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Abstract

The association between Mycobacterium avium complex pulmonary disease (MAC-PD) and

pleuroparenchymal fibroelastosis (PPFE) has been reported previously, and interstitial

pneumonia as a comorbidity is associated with a worse prognosis. However, no study has

thoroughly reported on PPFE associated with MAC-PD. The present study investigated the

prevalence, clinical characteristics, and prognostic impact of PPFE in patients with MAC-PD.

A total of 224 patients, newly diagnosed with MAC-PD, were retrospectively

reviewed. At the time of diagnosis, chest high-resolution computed tomography (HRCT),

sputum examination, and clinical characteristics were collected. The extent of PPFE and

MAC-PD were evaluated semi-quantitatively using HRCT scores. Risk factor analysis for

clinical or radiological deterioration necessitating multidrug antimicrobial treatment within 3

years, and all-cause mortality within 5 years, from the initial diagnosis was performed based on

the PPFE score.

PPFE was observed in 59/224 patients (26.3%). A higher PPFE score was a risk factor

for dyspnea, fatigue, and lower body mass index (BMI) (P < 0.05). Although PPFE score did

not correlate with clinical or radiological deterioration within 3 years (P = 0.576), a higher

PPFE score (adjusted odds ratio (OR) 1.66, 95% confidence interval (Cl) 1.06-2.60, P =0.028)

and lower BMI (adjusted OR 0.61, 95% CI 0.39-0.94, P = 0.028) increased the risk of 5-year



mortality.

PPFE is a relatively common complication and an independent poor prognostic factor

of MAC-PD. This study highlights the need for further studies investigating whether the

presence of PPFE can be a clinical indicator for initiating treatment of MAC-PD.



Introduction

Non-tuberculous mycobacterial (NTM) pulmonary disease (NTM-PD) has been increasingly

implicated in a broad range of infectious diseases worldwide [1, 2]. Mycobacterium avium

complex (MAC), predominantly comprising M. avium and M. intracellulare, is the most

common etiology of NTM-PD [3]. MAC pulmonary disease (MAC-PD) has two major clinical

phenotypes: fibrocavitary (FC) and nodular bronchiectatic (NB) phenotypes [4]. Patients with

the FC phenotype have a worse prognosis than those with the NB phenotype [5, 6], and even the

NB phenotype is a risk factor for reinfection and relapse [3]. In addition to these two

radiological  characteristics, patients with MAC-PD occasionally present  with

pleuroparenchymal fibroelastosis (PPFE) [7].

PPFE is a specific clinical-pathological entity that Amitani et al. and Frankel et al. first

reported [8, 9]. Its pathogenesis remains unclear, but earlier studies reported that PPFE was

associated with a variety of diseases, including autoimmune diseases, aspergillosis and NTM

infection [7, 10-13]. Moreover, patients with PPFE and granulomatous diseases, including

aspergillosis and MAC infection, had a better prognosis than those with PPFE without

granulomas [7]. However, the association between PPFE and MAC-PD has not been thoroughly

investigated. In particular, no study has evaluated the prevalence, clinical and radiological

characteristics, and prognostic impact of PPFE in patients with MAC-PD. Since the presence of



PPFE indicates a poor prognosis in other diseases [11, 13], we hypothesized that PPFE might

induce severe clinical symptoms and be associated with a poor prognosis in patients with

MAC-PD.

The aims of the present study were to estimate the prevalence of radiological PPFE in

patients with MAC-PD, to assess the clinical characteristics and the prognostic impact of PPFE,

and to evaluate the correlation between radiological PPFE and the radiological and clinical

features of MAC-PD.



Methods

Patients and study design

This retrospective study was performed in accordance with the Declaration of Helsinki. The

Institutional Review Board of the National Hospital Organization (NHO) Osaka Toneyama

Medical Center approved the study protocols and chose an opt-out system for obtaining patients’

informed consent (approval number: TNH-P-2020043). All adult patients with MAC-PD who

attended clinics at the NHO Osaka Toneyama Medical Center between January 2012 and

December 2016 were screened. Patients with a prior history of antimicrobial treatment for

MAC-PD were excluded, as well as those who did not meet the diagnostic criteria of MAC-PD

[14]. Patients who did not undergo high-resolution computed tomography (HRCT) were also

excluded. A patient inclusion flowchart is shown in Figure 1. All patients were followed until

death, the end of the study period (September 30, 2020), or the end of the observational period,

5 years following initial diagnosis. Chest HRCT scans were followed at least once in a year and

at the time of treatment initiation. Only patients who qualified for the study were evaluated.

Data collection

Clinical and radiological characteristics were collected by individual case review. Baseline data

were obtained at the time of the initial diagnosis of MAC-PD. Clinical characteristics included



age, sex, body mass index (BMI), and smoking status. Comorbidities included a prior history of

pulmonary tuberculosis. Clinical symptoms such as cough, sputum, dyspnea, fever, fatigue, and

weight loss were noted. Acid-fast bacilli (AFB) smear, a history of multidrug antimicrobial

treatment for MAC-PD within 3 years of diagnosis, and all-cause mortality within 5 years from

the initial diagnosis were also recorded. Progressive disease was defined as requiring multidrug

antimicrobial treatment within 3 years of the initial diagnosis due to clinical or radiological

deterioration [5]. Stationary disease was defined as a case free from multidrug antimicrobial

treatment for at least for 3 years from the initial diagnosis without clinical or radiological

deterioration. Radiological characteristics were evaluated using PPFE and MAC-PD scores on

HRCT.

