSEY trial at research centres in South Africa, Uganda, and Zimbabwe. Children (aged
4 weeks to <18 years) with HIV-associated TB who were receiving rifampicin and twice-daily dolutegravir were eligible for
inclusion. We did a 12-h pharmacokinetic profile on rifampicin and twice-daily dolutegravir and a 24-h profile on once-
daily dolutegravir. Geometric mean ratios for trough plasma concentration (C,,,,,), area under the plasma concentration
time curve from 0 h to 24 h after dosing (AUC,,,,), and maximum plasma concentration (C,,) were used to compare
dolutegravir concentrations between substudy days. We assessed rifampicin C_,, on the first substudy day. All children
within ODYSSEY with HIV-associated TB who received rifampicin and twice-daily dolutegravir were included in the
safety analysis. We described adverse events reported from starting twice-daily dolutegravir to 30 days after returning to
once-daily dolutegravir. This trial is registered with ClinicalTrials.gov (NCT02259127), EudraCT (2014-002632-14), and
the ISRCTN registry (ISRCTN91737921).

Findings Between Sept 20, 2016, and June 28, 2021, 37 children with HIV-associated TB (median age 11-9 years
[range 0-4-17- 6], 19 [51%] were female and 18 [49%)] were male, 36 [97%] in Africa and one [3%] in Thailand) received
rifampicin with twice-daily dolutegravir and were included in the safety analysis. 20 (54%) of 37 children enrolled in
the pharmacokinetic substudy, 14 of whom contributed at least one evaluable pharmacokinetic curve for dolutegravir,
including 12 who had within-participant comparisons. Geometric mean ratios for rifampicin and twice-daily
dolutegravir versus once-daily dolutegravir were 1.51 (90% CI 1-08-2-11) for C,,,,, 1:23 (0-99-1.53) for AUC,,,,,
and 0-94 (0-76-1-16) for C,,. Individual dolutegravir C,,,, concentrations were higher than the 90% effective
concentration (ie, 0-32 mg/L) in all children receiving rifampicin and twice-daily dolutegravir. Of 18 children with
evaluable rifampicin concentrations, 15 (83%) had a C,,, of less than the optimal target concentration of 8 mg/L.
Rifampicin geometric mean C,,, was 5-1 mg/L (coefficient of variation 71%). During a median follow-up of 31 weeks
(IQR 30-40), 15 grade 3 or higher adverse events occurred among 11 (30%) of 37 children, ten serious adverse events
occurred among eight (22%) children, including two deaths (one tuberculosis-related death, one death due to
traumatic injury); no adverse events, including deaths, were considered related to dolutegravir.
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Interpretation Twice-daily dolutegravir was shown to be safe and sufficient to overcome the rifampicin
enzyme-inducing effect in children, and could provide a practical ART option for children with HIV-associated TB.
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Introduction

More than 1 million children develop tuberculosis (TB)
worldwide every year and, of these, 50000 are estimated
to have HIV-associated TB.' Children living with HIV are
at increased risk of acquiring TB and progressing to
active disease with high rates of morbidity and mortality.?

Treatment of HIV-associated TB is often complicated
by overlapping drug toxicities, immune reconstitution
inflammatory syndrome associated with TB (TB-IRIS),
and drug-drug interactions between anti-TB and anti-
retroviral drugs.’ Rifampicin is an essential component
in the treatment of drug-sensitive TB, but is also a potent
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Research in context

Evidence before this study

ODYSSEY, an open-label, multicentre, randomised, controlled,
non-inferiority trial, has shown that dolutegravir-based
antiretroviral therapy (ART) provides superior efficacy
compared with other standard-of-care drugs and is safe for the
treatment of children with HIV starting first-line or second-line
therapy. Rifampicin, a key component of treatment regimens
for drug-susceptible tuberculosis (TB), interacts substantially
with dolutegravir, leading to a lower effective dolutegravir
dose. There were no data before this study on dolutegravir dose
adjustment in children with TB receiving rifampicin-containing
anti-TB treatment.

We searched PubMed on April 15, 2022, with no date restrictions
specified, for studies of dolutegravir co-administered with
rifampicin, using the terms “dolutegravir”[Title/Abstract] AND
(“rifampicin”[Title/Abstract] OR “rifampin”[Title/Abstract]).

The search yielded two pharmacokinetic drug-interaction phase 1
studies in adult volunteers without HIV or TB, one phase 2 trial in
adults living with HIV, one population pharmacokinetic
modelling study, and two adult cohort studies.

Overall, adult studies have shown that co-administration of
twice-daily dolutegravir with rifampicin results in target
dolutegravir exposure in most people. Once-daily dolutegravir
co-administered with rifampicin resulted in lower dolutegravir
exposure; however, most people in a large retrospective cohort
study in Botswana, who received once-daily dolutegravir while
they were treated for TB, reached virological suppression.

A non-comparative, phase 2, randomised, controlled trial
(RADIANT; NCT03851588) is ongoing to evaluate the efficacy

inducer of several drug transporters and metabolising
enzymes,* causing reduction of plasma concentrations
of many antiretroviral drugs. Treatment of children
with HIV-associated TB is challenging, as there are
few available antiretroviral therapy (ART) options to
overcome the enzyme-inducing effect of rifampicin.?
Dolutegravir-based ART is recommended by WHO
as the preferred ART for firstline and second-
line treatment in adults and children.” Dolutegravir
is primarily metabolised by glucuronidation through
UGTIAlL, and partly (<10%) through oxidation by
CYP3A4.° Co-administration of dolutegravir with
rifampicin leads to a substantial reduction in dolutegravir
plasma concentrations.” In adults with HIV-associated
TB, doubling the daily dose of dolutegravir (50 mg film-
coated tablets twice daily) has been shown to overcome
the rifampicin-inducing effect and to be effective and
well tolerated.® Children might have different pharmaco-
kinetics compared with adults because of developmental
differences in absorption, distribution, metabolism, and
excretion,” and therefore this important drug—drug
interaction requires a separate study in children. We
aimed to evaluate the safety and pharmacokinetics of

of once-daily dolutegravir 50 mg with rifampicin in adults with
HIV-associated TB.

