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ABSTRACT

Background: Although the “unclassifiable type” is categorized as one of the radiologic 
classifications in Mycobacterium avium complex (MAC) pulmonary disease (PD), there have 
been few studies of this type thus far. We aimed to investigate the radiologic subtypes and 
treatment outcome of unclassifiable type MAC-PD.
Methods: Ninety-six patients with unclassifiable type MAC-PD who initiated a macrolide-
containing regimen from 2001 to 2020 were identified at a tertiary referral center in South 
Korea. Among these 96 patients, 1-year culture conversion rate was analyzed for 48 patients 
who received standard treatment (three-drug oral-antibiotic combination with or without an 
injectable agent) for ≥ 1 year.
Results: The mean age of the 96 patients was 65.4 ± 10.8 years, and 72.9% of them were male. 
These patients were classified into four major radiologic subtypes; the most common subtype 
was the focal cavity subtype (n = 31, 32.3%), followed by the focal mass or nodule (n = 23, 
24.0%), consolidation upon emphysema (n = 21, 21.9%), and bronchiolitis (n = 21, 21.9%) 
subtypes. For the 48 patients who received standard treatment for ≥ 1 year, the overall rate 
of culture conversion at 1-year was 93.8%. All patients in the focal cavity subtype and focal 
mass or nodule subtype categories achieved 1-year culture conversion. Additionally, 1-year 
culture conversion rate was 92.9% in consolidation upon emphysema subtype and 75.0% in 
bronchiolitis subtype.
Conclusion: Unclassifiable type MAC-PD can be radiologically further categorized into four 
major radiologic subtypes. The treatment outcome of all of these subtypes seems to be favorable.
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INTRODUCTION

Mycobacterium avium complex (MAC) pulmonary disease (PD) can be radiologically classified 
into four types—fibrocavitary (FC), cavitary nodular bronchiectatic (C-NB), noncavitary 
nodular bronchiectatic (NC-NB), and unclassifiable types.1-3 Guidelines recommend that 
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the treatment regimen and modality should be determined based on this classification.1,4,5 
That is, in patients with the NC-NB type, an intermittent oral macrolid-based regimen is 
recommended. In contrast, in cavitary disease (FC and C-NB types), a daily oral regimen 
with an injectable agent is recommended.1,4,5 This difference in recommendation on the 
treatment modality is based on a previous study that reported different treatment outcomes 
according to the presence of cavitary lesions.2 In contrast, no specific recommendation 
is described regarding the treatment of patients with unclassifiable type MAC-PD in the 
guidelines, which can be attributed to the paucity of previous studies analyzing the treatment 
outcome of unclassifiable type MAC-PD.6-8

“Unclassifiable type” generally refers to MAC-PD that did not fall into any of the three main 
radiologic types. That is, patients were diagnosed with unclassifiable type only after their 
radiologic findings could not be classified into one of the other major types. Therefore, 
various radiologic forms can be classified as unclassifiable type, such as cases with solitary 
pulmonary lesion2 or consolidation,3 or in the case where the specific type could not be 
determined due to the presence of an underlying disease.3 However, there have been no 
studies that systematically analyze the radiologic subclassificaton of unclassifiable type MAC-
PD. In addition, previous reports that analyzed the treatment outcome of MAC-PD excluded 
patients with unclassifiable type in their analysis,2,9-11 probably due to the heterogenous 
radiologic findings of this type. Accordingly, there have been a few studies regarding its 
clinical features including the treatment outcome.6-8 Therefore, we aimed to investigate the 
radiologic subtypes and treatment outcome of unclassifiable type MAC-PD.

