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ABSTRACT Limited data are available regarding the prognostic factors for patients with nontuberculous
mycobacterial pulmonary disease (NTM-PD). We investigated the prognostic factors associated with long-
term mortality in NTM-PD patients after adjusting for individual confounders, including aetiological
organism and radiological form.

A total of 1445 patients with treatment-naïve NTM-PD who were newly diagnosed between July 1997
and December 2013 were included. The aetiological organisms were as follows: Mycobacterium avium
(n=655), M. intracellulare (n=487), M. abscessus (n=129) and M. massiliense (n=174). The factors
associated with mortality in NTM-PD patients were analysed using a multivariable Cox model after
adjusting for demographic, radiological and aetiological data.

The overall 5-, 10- and 15-year cumulative mortality rates for the NTM-PD patients were 12.4%, 24.0%
and 36.4%, respectively. On multivariable analysis, the following factors were significantly associated with
mortality in NTM-PD patients: old age, male sex, low body mass index, chronic pulmonary aspergillosis,
pulmonary or extrapulmonary malignancy, chronic heart or liver disease and erythrocyte sedimentation
rate. The aetiological organism was also significantly associated with mortality: M. intracellulare had an
adjusted hazard ratio (aHR) of 1.40, 95% CI 1.03–1.91; M. abscessus had an aHR of 2.19, 95% CI 1.36–3.51;
and M. massiliense had an aHR of 0.99, 95% CI 0.61–1.64, compared to M. avium. Mortality was also
significantly associated with the radiological form of NTM-PD for the cavitary nodular bronchiectatic form
(aHR 1.70, 95% CI 1.12–2.59) and the fibrocavitary form (aHR 2.12, 95% CI 1.57–3.08), compared to the
non-cavitary nodular bronchiectatic form.

Long-term mortality in patients with NTM-PD was significantly associated with the aetiological NTM
organism, cavitary disease and certain demographic characteristics.
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Introduction
The burden of nontuberculous mycobacterial pulmonary disease (NTM-PD) is rapidly increasing
worldwide [1, 2]. Although the major causative organisms of NTM-PD differ by geographical region, the
most common pathogens include Mycobacterium avium complex (MAC), which includes M. avium and
M. intracellulare; and M. abscessus (MAB), which includes M. abscessus subsp. abscessus (hereafter referred
to as M. abscessus) and M. abscessus subsp. massiliense (hereafter referred to as M. massiliense) [1, 2].
NTM-PD has traditionally been divided into two clinical phenotypes: the fibrocavitary form, which is
characterised by cavitary lesions typically located in the upper lobes; and the nodular bronchiectatic (NB)
form, which presents as bilateral bronchiectasis with nodular infiltrates involving the middle lung zones [3, 4].
However, some patients with the NB form have cavitary lesions [5, 6].

NTM-PD has substantial heterogeneity with regard to disease progression, with some patients showing rapid
progression and others showing stable disease, especially in cases of the NB form [7–11]. The current
guidelines state that a diagnosis of NTM-PD alone does not necessitate immediate commencement of
treatment and that the decision should be made based on the potential risks and benefits of therapy for
individual patients [3, 4]. In particular, currently recommended multidrug regimens are not well tolerated by
elderly or frail individuals with comorbidities and show unsatisfactory treatment efficacy despite long-term
therapy [12–15]. Furthermore, repeated reinfection by different strains or species frequently occurs during
and after antibiotic treatment [6, 16–18]. These conditions make treating NTM-PD challenging. Therefore, it
is crucial to identify reliable prognostic factors to determine the optimal treatment strategies.

Previous studies evaluating the prognosis of NTM-PD described varying rates of mortality and reported
some demographic or clinico-radiological characteristics as prognostic factors [19–22]. However, the data
have frequently shown discrepancies, some of which may be due to small numbers of subjects, lack of
detailed clinical or microbiological profiles and/or limited study periods. Therefore, few studies have
addressed the long-term prognosis for NTM-PD through analysis of detailed clinical data. This 15-year
follow-up study was performed to evaluate the long-term prognosis for NTM-PD and the factors
associated with mortality in 1445 patients with NTM-PD, after adjusting for individual confounders
including aetiological organism and radiological form.

