
Unresolved issues in treatment outcome
definitions for nontuberculous
mycobacterial pulmonary disease

To the Editor:

The incidence and prevalence of nontuberculous mycobacterial pulmonary disease (NTM-PD) is increasing
worldwide [1, 2]. NTM-PD treatment is challenging due to long-term, multiple antibiotic therapy and poor
treatment outcomes [3, 4]. Standardised treatment outcome definitions for NTM-PD were recently
reported in the Nontuberculous Mycobacteria Network European Trials Group (NTM-NET) consensus
statement [5], and are an important development for patient management and clinical research [5].

The NTM-NET consensus statement discussed some unresolved issues in NTM-PD treatment outcomes,
such as optimal timing for declaring treatment failure [5]. In the NTM-NET statement, treatment failure
was considered to occur after ⩾12 months of unsuccessful treatment [5]. Assessment of treatment failure
after ⩾12 months of treatment was also recommended in current NTM guidelines [6, 7]. Although a
recent study suggested that a lack of microbiological response after 6 months of treatment was an accurate
predictor of treatment failure at 12 months [8], and a 6-month time point was used to this effect in recent
clinical trials [9, 10], the correlation between microbiological responses at 6 months and 12 months needs
further evaluation. In addition, in the NTM-NET statement, a single positive culture after culture
conversion during antibiotic treatment was not regarded as treatment failure [5]. However, the clinical
significance of such a single positive culture has not been systemically evaluated in the literature.

The objective of this study was to evaluate the correlation between the microbiological responses at
6 months and 12 months of treatment and to investigate the clinical significance of a single positive
culture after culture conversion during antibiotic treatment in our cohort of patients with Mycobacterium
avium complex (MAC)-PD.

Using our previously published data [11], we performed a post hoc analysis. The study population
comprised 481 patients with treatment-naïve MAC-PD who started antibiotic treatment between January
2002 and December 2013. In that study, sputum culture conversion (SCC) was defined as three
consecutive negative cultures, and the time to SCC was determined based on the date of the first negative
culture [11]. Patients who failed SCC by 12 months of treatment, but finally achieved such conversion
after 12 months of treatment, while on continuing medical treatment or after surgical resection, were
included under the “favourable outcomes” group in that study [11].

Of the 481 patients in the original study, 470 patients were included in the current study, after excluding 11
patients who underwent surgical treatment within 12 months of treatment. For this study, we re-evaluated
the numbers of patients who achieved SCC within six or 12 months of treatment. Among 470 patients, 357
(76%) patients achieved and 113 (24%) failed SCC within 12 months of treatment (figure 1a). Of the 357
patients who achieved SCC within 12 months, 336 (94%) achieved this conversion within 6 months, and 21
(6%) achieved conversion between six and 12 months of treatment. Among the 113 patients without SCC
within 12 months, 105 (93%) failed to achieve conversion within 6 months of treatment, and eight (7%)
initially achieved conversion within 6 months (median 1.8 months, interquartile range 1.1–2.7 months), but
then had re-emergence of multiple positive cultures of the causative species.
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To investigate the clinical significance of a single positive culture after SCC during antibiotic treatment,
the risk of recurrence with the causative species after treatment completion was evaluated. A single
positive culture was counted if the causative species was cultured only once between SCC and the end of
treatment.

Among the 402 patients with final favourable outcomes in our previous study, 377 (94%) maintained
negative cultures after SCC until the end of treatment, and 25 (6%) had a single positive culture of the
causative species after SCC during treatment. For these two sets of patients, recurrence of MAC-PD was
defined as the re-emergence of at least two positive cultures with the same MAC species after treatment
completion [5]. The Kaplan–Meier method was used to estimate the cumulative rates of recurrence
involving the causative species, and the log-rank test was applied to compare the curves for the two patient
sets (figure 1b). Cox regression was used to evaluate the hazard ratio of a single positive culture on
recurrence with the causative species. The data were analysed using SPSS software (version 23; IBM Corp.,
Armonk, NY, USA) and GraphPad Prism software (GraphPad Software, La Jolla, CA, USA). At
12 months, 36 months and 60 months from treatment completion, respectively, the cumulative rates of
recurrence of MAC-PD with causative species were 39%, 50% and 50% in patients with a single positive
culture after SCC and 7%, 19% and 32% in patients with no positive culture after SCC. These recurrence
rates were significantly different between the two groups (log-rank test: p-value=0.001; hazard ratio 3.18
(95% CI 1.51–6.69)) (figure 1b).
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FIGURE 1 a) Treatment outcomes of 470 patients with Mycobacterium avium complex pulmonary disease.
b) Cumulative rates of recurrence with causative species after treatment completion of M. avium complex
pulmonary disease.
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Using nearly 500 previously studied MAC-PD cases, this study evaluated the correlation between the
microbiological responses at six and 12 months of treatment and investigated the clinical significance of a
single positive culture after SCC during antibiotic treatment. We found a concordance rate of >90% in the
microbiological responses at six and 12 months of treatment. In addition, patients who had a single
positive culture after SCC during treatment were more likely to experience recurrence with the causative
species after treatment completion.

Although previous guidelines and the NTM-NET consensus statement recommend that treatment outcomes
be evaluated after 12 months of treatment [5–7], recent studies evaluating new or repurposed drugs for
NTM-PD considered the definition of refractory NTM-PD to involve a lack of microbiological response at
6 months of treatment [9, 10, 12–14]. The optimal timing for decision of treatment failure must balance
premature discontinuation of an effective treatment regimen and prolonged administration of an ineffective
regimen. A previous study revealed that 83% of MAC-PD patients who showed SCC had their first negative
culture within 6 months of treatment [8], consistent with our findings. Therefore, the evaluation of
treatment outcomes might be more appropriate after confirmation of sputum culture results obtained at six
instead of 12 months of treatment, and patients who do not achieve SCC after 6 months of treatment should
be considered for further interventions including surgical resection or new or repurposed drugs.

The definition for treatment failure includes multiple positive cultures after antibiotic treatment [5].
Although a previous study showed that 13% (23 out of 180) of MAC-PD patients had a single MAC
isolate after sputum conversion [15], the clinical meaning of this finding was largely unknown. Our study
found that even a single positive culture after SCC to negative was associated with recurrence of MAC-PD,
and therefore, such patients need to be carefully followed up. However, genotyping results for single
positive cultures after SCC were not available in our study, so we could not distinguish between an original
strain (relapse) and a new strain (reinfection).

In conclusion, the absence of culture conversion by 6 months of treatment may be a reliable predictor of
treatment failure at 12 months of treatment. Therefore, the evaluation of treatment outcomes after
6 months may be appropriate for patient management and future clinical studies. Patients with a single
positive culture after SCC should be carefully followed up to detect recurrence of NTM-PD, even following
the declaration of successful treatment completion. The recommended treatment outcome definitions for
NTM-PD need to be evaluated for appropriateness in different cohorts at a global level.
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