METHODS

Study subjects
Patients were enrolled in the Asan Medical Center, which is a 2,700-bed referral hospital in 
Seoul, Republic of Korea. From 2001 to 2020, 1,256 patients who had MAC-PD and initiated 
treatment with a macrolide-containing regimen for more than once were identified. Among 
these, after excluding those whose computed tomography (CT) findings were classified into 
one of the three major types (FC, C-NB, NC-NB type), 174 patients who had other radiologic 
types remained. Among these patients, we first excluded those with interstitial lung disease 
(ILD) subtype of unclassifiable MAC-PD, which is defined as 1) patients had ILD such as 
usual interstitial pneumonia as an underlying disease, and 2) MAC-PD mainly occurred in 
the lesion already affected with ILD.12 Among the remaining patients, if the number of cases 
classified as a specific subtype was too small (less than 10), it was classified as one of the 
“minor subtypes” and further excluded. We assessed the radiologic findings of the remaining 
96 patients to investigate radiologic subtypes of unclassifiable type (Fig. 1). All the patients 
met the microbiologic criteria of the guideline5: 1) at least two positive MAC cultures from 
sputum or 2) positive culture results from at least one bronchial washing or bronchoalveolar 
lavage, or 3) transbronchial or other lung biopsy with mycobacterial histologic features 
(such as granulomatous inflammation) and positive culture for MAC or biopsy showing 
mycobacterial histologic features and one or more sputum or bronchial specimen that are 
culture-positive for MAC.

Then, among these patients, those who received standard treatment (daily or intermittent 
three-drug oral antibiotics comprising macrolide, ethambutol, and rifampin with or without 
an injectable aminoglycoside) for ≥ 1 year were selected for the treatment outcome analysis.
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Radiologic evaluation
Radiologic abnormalities on chest CT at the time of treatment initiation were evaluated by 
two pulmonologists and one radiologist. If any discrepancies were observed, a consensual 
decision was taken after discussion. Radiologic findings were first classified into FC, C-NB, 
and NC-NB type as previously determined,1,2 and all the remaining findings were classified 
as unclassifiable type. After excluding the ILD subtype and minor subtypes, the unclassifiable 
type was further sub-classified after thorough review and discussion.

Microbiological examination
During the study period, expectorated sputum or samples obtained from bronchoscopy 
were cultured in both solid media (Ogawa medium; Korean Institute of Tuberculosis, 
Seoul, Korea) and liquid media (BACTEC 960 Mycobacterial Growth Indicator Tube; 
Becton Dickinson, Sparks, MD, USA). Acid-fast bacillus (AFB) smears were made using 
Ziehl–Neelsen staining. A positive sputum smear was defined as AFB counts of > 1 per 100 
high power fields. At our center, positive liquid cultures and colonies on solid media were 
subjected to polymerase chain reaction assays using Seeplex TB detection (Seegen, Seoul, 
Korea) to differentiate between Mycobacterium tuberculosis complex and nontuberculous 
Mycobacterium (NTM). NTM species were identified using reverse-blot hybridization of rpoB 
(GenoType Mycobacterium CM/AS; HAIN Lifescience, Nehren, Germany).

Patients were requested to submit expectorated sputum sample at least a one-month 
interval after treatment initiation. Sputum culture conversion was defined as three 
consecutive negative sputum cultures, with the time of conversion being determined as the 
date of the first negative culture. Treatment outcome in terms of culture conversion after 
treatment initiation was compared among the groups, and was determined according to the 
Nontuberculous Mycobacteria-Network European Trials consensus statement.13 In earlier 
studies, patients with persistently positive cultures after > 1 year of treatment were considered 
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Focal cavity subtype
(n = 31)

Focal mass or
nodule subtype

(n = 23)

Consolidation upon
emphysema subtype

(n = 21)

Bronchiolitis subtype
(n = 21)

Patients with MAC pulmonary disease from January 2001 to December 2020
treated using a macrolide-containing regimen for more than once (N = 1,256)

Unclassifiable type MAC pulmonary disease (n = 174)

Unclassifiable type MAC pulmonary disease for radiologic subtype analysis (n = 96)

Excluded
- Three major radiologic types (n = 1,082)a

Excluded (n = 78)
- Interstitial lung disease subtype (n = 61)
- Minor subtype (n = 17)b