Methods
Study population
A total of 1603 consecutive patients newly diagnosed with MAC- or MAB-PD between July 1997 and
December 2013 were identified from the NTM Registry of Samsung Medical Center, a 1979-bed referral
hospital in Seoul, South Korea. From July 1997 to December 2007, data were obtained from a retrospective
cohort, and beginning in January 2008, data were obtained from an ongoing Institutional Review
Board-approved prospective observational cohort (ClinicalTrials.gov identifier: NCT00970801) [6, 18, 23,
24]. Patients were excluded from the study if they had an unclassifiable form of NTM-PD (n=95), such as
a solitary pulmonary nodule that could not be categorised as either the fibrocavitary or NB form on chest
radiograph or high-resolution computed tomography; MAB-PD without further species identification
(n=51); M. bolletii disease (n=2); or an unavailable death certificate due to emigration (n=10). Finally,
1445 patients diagnosed with treatment-naïve NTM-PD were included in this study (figure 1). All patients
met the diagnostic criteria for NTM-PD [3, 25].

Patient follow-up data were last updated on 30 June 2017. All dates of patient deaths were ascertained
from the medical records or the database of the National Health Insurance Service.

Microbiological and radiological examinations
Acid-fast bacilli smears and cultures of lower respiratory tract samples were obtained using standard
methods. NTM species were identified using polymerase chain reaction-restriction fragment length
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polymorphism analysis of the rpoB gene or reverse-blot hybridisation assay of rpoB [6, 18, 23, 24]. The
radiological form was categorised as fibrocavitary, cavitary NB or non-cavitary NB form, as described
previously [6, 18, 23, 24].

Patient management and treatment modalities
After the diagnosis of NTM-PD was confirmed, antibiotic therapy was initiated at the discretion of the
attending physician, with consideration of the potential risks and benefits. In NTM-PD patients presenting
with cavitary lesions, including the fibrocavitary and cavitary NB forms, antibiotic therapy was usually initiated
after diagnosis of NTM-PD. In patients presenting with the non-cavitary NB form, bronchiectasis was initially
managed using airway clearance measures and short-term antibiotic therapy against acute exacerbation of
bronchiectasis. If symptoms and radiological abnormalities were not improved after bronchiectasis
management, the attending physician would start antibiotic therapy for NTM-PD [6, 18, 23, 24].

Multidrug antibiotic therapy was applied for treatment of NTM-PD according to the aetiological
organism. Briefly, in MAC-PD patients, an oral macrolide-based regimen that included ethambutol and
rifampin was used. Aminoglycosides were additionally administered in patients with severe disease for the
first several months [6, 23]. In MAB-PD patients, an initial 2- to 4-week course of intravenous amikacin
and imipenem (or cefoxitin) was administered during hospitalisation, together with oral medications
including a macrolide always given plus either fluoroquinolone or doxycycline. After discharge, oral
regimens were maintained [18, 24]. Some patients with refractory NTM-PD received oral clofazimine or
inhaled amikacin [26, 27].

Statistical analyses
Data are presented as number (%) for categorical variables and median (interquartile range (IQR)) for
continuous variables. Preliminary analysis compared the outcome based on these categories using ANOVA
or the chi-square test. The Kaplan–Meier method was used to estimate the cumulative survival rates of
NTM-PD patients, and the log-rank test was used to compare survival curves. Selection of risk factors for
mortality was conducted based on the multivariable Cox proportional-hazards regression model, via the
least absolute shrinkage and selection operator selection (LASSO) method, considering all clinical and
other variables. The LASSO variable selection technique was applied because it is useful when there are
many covariates relative to the sample size, and this method aided in assessing the relative importance of

Patients with newly diagnosed MAC or MAB pulmonary disease between July 1997 and Dec. 2013

(n=1603)

Exclusion (n=158)

· Unclassifiable (n=95)

· No available data for subspecies of MAB (n=51)

· M. bolletii (n=2)

· No available data for death (n=10)

Patients with NTM pulmonary disease caused by M. avium, M. intracellulare, M. abscessus or M. massiliense
(n=1445)

Initiation of antibiotic treatment during follow-up (n=893)

Follow-up without antibiotic treatment (n=552)

