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Objective: Obstructive lung disease (OLD), that is, chronic obstructive pulmonary disease (COPD), asthma, and pulmonary
malignancies, is a common comorbidity in patients with nontuberculous mycobacterial pulmonary disease (NTM-PD). However,
there are limited data on the yield of nontuberculous mycobacterial (NTM) testing in these patient groups. This study aimed to assess
the prevalence of NTMs and NTM-PD in patients with OLD and/or pulmonary malignancy.

Methods: A retrospective analysis of all mycobacterial cultures obtained from respiratory samples of patients with OLD (either
during exacerbation or during stable disease) and/or pulmonary malignancies referred to our center from January 2021 to January 2023
was performed. International definitions were applied to assess the NTM-PD.

Results: NTM was isolated in 0.5% (4/834) of bronchopulmonary specimens from patients with pulmonary malignancies, 2.4% (13/
553) from patients with stable OLD, and 3.5% (8/228) from patients with exacerbation of OLD. NTM-PD criteria were met in 32% (8/
25) of the patients in the OLD cohort. In the OLD cohort, the likelihood of NTM isolation was higher in patients with lower BMI (p =
0.030), frequent exacerbations (p = 0.004), and use of inhaled corticosteroids (ICS) (p = 0.012). NTM-PD was more likely in patients
with a lower BMI (p = 0.043) and frequent exacerbations (p = 0.023), but not in those using ICS (p = 0.482), regardless of the dose.
Conclusion: The yield of NTM isolation from patients with OLD and/or lung malignancy is generally low. However, routine
microbiological testing for NTM from bronchopulmonary specimens and assessment of the presence of NTM-PD could be considered
in patients with OLD with a low BMI and/or frequent exacerbations.
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Introduction

Nontuberculous mycobacteria (NTM) are opportunistic pathogens ubiquitous in the environment.' Although there are more
than 200 known NTM species, some species (such as M. avium, M. intracellulare, M. kansasii, M. xenopi, and
M. abscessus) are more pathogenic than others. They predominantly cause pulmonary disease (NTM-PD), a serious
chronic progressive disease often present in patients with underlying lung conditions, such as bronchiectasis, cystic fibrosis
(CF), chronic obstructive pulmonary disease (COPD) and asthma.' A recent meta—analysis2 confirmed bronchiectasis and
a history of TB as comorbid respiratory diseases with the most significant increase in the odds ratio (OR) for NTM-PD.
However, underlying diseases were also found to be associated with an increased OR for NTM-PD, including interstitial
lung disease (OR 6.39; 95% CI 2.65-15.37), COPD (OR 6.63; 95% CI 4.57-9.63), asthma (OR, 4.15; 95% CI 2.81-6.14),
solid tumors (OR, 4.66; 95% CI 1.04-20.94), as well as the use of inhaled corticosteroids (OR, 4.46; 95% CI 2.13-9.35).
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Graphical Abstract

Screening for NTM and NTM-PD is recommended in guidelines for patients with bronchiectasis or CF.** However,
despite the evidence of increased risk,>”’ neither the current COPD guidelines® nor the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2023 report’ discusses screening for NTM or NTM-PD. In addition, it is unclear
whether solid tumors (especially lung tumors) or antitumor treatments increase the risk of NTM-PD.? A recently
published Delphi consensus by European experts provides insights into the symptoms and clinical characteristics that
should prompt an assessment of NTM-PD.'°

However, the majority of the studies assessing NTM isolation/disease risk in patients with different lung diseases
assessed the rate of comorbidities in patient’ cohorts with already isolated NTM and there is a significant gap in the
knowledge regarding the yield of the testing in broader patient populations such as patients with lung malignancy or
patients with obstructive lung diseases with or without lung malignancy.

In our center, there is a “reflex” testing policy for mycobacteria. This means that every bronchoscopy sample was
automatically sent for mycobacterial cultures. Furthermore, the same recommendation was in place for sputum analyses, and
most of the physicians were automatically sending sputum samples of patients with chronic diseases (especially those with
obstructive diseases) for mycobacterial cultures. Given this background, the aim of this study was to determine the diagnostic
yield of mycobacterial testing in patients with pulmonary malignancy and patients with obstructive lung disease (OLD)
(COPD, asthma, and COPD/asthma overlap) with or without associated pulmonary malignancies. Given our experience with
automatic testing and our centralized overview of NTM isolation rates, our hypothesis was that NTM testing yield is low in
patients with pulmonary malignancy while it might be feasible in patients with obstructive lung diseases.

