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Introduction: Management of concomitant use of ART and TB drugs is difficult because of the many drug-drug
interactions (DDIs) between the medications. This systematic review provides an overview of the current state of
knowledge about the pharmacokinetics (PK) of ART and TB treatment in children with HIV/TB co-infection, and
identifies knowledge gaps.

Methods: We searched Embase and PubMed, and systematically searched abstract books of relevant conferen-
ces, following PRISMA guidelines. Studies not reporting PK parameters, investigating medicines that are not
available any longer or not including children with HIV/TB co-infection were excluded. All studies were assessed
for quality.

Results: In total, 47 studies met the inclusion criteria. No dose adjustments are necessary for efavirenz during
concomitant first-line TB treatment use, but intersubject PK variability was high, especially in children <3 years of
age. Super-boosted lopinavir/ritonavir (ratio 1:1) resulted in adequate lopinavir trough concentrations during
rifampicin co-administration. Double-dosed raltegravir can be given with rifampicin in children >4 weeks old as
well as twice-daily dolutegravir (instead of once daily) in children older than 6 years. Exposure to some TB drugs
(ethambutol and rifampicin) was reduced in the setting of HIV infection, regardless of ART use. Only limited PK
data of second-line TB drugs with ART in children who are HIV infected have been published.

Conclusions: Whereas integrase inhibitors seem favourable in older children, there are limited options for ART
in young children (<3 years) receiving rifampicin-based TB therapy. The PK of TB drugs in HIV-infected children
warrants further research.

Introduction

Currently, TBis the leading cause of death from a single infectious
agent, followed by HIV. In 2018, approximately 1.7 million chil-
dren <15 years old were living with HIV, of whom 100000 died.
Mortality amongst HIV-infected children has dramatically
decreased worldwide with the introduction of combination ART.**

However, only half of children aged <15 years needing ART are
estimated to be receiving it.> TBis the single largest cause of death
among HIV-infected patients.? The WHO estimated that 1.1 mil-
lion children developed TB in 2018 and 205 000 children died from
TB disease, including 32 000 children with HIV.? The incidence of
TB has decreased® and TB treatment outcome has improved’
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amongst HIV-infected children since the introduction of paediatric
ART.® About 23% of the global population has latent TB infection
(LTBI), of whom about 5%-10% eventually develop TB with
increased risk in children and people living with HIV.® Both ART and
LTBI treatment reduce TB incidence in adults, but the benefit of
LTBI treatment in HIV-infected children is unclear.'®

Children living with HIV are eight times more likely to develop
TB in moderate and high endemic areas for TB compared with
HIV-uninfected children.!! Even when on successful ART, TB is an
important cause of illness in HIV-infected patients.’? Both infec-
tions negatively influence progression and treatment outcome of
the other infection.® Therefore, effective treatment strategies and
treatment optimization are needed to achieve control of both HIV
and TB simultaneously. However, management of concomitant
use of ART and TB treatment is challenging because of adherence
issues, overlapping toxicities, risk of immune reconstitution
inflammatory syndrome and drug-drug interactions (DDIs).**

Dose recommendations for paediatric ART are often based on
small studies, but paediatric ART dose optimization is becoming in-
creasingly important in drug development.'® There are, however,
still many knowledge gaps concerning ART in children receiving
concomitant TB treatment, and vice versa.*First-line treatment of
drug-susceptible TBin children consists of isoniazid, rifampicin, pyr-
azinamide and ethambutol for 2 months, followed by isoniazid
and rifampicin for 4 months. These medicines have been used in
children for more than 40 years, initially at mg/kg doses similar to
those in adults. However, exposure to (adult-dosed) TB drugs in
paediatric pharmacokinetic (PK) studies was low compared with
that in adults.'”*® Hence, since 2010, higher mg/kg doses are rec-
ommended for children.'® Rifabutin is also used for treatment of
adult TB, but it is rarely used in children due to minimal paediatric
clinical data, few paediatric formulations, limited global availability
and high prices.?° Rifapentine (RPT) has recently been registered
for children down to 2 years old for treatment of LTBL.' However,
it is also not used frequently in children due to availability issues
and high prices.’’ Paediatric dose recommendations for some
drugs used for MDR-TB and HIV have only been established recent-
ly.?* Therefore, PK assessments of various MDR-TB drugs and
new antiretrovirals (ARVs) have not yet been done in children with
HIV-associated TB.??

HIV and TB drug PK parameters are significant determinants of
clinical response to treatment.'>* Efficacy of most ARVs is related
to trough plasma concentration (Cyougn) and to a lesser extent to
AUC,* whereas for TB treatment efficacy relates mostly to AUC
and Crnax.>* PK targets for children and correlation with efficacy
and toxicity are generally extrapolated from adult data.?® For TB
treatment in children with HIV, low Cqax values of rifampicin and
pyrazinamide are associated with TB treatment failure.?® There
are many DDIs between ART and TB treatment; the most clinically
significant is due to induction of many enzyme systems (see
Figure 1) responsible for metabolism of ARVs by rifampicin.'®
Frequently, dose adjustments are needed to overcome DDIs, or
patients are switched to other ARVs when TB drugs are used con-
comitantly. On the other hand, PK of TB drugs can be altered in
patients with HIV.?” Examples are effects of efavirenz on bedaqui-
line and moxifloxacin PK through enzyme induction, or lower
exposure to TB drugs due to malabsorption that is believed to be
caused by malnutrition, diarrhoea or infections in children with
HIV.?® Dose recommendations for management of DDIs in

children are often extrapolated from adults. Differences in child-
ren’s physiology, such as plasma protein binding, maturation of
metabolizing enzymes and development of renal function, com-
pared with adults can however affect drug exposure in the body
and may also change the magnitude of DDIs.*® Therefore, it is of
utmost importance to conduct PK interaction studies in children
to evaluate proposed dosing regimens in children who are HIV/TB
co-infected.

This systematic review aims to identify all literature about PK of
ART and TB treatment with currently available drugs in children
with HIV-associated TB, evaluate PK parameters in these studies in
comparison with adult data and create an overview of the current
state of knowledge. Moreover, we want to identify knowledge
gaps and explore future challenges and opportunities in HIV/TB PK
researchin children.

Methods

This systematic review was carried out in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment to ensure systematic data collection and analysis of the literature.3°

The literature search was performed in July 2019 (updated in March
2020) in both PubMed and Embase for studies about PK of ARVs or TB treat-
ment in HIV/TB-co-infected children, with no restrictions for languages and
dates. In addition, we applied the snowballing method (searching reference
lists of similar studies for relevant articles) to find additional scientific
papers within the scope of the review. Abstract books of relevant conferen-
ces (listed in the Supplementary data, available as Supplementary data at
JAC Online) were screened for additional unpublished data related to the
subject. The PubMed search included Medical Subject Headings (MeSH) as
well as non-MeSH key terms for TB treatment, ART, children and PK using
Boolean operators. The full search strategies for both databases are
included in the Supplementary data. All titles and abstracts were exported
into Endnote version X9 to remove duplicates and manage references. The
selection process of the relevant literature was conducted by two research-
ers (T.G.J. and A.C.) independently. All discrepancies were discussed until
consensus on the final list of included references was reached.

Eligible studies had to report on PK parameters of TB treatment or ART in
children with HIV-associated TB. Studies were excluded if no children with
HIV/TB co-infection were included, no relevant PK data were reported, all
results were previously published in other manuscripts without conducting
new analyses or the medicines reported on are not used any longer.
Due to heterogeneity of study settings, treatment, PK sampling strategy,
management of DDIs and outcomes, we conducted narrative data
syntheses. Information about PK parameters relating to efficacy/toxicity of
the medications was extracted from the studies: AUC, Cmay, trough plasma
concentration Cyougn and percentage within therapeutic range. Relative
clearance and bioavailability were extracted from PK modelling studies.
Quality was assessed by two researchers (T.G.J. and A.C.) using the evi-
dence evaluation and synthesis system of DDIs described by Seden et al.*
(see Supplementary data); disagreements were resolved by consensus or
referral to a third reviewer (E.S.).

Results

In total, 47 studies met the inclusion criteria (see the PRISMA flow
chart in Figure 2): 39 were identified by literature search, 5 by
the snowballing method and 3 from conference abstract books.
Non-compartmental PK analysis was used in 32 studies, whereas
15 used PK modelling to estimate relevant PK parameters. Three
studies assessed PK parameters of integrase strand inhibitors
(INSTIs), there was one study of NRTIs, 12 of NNRTIs, 9 of PIs, 13
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Systematic review

Records
PubMed
(n=429)

Records
EMBASE
(n=573)

Y

Titles screened after
duplicates removed

Records excluded

A 4

(n=922) (n=786)
. Records excluded (n = 97)
Additional records Abstracts and/or full-text
identified through articles assessed for Irrelevant to subject (n = 7)
other sources eligibility | Mo PK data reported (n = 15)
(n=8) (n=144) No data about TB/HIV ccliinfection (n=20)
No PK data about children (n = 23)

Review (n = 21)
Data published in other article/abstract (n = 10)
Drug not registered anymore (n=1)

(n=47)

Studies included in review

Figure 2. PRISMA flow chart.

assessed the PK of TB treatment, 8 of MDR-TB treatment and one
assesed the PK of a first-line TB drug used for LTBI treatment. All
study characteristics as well as quality assessments of the studies
are reported in Table 1 (DDIs) and Table 2 (PK of first-line TB drugs
in children with HIV/TB co-infection). Information about the mech-
anism of interaction and PK data in adults is shown to compare the
DDI effect size in children with that in adults.

Effects of TB drugs on ART

Drugs used for TB treatment affect PK parameters of many
ARVs. Rifampicin is a strong inducer of cytochrome P450
(CYP)2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4, UDP-
glucuronosyltransferase (UGT) and P-glycoprotein (P-gp).>? The in-
duction potential of rifapentine is slightly less than or comparable
to that of rifampicin. Very few studies have directly assessed
differences in DDI magnitude between ART and rifapentine or ri-
fampicin.?*2“ Rifabutin is known to be a less potent CYP inducer
compared with rifampicin and rifapentine.> Isoniazid is known to
inhibit CYP2C9, CYP2C19, and CYP2E1 and CYP3A4 to some ex-
tent,®® but the inhibiting effect of isoniazid is outweighed by the
strong inducing effect of rifampicin when both are used in combin-
ation. Rifampicin and rifabutin are mainly used for treatment of TB,
whereas rifapentine is predominantly used for LTBI treatment,
and isoniazid is used for both treatments. The effects of TB treat-
ment (perpetrator drugs) on ARVs (victim drugs) in children are
described below.

Integrase strand transfer inhibitors

A dolutegravir-based ART regimen has recently been included in
the WHO guidelines as the preferred first-line regimen in children
weighing >20kg.?” Dolutegravir is primarily metabolized by
UGT1A1 and to some extent by CYP3A, while rifampicin strongly
induces those enzymes,*? leading to lower dolutegravir exposure
in adults (AUCo_tou —54%; Cirough —72%).>® It has been shown in
adults receiving rifampicin that increasing dolutegravir dose to
50 mg twice daily (q12h) is safe and results in a similar exposure
compared with dolutegravir 50 mg once daily (gq24h) without ri-
fampicin (AUCo-24h +33%; Cirough +22%).>>?Co-administration of
dolutegravir g12h and rifampicin has been investigated in 13 chil-
dren 6-18years old with HIV and TB, receiving either 25mg or
50 mg dolutegravir g12h. An intrasubject comparison of dolute-
gravir PK parameters on TB treatment (q12h dolutegravir dosing)
with dolutegravir PK parameters after stopping TB treatment (with
rifampicin) showed that the AUCq_»4n was similar for both situa-
tions. Moreover, while on dolutegravir g12h with rifampicin, all chil-
dren had therapeutic Cyougn, and no safety issues in this study
were related to dolutegravir.*°Twice-daily dolutegravir dosing in
children >6 years old, following the 2019 WHO dose recommenda-
tion for children, is assumed to be safe and sufficient to attenuate
the interaction with rifampicin. More research is needed to
strengthen these results and evaluate the strategy in younger chil-
dren and when the adult dose of 50 mg dolutegravir is given to
children of 20-25kg.