M. avium
(n=655)

M. intracellulare
(n=487)

M. abscessus
(n=129)

M. massiliense
(n=174)

FIGURE 1 Study patients. MAC: Mycobacterium avium complex; MAB: M. abscessus; NTM: nontuberculous
mycobacterial.
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their effects on the outcome to encourage a simple parsimonious model [28]. The treatment status
(initiation of antibiotic therapy or not) was included in the Cox model as a time-dependent explanatory
variable during the follow-up. We verified the assumptions of the Cox proportional-hazards model using
the Schoenfeld residuals and measured the predictive accuracy of the model using Harrell’s c-index.
Finally, a clinically and statistically viable final model was identified. Statistical analyses were performed
using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) and R software (version 3.4.3; R Development
Core Team, Vienna, Austria). Two-sided p-values <0.05 were considered statistically significant.

Results
Baseline characteristics
The baseline characteristics of 1445 patients at the time of diagnosis with NTM-PD are shown in table 1.
In total, 509 (35%) patients were aged 65 years or older, 558 (39%) patients were male, 27% were smokers
and 22% had a low body mass index (<18.5 kg·m−2). The most common underlying respiratory disease
was previous tuberculosis (n=566, 39%), followed by chronic obstructive pulmonary disease or bronchial
asthma (n=147, 10%), pulmonary malignancy (n=45, 3%) and chronic pulmonary aspergillosis (n=31,
2%). The median (IQR) erythrocyte sedimentation rate (ESR) was 29 mm·h−1 (16–53 mm·h−1). Positive
sputum acid-fast bacilli smears were identified in 701 (49%) patients, and M. avium (n=655, 45%) was the
most common aetiological organism, followed by M. intracellulare (n=487, 34%); M. massiliense (n=174,
12%); and M. abscessus (n=129, 9%). Of the study patients, 1044 (72%) had non-cavitary NB, 143 (10%)
had cavitary NB and 258 (18%) had fibrocavitary forms.

Follow-up and overall mortality
The median (IQR) follow-up period for all 1445 patients with NTM-PD was 77.6 months (55.3–112.4 months).
Additionally, 893 (62%) started antibiotic therapy at a median (IQR) of 6.1 months (1.5–21.7 months) after
diagnosis of NTM-PD, whereas the remaining 552 (38%) did not receive antibiotic therapy during their median
(IQR) follow-up period of 78.9 months (54.9–112.4 months) after diagnosis of NTM-PD. Regarding the NTM
aetiology, patients with M. intracellulare (70%, 342 out of 487) or M. massiliense (69%, 120 out of 174) were
more likely to start antibiotic therapy than were those with M. avium (55%, 361 out of 655) or M. abscessus

TABLE 1 Baseline characteristics of all study patients at diagnosis (n=1445)

Age years 60 (51–68)
Age ⩾65 years 509 (35)
Male sex 558 (39)
Ex- or current smoker 383 (27)
Body mass index <18.5 kg·m−2 312 (22)
Underlying disease
Previous pulmonary tuberculosis 566 (39)
COPD or bronchial asthma 147 (10)
Chronic pulmonary aspergillosis 31 (2)
Pulmonary malignancy 45 (3)
Extrapulmonary malignancy 208 (14)
Diabetes mellitus 101 (7)
Chronic heart disease 136 (9)
Chronic liver disease 104 (7)

Symptom
Cough 1028 (71)
Sputum 1064 (74)
Haemoptysis 324 (22)

Erythrocyte sedimentation rate# mm·h−1 29 (16–53)
Sputum smear positivity 701 (49)
Aetiology
M. avium 655 (45)
M. intracellulare 487 (34)
M. abscessus 129 (9)
M. massiliense 174 (12)

Radiological form
Non-cavitary nodular bronchiectatic 1044 (72)
Cavitary nodular bronchiectatic 143 (10)
Fibrocavitary 258 (18)

Data are presented as median (interquartile range) or n (%). #: n=1181 due to missing data.
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(54%, 70 out of 129) (p<0.001). In terms of the radiological form of the disease, patients with the fibrocavitary
form were more likely to start antibiotic therapy (86%, 223 out of 258) than were those with the cavitary NB
(84%, 120 out of 143) or non-cavitary NB forms (53%, 550 out of 1044) (p<0.001).