Methods

We retrospectively identified all patients who underwent evaluation for the presence of mycobacteria in respiratory
specimens at the Department for Respiratory Diseases of the University Hospital Centre Zagreb, Croatia between
January 2021 and January 2023. Patients with diagnosed pulmonary malignancy and patients with OLD with or without

2 https://doi.org/10.2147/IDR.S5987 18 Infection and Drug Resistance 2026:19



Jankovic Makek et al

associated pulmonary malignancy were then included into this study and further analyzed. Respiratory specimens,
including self-expectorated sputum, bronchial aspirate, bronchial wash and bronchoalveolar lavage, were directly
assessed for acid-fast bacilli (AFB) and cultured for mycobacteria (both on liquid and solid media; incubation period
up to 8 weeks), as previously described.!' All NTM species were identified by molecular methods (GenoType® CM/AS;
Hain Lifescience GmbH, Nehren, Germany). The specimen type, collection, and number of specimens were determined
by the treating physician at the time of the visit. For patients with OLD, we determined whether samples were collected
during exacerbation or stable disease. COPD exacerbation and asthma were defined according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) and Global Initiative for Asthma (GINA), respectively.”'? Separate isolation
episodes for the same patient were defined as samples taken during exacerbation and stable disease at different time
points during the study period. In the case of multiple sampling during stable disease or exacerbations, separate isolation
episodes were defined as samples taken more than six months apart.

The main outcomes in this study were positive mycobacterial cultures, prevalence of nontuberculous mycobacteria
(NTM), and the clinical significance of NTM isolates in these patient populations. According to our previous nationwide

analysis,'""?

we divided NTM isolates as either potentially clinically relevant (ie., M. avium complex (MAC), M. xenopi,
M. kansasii) or as species that rarely cause pulmonary disease (ie., M. fortuitum, M. gordonae, M. terrae complex). The
latest criteria from four societies (ATS/IDSA/ERS/ESCMID)'* were used to assess the clinical significance of NTM
isolates by assessing NTM pulmonary disease (NTM-PD).

In addition to the main demographic data, we recorded comorbidities, severity of the OLD (according to the GOLD
and/or GINA criteria), medications taken for the OLD, use of immunosuppressive drugs, and the number of exacerba-
tions in the year prior to sampling. The type and equivalent dose of inhaled corticosteroid (ICS) were also recorded.'? For
patients with COPD, frequent exacerbator phenotypes were defined by the number and severity of exacerbation episodes
in the previous year according to the GOLD.’ Prior history of tuberculosis or NTM-PD was defined as guideline based
treatment for either tuberculosis or NTM-PD with microbiological negativisation (defined by at least 3 separately taken
respiratory samples) and a minimum 12-month period between the end of treatment and current sampling episode. All
data were handled confidentially and analyzed in a de-identified format to ensure the protection of patient privacy.

For statistical analysis, patient characteristics were summarized using absolute and relative frequencies and medians with
interquartile ranges (IQR). Differences between patients with and without NTM infection were assessed using the Wilcoxon
rank-sum test or Fisher exact test, as appropriate. Statistical significance was defined as a two-sided p-value <0.05. All
analyses were performed using R software (version 4.3.2) using the packages readxl, mosaic, descr, car, and coin.

This retrospective study was conducted in accordance with the ethical standards of the institutional research
committee and the principles of the World Medical Association Declaration of Helsinki. Ethical approval was obtained
from the appropriate Institutional Review Board prior to data collection and analysis (02/013 AG). Given the retro-
spective design of the study, which involved review of existing medical records without direct patient contact or
intervention, the requirement for informed consent was waived by the Institutional Review Board.

Results
In the two-year period, 2267 consecutive mycobacterial cultures from respiratory samples were obtained from 1538
patients with OLD and/or lung malignancies. Of those, 1459 had one sampling episode, 75 patients had two sampling
episodes, and four patients had three sampling episodes during the study period. In total, 1621 patient sampling episodes
were observed. The average number of samples taken per sampling episode (including self-expectorated sputum,
bronchial aspirate, bronchial washing or bronchial lavage) was 1.4 per patient episode in the overall cohort, while it
amounted to 1.7 per patient episode in patients with OLD exacerbation. The majority of the samples originated from
bronchoscopy (63%; 1021/1621), 27.3 from sputum alone (442/1621) while in the remaining 9.7% (158/1621) of
sampling episodes, samples originated from both bronchoscopy and the self-expectorated sputum of the same patient.
Mycobacterium tuberculosis was detected in six patients. These patients were removed from further analyses.
A detailed flowchart of the number of patients and NTM isolation episodes in each subgroup is shown in Figure 1. In
brief, we divided patients into those having pulmonary malignancy without OLD (n = 819) and those having OLD (with
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Overall

n1=1538 patients >
(n2=1621 isolation episodes)

v

Exclusion due to M.
tuberculosis detection
n1=6 patients
(n2=6 isolation episodes)

Lung malignancy without
OoLD
n1=819 patients
(n2=834 isolation episodes)

'

OLD Exacerbation
n1=222 patients
(n2=228 isolation episodes)

OLD Stable
n=525 patients
(n=553 patient episodes)

COPD

n1=172 patients
(n2=176 isolation episodes)