Radiological PPFE diagnosis and HRCT score

Chest HRCT scans were conducted with 1 mm section thickness and evaluated

semi-quantitatively by two pulmonologists trained in CT scoring. A third scorer adjudicated

discordant scores. Scorers assessed PPFE features and extent [10], as well as MAC-PD scores,

without patients’ clinical information. The extent of pleural surface involvement from PPFE in

each lobe was evaluated on a 4-point categorical scale: 0-absent; 1-mild, only affecting <10% of

the pleural surface; 2-moderate, affecting 10-33% of the pleural surface; and 3-severe, affecting



>33% of the pleural surface [15]. Total PPFE scores ranged from 0 to 18, with a score between

0 and 2 indicating limited disease, and >3 indicating extensive disease. If the PPFE score was 1

or 2, and pleural surface involvement was restricted to the uppermost 5 mm of each hemithorax,

patients were not diagnosed with PPFE but with apical pleural caps (Figure 2) [16, 17].

MAC-PD HRCT scores

MAC-PD severity was evaluated in each lobe on HRCT by scoring bronchiectasis (0-9 points),

cellular bronchiolitis (06 points), cavity (0-9 points), nodules (0-3 points), and consolidation

(0-3 points) (Supplementary Table 1) [18, 19]. The sum of the lobar scores for each HRCT

finding were used in the analysis. Total MAC-PD scores ranged from 0 to 30.

Sputum examination

Expectorated sputum or bronchoscopic samples were examined using Ziehl-Neelsen staining.

The results of smear microscopy were assessed semi-quantitatively. A positive smear was

defined as one with >1 AFB per 100 high-power fields [20]. Sputum cultures were examined for

AFB using 2% Ogawa egg medium (Japan BCG, Tokyo, Japan) or a mycobacteria growth

indicator tube (Japan Becton, Dickinson and Company, Tokyo Japan). NTM species were

identified using the AccuProbe (Gen-Probe Inc., San Diego, CA, USA) or COBAS AMPLICOR



(Roche Diagnostic, Tokyo, Japan) systems or by DNA—DNA hybridization assay (Kyokuto

Pharmaceutical Industrial, Tokyo, Japan).

Statistical analysis

All statistical analyses were performed using EZR version 1.38 (based on R version 3.5.2 and R

commander version 2.5-1; Jichi Medical University Saitama Medical Center, Saitama, Japan)

[21]. Fisher’s exact test and Student’s t-test were used to compare characteristics between

patients with and without radiological PPFE. Univariate and multivariate regression analyses

were used for a correlation analysis between patient characteristics and PPFE score. Potential

independent factors identified as significant by univariate analysis were evaluated using

multivariate analysis, as well as age, sex, and BMI. For all analyses, a P-value < 0.05 was

considered statistically significant.



Results

Patient characteristics

A total of 224 patients with MAC-PD were identified and included in this study. The patients’

baseline characteristics are shown in Table 1. The median age (interquartile range) was 68 (62—

74) years. The patients were categorized radiologically into NB type (n = 173) and FC type (n =

48). Among the 103 patients with progressive MAC-PD, 86 received rifampicin (RFP) +

ethambutol (EB) + clarithromycin (CAM)-based treatment regimens. RFP (300450 mg), EB

(500—750 mg), and CAM (600—800 mg) were prescribed daily. Aminoglycoside was injected in

43 patients (Supplementary Table 2).

Among the 88 patients with a positive PPFE score, 59 were diagnosed with PPFE, and

the other 29 were diagnosed with apical pleural caps. Patients with PPFE were more likely to

have a lower BMI, and greater age, smoking history, incidence of fatigue and weight loss, total

MAC-PD score, and all-cause mortality within 5 years (P < 0.05) (Table 2). No significant

difference was observed in treatment regimens for 9 patients with 5-year mortality. Among the

patients, most of those with PPFE were treated with RFP + EB + CAM-based regimens, except

for one receiving an EB + CAM-based regimen. Whilst, those without PPFE received an RFP +

EB + CAM-based regimen. There were no significant differences in sex, percentage of smokers,

prior histories of tuberculosis, presence of comorbidities, use of immunosuppressants, rate of



positive sputum AFB smear, causative organisms, radiological MAC-PD type, MAC-PD status,

and pulmonary symptoms, including cough, sputum, hemoptysis, or fever (P > 0.05). After

multidrug antimicrobial treatment, sputum AFB smear did not turn negative in 24 patients

without PPFE and in 9 with PPFE (P > 0.05). During or after the treatment, sputum AFB smear

became positive again in 9 patients with PPFE and without PPFE, respectively, without a

significant statistical difference (P > 0.05).