Our search yielded no original studies published in children.

A systematic review on pharmacokinetics of antiretroviral and TB
drugs for children co-infected with HIV and TB cited a conference
abstract from the ODYSSEY pharmacokinetic substudy, the full
results of which are published in this paper, and highlighted that
children with HIV-associated TB have few ART treatment options.

Added value of this study

To our knowledge, this was the first study of dolutegravir
co-administered with rifampicin in children with HIV-
associated TB, aged from 4 weeks to younger than 18 years.
This study provides pharmacokinetic and safety data of using
twice-daily dolutegravir alongside rifampicin, and data on HIV
suppression, TB outcomes, and rifampicin levels. This study
showed that twice-daily dolutegravir (with weight-band daily
dose doubled) provided adequate dolutegravir exposures.
This approach was safe and effective, with no adverse events
considered related to dolutegravir.

Implications of all the available evidence

Together with the adult data, this study confirms that twice-
daily dolutegravir is efficacious and safe for the treatment of
HIV alongside rifampicin-containing anti-TB treatment across
all ages. The strategy provides an effective, safe, practical,

and readily available treatment option for children. Alignment
with adult treatment will make the procurement of drugs easier
for HIV programmes and reduce inequity in the access to
optimal ART in children with HIV-associated TB.

dolutegravir twice-daily dosing in children receiving
rifampicin for HIV-associated TB.

Methods
Study design and participants
The ODYSSEY trial was an open-label, multicentre,
randomised, controlled, non-inferiority trial that evaluated
the 96-week efficacy and safety of dolutegravir plus
two nucleoside reverse transcriptase inhibitors versus
standard of care in 792 children living with HIV, aged from
4 weeks to younger than 18 years, starting first-line
or second-line ART in Africa, Europe, and Thailand.”
ODYSSEY included two randomised cohorts: the main
trial enrolled 707 children with bodyweight of 14 kg or
greater,” and an additional randomised cohort enrolled
85 children with bodyweight from 3 kg to less than 14 kg.”
Most children from Thailand and Africa in the main trial
(613 [94%] of 652 children) and in the cohort with
bodyweight of less than 14 kg (70 [95%)] of 74) continued in
ongoing observational follow-up after completion of the
randomised phase, with additional consent.

We nested a two-period, fixed-order, pharmacokinetic
drug-drug interaction substudy within the ODYSSEY
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trial at seven research centres in South Africa, Uganda,
and Zimbabwe (four centres recruited). Children with
HIV-associated TB who were receiving rifampicin and
twice-daily dolutegravir in the randomised phase of the
trial, with no other concomitant medications known to
have interactions with dolutegravir, and with no acute
severe malnutrition, severe diarrhoea, vomiting, renal
disease, or liver disease, were eligible for inclusion.

All children in ODYSSEY who had TB treated with
rifampicin and twice-daily dolutegravir until June 28, 2021
(follow-up censoring date) were included in the safety
population. Children or their carers gave written informed
consent and assent as appropriate for participation in the
ODYSSEY trial and the pharmacokinetic substudy. The
trial, its extended follow-up, and the pharmacokinetic
substudy were approved by local ethics committees.

Procedures

Children with HIV-associated TB receiving dolutegravir
and rifampicin had dolutegravir administered twice daily
(ie, their daily dose was doubled) from the start of
rifampicin dosing if they developed TB during the trial
or from the start of dolutegravir-based ART if they had
TB before or at trial entry. Twice-daily dolutegravir
was switched back to once-daily dosing 2 weeks after
stopping rifampicin, because rifampicin induction of
drug metabolising enzymes has been shown to persist
for approximately 2 weeks after its discontinuation.”
Dolutegravir was administered according to the weight-
band dosing outlined in the protocol, using 5 mg
dispersible tablets and 10 mg, 25 mg, and 50 mg film-
coated tablets. During the trial, dolutegravir doses
in children with bodyweight from 14 kg to less than
40 kg were increased following the results of weight-
band pharmacokinetic substudies,*” and all study sites
adopted the new doses (appendix p 5).

In the pharmacokinetic substudy, the first 12-h
pharmacokinetic profile (PK day 1) was conducted in
children receiving twice-daily dolutegravir in the last
month of anti-TB treatment, and the second 24-h
pharmacokinetic profile (PK day 2) was done at 4 weeks
after rifampicin discontinuation and 2 weeks after
returning to once-daily dolutegravir (appendix p 9).
Children had to stay on the same dolutegravir dose for PK
day 1 and PK day 2. Children received anti-TB treatment
as per WHO 2014 paediatric guidelines® and their country
guidelines. Children with bodyweight of less than 25 kg
received rifampicin 15 mg/kg (range 10-20); children with
bodyweight of 25 kg or more received either the paediatric
dose or adult-recommended dose of 10 mg/kg (range 8-12),
with a maximum recommended rifampicin dose of
600 mg/day. At the time of PK day 1, children were in
the continuation phase of TB treatment and received
rifampicin and isoniazid with or without pyrazinamide or
ethambutol, at the discretion of the treating clinician.