Asthma

n1=34 patients
(n2=35 isolation episodes)

COPD/Asthma Overlap
n1=17 patients
(n2=17 isolation episodes)

COPD
n1=395 patients

(n2=415 isolation episodes)

Asthma
n1=105 patients

(n2=110 isolation episodes)

n1=28 patients

| COPD/Asthma Overlap

(n2=28 isolation episodes)

Figure | Flowchart of all patients (nl) and isolation episodes (n2) tested for nontuberculous mycobacteria during the study period. Patients subgroups included: patients
with lung malignancy without obstructive lung diseases (OLD), patients with OLD (either chronic obstructive pulmonary disease (COPD) or asthma) in exacerbation, and
patients with OLD in the stable phase of the disease. Patients having both OLD and malignancy were included in the OLD subgroups.

Note: Patients may appear in multiple subgroups; totals do not sum to 100%.
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or without associated pulmonary malignancy) (n = 747). Patients with OLD were further divided into those sampled
during stable OLD (n = 525) and those sampled during exacerbations (n = 222).

Of the 1615 patient episodes, mycobacteria were isolated from 25 (1.6%). In total, 19 NTM isolates were species of
potential clinical relevance (12 MAC and 7 M. xenopi), while the remaining six were M. gordonae (n = 2), M. fortuitum
(n=2), M. mucogenicum (n = 1), and Mycobacterium spp. (n = 1). The prevalence of NTM isolation was 0.48% (4/834)
in patients with episodes of lung malignancies, 2.4% (13/553) in those with stable OLD, and 3.5% (8/228) in those with
OLD exacerbation. Nineteen (19/25, 76%) NTM isolation episodes originated from patients diagnosed with OLD and
four NTM (4/25, 16%) were isolated from patients with lung malignancy without OLD, while two NTM isolates (2/25;
8%) came from patients with both lung malignancy and OLD. Overall, 8/25 (32%; 5 MAC and 3 M. xenopi) isolation
episodes met the criteria for NTM-PD in all patients with OLD. In patients with lung malignancies, there was only one
potentially clinically relevant NTM isolate (M. avium); however, there were no criteria for NTM-PD. The likelihood of
NTM mycobacterial isolation in the overall episodes was significantly higher in patients with lower BMI (p = 0.005),
prior history of TB or NTM-PD (p = 0.004), bronchiectasis (p = 0.003), asthma (p = 0.021), COPD (p = 0.039), frequent
exacerbations (p = 0.004), and ICS therapy (p = 0.012), whereas it was less likely in patients with pulmonary
malignancies (p < 0.001) (Table 1).

Table | Comparison of Characteristics Between Patients with and without Nontuberculous Mycobacteria
(NTM) Isolation in All Recorded Episodes

Characteristic Overall Episodes (n = 1615)
NTM isolation n =25 | No NTM Isolation n = 1590 | p-value
Female Sex, n (%) 14 (56.0) 601 (37.8) 0.095
Age, median (IQR) 68 (58-75) 67 (61-73) 0.481
Smoking 0.545
No, n (%) 5(20.8) 231 (14.9)
Former, n (%) Il (45.8) 664 (42.9)
Yes, n (%) 8(33.3) 653 (42.2)
Pack years, median (IQR) 30 (25-50) 40 (30-60) 0.054
BMI, median (IQR) 22.7 (19.6-25.6) 25.4 (22.7-28.7) 0.005
Prior history of TB or NTM-PD, n (%) 6 (24.0) 98 (6.2) 0.004
Bronchiectasis, n (%) 7 (28.0) 125 (7.9) 0.003
Lung carcinoma/metastasis, n (%) 6 (24.0) 1079 (67.9) <0.001
Chemo therapy, n (%) 0 (0.0) 97 (6.1) 0.396
Immunotherapy, n (%) 0 (0.0) 38 (2.4) 1.000
Immunosuppressive treatment, n (%) 3 (12.0) 102 (6.4) 0.219
Biological therapy, n (%) 0 (0.0) 28 (1.8) 1.000
COPD, n (%) 15 (60.0) 621 (39.1) 0.039
Asthma, n (%) 7 (28.0) 183 (11.5) 0.021
COPD/Asthma overlap, n (%) 1 (4.0) 44 (2.8) 0.509
Hospitalization in the prior 12 months 0.369
None, n (%) 19 (90.5) 635 (84.9)
I, n (%) 1 (4.8) 93 (12.4)
>1, n (%) 1 (4.8) 20 (2.7)
ER visits in the prior 12 months 0417
None, n (%) 17 (81.0) 638 (85.4)
I, n (%) 4 (19.0) 79 (10.6)
>1, n (%) 0 (0.0 30 (4.0
Frequent exacerbator, n (%) 14 (66.7) 248 (33.4) 0.004
ICS, yes 18 (85.7) 440 (57.3) 0.012
(Continued)
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Table | (Continued).