Risk factor analysis for MAC-PD symptoms

Although there was no significant difference in Fisher’s exact test, multivariate logistic

regression analysis showed that a higher PPFE score was a risk factor for dyspnea (adjusted

odds ratio (OR) 1.36, 95% confidence interval (Cl) 1.07-1.74, P = 0.013, Supplementary Table

3). Moreover, it was associated with the presence of fatigue and lower BMI (fatigue-adjusted

OR 1.54, 95% CI 1.11-2.14, P = 0.010, Supplementary Table 4; BMI-standardized partial

regression coefficient (B) = —0.229, P < 0.001, Table 3). However, the PPFE score did not

significantly affect the presence of cough, sputum, hemoptysis, or fever (P > 0.05,

Supplementary Tables 5-8).

On the MAC-PD scores, a higher consolidation score increased the risk of cough and

fever (cough-adjusted OR 1.83, 95% CI 1.09-3.08, P = 0.022; fever-adjusted OR 2.24, 95% ClI



1.06-4.76, P = 0.036). Higher cellular bronchiolitis and cavity scores were associated with

hemoptysis (cellular bronchiolitis-adjusted OR 1.30, 95% CI 1.03-1.65, P = 0.028§;

cavity-adjusted OR 1.20, 95% CI 1.04-1.38, P = 0.013). Although bronchiectasis and nodule

scores correlated with cough and fever on univariate analysis (P < 0.05), there was no

significance on multivariate logistic regression analysis.

Among the clinical characteristics, only a positive sputum AFB smear, BMI, and

causative organisms were significantly correlated with clinical symptoms of MAC-PD. A

positive sputum AFB smear was associated with the presence of cough, sputum, and fever

(cough-adjusted OR 2.27, 95% CI 1.12-4.60, P = 0.023; sputum-adjusted OR 2.56, 95% ClI

1.38-4.76, P = 0.003; fever-adjusted OR 3.39, 95% CI 1.12-10.20, P = 0.031). A lower BMI

was associated with an increased risk of fever (adjusted OR 0.78, 95% CI 0.62-0.99, P = 0.042),

and M. avium infection was a factor for higher BMI (standardized partial § = 0.144, P = 0.026).

Other clinical characteristics, including smoking status, presence of comorbidities, previous

history of pulmonary tuberculosis, and use of immunosuppressants did not correlate with any of

the clinical symptoms (P > 0.05).

Correlation analysis between PPFE and MAC-PD scores

Both univariate and multivariate regression analyses found the PPFE score to correlate



positively with the bronchiectasis score and negatively with the BMI (bronchiectasis

score-standardized partial f = 0.260, P < 0.001; BMI-standardized partial p = —0.238, P < 0.001,

Table 4). The consolidation score was associated with the PPFE score on univariate analysis

(standardized B = 0.211, P =0.002) but was not significantly associated on multivariate analysis

(P = 0.574). This indicates that patients with severe bronchiectasis are likely to have greater

extent of PPFE.

Risk factor analysis for progressive MAC-PD based on the presence of PPFE

The PPFE score did not affect MAC-PD status significantly on univariate analysis (P = 0.576,

Table 5). Although all MAC-PD scores, NB type, positive sputum AFB smear, and BMI

correlated with MAC-PD progression on univariate analysis (P < 0.05), only the consolidation

score, positive sputum AFB smear, and older age were independent risk factors for progressive

MAC-PD (consolidation score-adjusted OR 2.74, 95% CI 1.54-4.85, P < 0.001; positive

sputum AFB smear-adjusted OR 2.33, 95% CI 1.11-4.89, P = 0.026; age-adjusted OR 0.95,

95% C10.92-0.98, P = 0.001).

Risk factor analysis for all-cause mortality within 5 years from MAC-PD diagnosis based on

the presence of PPFE



Logistic regression analysis was conducted to determine factors associated with all-cause

mortality within 5 years from the initial MAC-PD diagnosis (Table 6). PPFE, bronchiectasis,

cavity, and consolidation scores were associated with 5-year mortality on univariate analysis (all

P < 0.05). However, multivariate analysis found only a higher PPFE score and lower BMI to be

significant and independent risk factors of 5-year mortality (PPFE score-adjusted OR 1.66, 95%

Cl1 1.06-2.60, variance inflation factor=1.47, P = 0.028; BMI-adjusted OR 0.61, 95% CI 0.39-

0.94, variance inflation factor=1.27, P = 0.028).



Discussions

This is the first comprehensive examination of the prevalence, clinical characteristics, and the

prognostic impact of PPFE in patients with MAC-PD disease. This study highlights three major

findings regarding PPFE in MAC-PD: 1) PPFE is a relatively common radiological

characteristic and suggests a poor prognosis in patients with MAC-PD; 2) PPFE is a risk factor

for low BMI and weight loss in patients with MAC-PD; and 3) PPFE becomes more extensive

as bronchiectatic lesions progress in patients with MAC-PD.

To date, some clinical characteristics predicting disease progression or poor prognosis

have been reported in MAC-PD. A positive sputum AFB smear and older age reportedly predict

a poor prognosis in patients with MAC-PD [20]. The results of the present study are similar

with a positive sputum AFB smear and older age predicting MAC-PD progression. While M.

intracellulare infection was not associated with treatment initiation within 3 years in the present

study or the study by Hwang et al. [5], Koh et al. reported that M. intracellulare infection was

an independent factor for poor prognosis [20]. Since patients with M. avium infection were

more likely to maintain their BMI in this study (Table 3), M. avium infection might be less

invasive than M. intracellulare.