We collected dolutegravir plasma concentrations at 0, 1,
2, 3,4, 6, and 12 h after intake of study drugs on PK day 1

and at0, 1, 2, 3, 4, 6, and 24 h on PK day 2, and rifampicin
plasma levels at 0, 2, 4, and 6 h on PK day 1. Children with
bodyweight of less than 10 kg fasted for at least 2 h before
and 1 h after dosing, and children with bodyweight of
10 kg or more fasted for at least 3 h before and 2 h after
dosing, with an overnight fast preferred in this group.
Food was provided at set times and the food composition
and intake were similar at breakfast on both study days for
all children. Plasma samples were separated and stored at
—80°C until shipping to the laboratory of the Department
of Pharmacy at the Radboud University Medical Center
(Nijmegen, Netherlands). Dolutegravir plasma concen-
trations were measured with a validated ultra-performance
liquid chromatography tandem mass spectrometry
bioanalytical quantification method with a lower limit of
quantification of 0-01 mg/L. Total plasma concentrations
of rifampicin were analysed using a validated liquid
chromatography mass spectrometry assay with a lower
limit of quantification of 0-09 mg/L. Both assays are
part of an international quality assurance programme to
ensure assay validity.

Children included in the safety population contributed
safety data from the start of twice-daily dolutegravir dosing
until 30 days after returning to once-daily dosing, death,
loss to follow-up, or follow-up censoring date, whichever
occurred first. Follow-up in the trial included clinical
assessments at weeks 4 and 12, and then 12-weekly after
randomisation, with blood samples for haematology and
biochemistry collected at weeks 4 and 24, and then
24-weekly or more frequently if clinically indicated. We
ascertained serious adverse events, Division of AIDS
grade 3—4 clinical and laboratory adverse events, and any
events resulting in ART modification.” An independent
Endpoint Review Committee, masked to randomised
treatment allocation, reviewed all reported adverse events.
We determined child-specific TB treatment outcomes for
the first TB diagnosis (including incident TB and TB
ongoing at randomisation) as favourable (completed TB
treatment and remained alive with no TB recurrence) or
unfavourable (death from any cause, TB treatment not
completed, TB recurrence, withdrawal from the trial, or
lost to follow-up) over the period of 72 weeks after the start
of twice-daily dolutegravir dosing (proxy for TB treatment
start). HIV virological outcomes (suppression to <50 copies
per mL and <400 copies per mL) were assessed at 24 weeks
after starting twice-daily dolutegravir or at the end of
TB treatment, whichever occurred later, for the first TB
diagnosis.

Statistical analysis

We initially enrolled children aged 6 years or older who
were receiving dolutegravir doses approved for children at
the time (appendix p 5) into the pharmacokinetic substudy.
We aimed to enrol five children in two age groups (6 to
<12 years and 12 to <18 years), to provide evaluable
pharmacokinetic profiles on both study days. This
would be sufficient for within-participant comparison of
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Figure 1: Study profile

Dolutegravir doses were protocol-approved doses at the time of pharmacokinetic assessment. Non-adherence to trial medication was predefined as a dolutegravir plasma concentration 24 h after
dolutegravir intake (C,,,,) of more than 15 times higher than the baseline concentration. PK=pharmacokinetic. TB=tuberculosis. PK day 1=dolutegravir administered twice daily plus rifampicin. PK day
2=dolutegravir administered once daily. *Both not included in analysis because no data on PK day 1 with rifampicin due to non-adherence for one participant and samples not shipped to laboratory for
the other participant; PK day 2 samples not included in linear mixed model analysis because there were no PK day 1 data for this dose and formulation. tPK day 1 unevaluable as the participant took
dolutegravir on previous day outside of dosing window and did not return for PK day 2. +One participant was non-adherent to trial medication on both PK days; the second participant changed
dolutegravir dose from 35 mg film-coated tablet at PK day 1 to 50 mg film-coated tablet on PK day 2 assessment and was non-adherent to trial medication on both PK days; the third participant was
non-adherent to trial medication on PK day 1 and did not return for PK day 2. §PK day 2 not evaluable due to non-adherence; PK day 1 was evaluable and included in linear mixed model analysis.
||Missing samples on PK day 1 resulting in insufficient number of samples to perform analysis, PK day 2 was evaluable and included in linear mixed model analysis.

dolutegravir plasma concentrations on PK day 1 versus
PK day 2, assuming that within-participant variability
(coefficient of variation) for area under the plasma
concentration time curve from 0 h to 24 h after dosing
(AUGC,,,,) and maximum plasma concentration (C,,) was
less than 33%, similar to the pharmacokinetic study
in adults without HIV or TB. The ODYSSEY trial
subsequently opened enrolment for children younger
than 6 years and moved to dosing using WHO-
recommended weight-bands. Dolutegravir dosing in
children with bodyweight from 14 kg to less than 40 kg
was increased during the trial (appendix p 5), on the
basis of the results of the ODYSSEY weight-band
pharmacokinetic substudies.** We therefore present
results by dolutegravir dose and formulation.
Pharmacokinetic assessment visits were only done in
children who had been dosed appropriately for the
previous 3 days, with dolutegravir and rifampicin on
PK day 1 and dolutegravir on PK day 2. Dolutegravir
pharmacokinetic profiles for PK day 1 were excluded

where there were no data on PK day 2 in any child for the
same dose and formulation and vice versa.

We excluded pharmacokinetic profiles if dolutegravir
baseline predose concentration (at 0 h) was more than
15 times lower than the end-of-dose interval trough
plasma concentration (C,,,,; suspected non-adherence).
We conducted non-compartmental analysis and calcu-
lation of descriptive statistics for pharmacokinetic
parameters. The C_. and the time to maximum
concentration (T,.) were directly derived from the
plasma concentration time curve. Area under the plasma
concentration time curve from 0 h to 12 h after dosing
(AUC, ,,) and from 0 h to 24 h after dosing (AUC,,,,)
were calculated using the linear up-log down trapezoidal
rule for dolutegravir. To estimate dolutegravir AUC,,,,
for twice-daily dosing, we doubled the calculated
AUC, ,,,” The apparent elimination half-life (T,,) was
calculated by 0-693 divided by Az, where Az is the
apparent terminal-phase elimination rate constant and is
estimated by linear regression using at least the last
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three datapoints of logarithmically transformed concen-
tration versus time data. We used linear mixed-effect
models with dose as the fixed effect and participant as
the random effect for estimation of geometric mean
ratios and calculation of 90% CIs.” Similarity of
dolutegravir exposure was concluded if the 90% CI for
dolutegravir AUC_,,, and C,, on PK day 1 versus PK
day 2 was within 0-80-1-25.” We compared dolutegravir
geometric mean C,,,,, AUC,,,,, and C,,, with reference
values from adults receiving twice-daily and once-
daily dolutegravir with established safety data,” and
summarised the number of children with C,,,, of
less than the 90% effective concentration (EC,)
of 0-32 mg/L—the dolutegravir concentration at which
90% of the maximal viral load reduction was achieved in
a 10-day monotherapy study.