Raltegravir is predominantly metabolized by UGT1A1. PK data
of raltegravir seem different in HIV/TB-co-infected adults
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Systematic review

compared with healthy adults. One study with healthy volunteers
reported a 61% decrease in Ciough due to rifampicin, and Cirougn
remained 53% lower when double the dose of raltegravir (800 mg
gl2h) was given with rifampicin, compared with raltegravir
(400mg q12h) only.*! In contrast, a study in patients with HIV/TB
co-infection suggested that doubling the dose of raltegravir over-
compensates for rifampicin induction (Cirough +68%), whereas the
standard raltegravir dose with rifampicin resulted in only a 31%
decrease in trough concentration of raltegravir.**“* However, non-
inferiority after 48 weeks of treatment could not be statistically
demonstrated for raltegravir 400 mg q12h compared with efavir-
enz 600mg g24h in adults with HIV-associated TB using
rifampicin-based TB treatment simultaneously, and thus is not rec-
ommended as first-line therapy.** PK parameters of adjusted
doses of raltegravir have been studied in children 2-12 years old
receiving 12 mg/kg q12h during concomitant rifampicin, instead of
6mag/kg q12h.*> Geometric means of raltegravir AUCo_15n and
Cirough Were within the predefined target range.*® In addition, ral-
tegravir data in infants (4 weeks to 2 years old) have been pub-
lished recently; doubling the dose of raltegravir chewable tablets
(12 mg/kg; crushed and dispersed in water) while taking rifampicin
achieved adequate PK levels and was found to be safe.*® Given the
observed PK datain children with HIV/TB receiving double-dose ral-
tegravir, this approach seems to be suitable for children receiving
rifampicin concomitantly.

The use of bictegravir is not recommended in combination with
rifampicin. Bictegravir exposure in healthy adults without HIV or TB
was found to be 80% lower when dosed once daily with rifampicin,
and doubling the dose by giving it twice daily did not mitigate the
drug interaction, as exposures were still reduced by 60% in con-
trast to raltegravir and dolutegravir. This might be due to differen-
ces in metabolism; CYP3A4 and UGT1A1 equally contribute to
bictegravir metabolism, whereas dolutegravir and raltegravir are
mainly metabolized by UGT1A1.*” The clinical consequences of
the bictegravir-rifampicin drug interaction have not been explored
in patients. There have been no DDI studies in children receiving
bictegravir together with TB drugs. Elvitegravir needs boosting by
cobicistat to achieve therapeutic plasma concentrations and its
metabolism is similar to that of bictegravir. There is no paediatric
formulation of elvitegravir/cobicistat, hence it is only available for
older children. Co-administration of elvitegravir/cobicistat and ri-
fampicin has not yet been studied, but it is contraindicated be-
cause large decreases in elvitegravir/cobicistat exposure are
expected.*®

There is no clinically meaningful effect of rifabutin on raltegravir
and dolutegravir exposure in adults,*®*? but this has not yet been
investigated in children. In adult patients with HIV, use of dolute-
gravir g24h together with rifapentine once weekly appeared to be
well tolerated and led to a reduction of dolutegravir exposure that
was probably not clinically significant.”® Raltegravir exposure was
also found to be sufficient in healthy adults receiving concomitant
rifapentine.

Nucleoside reverse transcriptase inhibitors

Limited studies have been reported that assess NRTI PK in combin-
ation with rifampicin-based TB treatment in adults. Both abacavir
and zidovudine are metabolized by UGT, and rifampicin is known
to induce UGT.>? Two studies reported decreases of zidovudine

exposure (close to —50%) due to concomitant use of rifampicin in
HIV-infected adults,”*>* whereas no studies reported on abacavir
PK in adults with TB treatment. Only one study reported on PK of
NRTIs in children using rifampicin; the authors found an average
decrease in abacavir exposure of 36% due to rifampicin-based TB
treatment in children <6years old also receiving super-boosted
lopinavir/ritonavir.>® It is uncertain whether or not this is clinically
relevant, since its antiviral effect is due to the intracellular anabo-
lite, carbovir triphosphate, which was not measured®® and NRTI
plasma concentrations do not necessarily correlate with antiviral
activity of the drug.”” Also, ART always consists of multiple ARVs
that might compensate for loss in efficacy of the other ARV. Of all
children, 82% were virologically suppressed by the end of the study
when receiving rifampicin-based TB treatment, which is in line with
children without TB treatment.>®

Tenofovir alafenamide is a substrate of drug transporters such
as P-gp and breast cancer resistance protein.”® Rifampicin affects
tenofovir alafenamide metabolism by inducing expression of these
drug transporters.>® Plasma concentrations of tenofovir and teno-
fovir alafenamide and intracellular tenofovir diphosphate were
reduced by concomitant use of rifampicin in adults. However,
intracellular tenofovir diphosphate concentrations were still 4-fold
higher compared with patients using tenofovir disoproxil, indicat-
ing that this might not be clinically relevant.°® No research has
been done in children yet. Tenofovir disoproxil absorption is less P-
gp dependent compared with tenofovir alafenamide. Therefore,
tenofovir concentrations after tenofovir disoproxil treatment do
not significantly change due to concomitant rifampicin either in
healthy volunteers or in adults who are HIV/TB co-infected.®*%Co-
administered ritonavir-boosted ARVs can also potentially modify
this interaction by ritonavir-related induction of P-gp and
UGT.®Super-boosted ritonavir seemed to contribute minimally to
reducing abacavir exposure compared with rifampicin,®* but teno-
fovir alafenamide and tenofovir disoproxil PK has not yet been
studied with co-administration of both rifampicin and ritonavir.
Emtricitabine plasma concentrations and intracellular emtricita-
bine triphosphate concentrations were also found to be unaffected
by rifampicin-based TB treatment in adults.®® Lamivudine PK has
not been investigated at all in patients receiving rifampicin.
Paediatric studies are needed to confirm the results of adult stud-
ies of NRTI PK and rifampicin, especially for tenofovir alafenamide
and tenofovir disoproxil.

Non-nucleoside reverse transcriptase inhibitors

Metabolism of nevirapine is primarily through CYP3A4 and to a
lesser extent CYP2B6. and therefore it is affected by rifampicin.®®
Decreases of AUCp_12n (=58%) and Ciough (—68%) have been
reported in adults.®® In total, six studies reported on nevirapine PK
parameters when co-administered with rifampicin in children. Two
studies reported decreased nevirapine exposure (about 40%)
due to rifampicin-based TB treatment given at 10mg/kg®’ and
15mg/kg®® in children under 3 years old. Moreover, significantly
more children on rifampicin compared with peers without rifampi-
cin had nevirapine trough levels <3.0 mg/L (51% versus 0%°’ and
61% versus 30%°®), which is considered subtherapeutic. Both in
newborns using rifampicin for TB prevention (10 mg/kg) and in chil-
dren between 1 and 11 years old using rifampicin-based TB treat-
ment, nevirapine trough concentrations were found to be reduced

3446

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]



Systematic review

JAC

by about 30%.°%7° Shah et al.”! found that increasing the nevira-
pine dose by 20%-30% in older children [mean (SD): 8.1 (3.3)
years] receiving rifampicin-based TB treatment resulted in a similar
exposure compared with children receiving nevirapine without ri-
fampicin. Another study from Thailand, including eight children
>3 years old with HIV-associated TB, found no children with inad-
equate nevirapine Ciough during rifampicin co-administration.”?
This might be due to genetic differences in Thai children or the low
number of children included in the study. Overall, most studies
report reduction of nevirapine exposure in children receiving
rifampicin-based TB treatment. The WHO recommends the use
of nevirapine at the maximum weight/age-appropriate dose
(200 mg/m?) only in children with HIV/TB under 3 years old, but
not for older children because of other available options with more
robust ARVs.”?

Efavirenz is metabolized to an inactive metabolite mainly by
CYP2B6 and to a lesser extent by CYP2A6 and UGT2B7.”* The
prevalence of CYP2B6 polymorphisms is high in TB- and HIV-
endemic areas such as Asia and sub-Saharan Africa (range:
10%-28% slow metabolizers and 34%-50% extensive metaboliz-
ers), resulting in wide efavirenz PK variability.”> Rifampicin is known
toinduce CYP2B6,*? leading to a decrease of efavirenz AUC by 26%
when used with efavirenz in healthy adults.”® In contrast, isoniazid
might contribute to an increase in efavirenz exposure by inhibiting
CYP2A6 activity.”” No clinically significant alterations in efavirenz
PK were found in adults with HIV-associated TB using efavirenz
600 mg q24h and rifampicin/isoniazid-based TB treatment; genet-
ic CYP2B6 polymorphisms had a larger impact on efavirenz expos-
ure.”® Recent PK data suggest that efavirenz 400 mg q24h can also
be considered in adults and adolescents.”® The efavirenz PK profile
is favourable when administered with rifapentine and isoniazid in
adults, but has not been investigated in children.” The potential
interaction between efavirenz- and rifampicin-based TB treatment
in children was investigated in seven studies. No substantial
differences in efavirenz PK were seen in children >3 years old using
low-dose first-line TB treatment.”*#%-82 More recently, a PK study
including 144 children between 3 and 14years old confirmed
these findings with higher isoniazid (10 mg/kg) and rifampicin
(15 mg/kg) dosages being given.®® Efavirenz PK parameters were
slightly higher in patients on rifampicin/isoniazid-based TB treat-
ment, but these findings were not considered to be clinically
relevant.®

Mcllleron et al.** showed that average efavirenz mid-dose
interval concentrations increased by 1.49-fold in children with
CYP2B6 slow metabolizer genotypes when receiving concomitant
rifampicin/isoniazid-based TB treatment compared with efavirenz
without TB drugs. No differences were found in children with geno-
types for intermediate and fast CYP2B6 metabolism.®* This finding
is explained by the assumption that the inhibitory effect of isonia-
zid on CYP2A6 becomes more relevant in slow CYP2B6 metaboliz-
ers.®> Another study assessed efavirenz PK in HIV/TB-co-infected
children <3 years old with a genotype-based dosing approach.®®
Poor metabolizers were given 25% of the efavirenz dose, and the
efavirenz dose was increased by ~30% for all children who
received rifampicin-based TB treatment, regardless of CYP2B6
genotype. Increasing the dose was not necessary, since 46% of all
included children had supratherapeutic Cougn (>4.0 mg/L). PK vari-
ability was high in this study despite genotype-based dosing.®®
Due to highly variable efavirenz PK, efavirenz is not generally

[.84

recommended in children aged <3 years.”® Although efavirenz ex-
posure is largely dependent on CYP2B6 and CYP2A6 genotype,
genotype testing is expensive and genotype-based efavirenz
dosing is not practical, and therefore it is not recommended.”* No
efavirenz dose adjustments are necessary for children and adults
during rifampicin-based TB treatment.

Use of doravirine, etravirine or rilpivirine together with
rifampicin-based TB treatment is contraindicated. All these NNRTIs
are mainly metabolized through CYP3A4.2” Enzyme induction by
rifampicin leads to large decreases in doravirine, etravirine and
rilpivirine exposure in adults: AUCo_q, —88%,%® AUCo_1,n about
—55%,%9 and AUCo_,4n —80%, respectively.”® No studies have
been donein children.

Protease inhibitors

PK parameters are an important indicator for lopinavir efficacy;
Moholisa et al.! found that virological failure correlates with
lopinavir trough concentrations below 1.0 mg/L. Lopinavir is co-
administered with ritonavir, a potent inhibitor of CYP3A, in a 4:1
ratio to achieve higher (effective) lopinavir exposure. Rifampicin is
a strong inducer of CYP3A,? leading to large decreases in plasma
concentrations of lopinavir (AUC —75%) in healthy adults.’ The
interaction can be overcome by doubling the lopinavir/ritonavir
dose””%? but, due to an increased risk of hepatotoxicity, this is not
recommended.’* Replacement of rifampicin by rifabutin (150 mg
g24h due to bidirectional DDI) is preferred for first-line TB treat-
ment in adults, because rifabutin has little effect on lopinavir/ri-
tonavir exposure.’® Lopinavir/ritonavir currently is the preferred
anchor drug in ART for children younger than 3years old.”?
Bioavailability of lopinavir is reduced by 25% in adults due to co-
administration of rifampicin-based TB treatment, whereas bio-
availability decreases by 59% in children.®® To compensate for this
DDI, three strategies have been studied in children; double-dose
lopinavir/ritonavir (ratio 8:2), 8 hourly lopinavir/ritonavir dosing
(ratio 4:1) and super-boosting by increasing the ritonavir dose to
1:1 ratio with lopinavir.