The overall 5-, 10- and 15-year cumulative mortality rates for all 1445 patients were 12.4%, 24.0% and
36.4%, respectively. Over the 15-year follow-up period, 283 (20%) of the study patients died. Mortality
rates did not differ between the treated and untreated groups (supplementary figure S1).

Survival analysis according to NTM aetiology
We evaluated the cumulative survival rate of the patients according to the four aetiological organisms of
NTM-PD included in this study (figure 2a). Overall, the survival rates were higher in patients with
M. massiliense or M. avium compared to those with M. abscessus or M. intracellulare (Kaplan–Meier
analysis, log-rank test p<0.001). The overall 5-, 10- and 15-year cumulative mortality rates for patients with
M. massiliense disease were 7.3%, 18.1% and 23.5%, respectively, which were similar to those with M. avium
disease (8.0%, 17.2% and 27.9%, respectively). The overall 5-, 10- and 15-year cumulative mortality rates for
patients with M. intracellulare disease were 20.3%, 33.6% and 45.5%, respectively. The overall 5-, 10- and
15-year cumulative mortality rates for patients with M. abscessus disease were 11.4%, 29.8% and 50.6%,
respectively. The log-rank test indicated that the differences in the survival curves between both the
M. massiliense versus M. intracellulare groups and the M. avium versus M. intracellulare groups were
significant (p<0.001 for both). Additionally, differences in characteristics among study patients according
to NTM aetiology are shown in supplementary table S1. Mortality rates according to treatment initiation
for the different aetiological organisms did not differ significantly (supplementary figure S2).

Survival analysis according to radiological form
We also evaluated the cumulative survival rate according to the radiological form of NTM-PD in the study
patients (figure 2b). Overall, the survival rates were higher in patients with the non-cavitary NB form
compared to those with cavitary disease, including the cavitary NB and fibrocavitary forms (Kaplan–Meier
analysis, log-rank test p<0.001). The overall 5-, 10- and 15-year cumulative mortality rates for the
non-cavitary NB form were 6.3%, 16.0% and 26.6%, respectively. Patients with the fibrocavitary form
consistently had the highest mortality rates over the entire follow-up period, with overall 5-, 10- and
15-year cumulative mortality rates of 35.1%, 47.0% and 65.4%, respectively. Patients with the cavitary NB
form had mortality rates intermediate between those with the non-cavitary NB and fibrocavitary forms.
The log-rank test indicated that the pairwise differences in survival curves among the three groups were all
significant (all p<0.001). Additionally, differences in characteristics among study patients according to
radiological form are shown in supplementary table S2. Mortality rates according to treatment initiation
for the different radiological forms did not differ significantly (supplementary figure S3).
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FIGURE 2 a) Cumulative survival rates of patients with nontuberculous mycobacterial pulmonary disease (NTM-PD) according to aetiological
organism. b) Cumulative survival rates of patients with NTM-PD according to radiological form. NB: nodular bronchiectatic.
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Prognostic factors of mortality in NTM-PD
The prognostic factors associated with all-cause mortality were explored (table 2). In univariable analysis,
the factors that appeared to be significantly associated with elevated risk of mortality in NTM-PD included
old age (⩾65 years); male sex; smoking; low body mass index (<18.5 kg·m−2); various underlying diseases;
respiratory symptoms; ESR; sputum smear positivity; M. intracellulare disease (reference: M. avium);
cavitary disease, including the cavitary NB and fibrocavitary forms (reference: non-cavitary NB); and
initiation of treatment.

In multivariable adjustment, the LASSO method indicated that old age (⩾65 years), male sex, low body
mass index (<18.5 kg·m−2), underlying diseases including chronic pulmonary aspergillosis, malignancy,
chronic heart or chronic liver disease and ESR were significantly associated with mortality in NTM-PD.
In addition, NTM aetiology (reference: M. avium) was also significantly associated with mortality:
M. intracellulare had an adjusted hazard ratio (aHR) of 1.40, 95% CI 1.03–1.91; M. abscessus, aHR 2.19,
95% CI 1.36–3.51; and M. massiliense, aHR 0.99, 95% CI 0.61–1.64. Mortality was also significantly
associated with radiological form, especially in cavitary disease (reference: non-cavitary NB): cavitary NB
form, aHR 1.70, 95% CI 1.12–2.59; and fibrocavitary form, aHR 2.20, 95% CI 1.57–3.08.