Characteristic Overall Episodes (n = 1615)
NTM isolation n =25 | No NTM Isolation n = 1590 | p-value

ICS treatment 0.307

Low, n (%) 5(27.8) 109 (25.6)

Medium, n (%) 7 (38.9) 229 (53.8)

High, n (%) 6 (33.3) 88 (20.7)
FVC%, median (IQR) 83.5 (68.8-92) 80.0 (66.0-93) 0.809
FEV1%, median (IQR) 58 (46.8-69.0) 56 (38.0-74.5) 0.846
FEVI/FVC, median (IQR) 0.60 (0.46-0.63) 0.56 (0.43-0.64) 0.469
DLCO SB%, median (IQR) 60 (42.0-70) 62 (44.6-81) 0.339
KCO%, median (IQR) 70 (55.5-80.5) 67 (49.3-86.0) 0.844
COPD stage 0.782

GOLD |, n (%) 1 (6.7) 56 (9.0)

GOLD I, n (%) 7 (46.7) 200 (32.2)

GOLD |ll, n (%) 4 (26.7) 157 (25.2)

GOLD IV, n (%) 2 (133) 98 (15.8)

Unknown, n (%) 1 (6.7) 111 (17.8)
Asthma stage 0.398

GINA 1, n (%) 2 (28.6) 24 (13.1)

GINA Il n (%) 3 (429) 47 (25.7)

GINA I, n (%) 0 (0.0 28 (15.3)

GINA'IV, n (%) 2 (28.6) 51 (27.9)

GINA VI, n (%) 0 (0.0 1 (0.5)

Unknown, n (%) 0 (0.0 32 (17.5)

Notes: Bold text = used for highlighting the statistically significant values; Note: Values are based on available cases; sample sizes vary
across variables and groups due to missing data.

Abbreviations: BMI|, body mass index; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon
monoxide; ER, emergency room; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; GINA, global initiative for
asthma; GOLD, global initiative for chronic obstructive lung disease; ICS, inhaled corticosteroid; IQR, interquartile range; KCO, Krogh’s
transfer coefficient.

In total, 781 (48.2%) episodes occurred in patients with OLD, with or without malignancy. Within the OLD sub-
cohort, 553 (70.8%) patient episodes were recorded during periods of stable disease, while the remaining 228 (29.2%)
patient episodes were recorded during exacerbation of the underlying obstructive disease. Patients with COPD con-
stituted the majority of both the stable OLD subgroup (443/553; 79.8%) and the OLD exacerbation subgroup (193/228;
84.5%). In the OLD sub-cohort, the likelihood of isolating NTM was higher in patients with lower BMI (p = 0.030),
frequent exacerbators (p = 0.004), and patients receiving ICS treatment (p = 0.012). The frequency of exacerbator type
and ICS treatment remained significant in the OLD exacerbation subgroup (p = 0.009 and 0.057, respectively) but
showed no significance in the stable OLD subgroup (Table 2).

Within the NTM isolation episodes in the OLD cohort, NTM-PD was diagnosed in 4/8 (50%) patients with OLD
exacerbation and in 4/8 (50%) patients with stable OLD. The likelihood of having NTM-PD in the OLD cohort was
significantly higher in patients with a lower BMI (p = 0.043), prior history of TB or NTM-PD (p = 0.038), and frequent
exacerbations (p = 0.023); however, there was no difference in relation to associated bronchiectasis or severity of the
disease (obstruction) according to GOLD or GINA (Table 3).

Discussion

This study assessed the yield of NTM testing in patients with OLD (with or without pulmonary malignancy or pulmonary
malignancies alone), and the relevance of NTM isolation from bronchopulmonary specimens in individuals from these
groups. While the yield of NTM isolation was generally low in patients in our cohort, and standardized testing for NTMs
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Table 2 Comparison of Characteristics Between Patients with and without Nontuberculous Mycobacteria (NTM) Isolation in Obstructive Lung Diseases Episodes, Additionally

Differentiated by Exacerbation and Stable Phases of Disease

Characteristic

Overall (n = 781)

Exacerbation Episodes (n = 228)

Stable Episodes (n = 553)