It is well known that the NB phenotype develops chronically while the FC phenotype

develops rapidly [4, 22]. Supporting this radiological classification, the presence of cavity and



consolidation predict a rapid progression necessitating antimicrobial treatment [18]. Chronic

interstitial pneumonia as a comorbidity is also reportedly an individual predictive factor

necessitating antimicrobial treatment for MAC-PD [5]. However, no study has yet assessed the

clinical association between PPFE and MAC-PD. Therefore, we investigated the prevalence,

clinical characteristics, and prognostic impact of PPFE on MAC-PD.

The present study demonstrated that radiological PPFE is a relatively common poor

prognostic factor in patients with MAC-PD. Previous studies indicated that BMI decreased

when associated with MAC-PD in both the short and long term [5, 23]. In this study, a lower

BMI was associated with all-cause mortality within 5 years of the initial diagnosis. Although

lower BMI predicted not only a poor prognosis but the radiological extent of PPFE, this study

found that the extent of radiological PPFE was independently correlated with all-cause mortality

within 5 years (Tables 4 and 6). Since patients with PPFE have decreased forced vital capacity

and total lung capacity [10, 13] and have more frequent dyspnea (Supplementary Table 3),

subsequent restrictive ventilatory deficiency might result in a worse prognosis. Further studies

to assess interactions between pulmonary function, BMI, and prognosis in patients with

MAC-PD would be desirable.

PPFE accompanied with MAC-PD is a risk factor for lower BMI. Although weight

loss and low BMI were reported in idiopathic PPFE and in the disease secondary to systemic



sclerosis and idiopathic pulmonary fibrosis [11, 13, 24], no study has yet reported on the clinical

impact of PPFE on BMI in patients with PPFE associated with MAC-PD. Consistent with other

studies of secondary PPFE, the present study demonstrated that patients with MAC-PD and

PPFE had a lower BMI (Tables 2 and 3). Patients with PPFE may develop platythorax as a

result of marked upper lobe volume contraction [25] and they develop an increased residual

volume/total lung capacity ratio as the disease progresses [26]. Consequently, patients with

PPFE develop a restrictive ventilatory deficiency and require a stronger inspiratory drive to

deliver sufficient inspiratory volume [26]. Since forced vital capacity declines rapidly in

patients with radiologically diagnosed PPFE [27], respiratory muscle fatigue due to platythorax

and subsequent anorexia might have an impact on progressive weight loss and low BMI

regardless of PPFE etiology. This study provides a clinical foundation for further validating this

hypothesis.

PPFE might progress as chronic bronchopulmonary inflammation due to MAC-PD

increases. Recurrent bronchopulmonary infection commonly occurs as a comorbidity in patients

with PPFE [10], and NTM infection frequently accompanies the disease course of PPFE [7].

However, there has been little investigation of the pathogenesis of PPFE accompanied with

MAC-PD. The present study found that the extent of radiological PPFE correlated positively

with bronchiectasis severity and extent in patients with MAC-PD (Table 4). Since traction



bronchiectasis can occur during PPFE progression [28], the association between PPFE and

bronchiectasis scores might merely suggest the presence of traction bronchiectasis. However,

these results imply that both bronchiectasis and PPFE in MAC-PD might be attributable to the

same mechanism. Given that bronchiectasis and cavity extent are associated with cytokine

levels reflecting immune responses [29, 30], chronic or recurrent bronchopulmonary

inflammation due to MAC infection might have affected both PPFE and bronchiectasis. Since

not receiving timely treatment is a risk factor for mortality in MAC-PD [31], early antimicrobial

and/or anti-inflammatory treatment for MAC-PD might delay PPFE progression. However, the

results of this study found that the presence of PPFE did not affect physicians’ initiation of

treatment for MAC-PD (Table 5). Further studies to assess whether incorporating the presence

of PPFE into a clinical risk index for initiating multidrug antimicrobial treatment for MAC-PD

would be needed to better delineate this issue.

This retrospective study had some limitations. First, this was a single-center

retrospective study, and selection bias might have affected the findings. Second, this study was

the first to investigate the presence of PPFE in patients with MAC-PD, and appropriate sample

sizes were not calculated. Therefore, this study included only a small number of patients with

all-cause mortality within 5 years of diagnosis. Further large-scale studies to validate the results

of this study are necessary. Third, bronchiectatic lesions of MAC-PD predominant in the upper



lobe can be difficult to be strictly differentiated from PPFE. However, the present study is still

notable because it showed that upper lobe-dominant PPFE-like lesions might have an impact on

the prognosis of MAC-PD. Further histological investigations to differentiate these findings

should be conducted. Finally, this study did not perform spirometry, and the long-term impact of

PPFE on pulmonary function in patients with MAC-PD should be investigated in further

studies.

In conclusion, the present study assessed the prevalence, clinical characteristics, and

prognostic impact of PPFE on MAC-PD. Radiological PPFE is a relatively common

complication of MAC-PD. Patients with MAC-PD and PPFE have dyspnea, fatigue, and weight

loss more frequently than those without PPFE. Although the presence of radiological PPFE did

not affect physicians’ decisions on initiating multidrug antimicrobial treatment in this study, the

presence of PPFE might predict a worse prognosis in patients with MAC-PD. Therefore, further

studies to assess decision making on the initiation of treatment appear to be warranted.
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Figure legends

Figure 1 Inclusion flowchart.