Fig. 1. Study flow chart of radiologic subtype analysis. 
MAC = Mycobacterium avium complex. 
aIncluded fibrocavitary, cavitary nodular bronchiectatic, and non-cavitary nodular bronchiectatic type. 
bMinor types included the radiologic findings of non-specific infiltrative lesion in the underlying tuberculous destroyed lung (n = 6), ground glass opacity (n = 
3), nodules without tree-in-bud (n = 2), non-specific infiltrative lesion in underlying bronchiolitis obliterans (n = 2), disseminated nodular lesion (n = 1), acute 
respiratory distress syndrome (n = 1), and other types (n = 2).



treatment failures14,15; thus, the achievement of culture conversion at 1 year after treatment 
initiation was assessed as the main treatment outcome in the present study, as has been 
reported previously.2,10,16-18 In patients whose diagnosis was made on the basis of histologic 
findings alone, it was impossible to determine whether the patients achieved culture 
conversion. In these cases, the treatment result was determined on the basis of changes in 
radiologic findings with treatment.

Statistical analysis
All continuous data are presented as mean ± standard deviation, whereas categorical variables 
are presented as frequencies and percentages. Continuous variables were compared using the 
Kruskal-Wallis test, whereas categorical variables were analyzed by the χ2 test. We used the 
SPSS (version 24.0; SPSS, Chicago, IL, USA) analytical software for statistical analysis.

Ethics statement
The study protocol was approved by the Institutional Review Board of the Asan Medical 
Center (IRB No. 2021-0817). The board waived the requirement for informed consent because 
of the retrospective nature of this study.

RESULTS

Study subjects for the radiologic subtype
We identified 96 patients with unclassifiable type MAC-PD as eligible for participation in 
the radiologic subtype analysis (Fig. 1). Their mean age was 65.4 ± 10.8 years, and 72.9% of 
them were male. The mean body mass index at treatment initiation was 21.0 ± 3.2 kg/m2. The 
etiologic organisms included M. avium in 36 patients (37.5%) and M. intracellulare in 60 (62.5%) 
patients. Sputum AFB smear positivity was noted in 44.8% of patients (Table 1).
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Table 1. Clinical characteristics of 96 patients with unclassifiable type Mycobacterium avium complex pulmonary disease according to radiological subtype
Characteristics Total 

(n = 96)
Focal cavity 

(n = 31)
Focal mass or nodule 

(n = 23)
Consolidation upon 
emphysema (n = 21)

Bronchiolitis 
(n = 21)

P value

Age, yr 65.4 ± 10.8 64.6 ± 11.7 62.5 ± 10.1 71.1 ± 8.4 64.0 ± 10.8 0.028
Age ≥ 65 yr 56 (58.3) 16 (51.6) 11 (47.8) 16 (76.2) 13 (61.9) 0.214
Male sex 70 (72.9) 25 (80.6) 11 (47.8) 20 (95.2) 14 (66.7) 0.003
Body mass index at treatment initiation, 
kg/m2

21.0 ± 3.2 21.7 ± 3.3 22.0 ± 3.2 19.9 ± 2.3 20.1 ± 3.5 0.070

Body mass index < 18.5 kg/m2 at 
treatment initiation

22 (22.9) 6 (19.4) 2 (8.7) 7 (33.3) 7 (33.3) 0.143

Current or past smoker 58 (60.4) 19 (61.3) 10 (43.5) 19 (90.5) 10 (47.6) 0.007
History of tuberculosis treatment 32 (33.3) 10 (32.3) 8 (34.8) 7 (33.3) 7 (33.3) 0.998
Diabetes mellitus 14 (14.6) 5 (16.1) 5 (21.7) 3 (14.3) 1 (4.8) 0.452
Underlying disease

Malignancy 17 (17.7) 7 (22.6) 4 (17.4) 4 (19.0) 2 (9.5) 0.683
Cardiovascular disease 9 (9.4) 3 (9.7) 2 (8.7) 2 (9.5) 2 (9.5) > 0.999
Chronic liver disease 8 (8.3) 5 (16.1) 1 (4.3) 1 (4.8) 1 (4.8) 0.302

Etiology 0.611
Mycobacterium avium 36 (37.5) 11 (35.5) 11 (47.8) 6 (28.6) 8 (38.1)
Mycobacterium intracellulare 60 (62.5) 20 (64.5) 12 (52.2) 15 (71.4) 13 (61.9)

Positive AFB smear at treatment initiation 43 (44.8) 18 (58.1) 6 (26.1) 11 (52.4) 8 (38.1) 0.097
Data are presented as mean ± standard deviation or frequencies (percentage).
AFB = acid-fast bacillus.