Discussion
To our knowledge, this is the largest study to date that evaluates the long-term mortality and the prognostic
factors associated with NTM-PD caused by either of the major pathogens MAC or MAB, after adjustment for
numerous individual confounders. The survival rate of patients with NTM-PD was significantly influenced

TABLE 2 Analysis of prognostic factors related to mortality in patients with nontuberculous
mycobacterial pulmonary disease

Characteristics Univariable Final multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age ⩾65 years 4.36 (3.40–5.58) <0.001 3.01 (2.23–4.06) <0.001
Male sex 3.45 (2.70–4.40) <0.001 2.68 (2.01–3.57) <0.001
Ex- or current smoker 2.67 (2.11–3.38) <0.001
Body mass index <18.5 kg·m−2 3.85 (3.05–4.86) <0.001 1.96 (1.50–2.56) <0.001
Underlying disease
Previous pulmonary tuberculosis 1.98 (1.57–2.51) <0.001
COPD or bronchial asthma 2.07 (1.53–2.80) <0.001
Chronic pulmonary aspergillosis 3.49 (2.07–5.88) <0.001 1.77 (1.01–3.11) 0.047
Pulmonary malignancy 6.69 (4.57–9.80) <0.001 2.65 (1.69–4.16) <0.001
Extra-pulmonary malignancy 1.98 (1.50–2.61) <0.001 1.61 (1.15–2.26) 0.006
Diabetes mellitus 2.46 (1.77–3.43) <0.001
Chronic heart disease 2.26 (1.65–3.09) <0.001 2.50 (1.73–3.61) <0.001
Chronic liver disease 1.78 (1.23–2.55) 0.002 1.86 (1.24–2.78) 0.003

Symptom
Cough 1.42 (1.06–1.90) 0.019
Sputum 1.49 (1.10–2.03) 0.010
Haemoptysis 0.73 (0.55–0.98) 0.036

Erythrocyte sedimentation rate# mm·h−1 1.03 (1.02–1.03) <0.001 1.02 (1.01–1.02) <0.001
Sputum smear positivity 2.52 (1.96–3.24) <0.001
Aetiology
M. avium Reference Reference
M. intracellulare 2.29 (1.76–2.98) <0.001 1.40 (1.03–1.91) 0.034
M. abscessus 1.47 (0.96–2.25) 0.076 2.19 (1.36–3.51) 0.001
M. massiliense 0.86 (0.55–1.36) 0.525 0.99 (0.61–1.64) 0.990

Radiological form
Non-cavitary nodular bronchiectatic Reference Reference
Cavitary nodular bronchiectatic 2.45 (1.70–3.52) <0.001 1.70 (1.12–2.59) 0.013
Fibrocavitary 4.74 (3.69–6.09) <0.001 2.20 (1.57–3.08) <0.001

Treatment initiation 1.86 (1.44–2.39) <0.001 1.32 (0.97–1.80) 0.077

The assumption of proportional hazard was deemed satisfied with the Schoenfeld residual correlation with
time <0.15 for all covariates. Overall, the model’s predictive accuracy was indicated excellent, with a
c-index of 0.86 (95% CI 0.82–0.90). HR: hazard ratio. #: n=1181 due to missing data.
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by the aetiological organism, cavitary disease and certain demographic characteristics. In particular, the
mortality rates of patients with either M. intracellulare or M. abscessus and cavitary disease were high.