Rifampicin C,, values were compared with the
historical optimal range of 8-24 mg/L.* Statistical analyses
for pharmacokinetic parameters were performed with
Phoenix 64 WinNonlin (version 8.1).

Descriptive analysis of baseline characteristics, adverse
events, TB treatment outcomes, and virological outcomes
were performed using STATA (version 16.1). The non-
pharmacokinetic and pharmacokinetic study groups
were compared using Fisher’s exact test or 2 test, as
appropriate, for categorical variables and the non-
parametric Wilcoxon rank-sum test for continuous
measures. Grade 3 or higher adverse event rates (per
100 person-years) were calculated as the number of
events divided by total person-years at risk times 100
(presented with two-sided 95% CI).

This trial is registered with ClinicalTrials.gov
(NCT02259127), EudraCT (2014-002632-14), and the
ISRCTN registry (ISRCTN91737921).

Role of the funding source

Paediatric European Network for Treatment of AIDS
Foundation and ViiV Healthcare reviewed the manuscript.
Employees of UK Medical Research Council were authors
of the paper who were involved in the study design, data
collection, data analysis, data interpretation, and writing
of the report.

Results
Between Sept 20, 2016, and June 28, 2021, 39 children
in the dolutegravir group of the ODYSSEY trial
were treated for HIV-associated TB with rifampicin-
containing treatment; two did not receive a double
dolutegravir dose and therefore were excluded from this
study (figure 1). Of the 37 children included in this
study, 24 had TB at enrolment and 13 developed TB
during the trial. The median age at the first use of
twice-daily dolutegravir was 11-9 years (range 0-4-17-6),
19 (51%) of 37 were female and 18 (49%) were male, and
36 (97%) were from sub-Saharan Africa (table 1).

20 (54%) of 37 children enrolled in the pharmacokinetic
substudy (figure 1, appendix p 6). The median age was

10-6 years (range 0-7-15-6) and median weight was
246 kg (range 6-0—40-3; table 1). Children who partici-
pated in the pharmacokinetic substudy were slightly
younger and had marginally higher body-mass index
and CD4 cell counts than those who did not enrol in the

Total safety Not enrolled in Pharmacokinetic p value*
population (n=37)  pharmacokinetic substudy
substudy (n=17) participants (n=20)
ODYSSEY group
First-line ART 30 (81%) 13 (76%) 17 (85%) 0-68
Second-line ART 7 (19%) 4(24%) 3 (15%)
Sex
Male 18 (49%) 7 (41%) 11 (55%) 0-40
Female 19 (51%) 10 (59%) 9 (45%)
Country of residence
South Africa 9 (24%) 4(24%) 5 0-58
Thailand 1(3%) 1(6%) 0
Uganda 15 (41%) 8 (47%) 7
Zimbabwe 12 (32%) 4(24%) 8
Ethnic origin
Black African 35(95%) 16 (94%) 19 (95%) 0-72
Asian 1(3%) 1(6%) 0 (0%)
Mixed Black Indian 1(3%) 0 (0%) 1(5%)
Age at dolutegravir dose doubling, years
Median (IQR) 119 (71t0145)  13-6(88t016:5)  10-6(6:8t013-0)  0-094
Range 0-4t017-6 0-4t017-6 0-7t0 156
<6 5 (14%) 2(12%) 3 (15%)
26t0 <12 14 (38%) 4(24%) 10 (50%)
21210 <18 18 (49%) 11 (65%) 7 (35%)
CD4 percentaget
Median (IQR) 14% (5 to 26) 10% (5 to 20) 18% (6 to 30) 0-29
Range 1to 44% 2t033% 1to 44%
<15% 19 (53%) 10 (63%) 9 (45%)
>15% 17 (47%) 6 (38%) 11 (55%)
Missing, n 1 1 0
(D4 count, cells per pLt
Median (IQR) 262 (109 to 693) 190 (97 to 476) 387 (150 to 814) 014
Range 21t0 3538 28101276 21t0 3538
<200 14 (39%) 8 (50%) 6 (30%)
=200 22 (61%) 8 (50%) 14 (70%)
Missing, n 1 1 0
Log,, viral load, copies per mLt
Median (IQR) 37(1-6t04-9) 37(16t04-8) 39(17t0o50) 061
Range 13t06:6 13t0 66 13to57
<50 12 (32%) 7 (41%) 5(25%)
50-1000 5 (14%) 1(6%) 4(20%)
1000 20 (54%) 9(53%) 11 (55%)
Type of TB
Pulmonary 30 (81%) 14 (82%) 16 0-94
Disseminated 3(8%) 1(6%) 2
Abdominal 2 (5%) 1(6%) 1
Meningitis 1(3%) 0 (0%) 1(5%)
Lymph nodes 1(3%) 1(6%) 0(0%)
(Table 1 continues on next page)
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Total safety Not enrolled in Pharmacokinetic p value*
population (n=37)  pharmacokinetic substudy
substudy (n=17) participants (n=20)
(Continued from previous page)
Timing of first TB diagnosis in trial
TB before or at enrolment 24 (65%) 10 (59%) 14 (70%) 048
TB after enrolment 13 (35%) 7 (41%) 6 (30%)
Median time after 7 (3t036) 11(2t0 98) 6 (410 10) 0-67
enrolment (IQR), weeks
Range for time after 1t0 100 1to0 100 2t036
enrolment, weeks
Bodyweight, kg
Median (IQR) 265 (18-5t031-2) 287 (23-8t0 41.5) 246 (183t029-3) 018
Range 3:5t055-2 3.5t055-2 6-0t0 403
Body-mass index for age, z-scoret
Median (IQR) -13(2-8t0-04) -1.9(-35t0-07)  -1.0(-1.7to-0-4) 0-12
Range -4-5t00-8 -4-5t00-8 -43t00-4
Less than -3 8 (22%) 6 (35%) 2 (10%)
-3 to less than -2 3(8%) 2 (12%) 1(5%)
-2 to less than 0 19 (51%) 6 (35%) 13 (65%)
0 or greater 7 (19%) 3(18%) 4(20%)

