
techniques to assess activation used in the present paper by
Fleury Curado and colleagues (positron emission tomography
and magnetic resonance imaging) to measure effect on airway
dimensions may be helpful to determine optimal delivery of
chemogenetic receptors. At long last, it does seem hopeful that
we are palpably closer to an elusive drug therapy for obstructive
sleep apnea. n
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Operational Research on the Treatment of Drug-Resistant
Tuberculosis: Exciting Results That Need to Be Protected

Despite worldwide efforts to improve tuberculosis (TB) control,
including the introduction of molecular diagnostics, and a global focus
on treatment of diagnosed patients, many high-burden TB countries
will not meet 2020 milestones for TB control (1). An important
underlying reason for failure to meet these targets is the challenge to
successfully treat drug-resistant (DR) TB. Until recently, second-line
TB regimens have been poorly active, requiring prolonged duration,
with high pill burden including routine inclusion of injectable agents
and substantial severe adverse effects (2).

Over the past 10 years, the introduction of new
antimycobacterial drugs has facilitated the construction of
innovative new regimens for the treatment of DR-TB. Critical new
drugs include bedaquiline (World Health Organization Class A),
a novel diarylquinoline antibiotic that acts to inhibit the
mycobacterial ATP synthase proton pump, and delamanid (World
Health Organization Class C), a nitroimidazole, which interferes
with the production of the mycobacterial cell wall through
inhibition of mycolic acid synthesis (1).

These new regimens allow for significantly shorter treatment
duration compared with older-generation second-line regimens and
have revolutionized DR-TB therapy by achieving substantially
higher cure rates, with improved adverse effect profiles, and are
more amenable to decentralized outpatient administration (1, 3).

In this issue of the Journal, Franke and colleagues (pp. 111–119)
report on rates of 6-month sputum TB culture conversion using
new treatment regimens in a large multinational DR-TB
prospective cohort (4). Eligible patients were acid-fast bacilli
smear positive at baseline and were initiated on bedaquiline,
delamanid, or both as key components of the treatment regimen.
In this study, 6-month TB culture conversion was used as the
primary outcome, which has been previously used as a surrogate
for end-of-treatment outcome in patients with DR-TB treated
with older second-line regimens (5). Strengths of this study
include its large sample size, with patients recruited in 17
geographically diverse, low- and middle-income countries,
primarily Kazakhstan, Georgia, Bangladesh, and Pakistan, the
prospective enrollment of patients, inclusion of HIV-infected and
HIV-uninfected patients, and the statistical analyses and
operational study design. Because diagnostics and DR-TB
treatment and care were provided as per routine practices, study
results should be considered generalizable to clinical DR-TB
programs in high-burden settings.

Compared with earlier operational studies of DR-TB treatment
using older second-line DR-TB regimens, which demonstrated
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6-month culture conversion of 34–78% (6, 7), the percentage
experiencing TB culture conversion (85%) in this study is impressive
and comparable to 6-month culture conversion rates reported in the
randomized controlled trials of bedaquiline (79%) and delamanid
(87%) (8, 9). These results therefore give the global TB community
reason for much enthusiasm. However, limitations inherent to the
study design may reduce generalizability of the results.

Among the major limitations of this study are the lack of
monitoring for baseline and emergent drug resistance, particularly
to bedaquiline and delamanid, and absence of information on
adherence support measures and loss to follow-up or retention in
care during treatment.

Drug resistance arises by a combination of spontaneous
mutation and selection and has been reported for virtually every
antituberculosis drug used clinically. Once acquired, DR
Mycobacterium tuberculosis mutants can rapidly spread via
transmission. In cohorts from Europe, South Africa, and China,
3–5% of existing DR-TB isolates exhibit reduced susceptibility to
bedaquiline, with an additional 5–11% developing emergent
resistance during treatment (10–12). Comparable data for delamanid
are currently lacking, but it is highly likely that baseline and emergent
resistance are also occurring, including resistance to both delamanid
and bedaquiline (12). It would therefore be useful to know baseline
and rates of emergent resistance during treatment of DR-TB with
new regimens. But it is also important for a well-resourced
international group such as this to establish the operational
importance for routine drug-susceptibility testing to bedaquiline and
delamanid. Molecular diagnostics, including the recent GeneXpert
MTB/XDR cartridge, do not include genetic targets that correlate
with phenotypic bedaquiline or delamanid resistance. However,
increasing availability of genomic and phenotypic data will help shape
the much-needed next generation of rapid tests.

Medication adherence is a key predictor of outcomes in DR-TB
treatment; however, it is understudied in high-burden TB settings
(13). Although the demands of new bedaquiline- and delamanid-
based regimens are presumably lower owing to decreased pill
burden and treatment duration, loss to retention in care (formerly
termed as “default”) has not been significantly reduced in
operational cohorts of patients with DR-TB treated with
bedaquiline-containing regimens.

Loss to retention in care and decreased medication adherence
are known to lead to reduced drug levels, leading to selection for
resistant M. tuberculosis isolates, and may be particularly
problematic in a medication with a long half-life such as
bedaquiline. Therefore, enhanced patient-centered treatment
support is needed to improve outcomes, protect new drugs and
regimens, and prevent the transmission of DR isolates (14).

Other limitations in the study are a lack of data disaggregated
by country and treatment regimen (bedaquiline, delamanid, or
both). The low- and middle-income countries included in this study
are heterogeneous in their health systems that include type and
intensity of medication adherence support provided. Similarly,
bedaquiline may have different rates of culture conversion than
delamanid, and the combination may be more effective than either.
TB culture was performed on a mix of solid (35%) and liquid (65%)
culture media. Because solid agar media is less sensitive to detect
mycobacteria, this may have the effect of overestimating culture
conversion compared with liquid culture media. Overall, 6-month
TB culture conversion is a reasonable surrogate for durable

end-of-treatment results; however, specificity is limited by culture
reversion and loss to retention in care.

Beyond randomized clinical trials, observational studies
provide results that can be expected in real-world settings. This
study has demonstrated that on average, treatment for highly DR
forms of TB can achieve very good outcomes with these novel agents.
The TB community (practitioners and patients alike) have waited
nearly four decades for novel classes of antituberculosis agents, and
the results presented here certainly do not disappoint and in fact
approach results seen in clinical trials. Identifying key drivers of poor
outcomes in programmatic settings that use these highly active agents
would be a logical and much- needed follow-up. Nevertheless, based
on their encouraging findings, the authors rightly advocate for
widespread and rapid access to these novel agents. We would argue
equally for integration of rapid phenotypic or genotypic methods for
detection of baseline and emergent bedaquiline and delamanid
resistance and scale-up of optimal approaches to treatment adherence
to protect invaluable new agents. n
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