A PK proof-of-concept study found that the lopinavir/ritonavir
super-boosting strategy (ratio 1:1) was effective in attenuating en-
zyme induction by rifampicin in children.?® Although lopinavir AUC
was 31% lower®® and clearance 30% higher®’ in children while on
rifampicin-based TB treatment compared with off TB treatment,
lopinavir Cirough Was similar and 13/15 patients had therapeutic
trough levels (>1.0mg/L). The efficacy of this strategy was later
confirmed in a larger modelling study in children of 3-15kg
(including infants <1 year) by showing non-inferiority of lopinavir
Cirough during rifampicin co-treatment.”® The researchers predicted
that 92% of all patients receiving super-boosted lopinavir/ritonavir
with rifampicin  would reach trough concentrations above
1.0mg/L. Overall, super-boosted lopinavir/ritonavir was well toler-
ated, even though caregivers reported difficulties administering
extra ritonavir because of low acceptability of the drug
formulation.’®Super-boosted lopinavir/ritonavir also resulted in
similar lopinavir exposure in malnourished children with HIV/TB co-
infection compared with children without TB treatment.°

Double-dosed lopinavir/ritonavir (ratio 8:2) in children
younger than 3years old (n=17; median age 1.25years)
receiving rifampicin-based TB treatment resulted in inadequate
lopinavir trough concentrations compared with children receiving
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lopinavir/ritonavir without TB treatment.*°° Only 40% of children
receiving lopinavir/ritonavir double dose had Ciougn greater than
1.0 mg/L, whereas 92% of the control group achieved therapeutic
trough concentrations. The differences between children and
adults were explained by a lower bioavailability of lopinavir
due to low ritonavir concentrations.’°Double-dosed lopinavir/
ritonavir given with rifampicin has not been studied in children
>3 years old.

Based on simulations from a population PK model, it was
expected that at least 95% of children would have lopinavir trough
concentrations of at least 1.0 mg/L when using lopinavir/ritonavir
thrice daily in combination with rifampicin-containing TB treat-
ment.'®" However, a study in children with HIV-associated TB
reported that 36% of 11 children did not achieve lopinavir Cyougn
>1.0 mg/L when using this treatment strategy.'®?

The effect of MDR-TB drugs on lopinavir/ritonavir PK was
assessed in one small study which included 16 children receiving
combinations of high-dose isoniazid, pyrazinamide, ethambutol,
ethionamide, terizidone, a fluoroquinolone and amikacin, and 16
controls without MDR-TB.'%* No significant differences were found
between the two groups; 81% of children with MDR-TB versus 88%
of controls had therapeutic Cirough. >

Atazanavir, darunavir and saquinavir are contraindicated in
adults when co-administered with rifampicin due to safety and ef-
ficacy concerns. Ritonavir-boosted atazanavir co-administered
with rifampicin resulted in very large decreases in exposure of ata-
zanavir (AUCo_tau —72%; Cirough —98%)."%* For darunavir, doubling
the dose when used twice daily resulted in similar Ciough cOM-
pared with normal doses without rifampicin in adults with HIV.'%°
However, this study was discontinued early due to severe hepato-
toxicity, as were studies with co-administration of rifampicin and
ritonavir-boosted atazanavir or saquinavir.2%>%” No studies have
been conducted with boosted PIs other than lopinavir/ritonavir in
HIV/TB-co-infected children. The effect of rifampicin-based TB
treatment on cobicistat-boosted PIs has not been determined yet.
Concomitant use of rifabutin slightly increased darunavir exposure
and had very little effect on atazanavir PK in healthy
volunteers.'%81%Co-administration of rifapentine and PIs has not
been studied, but is expected to result in large decreases of PI
plasma concentrations.

Effects of ART on TB drugs
First-line TB drugs

Metabolism of rifampicin and rifapentine is through esterases in
liver microsomes and to some extent by renal excretion.!'® The
major metabolism pathways of isoniazid are by acetylation
through N-acetyltransferase 2 (NAT2) and hydrolysis through
amidase.'*! Pyrazinamide is converted into pyrazinoic acid by
microsomal deamidase and further metabolized by xanthine oxi-
dase enzymes.''? Approximately 80% of ethambutol is excreted
renally and 20% is metabolized by alcohol dehydrogenase.*?
None of these metabolic pathways is expected to be affected
by ARVs.

Rifabutin is both an inducer and a substrate of CYP3A, so DDIs
with ARVs are potentially bidirectional. It is predominantly metab-
olized into its equally active metabolite 25-O-desacetylrifabutin
by CYP3A4.' This metabolite accounts for up to 10% of the total

antimicrobial activity of rifabutin in adults without interacting
medication.*> Efavirenz is known to decrease rifabutin plasma
concentrations through induction of CYP3A4,'® but this inter-
action has not been studied in children.

Lopinavir/ritonavir is known to interact with rifabutin through
inhibition of CYP3A enzymes by ritonavir, leading to high exposure
of rifabutin and its active metabolite, and an increased risk of
dose-dependent toxicities such as uveitis and bone marrow de-
pression.’® Recently, the dose recommendation of rifabutin was
increased from 150 mg thrice weekly to 150 mg g24h when co-
administered with lopinavir/ritonavir instead of 300 mg q24h with-
out interacting medications.**”**® This DDI was studied in children
under 5 years old that were already cured of TB receiving 5 mg/kg
rifabutin thrice weekly instead of the recommended 10-20 mg/kg
g24h without lopinavir/ritonavir. The study was discontinued be-
cause the neutrophil count declined in all six children receiving
both rifabutin and lopinavir/ritonavir; two of them experienced
grade 4 neutropenia.**? Surprisingly, rifabutin Crnax Was below the
target range for therapeutic drug monitoring (0.45-0.9 mg/L) in
four out of six children.'*® The median rifabutin and 25-0-desace-
tylrifabutin exposures were higher compared with most studies in
adults using thrice-weekly 150 mg rifabutin co-administered with
lopinavir/ritonavir, but lower compared with adults receiving
150 mg rifabutin g24h with lopinavir/ritonavir. Rawizza et al.**°
rarely found neutropenia in 48 young children with HIV-associated
TB [median (IQR) age: 1.7 years (0.9-5.0)] receiving a 6 month
course of 2.5 mg/kg/day rifabutin and lopinavir/ritonavir, although
the absolute neutrophil count declined slightly. The rifabutin
course was completed with no TB symptoms in 79% of partici-
pants after 12 months of follow-up. The different safety findings
were suggested to be caused by differences in patient characteris-
tics, i.e. children who were HIV infected versus HIV/TB co-infected.
Rifabutin-associated neutropenia has also been observed more
frequently in healthy adults compared with adults with HIV-
associated TB.**' Rawizza et al.'?? also presented an interim
analysis of eight older children [median (IQR) age: 13.5years
(12.8-14.3)] receiving 2.5mg/kg/day rifabutin with lopinavir/ri-
tonavir. Rifabutin and 25-O-desacetylrifabutin exposure in these
children was slightly lower compared with the findings of Moultrie
et al.*® (see Table 1), whereas Crmex Of both substances was com-
parable.'?? Exposure of 25-0-desacetyl rifabutin was 4-fold higher
compared with adults receiving rifabutin 300 mg g24h without
lopinavir/ritonavir, which is consistent with data from Moultrie
et al.'*? and adults receiving rifabutin with lopinavir/ritonavir, and
is not expected to be harmful.**”*?? These preliminary PK results
suggest that rifabutin can be used safely in children >5 years old
using rifabutin at 2.5 mg/kg/day with lopinavir/ritonavir, but regu-
lar laboratory and clinical monitoring is essential. Younger children
are to be investigated in this study to confirm this dosing strategy
among all children.

Second-line TB drugs

In children, no research has been conducted to investigate the ef-
fect of ART on exposure of medications used for MDR-TB. Potential
interaction mechanisms and data from adult studies are described
below and grouped by class defined by the WHO MDR-TB treat-
ment guideline.?®
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Group A. Moxifloxacin undergoes glucuronidation mainly
through UGT1A1%?? and sulphate conjugation by sulphotransfer-
ase, and is a substrate of P-gp. Efavirenz is known to induce UGT,
leading to decreased exposure of moxifloxacin in HIV/TB-co-
infected adults (AUCqo_tqu —30%).22* Levofloxacin and ofloxacin
are eliminated primarily through glomerular filtration**> and
therefore are not expected to interact with ART. Linezolid metabol-
ism is complex, resulting in high interpatient PK variability;'® it
undergoes non-CYP-mediated hepatic metabolism into inactive
metabolites and is also excreted unchanged in the urine.'?’
Therefore, DDIs with ARVs are not expected. Linezolid has potential
overlapping mitochondrial toxicities, especially with NRTIs, and
has a potential increased risk of bone marrow suppression when
used with zidovudine."?®

Bedaquiline is primarily metabolized by CYP3A4 into the less
active N-monodesmethyl metabolite (M2),"*° and thus is
expected to interact with various ARVs via its metabolic
pathway. Bedaquiline exposure is significantly decreased when
co-administered with efavirenz in healthy and HIV-infected
adults,*>*3? but no differences in exposure were found in HIV-
infected adults receiving nevirapine.'>33 Dose modifications to
mitigate the efavirenz-bedaquiline interaction have been simu-
lated; once-daily instead of thrice-weekly administration of beda-
quiline or doubling the bedaquiline dose might result in adequate
bedaquiline exposure.’** Bedaquiline exposure increased by 22%
and that of M2 decreased by 51% when co-administered with lopi-
navir/ritonavir in HIV/TB-negative adults,'?® but this is likely to be
an underestimation because the non-compartmental analysis
(NCA) did not cover the full AUC of bedaquiline.*** Pandie et al.*3?
reported increased bedaquiline exposure (+62%) in HIV/TB-co-
infected patients receiving lopinavir/ritonavir without concurrent
differences in M2 exposure. These DDIs require further investiga-
tion in children. Lopinavir/ritonavir might also have an additive
or synergistic effect on QT prolongation due to bedaquiline.*?
The clinical significance of this DDI is unclear.

Group B. Metabolism of clofazimine has not yet been fully eluci-
dated. Although three clofazimine metabolites have been found in
urine after repeated drug administration, it is believed to be mainly
excreted unchanged in faeces.!*® Terizidone/cycloserine is pre-
dominantly excreted renally via glomerular filtration, so few clinic-
ally relevant DDIs are expected. Clofazimine and cycloserine can
cause neuropsychiatric adverse events, which overlaps with the
efavirenz and dolutegravir toxicity profile. Also efavirenz and lopi-
navir/ritonavir might have an additive effect on clofazimine-
induced QT prolongation.’?®

Group C. Aminoglycosides and carbapenems are not expected
to interact with ARVs, since they are renally excreted.'**'3’ p-
Aminosalicylic acid is also mainly excreted renally and to a lesser
extent by metabolism through NAT1 and NAT2. Surprisingly, p-
aminosalicylic acid clearance was increased by 52% in 19 HIV/TB-
co-infected adults using concurrent efavirenz compared with TB-
mono-infected or HIV/TB-co-infected patients without efavir-
enz.'?® This potential DDI requires further investigation to deter-
mine its mechanism and clinical relevance.

Delamanid is metabolized by albumin into its primary metabol-
ite (DM-6705). Subsequently, CYP3A4 is the main metabolic

pathway for DM-6705.39Co-administration of tenofovir disoproxil
and efavirenz did not change delamanid exposure in healthy
adults, and giving lopinavir/ritonavir resulted in a 25% increase
of delamanid AUCy_q,, but this increase was not considered to
be clinically relevant.*® Delamanid causes QT prolongation and
requires monitoring when used with QT-prolonging ARVs.
Ethionamide and prothionamide are interchangeable in MDR-TB
treatment regimens and follow a similar metabolic pathway
through flavin-containing monooxygenase.'*! No DDIs with ART
are expected for ethionamide and prothionamide.

Effects of HIV infection on PK of TB drugs
First-line TB drugs

The effect of HIV infection on the PK of TB drugs in children has
been examined in multiple studies, but most were inconclusive. It
is believed that malabsorption or malnutrition due to HIV infection
might cause low exposure to TB treatment in HIV patients.?® Strict
mg/kg dosing also contributes greatly to these inconclusive results,
since it assumes a linear relationship between body weight and
clearance despite the fact that the relationship is more likely to be
allometric; not taking a patient’s age into account can result in se-
vere under-dosing, especially in underweight children.** None of
the included studies reported on the impact of ART use or certain
antiretroviral agents, because of small sample sizes, heterogeneity
in ART or absence of ART, and lack of mechanistic explanations for
potential interactions. Hence, it is uncertain whether the observed
results are because of HIV infection, ART or differences in the popu-
lations. A systematic review was published about the influence of
HIV infection on the PK of TB treatment.?’ It mainly focused on
adults without reporting a comprehensive analysis in children. The
authors were unable to generate recommendations with respect
to dosing of TB treatment in patients with HIV-associated TB due
to heterogeneity and inconsistency of data.?’