Radiologic subtype of unclassifiable type
We classified the radiologic subtype of the 96 patients into four major subtypes. The typical 
CT findings of each of the four subtypes are shown in Fig. 2. First, if CT revealed a cavity 
lesion with or without adjacent satellite nodular lesions in a single lobe, without notable 
abnormal findings in all other remaining lobes, the patients were classified as having 
the focal cavity subtype (Fig. 2A and B). Second, the focal mass or nodule subtype was 
determined in the case of isolated consolidative lesion restricted to one lobe without affecting 
the other five lobes (Fig. 2C and D). Third, we defined the consolidation upon emphysema 
subtype as the identification of newly developed consolidative lesion(s) in the intervening 
normal lung parenchyma within underlying severe emphysema (Fig. 2E and F). Fourth, the 
patient was diagnosed as having bronchiolitis subtype if isolated or multifocal centrilobular 
nodules with tree-in-bud appearance were noted with or without focal bronchiectasis. This 
subtype was diagnosed only in the case where the right middle and lingular segments were 
not involved in the MAC-PD (Fig. 2G and H).

Among the four major subtypes of the unclassifiable type, the most common radiologic 
subtype was the focal cavity (n = 31, 32.3%), followed by the focal mass or nodule (n = 23, 
24.0%), consolidation upon emphysema (n = 21, 21.9%), and bronchiolitis (n = 21, 21.9%) 
subtypes. The median size of cavity in focal cavity subtype was 3.0 cm (interquartile range 
[IQR], 1.9–3.8). The median number of involved lobes was 1 (IQR, 1–2) and 1 (IQR, 1–2) in the 
patients with the consolidation upon emphysema subtype and those with the bronchiolitis 
subtype, respectively. As shown in Table 1, there were no statistically significant differences 
in baseline characteristics between the four subtypes, except for age, sex, and smoking history.
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A

E

B
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D

H

Fig. 2. Representative chest CT images of the four major radiologic subtypes of the unclassifiable type in the present study. (A) Chest CT of 53-year-old women 
showing an approximately 2-cm-sized thin-walled focal cavitary lesion in the right upper lobe. (B) Irregular-shaped thick-walled cavitary lesion of 4.2 × 3.7 cm 
in size was noted in the right lower lobe with adjacent multiple small nodular and branching linear-shaped parenchymal opacities in the chest CT of 35-year-old 
women. (C) CT scan of a 55-year-old man showing a focal consolidative nodular lesion with internal necrotic changes in the right upper lobe. (D) Irregular-
shaped consolidative mass lesion in the left lower lobe was seen in the chest CT of 50-year-old women. (E) Newly developed infiltrative consolidation was 
noted in the left upper lobe in a 73-year-old male patient who had underlying diffuse centrilobular emphysema. (F) Chest CT scan of a 75-year-old male patient 
with centrilobular emphysema as a underlying disease showed consolidative infiltration in the right upper lobe. (G) Centrilobular nodules with tree-in-bud 
appearance was noted with focal bronchiectatic changes in the right lower lobe in the chest CT scan of a 62-year-old male patient. (H) Chest CT scan of a 
79-year-old female patient showed a segmentally distributed centrilobular nodule with the tree-in-bud sign was seen in right upper lobe. 
CT = computed tomography.



Study subjects for treatment outcome analysis
Among 96 patients with the unclassifiable type, the number of patients who received standard 
treatment for ≥ 1 year was 48 (50.0%) patients. Fig. 3 presents the detailed reasons for 
exclusion in the remaining patients who received non-standard treatment or whose treatment 
duration was < 1 year. Table 2 shows the clinical characteristics of the 48 patients whose 
treatment duration was ≥ 1 year. Statistically significant differences in sex, body mass index, 
and smoking history were noted among these patients. Among the 48 patients involved in 
the treatment outcome analysis, treatment was maintained with three-drug intermittent 
or daily oral regimen in 30 patients (62.5%), whereas the remaining 18 (37.5%) patients 
received regimen composed of oral drugs as well as injectable aminoglycosides. No significant 
difference in terms of treatment modality was noted among the four subtypes (Table 3).