HRCT, high-resolution computed tomography; MAC-PD, Mycobacterium avium complex

pulmonary disease; PPFE, pleuroparenchymal fibroelastosis

Figure 2 Radiological findings of pleuroparenchymal fibroelastosis (PPFE) and apical pleural

caps in Mycobacterium avium complex pulmonary disease (MAC-PD).

(A) High-resolution computed tomography (HRCT) findings demonstrating typical features of

PPFE. Pleural thickening, subpleural consolidation, and bronchiectasis/traction bronchiectasis

can be observed (arrow). (B) PPFE with cavitary lesions on the left upper lobe, indicating that

PPFE and other radiological characteristics of MAC-PD can coexist in the lungs. (C) HRCT

findings of apical pleural caps (arrows).



Table 1 Clinical characteristics (n = 224).

Characteristic Range
Age, years 67.0+11.9 31-95
Male/female, n 50/174
BMI, kg m™ 19.3+26 13.2-26.8
Smoker, n (%) 64 (28.6)
Smoking, pack-years 9+20 0-135
Previous history of pulmonary TB, n (%) 28 (12.5)
Comorbidities, n (%) 56 (25.0)
Asthma 19 (8.5)
Diabetes mellitus 15 (6.7)
COPD 9 (4.0
Rheumatoid arthritis 7(3.1)
Chronic interstitial pneumonia 4(1.8)
Chronic heart failure 2 (0.9)
Pneumoconiosis 1(0.4)
Use of immunosuppressants, n (%) 8 (3.6)
Symptoms, n (%) 170 (75.9)
Cough 141 (62.9)
Sputum 108 (48.2)
Dyspnea 38 (17.0)
Hemoptysis 49 (21.9)
Fever 23 (10.3)
Fatigue 15 (6.7)
Weight loss 47 (21.0)
Positive sputum AFB smear, n (%) 74 (33.0)
Causative organisms, n (%0)
Mycobacterium avium 139 (62.1)
Mycobacterium intracellulare 101 (45.1)
Co-infections* 16 (7.1)
Radiological types, n (%)
Nodular bronchiectatic 173 (77.2)
Fibrocavitary 48 (21.4)
Unclassifiable 3(1.3)

MAC-PD score 9.0+4.6 2.0-26.0



MAC-PD status, n (%)

Progressive disease’ 103 (46.0)
Stationary disease’ 121 (54.0)
PPFE score 09+14 0.0-7.0
Limited 56 (25.0)
Extensive 32 (14.3)
Presence of PPFE, n (%) 59 (26.3)
Presence of apical cap, n (%) 29 (12.9)

Data are presented as mean = SD and number (%), as appropriate.

* Co-infections of Mycobacterium avium and Mycobacterium intracellulare.

+ Progressive disease is defined as a case requiring multidrug treatment within 3 years of

diagnosis due to clinical or radiological deterioration.

1 Stationary disease is defined as a case stable for at least 3 years after diagnosis without

clinical or radiological deterioration.

AFB, acid-fast bacilli; BMI, body mass index; COPD, chronic obstructive pulmonary disease;

MAC-PD, Mycobacterium avium complex pulmonary disease; PPFE, pleuroparenchymal

fibroelastosis; SD, standard deviation; TB, tuberculosis



Table 2 Clinical and radiological characteristics based on PPFE presence.

Patients with PPFE  Patients without PPFE

Characteristic P-value
(n=59) (n=165)
Age, years 703116 65.8+11.8 0.013
Male/female, n 10/49 40/125 0.279
BMI, kg m™ 179+23 198 +2.6 <0.001
Smoker, n (%) 13 (22.0) 51 (30.9) 0.241
Smoking, pack-years 3.8+94 10.2 £22.2 0.032
Previous history of pulmonary TB, n (%) 10 (16.9) 18 (10.9) 0.254
Presence of comorbidities, n (%) 12 (20.3) 44 (26.7) 0.384
Use of immunosuppressants, n (%) 2 (3.4) 6 (3.6) >0.999
Symptoms, n (%) 46 (78.0) 124 (75.2) 0.726
Cough 40 (67.8) 101 (61.2) 0.433
Sputum 31 (52.5) 77 (46.7) 0.452
Dyspnea 14 (23.7) 24 (14.5) 0.111
Hemoptysis 18 (30.5) 31 (18.8) 0.069
Fever 9 (15.3) 14 (8.5) 0.209
Fatigue 8 (13.6) 7(4.2) 0.028
Weight loss 20 (33.9) 27 (16.4) 0.008
Positive sputum AFB smear, n (%) 20 (33.9) 54 (32.7) 0.873
Causative organisms, n (%)
Mycobacterium avium 35 (59.3) 104 (63.0) 0.641
Mycobacterium intracellulare 26 (44.1) 75 (45.5) 0.880
Co-infections” 2 (3.4) 14 (8.5) 0.249
Radiological types, n (%)
Nodular bronchiectatic 43 (72.9) 130 (78.8) 0.369
Fibrocavitary 16 (27.1) 32 (19.4) 0.267
Unclassifiable 0 (0.0) 3(1.8) 0.568
MAC-PD score 108 +4.6 84+44 <0.001
Bronchiectasis 39+18 27%18 <0.001
Cellular bronchiolitis 3714 33x17 0.084
Cavity 16+26 12+23 0.270
Nodule 0.6+0.6 05+0.6 0.609
Consolidation 1.0+£0.7 06x0.7 0.002



MAC-PD status, n (%)

Progressive disease’ 31 (52.5) 72 (43.6) 0.287
Stationary disease* 28 (47.5) 93 (56.4) '
All-cause mortality within 5 years, n (%) 8 (13.6) 1 (0.6) <0.001

Data are presented as mean + SD and number (%), as appropriate.