Results of all studies in children are summarized in Table 2.
Apart from two studies reporting a slight decrease of isoniazid
Crnax” @2 most did not find lower isoniazid exposure in children
with HIV infection compared with TB-mono-infected chil-
dren.!”1447149 The overall effect of HIV infection on isoniazid PK
seems not to be clinically relevant in children.

Various studies reported lower rifampicin Cpax (range: —17% to
—49%) and AUC (range: —24% to —56%) values in children who
are HIV/TB co-infected (children both on and off ART) compared
with TB-mono-infected children.?¢*>"**7 Rifampicin clearance
increased and bioavailability decreased in children with HIV.**°
This effect was associated with HIV/TB co-infection rather than the
use of ART.?®° Other studies did not find statistical differences,
probably because of small sample size and limited power. The
large decreases in rifampicin exposure can be clinically relevant.

PK data of pyrazinamide in children with HIV and TB compared
with HIV-uninfected children was heterogeneous. Some showed
a slight decrease in AUC or Crmax“**® in co-infected children,
but most reported varying non-significant results.?®147-149.151
The impact of HIV infection on pyrazinamide PK in children seems
relatively small and variable.

Almost all studies investigating ethambutol PK reported lower
ethambutol AUC (range: —40% to —60%) and lower ethambutol
Crnax (range: —40% to —70%) in children that were HIV infected
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compared with uninfected children.!*4"146:148:149 One small study
(n=18) found low ethambutol Crox values regardless of HIV sta-
tus.’>! Nevertheless, ethambutol exposures generally are substan-
tially lower in HIV-infected children compared with uninfected
children. Tt is unclear whether usage of ART affected PK of
ethambutol.

In most studies, children with HIV/TB co-infection had signifi-
cantly lower weight for age Z-scores due to disease severity or
malnutrition. These differences aggravate the assessment of the
relationship of lower exposure with HIV/TB co-infection, since
lower exposure can partly be explained by relatively higher clear-
ance/kg because of low weight and high fat-free mass. Dosing of
TB drugs based on lean body weight might take these issues into
account and lead to better exposure in children who are
underweight.

Second-line TB drugs

The effect of HIV infection and ART on PK of drugs used for MDR-TB
has beeninvestigated in a few studies in children. Only second-line
TB drugs that have been studied in children are described here,
split by MDR-TB treatment class.

Group A. Exposure of moxifloxacin was found to be significantly
lower (AUCq_gn —34%) in children living with HIV using ART [lopina-
vir/ritonavir- (2/6) or efavirenz-based (4/6) regimen] compared
with 17 HIV-uninfected children.'? For levofloxacin and ofloxacin,
no significant differences in PK parameters were seen in children
with HIV/TB co-infection (both on and off ARVs) compared with
children without HIV,'>*'>* which is consistent with findings in
adults.’>>*>7 A population PK study reported a 15.9% reduction in
levofloxacin clearance in 16 children with HIV between 0.3 and
8.7 years old receiving ART (lopinavir/ritonavir- or efavirenz-based
regimen), but this was not considered clinically relevant.’>® One
study assessed linezolid PK in children with HIV, but could not detect
any effect of HIV infection owing to the small dataset (n = 3).'*°

Group B. No PK studies have been done for clofazimine and teri-
zidone/cycloserine in children with HIV.

Group C. A non-significant trend towards lower p-aminosalicylic
acid exposure was reported in children who were HIV infected
(n=4; all on efavirenz).'®° Ethionamide concentrations were found
to be significantly lower in children with HIV (n=7) at both 1 and
4 months after initiation of therapy compared with uninfected
peers.'®! Bjugard Nyberg et al.'®’ suggested that ethionamide
concentrations were lower because of decreased bioavailability
(—21%) in HIV-infected children, of whom most were on ART (efa-
virenz or lopinavir-based regimen) No significant differences were
seen between children receiving lopinavir/ritonavir-based ART,
efavirenz-based ART or no ART.*®?

Discussion

To our knowledge, this is the first review on the PK of (MDR-)TB
drugs and ART in children with HIV-associated TB using a compre-
hensive systematic and scoping approach. Information from adult
studies was also included to identify knowledge gaps and differen-
ces between DDIs in children versus adults. This systematic review

shows that the number of treatment options is increasing for chil-
dren with HIV/TB co-infection, but there are still many knowledge
gaps when it comes to DDIs between TB drugs and ART. We identi-
fied 47 eligible studies; most of them focused on lopinavir/ritonavir,
efavirenz, nevirapine and first-line TB treatment.

PK differences between adults and children are common.
Differences in membrane permeability, gastric pH and emptying
time, plasma protein binding, total body water and fat, organ size,
maturation and abundance of metabolizing enzymes and
drug transporters, and development of renal function can cause
differences in absorption, distribution, metabolism and excretion
(ADME) of medications, which changes with age and can affect the
severity of DDIs.?*'® The paediatric population itself also consists
of multiple subpopulations that have different PK profiles. The FDA
distinguishes newborn infants (0-28 days), infants and toddlers
(28 days to 2 years), children (2-12 years) and adolescents (12-16
or 18years). Younger children mainly differ from adults due to
immaturity of hepatic enzymes, whereas older children often
have increased drug clearance.*®® This can result in different rec-
ommendations for DDI management. For example, the interaction
between rifampicin and lopinavir/ritonavir was found to be
different in young children (<3years old) from that in adults;
double-dosing of lopinavir/ritonavir resulted in adequate lopinavir
concentrations in adults, but led to subtherapeutic concentrations
in children.'® There were no data to confirm these differences in
older children. Another example is the interaction between rifam-
picin and raltegravir. Doubling the dose of raltegravir g12h was
needed to overcome the interaction with rifampicin in children,*?
whereas exposure in adults seemed therapeutic when using nor-
mally dosed raltegravir q12h.*> These examples illustrate that
DDIs and strategies to overcome DDIs should preferably be tested
in children from all different paediatric subpopulations before adult
recommendations can be extrapolated. Different formulations
given to children can also influence PK of drugs; for example,
sorbitol (as excipient) affects absorption of lamivudine.**1> In
addition, data on pharmacodynamic differences in the paediatric
population compared with adults and their impact on DDI man-
agement are scarce, and this requires further investigation.

Extrapolation of adult PK data by means of population PK
modelling offers a great opportunity to identify new treatment
strategies to avoid toxicity or suboptimal therapy due to DDIs
in children. However, conducting confirmatory PK studies remains
essential in assessing the magnitude of DDIs in children.
Extrapolating double-dosed lopinavir/ritonavir with concomi-
tant rifampicin-based TB treatment from adults on solid
formulation to young children on liquid formulation could not
be confirmed in clinical studies. Physiologically based PK models
can help to better characterize these complicated interactions
and improve predictions of dosing regimens appropriate to
overcome DDIs in children.*®®

Current treatment guidelines recommend using super-boosted
lopinavir/ritonavir-based ART during rifampicin-based TB treat-
ment for children <3 years old.”> Nonetheless, double-dosed lopi-
navir/ritonavir is still given frequently in resource-limited settings
to children who are HIV/TB co-infected.”®*¢’Super-boosted lopina-
vir/ritonavir is hard to prescribe and administer, because the separ-
ate ritonavir oral solution has a bitter taste, a short shelf-life,
requires refrigeration and stock-outs occur regularly. A new lopina-
vir/ritonavir super-boosted formulation is needed to ensure proper
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therapy for children with HIV and TB who need to be treated with
this drug combination.*®’” This interaction can be bypassed by
using rifabutin instead of rifampicin. However, lopinavir/ritonavir
increases rifabutin exposure,'**12? the dose in young children with
HIV has not yet been established and global access to rifabutin is
limited.?° Efavirenz is registered for children aged 3 months and
older weighing more than 3.5 kg, but only recommended for use in
children >3 years old, because of high PK variability.”* Slow CYP2B6
or CYP2A6 metabolizers are at high risk of having high efavirenz
exposure and toxicity.*®®17? Polymorphisms resulting in slow
CYP2B6 or CYP2A6 metabolism commonly occur, regardless of
ethnic group.!”! Efavirenz plasma concentrations are even more
increased in slow CYP2B6-metabolizing children receiving
rifampicin/isoniazid-based TB treatment due to the inhibitory ef-
fect of isoniazid on CYP2A6, whereas efavirenz PK did not alter in
fast and intermediate metabolizers.®* Slow CYP2B6-metabolizing
children receiving efavirenz and rifampicin/isoniazid-based TB
treatment thus are at an extra high risk of having toxic efavirenz
plasma concentrations. It is therefore of utmost importance to be
cautious when administering efavirenz to children with TB who are
under 3 years of age. A triple NRTI regimen is also advised by the
WHO gquidelines for children with HIV/TB co-infection using
rifampicin-based TB treatment.”? This recommendation is based
on alarge trial done in HIV-infected children who were switched to
triple NRTIs after a treatment initiation phase with NNRTI-based
ART. These children, however, did not receive rifampicin-based TB
treatment, which may reduce exposures to key NRTIs such as zi-
dovudine and abacavir.”® This study reported similar short-term
maintenance of viral suppression for a triple NRTI (including abaca-
vir) regimen compared with an NNRTI-based regimen, but the tri-
ple NRTI regimen was inferior at 12 months.'”? Using a triple NRTI
regimen has also been shown to be inferior to ART that contains an
anchor drug, such as an NNRTI, PI or INSTI in adults without TB.*”3
Moreover, NRTI levels in children using TB treatment has only been
investigated in one study, which found reduced abacavir levels.>®
Hence, using a triple NRTI regimen should be considered as a last
resort option in the treatment of paediatric HIV/TB co-infection
when no other options are available. Seemingly fewer issues are
expected with interactions between INSTIs and rifampicin-based
TB treatment, since the paediatric formulations will be taste-
masked and available in solid formulations, they are relatively
safe, can easily mitigate rifampicin induction by giving it q12h
(dolutegravir) or double dosed (raltegravir) and exhibit a predict-
able PK profile (dolutegravir). Therefore, worldwide access to
paediatric INSTIs should be prioritized to improve ART in children
with HIV-associated TB.

In general, target exposures of TB treatment are often not met
in HIV-uninfected children.!’*!’> Higher TB treatment dosing
schedules should be considered and are currently being investi-
gated in children with and without HIV.!’®*”” Data about the
effect of HIV infection on PK of first-line TB drugs in adults and chil-
dren are still inconclusive.?’ In children who are HIV co-infected,
significant decreases in exposure of rifampicin and ethambutol
were seen, regardless of ART use. However, these studies were
very heterogenous and usually not powered to assess this
comparison. These reduced serum levels might be attributed to
malabsorption caused by malnutrition, diarrhoea, DDIs or concur-
rent gastrointestinal infections. The WHO guideline for treatment
of paediatric TB does not distinguish between children with or

without HIV regarding the required dose of first-line TB drugs.*® A
more thorough investigation of the association of HIV with low TB
drug exposures is warranted to tease out the impact of lower
weight for age Z-scores and explore strategies to optimize dosing
for treatment of TB as well as LTBI and MDR-TB (e.g. based on ideal
body weight).

Little is known about DDIs of drugs for treating MDR-TB and
ARVs in children. Most studies included in this review were not
powered to assess PK differences between HIV-infected and unin-
fected children with or without ART. Studies in adults have shown
that there are DDIs between ARVs and MDR-TB drugs that might
be clinically relevant.*?**?° No relevant paediatric PK data on new
MDR-TB drugs (bedaquiline and delamanid) for HIV/TB co-infection
are expected in the upcoming years. However, IMPAACT has
started studies with these drugs, including children with and
without HIV. A table of ongoing research is included in the
Supplementary data.

The overall quality of evidence of paediatric studies assessing
PK of ART and TB treatment in HIV/TB-co-infected children was
low for many medications. In clinical practice, therapeutic drug
monitoring (TDM) helps clinicians to make informed dosing
decisions in case of DDIs.'>?* TDM offers a good opportunity for
real-life monitoring of the magnitude of a DDI in an individual.
However, this option is not widely available in countries that have a
high burden of paediatric HIV and TB.

There are still many knowledge gaps in PK research in children
who are HIV/TB co-infected. The main gaps that warrant further
research are listed in Table 3.

Some new medications, drug formulations and treatment
strategies for the treatment of HIV and TB that are currently only
used for adults are promising for future paediatric HIV/TB care.
These drugs and treatment strategies come with some implica-
tions regarding DDIs in children. For HIV treatment, a long-acting
injectable intramuscular formulation of cabotegravir (INSTI) and
rilpivirine (NNRTI) is expected to be marketed in the near future.
The use of cabotegravir/rilpivirine is currently also being investi-
gated in children and adolescents in the MOCHA trial.!’® However,
no clinical studies have yet been done to assess the interaction of
TB treatment with long-acting cabotegravir/rilpivirine. Rifampicin
decreases orally administered cabotegravir AUCqy i by 59%17°
and rilpivirine AUCy_»4, by 80% in adults.*®® A physiologically based
PK modelling study suggests that cabotegravir AUCy g4 and
Cirough Will decrease by 41% and 46%, respectively, while rilpivirine
AUC and Cyougn WiIll both decrease by 82% when given with
rifampicin.*®!