Data are n (%) or median (IQR) unless otherwise stated. ART=antiretroviral therapy. TB=tuberculosis. *Children not
enrolled in the pharmacokinetic substudy and pharmacokinetic substudy participants were compared using Fisher’s
exact test or x* test as appropriate for categorical variables, and the non-parametric Wilcoxon rank-sum test for
continuous measures. TClosest measurement within 12 weeks before or after the start of twice-daily dolutegravir.
tAccording to WHO Child Growth Charts and WHO Reference 2007 Charts.

Table 1: Baseline characteristics at the first use of twice-daily dolutegravir

pharmacokinetic substudy; however, the differences were
not significant and comparisons were limited by small
group numbers (table 1).

Of 20 children with dolutegravir pharmacokinetic
profiles, 12 (60%) had evaluable samples on both PK day 1
and PK day 2 and had within-participant comparisons
of pharmacokinetic dolutegravir parameters (figure 2,
appendix p 10). Two additional pharmacokinetic profiles
were included in the analysis from two children receiving
dolutegravir 50 mg film-coated tablets with evaluable
samples on only one of the study days (figure 1).

Individual dolutegravir C,,,, values were higher than
0-32 mg/L (EC,,) in all children receiving rifampicin
with twice-daily dolutegravir (PK day 1), and in all but
one participant receiving once-daily dolutegravir (PK
day 2) who received the previously licensed dolutegravir
dose (table 2, appendix p 11).

Geometric mean ratios comparing rifampicin and
twice-daily dolutegravir versus once-daily dolutegravir
for all doses combined were 1-51 (90% CI 1-08-2-11) for
Coog 1-23 (0-99-1-53) for AUC, ,,, and 0-94 (0-76-1-16)
for C,,, (table 3). The upper 90% CI bound of the
geometric mean ratio for AUC,,, and lower 90% CI
bound for C,, were outside the predefined range
of 0-80-1-25. As expected, children receiving twice-daily
dolutegravir had higher dolutegravir clearance (geometric
mean ratio 1-63, 90% CI 1-30-2-04) and lower elimin-
ation halfife (0-59, 0-49-0-70) than those receiving

once-daily dolutegravir (table 3). In the within-participant
comparisons, children did not have consistently higher
or lower dolutegravir levels when receiving twice-
daily dolutegravir with rifampicin than when receiving
once-daily dolutegravir (appendix p 10).

Rifampicin geometric mean C,, was 5-1 mg/L
(coefficient of variation 71%). Of 18 children with
evaluable rifampicin concentrations, 15 (83%) had a C,,,
of less than the optimal target of 8 mg/L (11 (61%) with
C,.. from 4 to <8 mg/L and four (22%) with <4 mg/L
(appendix p 7).

Of 37 children included in the safety analysis, 33 had
one period of twice-daily dolutegravir co-administered
with rifampicin, three children had two periods, and
one had three periods. During a median follow-up of
31 weeks (IQR 30-40), 15 reportable grade 3 or higher
adverse events occurred among 11 (30%) of 37 children.
Ten serious adverse events occurred among eight (22%)
children, including two deaths (table 4, appendix p 8).
One child discontinued dolutegravir due to abnormal
liver function tests and was subsequently diagnosed
with hepatitis A virus. No other events resulted in
modification of ART. No adverse events or deaths were
considered related to dolutegravir by the Endpoint
Review Committee. In total, 14-9 person-years of
follow-up safety data (58%) were on currently licensed
doses (8-4 person-years in 17 children with bodyweight
<40 kg and 6-5 person-years in 11 children with
bodyweight =40 kg); these doses were higher than the
initial trial doses in participants with bodyweight from
14 kg to less than 40 kg (appendix p 5). There was no
evidence that increased doses of dolutegravir led to
higher risks of adverse events (appendix p 8).

The Endpoint Review Committe considered 11 (30%) of
37 participants to have TB-IRIS, including three diagnoses
of paradoxical TB-IRIS among the 24 children who had
TB at trial entry and eight diagnoses of unmasking
TB-IRIS among 13 children who developed TB during the
trial. 32 (86%) of 37 children had favourable TB outcomes,
one (3%) had TB recurrence, two (5%) died during
TB treatment (one child with kwashiorkor died from dis-
seminated TB [aged 6-8 years] and one infant with
pulmonary TB died from accidental injury [aged
0-7 years]), one (3%) completed TB treatment but died
due to renal failure (outside safety analysis period for
twice-daily dolutegravir and 41 weeks after return to once-
daily dosing), and one (3%) completed TB treatment but
was subsequently lost to follow-up.

Of 35 children alive at 24 weeks of follow-up,
26 (74%) showed virological suppression to less than
50 copies per mL, and 34 (97%) to less than 400 copies
per mL, at 24 weeks after doubling of dolutegravir or at
the end of TB treatment for the first TB event, whichever
occurred later. Of 12 children who had virological
suppression (<50 copies per mL) at the start of their TB
treatment, one had low-level viraemia with two viral loads
between 50 and 400 copies per mL at the end of TB
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treatment, and none lost virological control according to
the definition of two consecutive viral loads with more
than 400 copies per mL.