* Co-infections of Mycobacterium avium and Mycobacterium intracellulare.

+ Progressive disease is defined as a case requiring treatment within 3 years from diagnosis due
to clinical or radiological deterioration.

1 Stationary disease is defined as a case stable for at least 3 years after diagnosis without
clinical or radiological deterioration.

AFB smear, acid-fast bacilli; BMI, body mass index; MAC-PD, Mycobacterium avium complex
pulmonary disease; PPFE, pleuroparenchymal fibroelastosis; SD, standard deviation; TB,

tuberculosis



Table 3 Univariate and multivariate regression analyses for BMI (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Standardized Adjusted Standardized
b R? P-value partial p P-value

PPFE score -0.302 0.088 <0.001 -0.229 <0.001
Bronchiectasis score —0.236 0.052 <0.001 —-0.047 0.559
Cellular bronchiolitis score —0.050 —0.002 0.478
Cavity score —0.169 0.025 0.013 —0.064 0.631
Nodule extent score —-0.077 0.001 0.271
Consolidation score —-0.170 0.025 0.014 —0.016 0.827
Radiological type [nodular
bronchiectatic] 0.136 0.015 0.046 0.124 0.360
Causative organisms

Mycobacterium avium 0.191 0.031 0.007 0.144 0.026

Mycobacterium intracellulare -0.121 0.010 0.086
Positive sputum AFB smear —0.048 —0.003 0.492
Age —0.204 0.038 0.003 —0.182 0.007
Sex [female] —0.223 0.046 0.001 -0.263 <0.001
Smoking, pack-years 0.128 0.012 0.065
Presence of comorbidities 0.049 —0.002 0.475
Previous history of pulmonary TB —0.010 —0.005 0.886
Use of immunosuppressants —0.119 0.011 0.075

AFB, acid-fast bacilli;

B, regression coefficient; BMI, body mass index; MAC-PD,

Mycobacterium avium complex pulmonary disease; PPFE, pleuroparenchymal fibroelastosis;

TB, tuberculosis



Table 4 Univariate and multivariate regression analyses for PPFE score (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Standardized . Standardized
Adjusted R>  P-value P-value
partial

Bronchiectasis score 0.329 0.104 <0.001 0.260 <0.001
Cellular bronchiolitis score 0.058 —0.001 0.391
Cavity score —0.013 —0.004 0.842
Nodule extent score 0.015 —0.004 0.821
Consolidation score 0.211 0.040 0.002 0.041 0.574
Radiological type [nodular
bronchiectatic] 0.048 —-0.002 0.477
Causative organisms

Mycobacterium avium —0.065 0.000 0.336

Mycobacterium intracellulare 0.043 —0.003 0.521
Positive sputum AFB smear 0.043 —0.003 0.518
Age 0.151 0.018 0.024 0.009 0.904
Sex [female] 0.078 0.002 0.245 -0.012 0.875
BMI —-0.307 0.088 <0.001 -0.238 <0.001
Smoking, pack-years -0.112 0.011 0.068
Presence of comorbidities —0.037 —0.003 0.578
Previous history of pulmonary TB 0.069 0.000 0.306
Use of immunosuppressants 0.007 —0.004 0.923

AFB, acid-fast bacilli;

B, regression coefficient; BMI, body mass index; MAC-PD,

Mycobacterium avium complex pulmonary disease; PPFE, pleuroparenchymal fibroelastosis;

TB, tuberculosis



Table 5 Risk factor analysis for progressive Mycobacterium avium pulmonary disease

necessitating multidrug antibiotic treatment within 3 years from initial diagnosis (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)
PPFE score 0.576
Bronchiectasis score 0.008 1.22 (1.05-1.41) 0.805
Cellular bronchiolitis score 0.018 1.22 (1.04-1.45) 0.182
Cavity score <0.001 1.50 (1.29-1.74) 0.278
Nodule extent score 0.012 1.86 (1.14-3.02) 0582
Consolidation score <0.001 298 (1.94-4.60) <0.001 2.74 (1.54-4.85)
Radiological type [nodular
. . <0.001  0.14 (0.06-0.29) 0.323

bronchiectatic]
Causative organisms

Mycobacterium avium 0.981

Mycobacterium intracellulare 0.880
Positive sputum AFB smear <0.001 3.81(2.11-6.88) 0.026 2.33(1.11-4.89)
Age 0.194 0.001  0.95(0.92-0.98)
Sex [female] 0.518 0.324
BMI 0.027 0.89 (0.79-0.99)  0.086
Smoking, pack-years 0.525
Presence of comorbidities 0.190
Previous history of pulmonary TB 0.723
Use of immunosuppressants 0.817

