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This issue of the European Respiratory Journal presents a series of research papers, reviews and editorials
on the emerging problem of non-tuberculous mycobacterial (NTM) disease, the burden of which is
increasing in many parts of the world [1]. Thus, NTM-related disease is a burgeoning public health
problem even in areas where tuberculosis is endemic. Non-tuberculous mycobacteria are hardy
environmental saprophytes and opportunistic pathogens that usually afflict those with structural lung
disease and/or a compromised immune system due to old age or other reasons, including poorly
characterised hereditary or acquired defects in innate or adaptive immunity [2]. Although there many
causes of NTM pulmonary disease (NTM-PD), Mycobacterium avium complex (MAC), Mycobacterium
kansasii and Mycobacterium abscessus (MAB) are generally the most commonly seen causative agents in
many parts of the world [1].
There are several important questions regarding the optimal management of NTM disease. Will we be able
to eventually transcend to a pan-oral regimen for NTM disease, and are newer anti-mycobacterial drugs
like bedaquiline and delamanid, and repurposed ones like linezolid, useful in improving outcomes in
patients with NTM disease? Bedaquiline is a particularly attractive option because it is now globally
available and has been shown to substantially reduce mortality and improve treatment outcomes in
patients with multidrug-resistant tuberculosis (MDR-TB) [3–5]. A paper in this issue of the European
Respiratory Journal by ZWEIJPFENNING et al. [6] explores this question. They investigated the use of
bedaquiline for MAC-related pulmonary disease and highlight the challenge in managing patients with
NTM disease, including dealing with attendant drug toxicity, and selecting a salvage regimen for treatment
failures who often either refuse or are not candidates for lung resection. The report also highlights the
potential danger of adding a single drug to a failing regimen with the development of acquired resistance
to bedaquiline. Although this report describes a single case, the authors must be commended on
conducting comprehensive longitudinal genomic susceptibility testing using next generation whole genome
sequencing and using therapeutic drug monitoring to guide management. As outlined in several case
reports (referenced in the report), many MAC isolates are sensitive to bedaquiline but, importantly,
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rifamycins, a critical component of any MAC regimen, cannot generally be combined with bedaquiline as
it lowers exposure by 75% through induction of liver enzymes [7]. The safety of increased doses of
bedaquiline remains to be clarified. There is also potential cross-resistance between bedaquiline and
clofazimine [8, 9]. A second issue highlighted by this report is the poor drug-specific responsiveness to
treatment despite continued sensitivity of mycobacterial isolates to the same drugs. This is not an
uncommon scenario seen when managing patients with mycobacterial disease in general, including those
with drug-sensitive and drug-resistant tuberculosis. When seen, this could potentially be explained by a
number of factors, including non-adherence, malabsorption and hetero-resistance, but is often likely to be
due to poor antibiotic penetration into thick-walled cavities. We recently showed this to be an important
consideration in patients with drug-resistant tuberculosis when intra-cavitary drug levels were measured
[10]. This raises the question of whether adjunct inhaled antibiotics (inhaled antibiotics in addition to oral
or parenteral ones) and therapeutic drug monitoring may improve outcomes when used to treat or guide
NTM disease. Further research is now required to determine the optimal dose of anti-mycobacterial drugs
required for satisfactory intra-cavitary penetration.
Although there are several case reports of bedaquiline failure and acquired resistance in the setting of
MAC-related pulmonary disease, should we abandon this as a treatment option for MAC or other types of
NTM disease? I think not. Thus far, the experience has been in a small number of cases and several
factors could have contributed to the acquired resistance and failure, including poor cavity penetration,
hetero-resistance, poor adherence, and reduced exposure of bedaquiline by concomitant rifamycin usage,
etc. Controlled studies are now required, including with therapeutic drug monitoring, to determine the role
of bedaquiline in the treatment of NTM disease. There are also limited data on the use of repurposed drugs
such as linezolid for NTM disease. More recently, linezolid has been shown to reduce mortality and improve
treatment-related outcomes in patients with MDR-TB, and is now part of a frontline pan-oral regimen for
MDR-TB [11]. Although efficacy is region- and strain-specific, promising data are now emerging about the
usefulness of oxazolidinones such as linezolid and tedizolid for NTM infections [12–14].