Discussion

To our knowledge, this study provides the first pharmaco-
kinetic and safety data for children with HIV-associated
TB receiving dolutegravir-based ART and rifampicin.

We confirmed that twice-daily dolutegravir co-
administered with rifampicin provided adequate
dolutegravir C,,,, in children and was well tolerated.
All children who received rifampicin-containing TB
treatment and twice-daily dolutegravir were included in
the safety population. Although the pharmacokinetic
substudy participants might on average have been
slightly healthier than children who did not enrol in the
substudy, for the safety analysis it was important not to
exclude any children so that all adverse events and
deaths were captured.

Rifampicin remains the cornerstone drug for treating
drug-sensitive TB, and its drug interactions with anti-
retrovirals are mitigated by ART modifications.
Dolutegravir-based ART is the preferred option in first-
line and second-line treatment of HIV,® and in children
with HIV-associated TB. Other currently available third-
line agents are suboptimal for various reasons.’
Efavirenz can be only used for children aged older
than 3 years due to its high variability of blood
drug concentrations in younger children, and it is
not recommended in the context of increasing resistance
to non-nucleoside reverse transcriptase inhibitors.’
Ritonavir-boosted lopinavir, when co-administered with
rifampicin, requires super-boosting with single-entity
ritonavir, which is rarely available and often poorly
tolerated. Other protease inhibitors and nevirapine are
contraindicated with rifampicin. Double-dose raltegravir
can be used with rifampicin; however, it has a low
barrier to resistance, and treatment failure on raltegravir
can compromise future treatment options with later-
generation integrase inhibitors. Dolutegravir, however,
has superior efficacy and similar safety compared with
non-dolutegravir standard-of-care regimens used in
children."” Dolutegravir is available in dispersible form
for young children and is being rolled out for children
aged 4 weeks or older globally* Continuation of
dolutegravir with twice-daily dosing while children are
receiving rifampicin for TB allows harmonisation of
preferred ART regimens across all ages.

Our previously published weight-band pharmacokinetic
studies showed that the updated licensed dolutegravir
doses for children provide optimal pharmacokinetic
profiles.*” In this study, all children on twice-daily
dolutegravir with rifampicin had dolutegravir C,,,, of
greater than the EC,, of 0-32 mg/L, which is often used
as the minimal individual C,,,, target associated with
effective virological response.”” Dolutegravir AUC,,,
with twice-daily dolutegravir and rifampicin was

Geometric mean dolutegravir concentration (mg/L)

Geometric mean dolutegravir concentration (mg/L)

Geometric mean dolutegravir concentration (mg/L)

o

T T T 1
0 4 8 12 16 20 24

Time since dose (h)

Figure 2: Geometric mean dolutegravir plasma concentration time curves

(A) Children receiving dolutegravir 25 mg dispersible tablet once daily (n=1, black solid line) or twice daily with
rifampicin (n=1, grey line). (B) Children receiving dolutegravir 25 mg film-coated tablet once daily (n=5, black solid
line) or twice daily with rifampicin (n=5, grey line). (C) Children receiving dolutegravir 50 mg film-coated tablet

once daily (n=7, black solid line) or twice daily with rifampicin (n=7, grey line). Solid lines in the twice-daily curves
indicate observed concentrations; grey dotted lines indicate imputed values by repeating the first 12 h. Geometric
mean dolutegravir plasma concentration time curves with adult reference parameters of maximum plasma
concentration (C_,,) in adults receiving dolutegravir 50 mg twice daily (blue dotted line), trough plasma concentration
(Cugn) inadults receiving dolutegravir 50 mg once daily (green dotted line), and dolutegravir 90% effective
concentration (EC,,) in the adult dolutegravir 10-day monotherapy study (Min and colleagues, 2011, red dotted line).
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Dolutegravir 25 mg dispersible Dolutegravir 25 mg film-coated tablet  Dolutegravir 50 mg film-coated Adult Adult
tablet tablet* dolutegravir  dolutegravir
50 mgonce 50 mgtwice
dailyt (n=16) dailyt (n=24)
Twice dailywith  Oncedaily (n=1)  Twice daily with Once daily (n=5) Twice daily with Once daily (n=7)
rifampicin (n=1) rifampicin (n=5) rifampicin (n=7)
Age at PK days, years 6-2 6-4 8.9 (7-0-10-1) 9.0 (7-2-10-2) 13-0 (12-3-15-9) 13-4 (124-16-1)
Bodyweight, kg 14-6 142 24-9 (20-5-27-3) 24-3(20-0-27-7) 320 (31:3-44-3) 33-5(31-3-47-9)
Dolutegravir daily dose, mg/kg 34 1.8 2.0 (1-8-2-4) 1.0 (0-9-1-3) 31(2:3-3-2) 1.5 (1.0-1-6)
Rifampicin daily dose, mg/kg 15-4 120 (11-0-14-6) 14-1(9-6-16:0)
Time between PK day 1 and PK 44 56 (43-58) 57 (51-65)
day 2, daysS§
Dolutegravir pharmacokinetic parameters
Cogw MY/L 0-55 0-54 0-90 (16%) 0-43 (58%) 111 (99%) 0-89 (53%) 0-83(26%) 212 (47%)
Cor hxmg/L 78:0 54:2 534 (21%) 362 (29%) 64-4 (61%) 61:9 (43%) 43-4(20%) 751 (35%)
Corae mg/L 844 752 3-62 (24%) 356 (25%) 450 (47%) 5-21(47%) 3-34 (16%) 415 (29%)
T..h 2:00 2:02 3-00 (1.58-450)  2:00(1-50-2:50)  3-00(2:00-3-00)  3-00 (3-00-3-08)

Data are median (IQR) for age, weight, drug doses, time between PK day 1 and PK day 2, and T, ,

one participant on 50 mg dolutegravir once daily only. tMin and colleagues, 2011.° US Department of Health and Human Se

dolutegravir (Tivicay); revised July, 2021.* §Time between PK day 1 and PK day 2 was calculated for children with both PK day 1 and PK day 2 evaluable curves.