With regards to TB treatment, there is increasing interest in
the use of high-dose rifampicin to shorten the duration of TB treat-
ment.'®? Since rifampicin follows non-linear PK, a higher dose
generally results in a disproportionate increase of rifampicin expos-
ure.*® Little is known about the impact of high-dose rifampicin on
its induction potential and PK parameters of ARVs.*® This is espe-
cially interesting for children in the lowest weight bands who often
have very low rifampicin exposure following current paediatric
dose recommendations. A recent study showed that efavirenz
concentrations remained therapeutic in adult patients receiving
double-dosed rifampicin as part of their TB treatment, despite a
slight trend towards lower efavirenz concentrations.*®> However,
these findings cannot be extrapolated to children or other ARVs
due to differences in enzyme activity and different metabolic
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Table 3. Current PK knowledge gaps regarding pharmacokinetics of antiretroviral and tuberculosis drugs in paediatric HIV/TB co-infection

Theme PK knowledge gap Planned/ongoing studies
ART and TB drugs Dolutegravir with rifampicin in children <6 years old EMPIRICAL
CHAPAS-4
ODYSSEY
Lopinavir/ritonavir with rifampicin in children >3 years old SHINE
Tenofovir alafenamide with rifampicin CHAPAS-4
PIs (other than lopinavir) with rifampicin CHAPAS-4
VirTUAL
ARVs with high-dose rifampicin SURE
ARV FDCs for HIV/TB co-infection -
ARVs with RPT -
TB drugs and ART Bedaquiline with lopinavir/ritonavir and efavirenz -
Moxifloxacin with lopinavir/ritonavir -
Rifabutin with lopinavir/ritonavir in children <5 years old P30 AI060354
Rifabutin with efavirenz -
Weekly and daily RPT with different ARVs -
TB drugs in HIV-infected children PK of delamanid, bedaquiline and moxifloxacin in HIV-infected children IMPAACT P2005
IMPAACT P1108
IMPAACT P2020
Large PK study assessing impact of HIV and TB drug dosing optimization SURE
SHINE
IMPAACT P1106

FDC, fixed dose combination; RPT, rifapentine.

pathways. A 12 week treatment course with rifapentine and iso-
niazid once weekly is now recommended for children >2 years old
and is recommended for all children >2 years old with HIV living in
areas with high TB prevalence. However, little is known about the
interaction potential of rifapentine in children. Recently, a new
drug for MDR-TB has been approved by the FDA—pretomanid.
About 20% of it is metabolism is through CYP3A, resulting in signifi-
cant decreases in PK due to concomitant efavirenz in healthy vol-
unteers, but not when used with lopinavir/ritonavir.*®® Paediatric
pretomanid trials are being planned by IMPAACT and TB alliance
together.

Our review has limitations. First, many PK studies are included
in this review that have small sample sizes and/or are underpow-
ered. We took this into account for the final conclusions by scoring
the quality of evidence for all studies. Second, this study focuses
mainly on PK of the specific drugs, but not necessarily on efficacy
and overlapping toxicity because these are usually not investi-
gated in children with HIV/TB co-infection.

In conclusion, our review provides a comprehensive overview of
all PK research done to assess DDIs between ARVs and TB treat-
ment in HIV/TB-co-infected children. Only a few HIV treatment
options are currently available and acceptable in children in the
youngest age groups receiving rifampicin-based TB treatment;
new treatment strategies are urgently needed. Future research
should focus on evaluating dosing regimens for integrase inhibitors
in all age groups and assessment of DDIs between ART and
second-line TB drugs. Other dosing strategies of TB treatment
should be considered for HIV-infected children because of low
drug exposures and survival in this population.

Acknowledgements

Members of the WHO Paediatric Antiretroviral Working
Group

Elaine Abrams, Moherndran Archary, Yodit Belew, Brookie Best,
David Burger, Jessica Burry, Edmund Capparelli Deborah
Carpenter, Esther Casas, Polly Clayden, Diana Clarke, Tim Cressey,
Angela Colbers, Mutsa Dangarembizi, Paolo Denti, Karim Diop,
Andrea Ecker, Shaffiq Essajee, Carlo Giaquinto, Diana Gibb, Rohan
Hazra, Maria Kim, Marc Lallemant, Janice Lee, Linda Lewis, Shahin
Lockman, Mark Mirochnick, Lynne Mofenson, Victor Musiime,
Elizabeth Obimbo, Atieno Ojoo, Fernando Pascual, Martina
Penazzato, Jorge Pinto, Natella Rakhmanina, Pablo Rojo, Ted Ruel,
George Siberry, Nandita Sugandhi, Anna Turkova, Marissa Vicari,
Melynda Watkins and Hilary Wolf.

Funding

This study was carried out as part of our routine work.

Transparency declarations

None to declare.

Supplementary data

Further information on searches and the search strategy is available as
Supplementary data at JAC Online.

3452

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkaa328#supplementary-data

Systematic review

JAC

References

1 UNAIDS. Global AIDS Update 2019. https://www.unaids.org/sites/default/
files/media_asset/2019-global-AIDS-update_en.pdf.

2 World Health Organization. Global Tuberculosis Report 2019. https://www.
who.int/tb/publications/global_report/en/.

3 Gortmaker SL, Hughes M, Cervia J et al. Effect of combination therapy
including protease inhibitors on mortality among children and adolescents
infected with HIV-1. N Engl J Med 2001; 345: 1522-8.

4The KIDS-ART-LINC Collaboration. Low risk of death, but substantial
program attrition, in pediatric HIV treatment cohorts in Sub-Saharan Africa.
J Acquir Immune Defic Syndr 2008; 49: 523-31.

5 UNICEF. Paediatric Care and Treatment. https://data.unicef.org/topic/
hivaids/paediatric-treatment-and-care/.

6 Martinson NA, Moultrie H, van Niekerk R et al. HAART and risk of tubercu-
losis in HIV-infected South African children: a multi-site retrospective cohort.
Int J Tuberculosis Lung Dis 2009; 13: 862-7.

7 Hesseling AC, Cotton MF, Jennings T et al. High incidence of tuberculosis
among HIV-infected infants: evidence from a South African population-
based study highlights the need for improved tuberculosis control strategies.
Clin Infect Dis 2009; 48: 108-14.

8 Crook AM, Turkova A, Musiime V et al. Tuberculosis incidence is high in HIV-
infected African children but is reduced by co-trimoxazole and time on anti-
retroviral therapy. BMC Med 2016; 14: 50.

9 Harries AD, Kumar AMV, Satyanarayana S et al. Treatment for latent tuber-
culosis infection in low- and middle-income countries: progress and chal-
lenges with implementation and scale-up. Expert Rev Respir Med 2020; 14:
195-208.

10 World Hedlth Organization. Latent TB Infection: Updated and
Consolidated Guidelines for Programmatic Management. https://www.who.
int/tb/publications/2018/latent-tuberculosis-infection/en/.

11 Dodd PJ, Prendergast AJ, Beecroft C et al. The impact of HIV and anti-
retroviral therapy on TB risk in children: a systematic review and meta-ana-
lysis. Thorax 2017; 72: 559-75.

12 Moore D, Liechty C, Ekwaru P et al. Prevalence, incidence and mortality
associated with tuberculosis in HIV-infected patients initiating antiretroviral
therapy in rural Uganda. AIDS 2007; 21: 713-19.

13 Venturini E, Turkova A, Chiappini E et al. Tuberculosis and HIV co-infection
in children. BMC Infect Dis 2014; 14 Suppl 1: S5.

14 Mcllleron H, Khoo SH. Interactions between antituberculosis and anti-
retroviral agents. In: Donald PR, Van Helden PD, eds. Antituberculosis
Chemotherapy. Basel: Karger, 2011; 191-202.

15 Waalewijn H, Turkova A, Rakhmanina N et al. Optimizing pediatric dosing
recommendations and treatment management of antiretroviral drugs using
therapeutic drug monitoring data in children living with HIV. Ther Drug Monit
2019; 41: 431-43.

16 Weld ED, Dooley KE. State-of-the-art review of HIV-TB coinfection in spe-
cial populations. Clin Pharmacol Ther 2018; 104: 1098-109.

17 Mcllleron H, Willemse M, Werely CJ et al. Isoniazid plasma concentrations
in a cohort of South African children with tuberculosis: implications for inter-
national pediatric dosing guidelines. Clin Infect Dis 2009; 48: 1547-53.

18 Schaaf HS, Willemse M, Cilliers K et al. Rifampin pharmacokinetics in chil-
dren, with and without human immunodeficiency virus infection, hospital-
ized for the management of severe forms of tuberculosis. BMC Med 2009; 7:
19.

19 World Health Organization. Rapid Advice: Treatment of Tuberculosis in
Children. https://apps.who.int/iris/bitstream/handle/10665/44444/97892415
00449 _eng.pdf?sequence=1.

20 Rockwood N, Cerrone M, Barber M et al. Global access of rifabutin for the
treatment of tuberculosis—why should we prioritize this? J Int AIDS Soc 2019;
22:e25333.

21 Deluca A, Frick M, Lessem E et al. Activism on rifapentine pricing: remov-
ing cost barriers to improve the uptake of tuberculosis research innovations.
Public Health Action 2014; &: 238-42.

22 Garcia-Prats AJ, Svensson EM, Weld ED et al. Current status of pharmaco-
kinetic and safety studies of multidrug-resistant tuberculosis treatment in
children. Int J Tuberc Lung Dis 2018; 22: 15-23.

23 World Health Organization. WHO Consolidated Guidelines on Drug-
resistant Tuberculosis Treatment. https://apps.who.int/iris/bitstream/handle/
10665/311389/9789241550529-eng.pdf?ua=1.

24 Alsultan A, Peloguin CA. Therapeutic drug monitoring in the treatment of
tuberculosis: an update. Drugs 2014; 74: 839-54.

25 Germovsek E, Barker CIS, Sharland M et al. Pharmacokinetic-pharmaco-
dynamic modeling in pediatric drug development, and the importance of
standardized scaling of clearance. Clin Pharmacokinet 2019; 58: 39-52.

26 Ramachandran G, Kumar AK, Kannan T et al. Low serum concentrations
of rifampicin and pyrazinamide associated with poor treatment outcomes in
children with tuberculosis related to HIV status. Pediatr Infect Dis J 2016; 35:
530-4.

27 Daskapan A, Idrus LR, Postma MJ et al. A systematic review on the effect
of HIV infection on the pharmacokinetics of first-line tuberculosis drugs. Clin
Pharmacokinet 2019; 58: 747-66.

28 Peloquin CA, Nitta AT, Burman WJ et al. Low antituberculosis drug
concentrations in patients with AIDS. Ann Pharmacother 1996; 30:
919-25.

29 Fernandez E, Perez R, Hernandez A et al. Factors and mechanisms for
pharmacokinetic differences between pediatric population and adults.
Pharmaceutics 2011; 3:53-72.

30 Moher D, Liberati A, Tetzlaff J et al. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009; 6:
€1000097.

31 SedenK, Gibbons S, Marzolini C et al. Development of an evidence evalu-
ation and synthesis system for drug-drug interactions, and its application to
a systematic review of HIV and malaria co-infection. PLoS One 2017; 12:
e0173509.

32 Chen J, Raymond K. Roles of rifampicin in drug-drug interactions: under-
lying molecular mechanisms involving the nuclear pregnane X receptor. Ann
Clin Microbiol Antimicrob 2006; 5: 3.

33 Svensson EM, Murray S, Karlsson MO et al. Rifampicin and rifapentine sig-
nificantly reduce concentrations of bedaquiline, a new anti-TB drug. J
Antimicrob Chemother 2015; 70: 1106-14.

34 Sekaggya-Wiltshire C, Dooley KE. Pharmacokinetic and pharmacody-
namic considerations of rifamycin antibiotics for the treatment of tubercu-
losis. Expert Opin Drug Metab Toxicol 2019; 15: 615-18.

35 Oesch F, Arand M, Benedetti MS et al. Inducing properties of rifampicin
and rifabutin for selected enzyme activities of the cytochrome P-450 and
UDP-glucuronosyltransferase superfamilies in female rat liver. J Antimicrob
Chemother 1996; 37:1111-19.