NTM Isolation No NTM lIsolation p- NTM isolation No NTM isolation p- NTM isolation No NTM Isolation p-
n =21 n =760 value n=28 n =220 value n=13 n =540 value
Female Sex, n (%) 12 (57.1) 289 (38.0) 0.109 6 (75.0) 90 (40.9) 0.072 6 (46.2) 199 (36.9) 0.565
Age, median (IQR) 65 (58-73) 68 (60-73) 0.779 64 (61.8-67) 69 (62-67) 0.279 72 (58-75.0) 67 (60-72.3) 0.298
Smoking 0.532 0.302 0.739
No, n (%) 4 (19.0) 98 (13.0) 2 (25.0) 21 (9.6) 2 (154) 77 (14.4)
Former, n (%) 10 (47.6) 343 (45.5) 3 (37.5) 104 (47.7) 7 (53.8) 239 (44.6)
Yes, n (%) 7 (33.3) 313 (41.5) 3 (37.5) 93 (42.7) 4 (30.8) 220 (41.0)
Pack years, median (IQR) 32 (25-50) 45 (30-60) 0.047 45 (28.8-50) 45 (30.0-60) 0.882 30 (22.5-45) 45 (30.0-60) 0.017
BMI, median (IQR) 22.7 (19.6-25.6) 25.1 (22.2-28.3) 0.030 | 23.0 (22.5-25.1) 25.1 (21.4-27.9) 0.400 21.5 (19.0) 25.1 (22.4-28.4) 0.036
Prior history of TB or NTM- 4 (19.0) 75 (9.9) 0.154 1 (12.5) 23 (10.5) 0.595 3(23.0) 52 (9.6) 0.130
PD, n (%)
Bronchiectasis, n (%) 6 (28.6) 110 (14.5) 0.109 2 (25.0) 32 (14.5) 0.340 4 (30.8) 78 (14.4) 0.112
Lung carcinoma/metastasis, 2 (9.5) 249 (32.8) 0.030 0 (0.0) 18 (8.2) 1.000 2 (15.4) 231 (42.8) 0.084
n (%)
Chemo therapy, n (%) 0 (0.0 33 (43) 1.000 0 (0.0) 5(23) 1.000 0 (0.0 28 (5.2) 1.000
Immunotherapy, n (%) 0 (0.0 7 (0.9) 1.000 0 (0.0) 2 (0.9) 1.000 0 (0.0 5(0.9) 1.000
Immunosuppressive 3 (14.3) 54 (7.1) 0.193 1 (12.5) 18 (8.2) 0.507 2 (15.4) 36 (6.7) 0.223
treatment, n (%)
Biological therapy, n (%) 0 (0.0 24 (3.2) 1.000 0 (0.0 7 (3.2) 1.000 0 (0.0) 17 3.1) 1.000
COPD, n (%) 15 (71.4) 621 (81.7) 0.253 6 (75.0) 187 (85.0) 0.354 9 (69.2) 434 (80.4) 0.302
Asthma, n (%) 7 (33.3) 183 (24.1) 0.312 2 (25.0) 50 (22.7) 1.000 5(385) 133 (24.6) 0.327
COPD/Asthma overlap, n (%) 1 (4.8) 44 (5.8) 1.000 0 (0.0 17 (7.7) 1.000 1 (7.7) 27 (5.0) 0.495
Hospitalization in the prior 12 0.370 0.828 0.090
months
None, n (%) 19 (90.5) 634 (84.9) 7 (87.5) 156 (71.6) 12 (92.3) 478 (90.4)
I, n (%) | (4.8) 93 (124) 1 (12.5) 46 (21.1) 0 (0.0 47 (8.9)
>1, n (%) | (4.8) 20 (2.7) 0 (0.0 16 (7.3) 1 (7.7) 4 (0.8)
ER visits in the prior 12 0418 0.082 0.697
months
None, n (%) 17 (81.0) 637 (85.4) 4 (50.0) 158 (72.8) 13 (100.0) 479 (90.5)
I, n (%) 4 (19.0) 79 (10.6) 4 (50.0) 39 (18.0) 0 (0.0 40 (7.6)
>1, n (%) 0 (0.0 30 (4.0) 0 (0.0 20 (9.2) 0 (0.0 10 (1.9)
Frequent exacerbator, n (%) 14 (66.7) 248 (33.5) 0.004 8 (100.0) 114 (52.8) 0.009 6 (46.2) 134 (25.6) 0.111
ICS, yes 18 (85.7) 440 (58.3) 0.012 8 (100.0) 147 (66.8) 0.057 10 (76.9) 293 (54.8) 0.158
(Continued)
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Table 2 (Continued).