AFB, acid-fast bacilli; CI, confidence interval; MAC-PD, Mycobacterium avium complex

pulmonary disease; OR, odds ratio; PPFE, pleuroparenchymal fibroelastosis; TB, tuberculosis



Table 6 Risk factor analysis for all-cause mortality within 5 years from initial Mycobacterium

avium pulmonary disease diagnosis (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)
PPFE score <0.001 1.76 (1.26-2.45) 0.028 1.66 (1.06-2.60)
Bronchiectasis score 0.005 1.57 (1.15-2.15) 0.626
Cellular bronchiolitis score 0.766
Cavity score 0.003 1.41 (1.12-1.78) 0.210
Nodule extent score 0.055
Consolidation score 0.005 3.40 (1.45-7.99) 0.733
Radiological type [nodular
i . 0.027 0.22 (0.06-0.84) 0.763
bronchiectatic]
Causative organisms
Mycobacterium avium 0.683
Mycobacterium intracellulare 0.968
Positive sputum AFB smear 0.157
Age 0.078 0.498
Sex [female] 0.424 0.062
BMI 0.002 0.57 (0.40-0.81) 0.028 0.61 (0.39-0.94)
Smoking, pack-years 0.717
Presence of comorbidities 0.182
Previous history of pulmonary TB 0.898
Use of immunosuppressants 0.992
MAC-PD status [progressive
0.217

disease]

AFB, acid-fast bacilli; Cl, confidence interval; MAC-PD, Mycobacterium avium complex

pulmonary disease; OR, odds ratio; PPFE, pleuroparenchymal fibroelastosis; TB, tuberculosis
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Supplementary Table 1 HRCT scoring system for Mycobacterium avium complex pulmonary

disease extent [1, 2].

Score
HRCT finding
0 1 2 3

Bronchiectasis (9 points)

Severity” Absent Mild Moderate  Severe

Extent Absent 1-5 6-9 >9

Mucus plugging® Absent 1-5 6-9 >9
Cellular bronchiolitis (6 points)

Severity* Absent Mild Moderate ~ Severe

Extent’ Absent 1-5 6-9 >9
Cavity (9 points)

Diameter, cm Absent <3 3-5 >5

Wall thickness, mm Absent <1l 1-5 >5

Extent, n Absent 1-3 4-5 >5
Nodule extent’ (3 points) Absent 1-5 6-9 >9
Consolidation extent’ (3 points) Absent <3 3-5 >5

Maximal possible score = 30 points.

* Mild-bronchus diameter greater than adjacent vessel diameter; moderate-bronchus diameter

two to three times vessel diameter; severe-bronchus diameter greater than three times vessel

diameter

T Number of involved segments

I Mild-identifiable, peripheral lung, 1 cm from pleura; moderate-definite, involvement greater

than 1-3 cm from pleura; severe-extensive, extending to central lung

HRCT, high-resolution computed tomography



Supplementary Table 2 Treatment regimen for progressive Mycobacterium avium complex

pulmonary disease (n = 103).

Aminoglycoside

Treatment regimen n (%) L
injection, n (%)

RFP+EB+CAM 84 (81.6) 40 (38.8)
RFP+EB+CAM+FQ 2(1.9) 0 (0.0)
EB+CAM+FQ 6 (5.8) 1(1.0)
EB+CAM 5(4.9) 1(1.0)
RFP+CAM+FQ 4 (3.9) 0 (0.0)
RFP+CAM 1(1.0) 1(1.0)
CAM+FQ 1(1.0) 0 (0.0)

RFP, rifampicin; EB, ethambutol; CAM, clarithromycin; FQ, fluoroquinolones



Supplementary Table 3 Risk factor analysis for dyspnea in Mycobacterium avium complex

pulmonary disease (n = 224).

Univariate analysis Multivariate analysis
Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)

PPFE score 0.001 1.42 (1.15-1.76) 0.013 1.36 (1.07-1.74)
Bronchiectasis score 0.175
Cellular bronchiolitis score 0.450
Cavity score 0.456
Nodule extent score 0.526
Consolidation score 0.049 1.60 (1.00-2.55) 0.665
Radiological type [nodular
bronchiectatic] 0852
Causative organisms

Mycobacterium avium 0.603

Mycobacterium intracellulare 0.757
Positive sputum AFB smear 0.006 2.72 (1.33-5.53) 0.006 3.04 (1.37-6.75)
Age 0.365 0.974
Sex [female] 0.517 0.412
BMI 0.189 0.656
Smoking, pack-years 0.775
Presence of comorbidities 0.837

Previous history of pulmonary TB 0.687
Use of immunosuppressants 0.986

AFB, acid-fast bacilli; CI, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis



Supplementary Table 4 Risk factor analysis for fatigue in Mycobacterium avium complex

pulmonary disease (n = 224).

