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Children deserve simple, short, safe, and effective treatment
for rifampicin-resistant tuberculosis

Historically, treatment regimens for rifampicin-resistant
tuberculosis were composed of five to seven older,
second-line tuberculosis drugs, including injectable
agents that resulted in frequent and sometimes
permanent adverse effects in some patients, that
were given for 18-24 months and were only modestly
effective. The development of multiple novel and
repurposed tuberculosis drugs has substantially changed
the approach to rifampicin-resistant tuberculosis
treatment, but children have not benefited equitably.
On the basis of emerging results from pivotal trials, in
December 2022, WHO recommended a 6-month, once-
per-day regimen of bedaquiline, pretomanid, linezolid,
and moxifloxacin (BPaLM) as a first-line treatment for
individuals older than 14 years with rifampicin-resistant
tuberculosis.* The inclusion of patients as young as
14 years in these pivotal trials, even though people
aged 14-17 years were enrolled in small numbers,
allowed WHO to extend their recommendation to
this age group, thus avoiding unnecessary delays in
access to this much-needed treatment innovation for
older adolescents. Most older adolescents and adults
aged 18 years or older treated for rifampicin-resistant
tuberculosis can now expect to receive an effective, all-
oral, once-per-day, four-drug regimen for 6 months.
Although extrapolating the efficacy of BPaLM to
children aged 13 years or younger with rifampicin-
resistant tuberculosis is reasonable, two crucial barriers
prevent paediatric access to this regimen. First,
although pretomanid was approved by the US Food
and Drug Administration in 2019 for use in adults
as part of the bedaquiline, pretomanid, and linezolid
regimen, paediatric evaluation has been substantially
delayed. The pharmacokinetics and safety of a single
dose of pretomanid in children and adolescents will be
evaluated in the IMPAACT 2034 trial (NCT05586230),
which is expected to open in 2023. A subsequent
multidose pretomanid paediatric trial will be needed
to substantiate these doses and evaluate its safety
long term. Pretomanid is thus unlikely to be available
for children for several years. Second, although
linezolid has potent antimycobacterial activity, its
use for 6 months results in frequent adverse effects,

including myelosuppression and neuropathies. These
adverse events are associated with longer duration
and increased exposure.? For adults with rifampicin-
resistant tuberculosis who typically have severe disease
and traditionally poor outcomes, the risk-benefit profile
of 6 months of linezolid is favourable. However, for
children who tend to have paucibacillary, less severe
tuberculosis, and better outcomes, this risk-benefit
profile is less acceptable. Shorter linezolid durations
would substantially improve this risk-benefit profile,
reducing the risk of developing severe anaemia,
peripheral neuropathy, and optic neuropathy, which,
while rare, might have long-term consequences.

Although some experts prescribe shorter, less intense
regimens for rifampicin-resistant tuberculosis? WHO
still recommends a 9-11-month treatment regimen for
children, composed of a 4-6-month intensive phase with
seven drugs (ie, bedaquiline, levofloxacin, clofazimine,
pyrazinamide, ethionamide, high-dose isoniazid, and
ethambutol) and a 6-month continuation phase with
four drugs (ie, levofloxacin, clofazimine, pyrazinamide,
and ethambutol).* Children respond as well as, or
better than, adults to tuberculosis treatment. However,
compared with adults, this currently recommended
paediatric rifampicin-resistant tuberculosis treatment
regimen includes more drugs than BPaLM (ie, seven
vs four) and older drugs that are less well tolerated
and less likely to be effective for a longer duration
than BPaLM (ie, 9-11 months vs 6 months). Currently
recommended regimens, although generally safe, are
not always well tolerated, with clofazimine-associated
skin discoloration and ethionamide-associated nausea
and vomiting frequently causing challenges for children
and caregivers. Despite the current recommendation
that injectable agents be avoided, they are still used in
some countries and result in a high risk of permanent
sensorineural hearing loss. As children overall respond
well to treatment, ensuring the safety and tolerability
of regimens, especially to avoid adverse effects with
potentially long-term consequences, is imperative.

An attractive adaptation of the BPaLM regimen for
children would substitute delamanid for pretomanid

and shorten the duration of linezolid. Treatment
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with 6 months of bedaquiline, delamanid, and a
fluoroquinolone with 2 months of linezolid could allow
children access to an efficacious, all-oral regimen similar
to that used in adults. Delamanid and pretomanid are
in the same class of drugs (ie, nitroimidazoles) with
similar mechanisms of action. At exposures expected
with current dosing of both compounds, there appears
to be minimal difference in activity in preclinical
evaluations.* There are no high-quality clinical data
directly comparing the two drugs, but a reasonable
assumption is that they will have similar activity. This
assumption is further supported by preliminary results
from the South African BEAT-Tuberculosis trial, which
enrolled patients aged 6 years or older and showed that
a 6-month delamanid-containing regimen was highly
effective,® and from the BEAT-India trial.® Delamanid is
now recommended by WHO for children of all ages and
is available in a dispersible tablet formulation.

Furthermore, a shorter duration of linezolid would
provide benefit while reducing the risk of adverse
effects. The ZeNix trial showed that adults with
rifampicin-resistant tuberculosis receiving regimens
with 9 weeks of linezolid 600 mg once per day had
excellent outcomes with less toxicity than higher doses
and longer durations of linezolid.? This shorter linezolid
duration would result in a more appropriate and
favourable risk-benefit profile for most children with
rifampicin-resistant tuberculosis.

Ease of preparation and administration of any
such regimen is also essential to address current
poor acceptability in children as a result of complex
regimens; these factors can lead to imperfect adherence
and increased risk of poor outcomes. Bedaquiline is
recommended as thrice-per-week dosing after a 2-week,
once-per-day dosing loading phase, and delamanid is
recommended as twice-per-day dosing. Once-per-day
dosing for both drugs has now been studied in adults
and is increasingly used, but also needs to be evaluated
in children”* Modelling and simulation with existing
paediatric bedaquiline and delamanid pharmacokinetic
data would enable selection of once-per-day dosing
strategies for children for evaluation in a trial. Simple,
once-per-day dosing strategies of the overall regimen
would improve acceptability and adherence to this
regimen.

A trial addressing these targeted questions of safety,
pharmacokinetics, outcomes, and acceptability of
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a once-per-day, simple regimen for children with
rifampicin-resistant tuberculosis is a crucial priority.
Although currently not possible to fully implement the
novel BPaLM regimen for children, children receiving
longer, more toxic regimens with higher pill burden
than adults is unacceptable. A pragmatic alternative is
available that should be evaluated immediately. To wait
would be unacceptable.
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