Characteristic Overall (n = 781) Exacerbation Episodes (n = 228) Stable Episodes (n = 553)
NTM Isolation No NTM Isolation p- NTM isolation No NTM isolation p- NTM isolation No NTM Isolation p-
n =2l n =760 value n=28 n =220 value n=13 n =540 value
ICS treatment 0.307 0.227 0.708
Low, n (%) 5(27.8) 109 (25.6) 2 (25.0) 26 (17.7) 3 (30.0) 83 (29.7)
Medium, n (%) 7 (38.9) 229 (53.8) 3 (37.5) 91 (61.9) 4 (40.0) 138 (49.5)
High, n (%) 6 (33.3) 88 (20.7) 3 (37.5) 30 (20.4) 3 (30.0) 58 (20.8)
FVC%, median (IQR) 83.5 (68.8-92) 80.0 (66.0-93) 0.783 81.5 (71-95.3) 70.0 (54-85.0) 0.099 84 (66.3-89.8) 84 (71.0-95.0) 0.466
FEV1%, median (IQR) 58.0 (46.8-69) 55.5 (38.0-74) 0.819 53.5 (44.3-65) 42.0 (28.0-56) 0.214 61 (46.8-73.5) 62 (44.0-77.0) 0.925
FEVI/FVC, median (IQR) 0.60 (0.46-0.63) 0.55 (0.43-0.64) 0.458 | 0.54 (0.40-0.63) 0.46 (0.37-0.58) 0.495 0.62 (0.53-0.64) 0.58 (0.47-0.66) 0.594
DLCO SB%, median (IQR) 60 (42.0-70) 62 (44.1-81) 0.355 51 (42.0-67.5) 51 (34.8-73.3) 0.920 61 (47-70) 65 (52-82) 0.364
KCO%, median (IQR) 70 (55.5-80.5) 67 (49.0-86.0) 0.833 68 (58-85.5) 61 (42-84.0) 0.513 70 (54-79.0) 69 (53-86.3) 0918
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Note: Values are based on available cases; sample sizes vary across variables and groups due to missing data. In bold: Significant results.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon monoxide; ER, emergency room; FEVI, forced expiratory volume in | second; FVC, forced vital
capacity; ICS, inhaled corticosteroid; IQR, interquartile range; KCO, Krogh’s transfer coefficient.
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Table 3 Comparison of Characteristics Between Patients with and without Nontuberculous Mycobacteria Pulmonary Disease (NTM-PD) in Obstructive Lung Diseases Episodes,
Additionally Differentiated by Exacerbation and Stable Phases of Disease

Characteristic Overall (n = 781) Exacerbation Episodes (n = 228) Stable Episodes (n = 553)
NTM-PD No NTM-PD p-value NTM-PD No NTM-PD p-value NTM PD No NTM PD p-value
n=8 n=773 n=4 n =224 n=4 n = 549

Female Sex, n (%) 4 (50.0) 297 (38.4) 0.493 3 (75.0) 93 (41.5) 0.312 1 (25.0) 204 (37.2) 1.000
Age, median (IQR) 68 (56.5-74) 68 (60.0-73) 0.840 68.5 (62.3-74) 69.0 (62.0-75) 0.985 63.5 (54.5-76.8) | 67.0 (60.0-73.0) 0.976
Smoking 0418 0.313 0.380

No, n (%) I (12.5) 101 (13.2) | (25.0) 22 (9.9) 0 (0.0 79 (14.5)

Former, n (%) 2 (25.0) 351 (45.8) I (25.0) 106 (47.7) 1 (25.0) 245 (45.0)

Yes, n (%) 5 (62.5) 315 (41.1) 2 (50.0) 94 (42.3) 3 (75.0) 221 (40.6)
Pack years, median (IQR) 40 (31-45) 45 (30-60) 0.303 40 (32.545) 45 (30.0-60) 0.509 36 (31.5-42.5) 45 (30.0-60.0) 0416
BMI, median (IQR) 22.4 (19.5-23.6) | 25.1 (22.1-28.3) 0.042 229 (22.5-23.6) | 25.1 (21.4-27.9) 0.346 19.3 (19.0-21.5) | 25.1 (22.3-28.4) 0.066
Prior history of TB or NTM-PD, n (%) 3 (37.5) 76 (9.8) 0.038 0 (0.0) 24 (10.7) 1.000 3 (75.0) 52 (9.5) 0.004
Bronchiectasis, n (%) 2 (25.0) 114 (14.7) 0.338 | (25.0) 33 (14.7) 0.478 1 (25.0) 8l (14.8) 0.475
Lung carcinoma/metastasis, n (%) 0 (0.0) 251 (32.5) 0.060 0 (0.0) 18 (8.0) 1.000 0 (0.0 233 (42.4) 0.142
Chemo therapy, n (%) 0 (0.0) 33 (4.3) 1.000 0 (0.0) 5(22) 1.000 0 (0.0 28 (5.1) 1.000
Immunotherapy, n (%) 0 (0.0) 7 (0.9) 1.000 0 (0.0) 2 (0.9) 1.000 0 (0.0 5(0.9) 1.000
Immunosuppressive treatment, n (%) 0 (0.0 57 (7.4) 1.000 0 (0.0 19 (8.5) 1.000 0 (0.0 38 (6.9) 1.000
Biological therapy, n (%) 0 (0.0) 24 (3.1) 1.000 0 (0.0) 7 3.1 1.000 0 (0.0 17 3.1) 1.000
COPD, n (%) 7 (87.5) 629 (81.4) 1.000 3 (75.0) 190 (84.8) 0.489 4 (100.0) 439 (80.0) 1.000
Asthma, n (%) 2 (25.0) 188 (24.3) 1.000 I (25.0) 51 (22.8) 1.000 1 (25.0) 137 (25.0) 1.000
COPD/Asthma overlap, n (%) I (12.5) 44 (5.7) 0.379 0 (0.0) 17 (7.6) 1.000 1 (25.0) 27 (4.9) 0.188
Hospitalization in the prior 12 months 0.254 1.000 0.039