Univariate analysis Multivariate analysis
Characteristic Adjusted OR
P-value OR (95% CI)  P-value
(95% ClI)

PPFE score 0.003 1.53 (1.16-2.02) 0.010 154 (1.11-2.14)
Bronchiectasis score 0.237
Cellular bronchiolitis score 0.250
Cavity score 0.555
Nodule extent score 0.604
Consolidation score 0.031 2.10(1.07-4.10)  0.129
Radiological type [nodular
bronchiectatic] 0318
Causative organisms

Mycobacterium avium 0.473

Mycobacterium intracellulare 0.899
Positive sputum AFB smear 0.028 3.32(1.14-9.72)  0.051
Age 0.474 0.288
Sex [female] 0.676 0.454
BMI 0.681 0.638
Smoking, pack-years 0.295
Presence of comorbidities 0.877

Previous history of pulmonary TB 0.920
Use of immunosuppressants 0.991

AFB, acid-fast bacilli; CI, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis



Supplementary Table 5 Risk factor analysis for cough in Mycobacterium avium complex

pulmonary disease (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)

PPFE score 0.396
Bronchiectasis score 0.009 1.23 (1.05-1.44) 0.690
Cellular bronchiolitis score 0.497
Cavity score 0.138
Nodule extent score 0.035 1.73 (1.04-2.89) 0.156
Consolidation score <0.001 2.32 (1.50-3.58) 0.022  1.83(1.09-3.08)
Radiological type [nodular
bronchiectatic] 0200
Causative organisms

Mycobacterium avium 0.034 0.53 (0.30-0.95) 0.160

Mycobacterium intracellulare 0.132
Positive sputum AFB smear 0.001 2.93 (1.54-5.55) 0.023  2.27 (1.12-4.60)
Age 0.004 1.04 (1.01-1.06) 0.075
Sex [female] 0.402 0.861
BMI 0.330 0.636
Smoking, pack-years 0.353
Presence of comorbidities 0.232
Previous history of pulmonary TB 0.323
Use of immunosuppressants 0.478

AFB, acid-fast bacilli; Cl, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis



Supplementary Table 6 Risk factor analysis for sputum in Mycobacterium avium complex

pulmonary disease (n = 224).

Univariate analysis Multivariate analysis
Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)

PPFE score 0.222
Bronchiectasis score 0.072
Cellular bronchiolitis score 0.216
Cavity score 0.164
Nodule extent score 0.152
Consolidation score 0.035 1.50 (1.03-2.18) 0.310
Radiological type [nodular
bronchiectatic] 0101
Causative organisms

Mycobacterium avium 0.028 0.54 (0.31-0.94) 0.124

Mycobacterium intracellulare 0.091
Positive sputum AFB smear <0.001 2.77 (1.55-4.94) 0.003  2.56 (1.38-4.76)
Age 0.052 0.585
Sex [female] 0.213 0.549
BMI 0.257 0.623
Smoking, pack-years 0.192
Presence of comorbidities 0.355
Previous history of pulmonary TB 0.840
Use of immunosuppressants 0.144

AFB, acid-fast bacilli; CI, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis



Supplementary Table 7 Risk factor analysis for hemoptysis in Mycobacterium avium complex

pulmonary disease (n = 224).

Characteristic

Univariate analysis

Multivariate analysis

Adjusted OR

P-value OR (95% CI) P-value
(95% ClI)

PPFE score 0.249
Bronchiectasis score 0.062
Cellular bronchiolitis score 0012 1.31(1.06-1.61) 0.028 1.30(1.03-1.65)
Cavity score 0.026 1.15(1.02-1.30) 0.013  1.20(1.04-1.38)
Nodule extent score 0.533
Consolidation score 0.380
Causative organisms

Mycobacterium avium 0.892

Mycobacterium intracellulare 0.722
Positive sputum AFB smear >0.999
Radiological type [nodular
bronchiectatic] 0141
Age 0.740 0.366
Sex [female] 0.061 0.068
BMI 0.434 0.618
Smoking, pack-years 0.423
Presence of comorbidities 0.402
Previous history of pulmonary TB 0.951
Use of immunosuppressants 0.522

AFB, acid-fast bacilli; CI, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis



Supplementary Table 8 Risk factor analysis for fever in Mycobacterium avium complex

pulmonary disease (n = 224).

Univariate analysis

Multivariate analysis

Characteristic Adjusted OR
P-value OR (95% CI) P-value
(95% ClI)
PPFE score 0.172
Bronchiectasis score 0.029 1.27 (1.03-1.57) 0.996
Cellular bronchiolitis score 0.144
Cavity score 0.021 1.20 (1.03-1.40) 0.459
Nodule extent score 0.027 222 (1.10-452) 0.197
Consolidation score <0.001 2.82 (1.57-5.06) 0.036 2.24 (1.06-4.76)
Radiological type [nodular
. . 0.016 0.33(0.14-0.81) 0.383

bronchiectatic]
Causative organisms

Mycobacterium avium 0.143

Mycobacterium intracellulare 0.248
Positive sputum AFB smear 0.004 3.66 (1.50-8.90) 0.031 3.39(1.12-10.20)
Age 0.110 0.713
Sex [female] 0.944 0.952
BMI 0.009 0.77 (0.63-0.94) 0.042  0.78 (0.62-0.99)
Smoking, pack-years 0.733
Presence of comorbidities 0.899
Previous history of pulmonary TB 0.934
Use of immunosuppressants 0.183

AFB, acid-fast bacilli; Cl, confidence interval; OR, odds ratio; PPFE, pleuroparenchymal

fibroelastosis; TB, tuberculosis
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