36 Desta Z, Soukhova NV, Flockhart DA. Inhibition of cytochrome P450
(CYP450) isoforms by isoniazid: potent inhibition of CYP2C19 and CYP3A.
Antimicrob Agents Chemother 2001; 45: 382-92.

37 World Health Organization. Updated Recommendations on First-line and
Second-line Antiretroviral Regimens and Post-exposure Prophylaxis and
Recommendations on Early Infant Diagnosis of HIV: Interim Guidelines.
Supplement to the 2016 Consolidated Guidelines on the use of Antiretroviral
Drugs for Treating and Preventing HIV Infection (WHO/CDS/HIV/18.51). https://
apps.who.int/iris/handle/10665/277395.

3453

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


https://www.unaids.org/sites/default/files/media_asset/2019-global-AIDS-update_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2019-global-AIDS-update_en.pdf
https://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/global_report/en/
https://data.unicef.org/topic/hivaids/paediatric-treatment-and-care/
https://data.unicef.org/topic/hivaids/paediatric-treatment-and-care/
https://www.who.int/tb/publications/2018/latent-tuberculosis-infection/en/
https://www.who.int/tb/publications/2018/latent-tuberculosis-infection/en/
https://apps.who.int/iris/bitstream/handle/10665/44444/9789241500449_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44444/9789241500449_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44444/9789241500449_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf?ua=1
https://apps.who.int/iris/handle/10665/277395
https://apps.who.int/iris/handle/10665/277395

Systematic review

38 Dooley KE, Sayre P, Borland J et al. Safety, tolerability, and pharmacokin-
etics of the HIV integrase inhibitor dolutegravir given twice daily with rifampin
or once daily with rifabutin: results of a phase 1 study among healthy sub-
jects. J Acquir Immune Defic Syndr 2013;62: 21-7.

39 Dooley KE, Kaplan R, Mwelase N et al. Dolutegravir-based antiretroviral
therapy for patients coinfected with tuberculosis and human immunodefi-
ciency virus: a multicenter, noncomparative, open-label, randomized trial.
Clin Infect Dis 2020; 70: 549-56.

40 Waalewijn H, Mujuru HA, Amuge P et al. Adequate dolutegravir exposure
dosed bid with rifampicin in children 6 to <18 years. Twenty Seventh
Conference on Retroviruses and Opportunistic Infections, Boston,
Massachusetts, USA 2020; Abstract 847.

41 Wenning LA, Hanley WD, Brainard DM et al. Effect of rifampin, a potentin-
ducer of drug-metabolizing enzymes, on the pharmacokinetics of raltegravir.
Antimicrob Agents Chemother 2009; 53: 2852-6.

42 Taburet AM, Sauvageon H, Grinsztejn B et al. Pharmacokinetics of ralte-
gravir in HIV-infected patients on rifampicin-based antitubercular therapy.
Clin Infect Dis 2015; 61: 1328-35.

43 Grinsztejn B, De Castro N, Arnold V et al. Raltegravir for the treatment of
patients co-infected with HIV and tuberculosis (ANRS 12 180 Reflate TB): a
multicentre, phase 2, non-comparative, open-label, randomised trial. Lancet
Infect Dis 2014; 14: 459-67.

44 De Castro N, Marcy O, Chazallon C et al. Virologic efficacy of raltegravir vs.
efavirenz-based antiretroviral treatment in HIV1-infected adults with tuber-
culosis: W48 results of the ANRS 12300 Reflate TB2 trial. 10th IAS Conference
on HIV Science. Mexico City, Mexico, 2019; e25327.

45 Meyers T, Samson P, Acosta EP et al. Pharmacokinetics and safety of a
raltegravir-containing regimen in HIV-infected children aged 2-12 years on
rifampicin for tuberculosis. AIDS 2019; 33: 2197-203.

46 Krogstad P, Samson P, Acosta EP et al. Pharmacokinetics and safety of a
raltegravir-containing regimen in children aged 4 weeks to 2 years living with
human immunodeficiency virus and receiving rifampin for tuberculosis.
J Pediatric Infect Dis Soc 2020; piaa039.

47 Custudio JM, West SK, Collins S et al. Pharmacokinetics of bictegravir
administered twice daily in combination with rifampin. Conference on
Retroviruses and Opportunistic Infections, Boston, MA, USA, 2018.

48 EMA. Stribild—Summary of Product Characteristics. https://www.ema.eur
opa.eu/en/documents/product-information/stribild-epar-product-informa
tion_en.pdf.

49 Brainard DM, Kassahun K, Wenning LA et al. Lack of a clinically meaning-
ful pharmacokinetic effect of rifabutin on raltegravir: in vitro/in vivo correl-
ation. J Clin Pharmacol 2011; 51: 943-50.

50 Dooley KE, Savic R, Gupte A et al. Once-weekly rifapentine and isoniazid
for tuberculosis prevention in patients with HIV taking dolutegravir-based
antiretroviral therapy: a phase 1/2 trial. Lancet HIV 2020; 7: e401-9.

51 Weiner M, Egelund EF, Engle M et al. Pharmacokinetic interaction of rifa-
pentine and raltegravir in healthy volunteers. J Antimicrob Chemother 2014;
69: 1079-85.

52 Soars MG, Petullo DM, Eckstein JA et al. An assessment of UDP-
glucuronosyltransferase induction using primary human hepatocytes. Drug
Metab Dispos 2004; 32: 140-8.

53 Burger DM, Meenhorst PL, Koks CH et al. Pharmacokinetic interaction be-
tween rifampin and zidovudine. Antimicrob Agents Chemother 1993; 37:
1426-31.

54 Gallicano KD, Sahai J, Shukla VK et al. Induction of zidovudine glucuroni-
dation and amination pathways by rifampicin in HIV-infected patients. Br J
Clin Pharmacol 1999; 48: 168-79.

55 Rabie H, Tikiso T, Mcllleron H et al. TB/HIV co-treatment with super-
boosted lopinavir and anti-tuberculosis treatment lowers abacavir concen-
tration in children. 22nd International AIDS Conference, 2018.

56 Yuen GJ, Weller S, Pakes GE. A review of the pharmacokinetics of abacavir.
Clin Pharmacokinet 2008; 47:351-71.

57 Fletcher CV, Kawle SP, Kakuda TN et al. Zidovudine triphosphate and la-
mivudine triphosphate concentration-response relationships in HIV-infected
persons. AIDS 2000; 14: 2137-44.

58 Begley R, Das M, Zhong L et al. Pharmacokinetics of tenofovir alafena-
mide when coadministered with other HIV antiretrovirals. J Acquir Immune
Defic Syndr 2018; 78: 465-72.

59 Greiner B, Eichelbaum M, Fritz P et al. The role of intestinal P-glycoprotein
in the interaction of digoxin and rifampin. J Clin Invest 1999; 104: 147-53.

60 Cerrone M, Alfarisi O, Neary M et al. Rifampicin effect on intracellular and
plasma pharmacokinetics of tenofovir alafenamide. J Antimicrob Chemother
2019;74:1670-8.

61 Droste JA, Verweij-van Wissen CP, Kearney BP et al. Pharmacokinetic
study of tenofovir disoproxil fumarate combined with rifampin in healthy vol-
unteers. Antimicrob Agents Chemother 2005; 49: 680-4.

62 Semvua HH, Mtabho CM, Fillekes Q et al. Efavirenz, tenofovir and emtrici-
tabine combined with first-line tuberculosis treatment in tuberculosis-HIV-
coinfected Tanzanian patients: a pharmacokinetic and safety study. Antivir
Ther2013;18:105-13.

63 Perloff MD, Von Moltke LL, Marchand JE et al. Ritonavir induces P-glyco-
protein expression, multidrug resistance-associated protein (MRP1) expres-
sion, and drug transporter-mediated activity in a human intestinal cell line.
JPharm Sci 2001; 90: 1829-37.

64 Rabie H, Tikiso T, Lee J et al. Abacavir exposure in children cotreated for
tuberculosis with rifampin and superboosted lopinavir-ritonavir. Antimicrob
Agents Chemother 2020; 64:e01923-19.

65 Hesse LM, Sakai Y, Vishnuvardhan D et al. Effect of bupropion on CYP2B6
and CYP3A4 catalytic activity, immunoreactive protein and mRNA levels
in primary human hepatocytes: comparison with rifampicin. J Pharm
Pharmacol 2003;55: 1229-39.

66 EMA. Viramune—Summary of Product Characteristics. https://www.ema.
europa.eu/en/documents/product-information/viramune-epar-product-infor
mation_en.pdf.

67 Oudijk JM, McIlleron H, Mulenga V et al. Pharmacokinetics of nevirapine in
HIV-infected children under 3 years on rifampicin-based antituberculosis
treatment. AIDS 2012; 26: 1523-8.

68 Enimil A, Antwi S, Yang H et al. Effect of first-line antituberculosis therapy
on nevirapine pharmacokinetics in children younger than three years old.
Antimicrob Agents Chemother 2019; 63: e00839-19.

69 Mcllleron H, Denti P, Cohn S et al. Prevention of TB using rifampicin
plus isoniazid reduces nevirapine concentrations in HIV-exposed infants.
JAntimicrob Chemother 2017; 72: 2028-34.

70 Barlow-Mosha L, Musoke P, Parsons TL et al. Nevirapine concentrations in
HIV-infected Ugandan children on adult fixed-dose combination tablet ART,
with and without rifampicin-based treatment for active M. tuberculosis infec-
tion. Sixteenth Conference on Retroviruses and Opportunistic Infections,
Montreal, Canada, 2009. Abstract 909.

71 Shah I, Swaminathan S, Ramachandran G et al. Serum Nevirapine and
Efavirenz concentrations and effect of concomitant rifampicin in HIV infected
children on antiretroviral therapy. Indian Pediatr 2011; 48: 943-7.

72 Prasitsuebsai W, Cressey TR, Capparelli E et al. Pharmacokinetics of nevir-
apine in HIV and tuberculosis-coinfected children receiving antiretroviral
fixed-dose combination tablets while receiving rifampicin-containing tuber-
culosis treatment and after rifampicin discontinuation. Pediatr Infect Dis J
2012;31:389-91.

73 World Health Organization. Consolidated Guidelines on the Use of
Antiretroviral drugs for Treating and Preventing HIV Infection. https:/Awvww.
who.int/hiv/pub/arv/arv-2016/en/.

3454

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


https://www.ema.europa.eu/en/documents/product-information/stribild-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/stribild-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/stribild-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/viramune-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/viramune-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/viramune-epar-product-information_en.pdf
https://www.who.int/hiv/pub/arv/arv-2016/en/
https://www.who.int/hiv/pub/arv/arv-2016/en/

Systematic review

JAC

74 Kwara A, Lartey M, Sagoe KW et al. CYP2B6, CYP2A6 and UGT2B7 genetic
polymorphisms are predictors of efavirenz mid-dose concentration in HIV-
infected patients. AIDS 2009; 23: 2101-6.

75 Atwine D, Bonnet M, Taburet AM. Pharmacokinetics of efavirenz in
patients on antituberculosis treatment in high human immunodeficiency
virus and tuberculosis burden countries: a systematic review. Br J Clin
Pharmacol 2018; 84: 1641-58.

76 EMA. Kaletra—Summary of Product Characteristics. https://www.ema.eur
opa.eu/en/documents/product-information/kaletra-epar-product-informa
tion_en.pdf.

77 Wen X, Wang JS, Neuvonen PJ et al. Isoniazid is a mechanism-based in-
hibitor of cytochrome P450 1A2, 2A6, 2C19 and 3A4 isoforms in human liver
microsomes. Eur J Clin Pharmacol 2002; 57: 799-804.

78 Cerrone M, Wang X, Neary M et al. Pharmacokinetics of efavirenz 400 mg
once daily coadministered with isoniazid and rifampicin in human immuno-
deficiency virus-infected individuals. Clin Infect Dis 2019; 68: 446-52.

79 Podany AT, Bao Y, Swindells S et al. Efavirenz pharmacokinetics and
pharmacodynamics in HIV-infected persons receiving rifapentine and isonia-
zid for tuberculosis prevention. Clin Infect Dis 2015; 61: 1322-7.

80 RenY, Nuttall JJ, Eley BS et al. Effect of rifampicin on efavirenz pharmaco-
kinetics in HIV-infected children with tuberculosis. J Acquir Immune Defic
Syndr2009; 50: 439-43.

81 von Bibra M, Rosenkranz B, Pretorius E et al. Are lopinavir and efavirenz
serum concentrations in HIV-infected children in the therapeutic range in
clinical practice? Paediatr Int Child Health 2014; 34: 138-41.