As the burden of NTM-PD is increasing worldwide, studies on mortality in patients with NTM-PD
have been reported in many regions [29, 30], including Japan [5, 20, 31], Europe [19, 32] and North
America [21, 22, 33–35]. A study in Japan showed overall 5- and 10-year mortality rates for MAC-PD of
23.9% and 46.5%, respectively, which were similar to, although slightly higher than, those of our patients
with M. intracellulare disease [20]. However, the Japanese study did not distinguish between M. intracellulare
and M. avium, and its cohort had a higher rate of comorbidities. A study conducted in Denmark reported a
5-year mortality rate of 40.1% among NTM-PD patients, with the aetiological organisms including MAC,
MAB and other species [19]. The major difference between the Danish study and our study was that most of
its definite cases of NTM-PD had progressive disease requiring treatment, and the authors also did not test
for the presence of cavitary disease. In addition, a recent study in the USA that evaluated 106 patients with
NTM-PD caused by various NTM species reported a mortality rate of 25% during a 5-year follow-up [22].
These discrepant results suggest that the prognosis of NTM-PD may differ depending on the clinical or
demographic characteristics of the cohort or on the stage of disease at the time of diagnosis, and indicate
that evaluation of prognostic factors can be more informative than only assessing mortality.

One of the most notable findings of the present study was the difference in mortality according to NTM
aetiology, with a poor prognosis for patients with disease caused by M. intracellulare or M. abscessus.
Globally, MAC and MAB are the major aetiological organisms of NTM-PD, and studies suggest that there
is inter- and intra-species heterogeneity with regard to NTM virulence and influence on disease severity.
For example, M. intracellulare disease had a more severe clinical presentation and poorer treatment
outcomes when compared with M. avium disease in one study [36]. Additionally, compared with
M. abscessus disease, M. massiliense disease responds more favourably to macrolide-containing antibiotic
therapy [18, 37, 38]. In this context, our data clearly showed that the accurate identification of the species
or subspecies of the aetiological NTM organism is very important in the prognosis of NTM-PD.

Another important finding of the present study was that survival rates of NTM-PD differed according to
the presence of cavitary lesions, even in the NB form. Traditionally, the fibrocavitary form is regarded to
have a poorer prognosis than NB disease does [3, 4]. Previous studies from Japan [20] and the USA [22]
showed that the fibrocavitary form was an important prognostic factor of poor outcomes, and in those
studies, the disease phenotype was categorised as either the fibrocavitary or NB form. Regarding the
presence of cavitary lesions in some patients with NB NTM-PD, however, a recent study suggested that the
radiological findings of NTM-PD could be classified into three phenotypes (i.e., fibrocavitary, cavitary NB
and non-cavitary NB forms), and in MAC-PD, these phenotypes have different outcomes after antibiotic
treatment [6]. The present study suggested that the presence of cavities was also an important prognostic
factor in predicting mortality, even among patients with NB NTM-PD. One may assume that the untreated
NB form without cavitary lesions may progress to cavitary NB or more diffuse disease [39, 40]. Therefore,
the detection of cavitary lesion(s) on computed tomography scans would be important for predicting
treatment outcomes and mortality in patients with NTM-PD.

In our analysis, several demographic characteristics similar to those described previously were identified as
prognostic factors. Typically, factors such as old age, male sex, comorbidities, concurrent malignancy and
inflammatory markers were reported to be associated with poor prognosis [5, 19, 20, 31]. However, very
few studies included “treatment-related risk factors” in survival analysis [5, 20]. In our multivariable
analysis, treatment initiation was not significantly associated with prognosis. Most of the patients who did
not receive treatment had mild disease and did not require treatment, whereas those who started treatment
had advanced disease and did require treatment. Therefore, treatment initiation may have contributed to
improving the survival rate in advanced NTM-PD patients, bringing the rate closer to that for untreated
patients, which may explain the above results. A similar phenomenon was observed in a previous study
that compared survival rates among colonised, possible and definite NTM disease [19]. In that study, the
difference in survival rate between the three groups was small, with the authors proposing that this
resulted from most patients with definite NTM being treated according to the accepted guidelines.

There are some limitations to our study. First, because it was not a population-based cohort study and was
conducted at a single referral centre, our data may not be generalisable to other geographic areas. Second,
we only evaluated all-cause mortality, not NTM-PD-specific mortality, due to a lack of detailed
information. Third, we only included patients with NTM-PD caused by the four major pathogens of MAC
and MAB. Lastly, the effects of treatment regimens on survival rate were not evaluated, mainly due to
differences in regimens between MAC- and MAB-PD.

In conclusion, long-term mortality in patients with NTM-PD was significantly associated with the
aetiological organism of NTM, cavitary disease and certain demographic characteristics.
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