None, n (%) 6 (75.0) 647 (85.1) 3 (75.0) 160 (72.1) 3 (75.0) 487 (90.5)

I, n (%) I (12.5) 93 (12.2) | (25.0) 46 (20.7) 0 (0.0) 47 (8.7)

>1, n (%) I (12.5) 20 (2.6) 0 (0.0) 16 (7.2) 1 (25.0) 4 (0.7)
ER visits in the prior 12 months 0.437 0.313 1.000

None, n (%) 6 (75.0) 648 (85.4) 2 (50.0) 160 (72.4) 4 (100.0) 488 (90.7)

I, n (%) 2 (25.0) 81 (10.7) 2 (50.0) 41 (18.6) 0 (0.0) 40 (7.4)

>1, n (%) 0 (0.0) 30 (4.0) 0 (0.0) 20 (9.0) 0 (0.0) 10 (1.9)
Frequent exacerbator, n (%) 6 (75.0) 256 (34.0) 0.023 4 (100.0) 118 (53.6) 0.128 2 (50.0) 138 (25.9) 0.280
ICS, yes 6 (75.0) 452 (58.9) 0.482 4 (100.0) 151 (67.4) 0.309 2 (50.0) 301 (55.3) 1.000
ICS treatment 1.000 0.809 0.707

Low, n (%) I (16.7) 113 (25.8) | (25.0) 27 (17.9) 0 (0.0) 86 (30.0)

Medium, n (%) 4 (66.7) 232 (53.0) 2 (50.0) 92 (60.9) 2 (100.0) 140 (48.8)

High, n (%) I (16.7) 93 (21.2) | (25.0) 32 (21.2) 0 (0.0 61 (21.3)

(Continued)
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Table 3 (Continued).

Characteristic

Overall (n = 781)

Exacerbation Episodes (n = 228)

Stable Episodes (n = 553)

NTM-PD No NTM-PD p-value NTM-PD No NTM-PD p-value NTM PD No NTM PD p-value
n=8 n=1773 n=4 n =224 n=4 n = 549
FVC%, median (IQR) 77 (62.5-89) 80 (66.0-93) 0.716 80.0 (64.3-95.3) | 70.5 (54.8-85.0) 0415 77 (67.0-81.5) 84 (71.0-95.0) 0.335
FEV 1%, median (IQR) 51 (35.6-59.5) 56 (38.0-74.0) 0.320 53.5 (44.8-59.0) | 42.5 (28.8-56.3) 0.477 43 (35.6-53) 62 (44.0-77) 0.179
FEVI/FVC, median (IQR) 0.49 (0.42-0.57) 0.56 (0.43-0.64) 0.425 0.54 (0.44-0.64) | 0.46 (0.37-0.58) 0.565 0.44 (0.42-0.50) | 0.59 (0.47-0.66) 0.131
DLCO SB%, median (IQR) 50 (36.0-59.5) 62 (44.1-80.0) 0.112 42 (38-51.0) 51 (35-73.5) 0.562 58 (41.1-64) 65 (52.0-82) 0.276
KCO%, median (IQR) 55.5 (38.8-74.5) 67.0 (50.0-86.0) 0.309 61 (48-75) 61 (42-84) 0.964 50 (39.3-64.5) 69 (53.0-86.0) 0.222

Note: Values are based on available cases; sample sizes vary across variables and groups due to missing data. In bold: Significant results.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon monoxide; ER, emergency room; FEVI, forced expiratory volume in | second; FVC, forced vital

capacity; ICS, inhaled corticosteroid; IQR, interquartile range; KCO, Krogh’s transfer coefficient.
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cannot be recommended in our setting in these patient groups, routine evaluation for NTM-PD could be considered in
OLD patients with low BMI and/or frequent exacerbations.

In our cohort, the yield of NTM testing was low, particularly in patients with pulmonary malignancies without an
OLD. In a recent meta-analysis of risk factors, the presence of solid tumors was shown to be associated with NTM-PD
(OR 4.66; 95% CI 1.04-20.94) but it was also emphasized that the association might be a result of cancer therapy rather
than the cancer itself.? Indeed, in our cohort, the majority of patients were tested for NTM at the time of malignancy
diagnosis (754/834; 90.4%) rather than during systemic oncological treatment. However, all four NTM isolates
originated from patients who were not receiving oncological treatment, and none had clinical significance.