82 Alghamdi WA, Antwi S, Enimil A et al. Population pharmacokinetics of
efavirenz in HIV and TB/HIV coinfected children: the significance of genotype-
guided dosing. J Antimicrob Chemother 2019; 74: 2698-706.

83 Kwara A, Yang H, Antwi S et al. Effect of rifampin-isoniazid-containing
antituberculosis therapy on efavirenz pharmacokinetics in HIV-infected chil-
dren 3 to 14 years old. Antimicrob Agents Chemother 2019; 63: e01657-18.
84 Mcllleron HM, Schomaker M, Ren'Y et al. Effects of rifampin-based antitu-
berculosis therapy on plasma efavirenz concentrations in children vary by
CYP2B6 genotype. AIDS 2013; 27: 1933-40.

85 diIulio J, Fayet A, Arab-Alameddine M et al. In vivo analysis of efavirenz
metabolism in individuals with impaired CYP2A6 function. Pharmacogenet
Genomics 2009; 19: 300-9.

86 Bwakura Dangarembizi M, Samson P, Capparelli EV et al. Establishing dos-
ing recommendations for efavirenz in HIV/TB-coinfected children younger
than 3 years. J Acquir Immune Defic Syndr 2019; 81: 473-80.

87 Usach I, Melis V, Peris JE. Non-nucleoside reverse transcriptase inhibitors:
a review on pharmacokinetics, pharmacodynamics, safety and tolerability. J
Int AIDS Soc 2013;16: 1-14.

88 Yee KL, Khalilieh SG, Sanchez RI et al. The effect of single and muiltiple
doses of rifampin on the pharmacokinetics of doravirine in healthy subjects.
Clin Drug Investig 2017; 37: 659-67.

89 Gagliardini R, Fabbiani M, Fortuna S et al. Pharmacokinetics of etravirine in
HIV-infected patients concomitantly treated with rifampin for tuberculosis.
Infection 2014; 42: 775-8.

90 EMA. Edurant—Summiary of Product Characteristics. 2016.

91 Moholisa RR, Schomaker M, Kuhn L et al. Plasma lopinavir concen-
trations predict virological failure in a cohort of South African children
initiating a protease-inhibitor-based regimen. Antivir Ther 2014; 19:
399-406.

92 la Porte CJ, Colbers EP, Bertz R et al. Pharmacokinetics of adjusted-dose
lopinavir-ritonavir combined with rifampin in healthy volunteers. Antimicrob
Agents Chemother 2004; 48: 1553-60.

93 Decloedt EH, Mcllleron H, Smith P et al. Pharmacokinetics of lopina-
vir in HIV-infected adults receiving rifampin with adjusted doses of

lopinavir-ritonavir tablets. Antimicrob Agents Chemother 2011; 55:
3195-200.

94 Nijland HM, LHomme RF, Rongen GA et al. High incidence of adverse
events in healthy volunteers receiving rifampicin and adjusted doses of lopi-
navir/ritonavir tablets. AIDS 2008; 22: 931-5.

95 Zhang C, Denti P, Decloedt EH et al. Model-based evaluation of the phar-
macokinetic differences between adults and children for lopinavir and ritona-
virin combination with rifampicin. Br J Clin Pharmacol 2013; 76: 741-51.

96 Ren'Y, Nuttall JJ, Egbers C et al. Effect of rifampicin on lopinavir pharma-
cokinetics in HIV-infected children with tuberculosis. J Acquir Immune Defic
Syndr2008; 47: 566-9.

97 Elsherbiny D, Ren Y, Mcllleron H et al. Population pharmacokinetics of
lopinavir in combination with rifampicin-based antitubercular treatment in
HIV-infected South African children. Eur J Clin Pharmacol 2010; 66: 1017-23.

98 Rabie H, Denti P, Lee J et al. Lopinavir-ritonavir super-boosting in
young HIV-infected children on rifampicin-based tuberculosis therapy
compared with lopinavir-ritonavir without rifampicin: a pharmacoki-
netic modelling and clinical study. Lancet HIV 2019; 6: e32-e42.

99 Archary M, McLlleron H, Bobat R et al. Population pharmacokinetics of
lopinavir in severely malnourished HIV-infected children and the effect on
treatment outcomes. Pediatr Infect Dis J 2018; 37: 349-55.

100 Mcllleron H, Ren Y, Nuttall J et al. Lopinavir exposure is insufficient in
children given double doses of lopinavir/ritonavir during rifampicin-based
treatment for tuberculosis. Antivir Ther 2011; 16: 417-21.

101 Zhang C, Mcllleron H, RenY et al. Population pharmacokinetics of lopina-
vir and ritonavir in combination with rifampicin-based antitubercular treat-
ment in HIV-infected children. Antivir Ther 2012;17: 25-33.

102 Rabie H, Rawizza H, Zuidewind P et al. Pharmacokinetics of adjusted-
dose 8-hourly lopinavir/ritonavir in HIV-infected children co-treated with ri-
fampicin. J Antimicrob Chemother 2019; 74: 2347-51.

103 van der Laan LE, Garcia-Prats AJ, Schaaf HS et al. Pharmacokinetics and
drug-drug interactions of lopinavir-ritonavir administered with first- and
second-line antituberculosis drugs in HIV-infected children treated for
multidrug-resistant tuberculosis. Antimicrob Agents Chemother 2018; 62:
e00420-17.

104 Burger DM, Agarwala S, Child M et al. Effect of rifampin on steady-state
pharmacokinetics of atazanavir with ritonavir in healthy volunteers.
Antimicrob Agents Chemother 2006; 50: 3336-42.

105 Ebrahim I, Maartens G, Wiesner L et al. Pharmacokinetic profile and
safety of adjusted doses of darunavir/ritonavir with rifampicin in people living
with HIV. J Antimicrob Chemother 2020; 75: 1019-25.

106 Grange S, Schutz M, Schmitt C et al. Unexpected hepatotoxicity
observed in a healthy volunteer study on the effects of multiple dose rifampi-
cin on the steady-state pharmacokinetics of ritonavir-boosted saquinavir and
vice versa. Sixth International Workshop on Clinical Pharmacology of HIV
Therapy, Montreal, Quebec, Canada, 2005.

107 Haas DW, Koletar SL, Laughlin L et al. Hepatotoxicity and gastrointes-
tinal intolerance when healthy volunteers taking rifampin add twice-daily
atazanavir and ritonavir. J Acquir Immune Defic Syndr 2009; 50: 290-3.

108 SekarV, LavreysL, Van de Casteele T et al. Pharmacokinetics of daruna-
vir/ritonavir and rifabutin coadministered in HIV-negative healthy volunteers.
Antimicrob Agents Chemother 2010; 54: 4440-5.

109 Bristol-Myers Squibb Pharmaceuticals Ltd. Reyataz—Summary of
Product Characteristics.

110 Nakajima A, Fukami T, Kobayashi Y et al. Human arylacetamide deace-
tylase is responsible for deacetylation of rifamycins: rifampicin, rifabutin, and
rifapentine. Biochem Pharmacol 2011; 82: 1747-56.

111 Wang P, Pradhan K, Zhong XB et al. Isoniazid metabolism and hepato-
toxicity. Acta Pharm Sin B 2016; 6: 384-92.

3455

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


https://www.ema.europa.eu/en/documents/product-information/kaletra-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/kaletra-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/kaletra-epar-product-information_en.pdf

Systematic review

112 Lacroix C, Hoang TP, Nouveau J et al. Pharmacokinetics of pyrazinamide
and its metabolites in healthy subjects. Eur J Clin Pharmacol 1989; 36:
395-400.

113 Peets EA, Sweeney WM, Place VA et al. The absorption, excretion, and
metabolic fate of ethambutol in man. Am Rev Respir Dis 1965; 91: 51-8.

114 Pfizer. Mycobutin—FDA Product Label. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2008/050689s016lbl.pdf.

115 Sousa M, Pozniak A, Boffito M. Pharmacokinetics and pharmacodynam-
ics of drug interactions involving rifampicin, rifabutin and antimalarial drugs.
J Antimicrob Chemother 2008; 62: 872-8.

116 Weiner M, Benator D, Peloquin CA et al. Evaluation of the drug inter-
action between rifabutin and efavirenz in patients with HIV infection and tu-
berculosis. Clin Infect Dis 2005; 41: 1343-9.

117 Lan NT, Thu NT, Barrail-Tran A et al. Randomised pharmacokinetic trial
of rifabutin with lopinavir/ritonavir-antiretroviral therapy in patients with HIV-
associated tuberculosis in Vietnam. PLoS One 2014; 9: e84866.

118 EACS. Guidelines; Version 10.0, November 2019. https://www.eacsoci
ety.org/files/2019_guidelines-10.0_final.pdf.

119 Moultrie H, Mcllleron H, Sawry S et al. Pharmacokinetics and safety of
rifabutin in young HIV-infected children receiving rifabutin and lopinavir/ri-
tonavir. J Antimicrob Chemother 2015; 70: 543-9.

120 Rawizza HE, Darin KM, Oladokun R et al. Safety and efficacy of rifabutin
among HIV/TB-coinfected children on lopinavir/ritonavir-based ART. J
Antimicrob Chemother 2019; 74: 2707-15.

121 Apseloff G. Severe neutropenia among healthy volunteers given rifabu-
tinin clinical trials. Clin Pharmacol Ther 2003; 74: 591-2; discussion 2-3.

122 Rawizza H, Oladokun R, Ejeliogu E et al. Rifabutin PK and safety among
HIV/TB coinfected children receiving lopinavir. Nineteenth International
Workshop on Clinical Pharmacology of Antiviral Therapy, Baltimore, MD, USA,
2018. Oral abstract 13.

123 Tachibana M, Tanaka M, Masubuchi Y et al. Acyl glucuronidation of
fluoroquinolone antibiotics by the UDP-glucuronosyltransferase 1A subfamily
in human liver microsomes. Drug Metab Dispos 2005; 33: 803-11.

124 Naidoo A, Chirehwa M, Mcllleron H et al. Effect of rifampicin and efavir-
enz on moxifloxacin concentrations when co-administered in patients with
drug-susceptible TB. J Antimicrob Chemother 2017; 72: 1441-9.

125 Stahlmann R, Lode H. Fluoroquinolones in the elderly: safety considera-
tions. Drugs Aging 2003; 20: 289-302.

126 Millard J, Pertinez H, Bonnett L et al. Linezolid pharmacokinetics in MDR-
TB: a systematic review, meta-analysis and Monte Carlo simulation.
J Antimicrob Chemother 2018;73: 1755-62.

127 MacGowan AP. Pharmacokinetic and pharmacodynamic profile of line-
zolid in healthy volunteers and patients with Gram-positive infections.
J Antimicrob Chemother 2003; 51 Suppl 2:ii17-25.

128 Magill AJ, Hunter GW. Hunter’s Tropical Medicine and Emerging
Infectious Disease, 10th edn. Elsevier, 2013.

129 van Heeswijk RP, Dannemann B, Hoetelmans RM. Bedaquiline: a review
of human pharmacokinetics and drug-drug interactions. J Antimicrob
Chemother 2014;69: 2310-18.

130 Dooley KE, Park JG, Swindells S et al. Safety, tolerability, and pharmaco-
kinetic interactions of the antituberculous agent TMC207 (bedaquiline)
with efavirenz in healthy volunteers: AIDS Clinical Trials Group Study A5267.
J Acquir Immune Defic Syndr 2012; 59: 455-62.

131 Svensson EM, Aweeka F, Park JG et al. Model-based estimates of the
effects of efavirenz on bedaquiline pharmacokinetics and suggested dose
adjustments for patients coinfected with HIV and tuberculosis. Antimicrob
Agents Chemother 2013;57: 2780-7.

132 Pandie M, Wiesner L, Mcllleron H et al. Drug-drug interactions between
bedaquiline and the antiretrovirals lopinavir/ritonavir and nevirapine in HIV-

infected patients with drug-resistant TB. J Antimicrob Chemother 2016; 71:
1037-40.

133 Brill MJ, Svensson EM, Pandie M et al. Confirming model-predicted phar-
macokinetic interactions between bedaquiline and lopinavir/ritonavir
or nevirapine in patients with HIV and drug-resistant tuberculosis. Int J
Antimicrob Agents 2017; 49:212-17.

134 Svensson EM, Dooley KE, Karlsson MO. Impact of lopinavir-ritonavir or
nevirapine on bedaquiline exposures and potential implications for patients
with tuberculosis-HIV coinfection. Antimicrob Agents Chemother 2014; 58:
6406-12.