.- and geometric means (coefficient of variation) for pharmacokinetic parameters, unless otherwise stated.
Cyg=trough plasma concentration. AUC,,,,=area under the plasma concentration time curve from 0 hto 24 h after dosing. C,,
*Atotal of eight participants had evaluable pharmacokinetics on 50 mg dolutegravir; one participant had an evaluable pharmacokinetic curve on 50 mg dolutegravir twice daily with rifampicin only and

~=maximum plasma concentration. T__=time to maximum plasma concentration.

rvices, Food and Drug Administration; highlights of prescribing information,

Table 2: Summary of dolutegravir pharmacokinetic parameters by formulation and dose, and adult reference values

Dolutegravir25mg  Dolutegravir25mg Dolutegravir50 mg  Total

dispersible tablet film-coated tablet  film-coated tablet  (n=14)
(n=1) (n=5) (n=8)
Cygw M/L 1.03 2.10 (1-20-3-67) 1.25 (0-71-218) 1.51 (1-08-2-11)
AUC,,,, hxmg/L* 144 1-47(0-99-219) 1.05 (0-74-1-49) 1.23(0-99-1-53)
Ce Mg/L 112 1.02 (0-73-1-41) 0-86 (0-59-1-27) 0-94 (0-76-116)
Ty h 039 0-60(0-46-078)  0-60 (0-44-0-83) 0-59 (0-49-0-70)
Vd/F, L 0-54 0-81 (0-48-1-37) 1.19 (0-81-1-74) 0-96 (0:72-1-28)
CL/F, L/h 139 136 (0-92-2-01) 1.91(1-35-2:72) 1-63 (1:30-2-04)

Data are geometric mean ratios (90% Cl) of pharmacokinetic parameters for twice-daily dolutegravir administered
with rifampicin versus once-daily dolutegravir (reference). C,,,,=trough plasma concentration. AUC, ,,,=area under the
plasma concentration time curve from 0 hto 24 h after dosing. C,,.=maximum plasma concentration. T,,=apparent
elimination half-life. Vd/F=volume of distribution. CL/F=oral clearance. AUC, ,,,=area under the plasma concentration
time curve from 0 h to 12 h after dosing. *Individual AUC, ,,,, while on twice-daily dolutegravir were multiplied by 2 for
extrapolation to AUC,,,, and used for calculation of geometric mean ratio for AUC,,,, on twice-daily dolutegravir with
rifampicin versus once-daily dolutegravir.

Table 3: Geometric mean ratios of pharmacokinetic parameters for twice-daily dolutegravir with
rifampicin versus once-daily dolutegravir, by dolutegravir formulation and dose

23% higher than with once-daily dolutegravir without
rifampicin, which was similar to the 33% increase
observed in adults without HIV or TB.” The geometric
mean ratio upper 90% CI bound for AUC,,,,, and the
lower 90% CI bound C,,, were outside the predefined
range of 0-80-1-25, which might have been due to
higher variability for dolutegravir AUC,,,, and C_,,
in children than in adults,*” and high variability in
rifampicin induction.” Given the wide therapeutic
window for dolutegravir, a wider target exposure range
might be more appropriate for evaluating clinically
significant differences between dolutegravir pharmaco-
kinetic profiles on twice-daily dolutegravir and rifampicin

compared with once-daily dolutegravir in children.”
Although some children had higher AUC,,,, and C_,,
than the adult reference values, the safety data in this
study were reassuring, with no adverse events considered
related to dolutegravir.

In line with a paediatric rifampicin pharmacokinetic
study,” we found that children who received WHO-
recommended rifampicin doses had lower rifampicin C,
than adults.”? Although most children were successfully
treated for TB, rifampicin dosing should be optimised to
improve outcomes across all TB disease. If rifampicin
dosing is increased in children, this could increase its
enzyme-inducing effect, causing a decrease in dolutegravir
concentrations. In adults, a three-times (ie, 300%) dose
increase of rifampicin caused a 48% decrease in
dolutegravir geometric mean C,,,,, with a higher number
of people showing C,,,, of less than 0-32 mg/L (the EC,);
however, there was no significant difference in the
number of people with C,,,, of less than 0-064 mg/L (the