The yield of testing was higher in the OLD cohort, especially in the subgroup of patients with samples taken during the
exacerbation of obstructive disease, which amounted to 3.5% (8/228). This finding is somewhat higher than that of a study
from Hong Kong showing a 1.4% prevalence of positive NTM cultures in patients with acute exacerbations of COPD
(AECOPD) but significantly lower than the 22% prevalence in AECOPD patients in a study from the Netherlands.'>'° Both
of these studies were prospective but had differences in the mycobacterial cultivation methods (only solid media was used
in Ko et al),'® as well as geographically different populations. The difference in the prevalence of NTM isolation between
our cohort and the cohort from the Netherlands might partly be explained by the retrospective nature of our study, the
inclusion of both asthma and COPD patients, and the differences in the overall NTM prevalence between geographic
regions. However, despite the differences in NTM isolation rates, the prevalence of NTM-PD in our cohort (1.75%, 4/229)
was similar to that in the Netherlands cohort (1.4%, 1/73)."® Furthermore, although our cohort also included patients with
asthma, the majority of NTM isolates and NTM-PD cases were from COPD patients. The connection between NTMs and
COPD exacerbations is not fully understood. It is possible that changed airway environment predisposes for NTM but also
that prior colonization with NTM drives the exacerbations. Additionally, higher uptake of both inhaled and systemic
corticosteroids during acute exacerbations might be an additional factor driving increased rates of NTM detection.
However, part of the association might also be selection bias given that clinicians are more likely to send for mycobacterial
cultures during exacerbations than in the stable phase of the disease.

Both asthma (OR 4.15; 95% CI 2.81-6.14) and COPD (OR 6.63; 95% CI 4.57-9.63) have been associated with an
increased risk of NTM-PD in a recent meta-analysis.” Furthermore, other factors associated with immunosuppression,
including the use of inhaled corticosteroids (OR, 4.46; 95% CI 2.13-9.35) and oral corticosteroids (OR 3.37, 95% CI
0.82-13.75), medications often used in the treatment of these respiratory diseases. This was also confirmed in
a nationwide study conducted in the Croatian population of patients with NTM-PD.® In our current study, ICS treatment
and a frequent exacerbator phenotype were significantly associated with a greater likelihood of NTM isolation both in the
overall OLD cohort, as well as in the AEOLD subgroup but showed no significance in the subgroup of patients with
stable OLD. Expectedly, low BMI was significantly associated with both the likelihood of NTM isolation but also with
the likelihood of NTM-PD in the overall cohort. Namely, diagnosis of NTM-PD in the OLD cohort was associated with
lower BMI (p = 0.043), prior history of TB or NTM-PD, and frequent exacerbator phenotype; however, there was no
difference in relation to associated bronchiectasis or severity of the disease (obstruction) according to GOLD or GINA. In
our study, ICS therapy was not associated with the likelihood of NTM-PD. It is possible that ICS therapy may facilitate
transient airway colonization by NTM but that progression to NTM-PD requires additional host and disease-specific
factors. Further prospective studies are needed to fully understand the role of ICS in the development of NTM-PD in
patients with chronic obstructive diseases.

The major strength of this study is the cohort size and the fact that it is, to our best knowledge, the only one that
evaluated the prevalence of NTM in patients with stable asthma or COPD and/or patients with pulmonary malignancies
and one of a very few that assessed the yield of mycobacterial cultures in patients with exacerbation of chronic
obstructive diseases.

Given the growing interest in NTM-PD and NTM testing in patients with respiratory comorbidities, studies such as
ours are necessary to address the feasibility of unstructured testing/screening for NTM in such patient populations.
According to our results, the yield of NTM testing in patients with OLD and/or lung malignancies was generally low.

However, testing might be feasible in patients with OLD with low BMI and/or frequent exacerbations.
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Although our study has several strengths, it has some limitations. The major weakness of this study is that it was
conducted at a single center and was retrospective. However, our center is the largest respiratory center in Croatia and has
a history of an “automatic” testing for mycobacteria during bronchoscopy and in patients with productive cough, especially
those with obstructive lung diseases. Therefore, we were able to collect a large cohort that likely reflects the overall patient
population that gravitates to our center. Furthermore, although the average number of samples amounts to 1.4 per patient in
the overall cohort (and 1.7 in the subgroup with OLD exacerbation), the majority of samples (>60%) originated from
bronchoscopy and roughly 10% patients had mycobacterial cultures from both sputum as well as samples taken through
bronchoscopy. Nevertheless, because this was a retrospective study, there is a potential selection bias associated with
physician-directed sampling and we cannot be fully sure that the yield would not be higher in a prospective study. Also,
another limitation is a relatively small overall rate of NTM detection. It is well known that NTM isolation frequency and
NTM-PD prevalence vary across different continents and European countries, our findings cannot be fully translatable to
other countries. However, they might be a reference point for countries with a similar incidence and prevalence of NTM-PD.

Conclusion

In this study, the yield of NTM testing in patients with OLD and/or lung malignancies was low. Routine microbiological
testing for NTM from bronchopulmonary specimens and assessment of the presence of NTM-PD could be considered in
patients with OLD with low BMI and/or frequent exacerbations.
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