135 O’Connor R, O’Sullivan JF, O’Kennedy R. The pharmacology, metabolism,
and chemistry of clofazimine. Drug Metab Rev 1995; 27: 591-614.

136 Papp-Wallace KM, Endimiani A, Taracila MA et al. Carbapenems: past,
present, and future. Antimicrob Agents Chemother 2011; 55: 4943-60.

137 Lortholary O, Tod M, Cohen Y et al. Aminoglycosides. Med Clin North Am
1995;79: 761-87.

138 de Kock L, Sy SK, Rosenkranz B et al. Pharmacokinetics of para-
aminosalicylic acid in HIV-uninfected and HIV-coinfected tuberculosis
patients receiving antiretroviral therapy, managed for multidrug-resistant
and extensively drug-resistant tuberculosis. Antimicrob Agents Chemother
2014;58:6242-50.

139 Sasahara K, Shimokawa Y, Hirao Y et al. Pharmacokinetics and metabol-
ism of delamanid, a novel anti-tuberculosis drug, in animals and humans: im-
portance of albumin metabolism in vivo. Drug Metab Dispos 2015; 43:
1267-76.

140 Mallikaarjun S, Wells C, Petersen C et al. Delamanid coadministered
with antiretroviral drugs or antituberculosis drugs shows no clinically relevant
drug-drug interactions in healthy subjects. Antimicrob Agents Chemother
2016;60: 5976-85.

141 Thee S, Garcia-Prats AJ, Donald PR et al. A review of the use of ethiona-
mide and prothionamide in childhood tuberculosis. Tuberculosis (Edinb)
2016;97:126-36.

142 Radtke KK, Dooley KE, Dodd PJ et al. Alternative dosing guidelines to im-
prove outcomes in childhood tuberculosis: @ mathematical modelling study.
Lancet Child Adolesc Health 2019; 3: 636-45.

143 Bekker A, Schaaf HS, Seifart HI et al. Pharmacokinetics of isoniazid in
low-birth-weight and premature infants. Antimicrob Agents Chemother
2014;58:2229-34.

144 Bekker A, Schaaf HS, Draper HR et al. Pharmacokinetics of rifampin, iso-
niazid, pyrazinamide, and ethambutol in infants dosed according to revised
WHO-recommended treatment guidelines. Antimicrob Agents Chemother
2016;60:2171-9.

145 Antwi S, Yang H, Enimil A et al. Pharmacokinetics of the first-line antitu-
berculosis drugs in Ghanaian children with tuberculosis with or without HIV
coinfection. Antimicrob Agents Chemother 2017; 61:e01701-16.

146 Kwara A, Enimil A, Gillani FS et al. Pharmacokinetics of first-line antitu-
berculosis drugs using WHO revised dosage in children with tuberculosis with
and without HIV coinfection. J Pediatric Infect Dis 2016; 5: 356-65.

147 Thee S, Seddon JA, Donald PR et al. Pharmacokinetics of isoniazid, rifam-
pin, and pyrazinamide in children younger than two years of age with tuber-
culosis: evidence for implementation of revised World Health Organization
recommendations. Antimicrob Agents Chemother 2011; 55: 5560-7.

148 Mukherjee A, Velpandian T, Singla M et al. Pharmacokinetics of isoniazid,
rifampicin, pyrazinamide and ethambutol in HIV-infected Indian children. Int
J Tuberc Lung Dis 2016; 20: 666-72.

149 Yang H, Enimil A, Gillani FS et al. Evaluation of the adequacy of the 2010
revised World Health organization recommended dosages of the first-line
antituberculosis drugs for children: adequacy of revised dosages of TB drugs
for children. Pediatr Infect Dis J 2018; 37: 43-51.

3456

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050689s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050689s016lbl.pdf
https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf
https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf

Systematic review

JAC

150 Guiastrennec B, Ramachandran G, Karlsson MO et al. Suboptimal antitu-
berculosis drug concentrations and outcomes in small and HIV-coinfected
children in India: recommmendations for dose modifications. Clin Pharmacol
Ther 2018; 104: 733-41.

151 Graham SM, Bell DJ, Nyirongo S et al. Low levels of pyrazinamide and
ethambutol in children with tuberculosis and impact of age, nutritional sta-
tus, and human immunodeficiency virus infection. Antimicrob Agents
Chemother 2006; 50: 407-13.

152 Thee S, Garcia-Prats AJ, Draper HR et al. Pharmacokinetics and safety of
moxifloxacin in children with multidrug-resistant tuberculosis. Clin Infect Dis
2015; 60: 549-56.

153 Thee S, Garcia-Prats AJ, Mcllleron HM et al. Pharmacokinetics of ofloxa-
cin and levofloxacin for prevention and treatment of multidrug-resistant tu-
berculosis in children. Antimicrob Agents Chemother 2014; 58: 2948-51.

154 Garcia-Prats AJ, Draper HR, Thee S et al. Pharmacokinetics and safety of
ofloxacin in children with drug-resistant tuberculosis. Antimicrob Agents
Chemother 2015;59: 6073-9.

155 Chien SC, Chow AT, Rogge MC et al. Pharmacokinetics and safety
of oral levofloxacin in human immunodeficiency virus-infected individ-
uals receiving concomitant zidovudine. Antimicrob Agents Chemother
1997; 41:1765-9.

156 Piscitelli SC, Spooner K, Baird B et al. Pharmacokinetics and safety of
high-dose and extended-interval regimens of levofloxacin in human im-
munodeficiency virus-infected patients. Antimicrob Agents Chemother 1999;
43:2323-7.

157 Chigutsa E, Meredith S, Wiesner L et al. Population pharmacokinetics
and pharmacodynamics of ofloxacin in South African patients with
multidrug-resistant tuberculosis. Antimicrob Agents Chemother 2012; 56:
3857-63.

158 Denti P, Garcia-Prats AJ, Draper HR et al. Levofloxacin population
pharmacokinetics in South African children treated for multidrug-resistant tu-
berculosis. Antimicrob Agents Chemother 2018; 62: e01521-17.

159 Garcia-Prats AJ, Schaaf HS, Draper HR et al. Pharmacokinetics, optimal
dosing, and safety of linezolid in children with multidrug-resistant tubercu-
losis: combined data from two prospective observational studies. PLoS Med
2019;16:21002789.

160 Liwa AC, Schaaf HS, Rosenkranz B et al. Para-aminosalicylic acid
plasma concentrations in children in comparison with adults after
receiving a granular slow-release preparation. J Trop Pediatr 2013; 59:
90-4.

161 Thee S, Seifart HI, Rosenkranz B et al. Pharmacokinetics of ethionamide
in children. Antimicrob Agents Chemother 2011; 55: 4594-600.

162 Bjugard Nyberg H, Draper HR, Garcia-Prats AJ et al. Population pharma-
cokinetics and dosing of ethionamide in children with tuberculosis.
Antimicrob Agents Chemother 2020; 64: €01984-19.

163 Lu H, Rosenbaum S. Developmental pharmacokinetics in pediatric pop-
ulations. J Pediatr Pharmacol Ther 2014;19: 262-76.

164 Kasirye P, Kendall L, Adkison KK et al. Pharmacokinetics of antiretroviral
drug varies with formulation in the target population of children with HIV-1.
Clin Pharmacol Ther 2012;91: 272-80.

165 Adkison K, Wolstenholme A, Lou Y et al. Effect of sorbitol on the phar-
macokinetic profile of lamivudine oral solution in adults: an open-label,
randomized study. Clin Pharmacol Ther 2018; 103: 402-8.

166 Maharaj AR, Edginton AN. Physiologically based pharmacokinetic mod-
eling and simulation in pediatric drug development. CPT Pharmacometrics
Syst Pharmacol 2014; 3: e150.

167 Turkova A, Bamford A. Treating young children co-infected with tuber-
culosis and HIV. Lancet HIV 2019; 6: e4-6.

168 Bolton Moore C, Capparelli EV, Samson P et al. CYP2B6 genotype-

directed dosing is required for optimal efavirenz exposure in children 3-36
months with HIV infection. AIDS 2017; 31: 1129-36.

169 Yimer G, Ueda N, Habtewold A et al. Pharmacogenetic & pharma-
cokinetic biomarker for efavirenz based ARV and rifampicin based
anti-TB drug induced liver injury in TB-HIV infected patients. PLoS One
2011;6:e27810.

170 LimaET, GongY, Langaee T et al. The effect of CAR and PXR genetic vari-
ation (SNPs) on efavirenz pharmacokinetics in Ghanaian HIV+ and HIV/TB+
children. Clin Pharmacol Therapeutics 2019; 105 Suppl 1: S19.

171 Preissner SC, Hoffmann MF, Preissner R et al. Polymorphic cytochrome
P450 enzymes (CYPs) and their role in personalized therapy. PLoS One 2013;
8:e82562.

172 ARROW Trial team. Routine versus clinically driven laboratory monitor-
ing and first-line antiretroviral therapy strategies in African children with HIV
(ARROW): a 5-year open-label randomised factorial trial. Lancet 2013; 381:
1391-403.

173 Gulick RM, Ribaudo HJ, Shikuma CM et al. Triple-nucleoside regimens
versus efavirenz-containing regimens for the initial treatment of HIV-1 infec-
tion. N Engl J Med 2004; 350: 1850-61.

174 Hiruy H, Rogers Z, Mbowane C et al. Subtherapeutic concentra-
tions of first-line anti-TB drugs in South African children treated
according to current guidelines: the PHATISA study. J Antimicrob
Chemother2015;70:1115-23.

175 Svensson EM, Yngman G, Denti P et al. Evidence-based design of fixed-
dose combinations: principles and application to pediatric anti-tuberculosis
therapy. Clin Pharmacokinet 2018; 57: 591-9.

176 Chirehwa MT. Current research toward optimizing dosing of first-line
antituberculosis treatment. Exp Rev Anti Infect Ther 2019;17: 27-38.

177 Chabala C, Turkova A, Thomason MJ et al. Shorter treatment for min-
imal tuberculosis (TB) in children (SHINE): a study protocol for a randomised
controlled trial. Trials 2018; 19: 237.

178 ClinicalTrials.gov. More Options for Children and Adolescents (MOCHA):
Oral and Long-Acting Injectable Cabotegravir and Rilpivirine in HIV-Infected
Children and Adolescents (MOCHA). https://clinicaltrials.gov/ct2/show/
NCT03497676.

179 Ford SL, Sutton K, Lou Y et al. Effect of rifampin on the single-dose
pharmacokinetics of oral cabotegravir in healthy subjects. Antimicrob Agents
Chemother 2017; 61:e00487-17.

180 Ford N, Lee J, Andrieux-Meyer L et al. Safety, efficacy, and pharmacokin-
etics of rilpivirine: systematic review with an emphasis on resource-limited
settings. HIV AIDS (Auckl) 2011; 3: 35-44.

181 Rajoli RKR, Curley P, Chiong J et al. Predicting drug-drug interac-
tions between rifampicin and long-acting cabotegravir and rilpivirine
using physiologically based pharmacokinetic modeling. J Infect Dis
2019;219:1735-42.

182 Boeree MJ, Heinrich N, Aarnoutse R et al. High-dose rifampicin,
moxifloxacin, and SQ109 for treating tuberculosis: a multi-arm,
multi-stage randomised controlled trial. Lancet Infect Dis 2017; 17:
39-49.

183 Boeree MJ, Diacon AH, Dawson R et al. A dose-ranging trial to optimize
the dose of rifampin in the treatment of tuberculosis. Am J Respir Crit Care
Med 2015;191: 1058-65.

184 Lutz JD, Kirby BJ, Wang L et al. Cytochrome P450 3A induction
predicts P-glycoprotein induction; part 1: establishing induction rela-
tionships using ascending dose rifampin. Clin Pharmacol Ther 2018;
104:1182-90.

185 Atwine DW, Baudin E, Gele T et al. Efavirenz pharmacokinetics with ri-
fampin double dose in TB-HIV infected patients. Top Antivir Med 2018; 26
Suppl 1: 185s-6s.

186 Dooley KE, Luetkemeyer AF, Park JG et al. Phase I safety, pharmacokin-
etics, and pharmacogenetics study of the antituberculosis drug PA-824 with
concomitant lopinavir-ritonavir, efavirenz, or rifampin. Antimicrob Agents
Chemother 2014; 58: 5245-52.

3457

020Z JaquiaAoN Gz uo Jasn uopuoT abs|j0) Alsiealun Aq 1081 68S/SEYE/Z1L/S L /o10ne/oel/woo dno-olwapeoe//:sdiy Woll papeojumMo(]


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT03497676
https://clinicaltrials.gov/ct2/show/NCT03497676