90% inhibitory concentration or IC,) and there were no
cases of virological failure among those with low C,,,,.”
It is not clear whether this reduction in dolutegravir
concentrations is clinically significant, as there is ongoing
debate around the dolutegravir minimal C,,,, target and
whether C,,,, of higher than 0-064 mg/L is sufficient to
achieve and maintain virological suppression. Most
children in our study received previously licensed
dolutegravir doses, which were subsequently increased.
This is reassuring, as dolutegravir trough concentrations
on the currently approved doses are higher than with
previous doses and could potentially withstand an
increase in enzyme induction from higher rifampicin
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Not Pharmaco-  Total Not Pharmaco-  Total
enrolledin  kinetic safety enrolledin  kinetic safety
pharmaco-  substudy population pharmaco- substudy population
kinetic participants  (n=37) kinetic participants  (n=37)
substudy  (n=20) substudy  (n=20)
(n=17) (n=17)
Safety follow-up, weeks* (Continued from previous column)
Median (IQR) 31(28-34) 37(30-43) 31(30-40) Incidence rate ratio (95% Cl) 1 (ref) 0-83
Range 8-44 26-147 8-147 [p value] (0-26-2:84)
0-72
Number of safety follow-up periodst ol p [ 87 J
N . N Person-years of follow-up on -3 -7 14-9
1 15(88%) 18 (90%) 33 (89%) currently licensed dolutegravir
2 2 (12%) 1(5%) 3(8%) doses
3 0(0%) 1(5%) 1(3%) Grade =3 adverse eventrate 48 46 47
Number of serious adverse 5(4) 5(4) 10(8) per 100 person-years on (10-140)  (13-118) (19-97)
events (number of currently licensed dolutegravir
participants) doses (95% Cl)
Cardiovascular: deep vein 0(0) 1(1) 1(1) Data are n (n) or n (%) unless otherwise stated. All adverse events except for
thrombosis one were reported in the first safety follow-up period. ART=antiretroviral therapy.
Hepatic: drug-induced liver 1(2) 0(0) 1(2) TB=tuberculosis. *Follow-up time was between doubling of dolutegravir dose and
injury§ 30 days after returning to once-daily dolutegravir or last follow-up visit if not
N  enil returned to once-daily dolutegravir; two participants did not return to
f ervm:js SySteTi epriepsy, ) @) (@) dolutegravir single dose due to death. tSafety follow-up period was from starting
i, BT | I eI twice-daily dolutegravir with rifampicin to 30 days after returning to once-daily
Injury: traumadl 1(1) 0(0) 1(1) dolutegravir. $Serious adverse events were analysed as episodes, with all
Renal: renal failure chronic 1(1) 0(0) 1(1) components of the same clinical serious adverse event presented as one episode;
X disease category of the main component is described for serious adverse events
Skin: rash maculopapular 0(0) 1(1) 1(2) . s i
d X composed of multiple components. SHepatitis A; ART-modifying event
?nf Uther S Rte (dolutegravir was stopped; this event was considered by the Endpoint Review
infection| Committee to be unlikely related or unrelated to dolutegravir). qiDeath due to
Systemic: kwashiorkor 1(1) 0(0) 1(1) traumatic accident. ||Rash maculopapular (grade 2) and upper respiratory
Infectious disease 1(1) 2(2) 3(3) infection (grade 2) were components of the same clinical serious adverse event.
. ) **For grade 3 or worse clinical and laboratory adverse events, each component of
Acute febrile episode, 0(0) 1(1) 1(1) X .
di d the same episode was analysed as a separate event. t1Serious adverse event
undiagnose reported to have resulted in death in the participant who had a preceding serious
TB, disseminated or miliary 1)t 1(1) 2(2) adverse event adjudicated as kwashiorkor. $1Follow-up on lower dolutegravir
Number of grade >3 adverse 6 (5) 9(6) 15 (11) doses was 10-1 person-years (eight grade =3 adverse events in seven children;
events (number of 79:5 events per 100 person-years) and on doses that were not per protocol or off
participants)** dolutegravir was 0-5 person-years (no adverse events).
Cardiovascular: deep vein 0(0) 1(1) 1(2) Table 4: Adverse events
thrombosis
Hepatic: drug-induced liver 1(1) 0(0) 1(1)
injury§ . . . . .. .
) dosing. A study with high-dose rifampicin for children on
Nervous system: epilepsy, 0(0) 1(1) 1(1) R . A
fits, and convulsions dolutegravir-based ART is ongoing (NCT05069688).
Injury: traumas] 1) 0(0) 1) There is some controversy regarding the data on the
Renal: renal failure chronic  1(1) 0(0) 1) association between integrase inhibitors and increased
: 29
Systemic: kwashiorkor 101) 0(0) 101) risk of TB-IRIS. Although the pumbers are small,
Haematological 101) 30) 4(4) numerically more children were adjudicated to have TB-
. . Qo .
Anaemiawith clinical 0(0) 1) 10) IRIS in the dolutegravir group (11 [2-8%)] of 392) t_han in
symptoms the standard-of-care group (two [0-5%] of 400) during the
Anaemiawith no clinical 0 (0) 101 101) ODYSSEY randomised phase."" This difference could be
symptoms related to faster virological suppression on dolutegravir
Neutropenia 1(1) 1() 2(2) and modestly higher gains in CD4 cell counts observed
Infectious disease 1(1) 4(4) 5(5) in ODYSSEY."? Of 11 children with TB-IRIS in this
Acute febrile episode, 0(0) 1(1) 1(1) study, eight (72%) developed an unmasking form of TB-
undiagnosed IRIS (ie, developed a newly diagnosed TB after ART
Hepatitis A virus 0(0) 1) 1) initiation). This form of TB can be prevented by universal
T8, disseminated or miliary 1 (1)1 2(2) 303 TB preventive treatment given to all children with HIV
Person-years of follow-up## 91 164 255 who have initiated ART.* Reassuringly, all children with
Grade >3 adverse eventrate 66 55 59 TB-IRIS, except for one who had severe malnutrition and
per 100 person-years (95% Cl)  (24-143) (25-104) (33-97)

(Table 4 continues in next column)

TB at enrolment, were successfully treated."*
Virological outcomes were excellent in this study, with
97% of participants showing virological suppression to
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less than 400 copies per mL at the end of TB treatment
or at 24 weeks after ART initiation, whichever occurred
later. This finding is similar to the results in the
dolutegravir group of the main ODYSSEY trial, where
88% of participants showed virological suppression to
less than 400 copies per mL at 24 weeks, 89% at 48 weeks,
and 89% at 96 weeks."

A limitation of this study was the small numbers of
young children on dispersible tablets and children on
film-coated tablets in the weight bands (20 to <40 kg) for
which licensed dolutegravir doses were recently increased.
However, 17 children and more than 8 person-years of
follow-up were included in these groups, providing
information on the safety of this approach. Alongside the
adult data,”® this study provides evidence for the efficacy
and safety of twice-daily dolutegravir in children receiving
rifampicin for HIV-associated TB.

In conclusion, the pharmacokinetic and safety data
presented in this study show that a dolutegravir twice-
daily dosing strategy can overcome a rifampicin drug
interaction and can be given safely to children, providing
a practical, effective, and readily available treatment
option for children with HIV-associated TB.
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