NTM-PD is often challenging to treat: sometimes the disease cannot be eradicated, and toxicity and
compliance are major challenges. M. abscessus-related pulmonary disease (MAB-PD), and in particular
MAB-PD due to M. abscessus subspecies abscessus, is particularly difficult to manage. Thoracic societies
have provided recommendations for the treatment of MAB-PD, which generally includes one or more
parenteral drugs (amikacin and/or imipenem), a macrolide, and other antibiotics [15, 16]. The lack of
standardised high sensitivity genomic readouts, and availability and standardisation of phenotypic
susceptibility testing assays and breakpoints, means that treatment is often empirical. However, there are
several unanswered questions regarding the optimal treatment of NTM-PD in general, and MAB-PD in
particular. For example, what is the optimal duration of treatment for MAB-PD, and what is the minimum
number of likely effective drugs required for optimal treatment outcomes? Furthermore, which specific
individual drugs improve treatment-related outcomes? These are critical questions because the decision to
treat MAB-PD must be carefully weighed up against likely efficacy of a regimen, potential toxicity (which
may be considerable) and, invariably, the need for a tunnelled intravenous catheter with its attended risks
of infection and other complications, not to mention cost to the patient and the healthcare system. A
paper by KWAK et al. [17] in this issue of the European Respiratory Journal attempts to address some of
these important questions. They conducted an individual patient data meta-analysis using studies that
reported treatment outcomes for MAB-PD that included 303 patients. Their key finding was that the use
of imipenem was associated with significantly better treatment success in MAB-PD (as a collective and
without subspecies identification). In patients with subspecies abscessus, in particular, they found that
azithromycin, amikacin and imipenem were associated with a significantly higher likelihood of treatment
success and better outcomes. There are several limitations of this study, many of which the authors
acknowledge, including: not all published outcome-based studies were included in their analysis; datasets
were limited in some cases; there was a suggestion of publication bias; the incorporated studies were often
retrospective in design; and there was failure to correct for mycobacterial burden and pre-treatment
disease severity. However, the key strength, as the authors point out, was that this was the first individual
patient data meta-analysis attempting to interrogate specific drugs associated with a favourable outcome in
MAB-PD.
What are the implications of these findings for clinical practice? First, notwithstanding the limitations, the
data suggest that imipenem should form the backbone of any MAB-PD treatment regimen, with which
other antibiotics can be combined and the resulting regimen modified based on the susceptibility testing
readouts. For subspecies abscessus the same data suggest that a combination of azithromycin, imipenem
and/or amikacin should likely form the backbone of a regimen with the highest likelihood of success.
Thus, in MAB-PD due to subspecies abscessus, azithromycin was associated with better outcomes than
clarithromycin. It is interesting that, unlike with M. tuberculosis, the addition of a beta-lactamase inhibitor
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like clavulanate or tazobactam does not improve the efficacy of the carbapenem (as M. abcessus produces a
clavulanate-insensitive broad-spectrum β-lactamase) [18].
The second major finding of the study was that outcomes were poor, as confirmed by two other
meta-analyses [19, 20]. Indeed, treatment success rates were only 33% for MAB-PD subspecies abscessus
[17] and similar to that of extensively drug-resistant tuberculosis in the pre-bedaquiline era [21]. This also
raises the question of how successful outcomes are defined for NTM disease? The authors defined
treatment success as culture conversion after ⩾12 months of treatment or sustained culture conversion
without relapse until the end of treatment. More work is required to delineate robust outcome definitions
for NTM disease and the positive and negative predictive value of 12-month culture conversion for each
major causative agent of NTM disease.
Where to from here? There is a need to combine data and use an individual patient meta-analysis
approach to redefine a hierarchy of effective drugs for the optimal treatment of each type of NTM disease.
This approach was recently effectively employed to guide, inform and dramatically improve MDR-TB
outcomes [22]. In tandem, experimental anti-mycobacterial drugs and other interventions [23], including
host-directed therapies to augment host immunity [24], therapeutic drug monitoring and adjunct inhaled
antibiotics, need to be evaluated to improve the outcomes of this burgeoning disease. NTM is a tough nut
to crack but through using a combination of these approaches it is likely that, in the future, we will
transcend to effective and shortened pan-oral regimens for different types of NTM disease. Thus, it’s not
all dark and bleak. There is light at the end of the NTM tunnel!
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