Treatment outcome of unclassifiable type
As shown in Table 3, the overall 1-year culture conversion rate of the 48 patients was 93.8%. 
Notably, all patients in the focal cavity subtype and focal mass or nodule subtype categories 
achieved culture conversion at 1 year. In addition, the treatment responses of the patients with 
the remaining two subtypes were also successful; the 1-year culture conversion rate reaching 
92.9% in the consolidation upon emphysema subtype and 75.0% in bronchiolitis subtype.
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Table 2. Clinical characteristics of 48 patients with unclassifiable type Mycobacterium avium complex pulmonary disease received standard treatment for ≥ 1 year
Characteristics Total 

(n = 48)
Focal cavity 

(n = 12)
Focal mass or nodule 

(n = 14)
Consolidation upon 
emphysema (n = 14)

Bronchiolitis 
(n = 8)

P value

Age, yr 65.3 ± 9.8 62.8 ± 9.5 63.6 ± 9.3 70.1 ± 9.4 63.5 ± 10.4 0.143
Age ≥ 65 yr 29 (60.4) 6 (50.0) 8 (57.1) 10 (71.4) 5 (62.5) 0.722
Male sex 33 (68.8) 10 (83.3) 5 (35.7) 13 (92.9) 5 (62.5) 0.007
Body mass index at treatment initiation, kg/m2 21.6 ± 3.4 23.4 ± 3.7 22.8 ± 3.3 19.8 ± 2.1 19.8 ± 2.5 0.018
Body mass index < 18.5 kg/m2 at treatment 
initiation

8 (16.7) 2 (16.7) 0 (0.0) 4 (28.6) 2 (25.0) 0.201

Current or past smoker 27 (56.3) 7 (58.3) 4 (28.6) 12 (85.7) 4 (50.0) 0.024
History of tuberculosis treatment 20 (41.7) 4 (33.3) 5 (35.7) 7 (50.0) 4 (50.0) 0.759
Diabetes mellitus 7 (14.6) 3 (25.0) 3 (21.4) 1 (7.1) 0 (0.0) 0.313
Underlying disease

Malignancy 10 (20.8) 3 (25.0) 2 (14.3) 4 (28.6) 1 (12.5) 0.721
Cardiovascular disease 2 (4.2) 0 (0.0) 2 (14.3) 0 (0.0) 0 (0.0) 0.167
Chronic liver disease 3 (6.3) 2 (16.7) 0 (0.0) 1 (7.1) 0 (0.0) 0.295

Etiology 0.231
Mycobacterium avium 19 (39.6) 4 (33.3) 8 (57.1) 3 (21.4) 4 (50.0)
Mycobacterium intracellulare 29 (60.4) 8 (66.7) 6 (42.9) 11 (78.6) 4 (50.0)

Positive AFB smear at treatment initiation 20 (41.7) 8 (66.7) 3 (21.4) 7 (50.0) 2 (25.0) 0.080
Data are presented as mean ± standard deviation or frequencies (percentage).
AFB = acid-fast bacillus.

Table 3. Treatment regimen and outcome of 48 patients with unclassifiable type Mycobacterium avium complex pulmonary disease according to radiological subtype
Characteristics Total 

(n = 48)
Focal cavity 

(n = 12)
Focal mass or nodule 

(n = 14)
Consolidation upon 
emphysema (n = 14)

Bronchiolitis 
(n = 8)

P value

Treatment regimen 0.160
Intermittent three-drug oral antibiotics 5 (10.4) 0 (0.0) 2 (14.3) 1 (7.1) 2 (25.0)
Daily three-drug oral antibiotics 25 (52.1) 6 (50.0) 10 (71.4) 5 (35.7) 4 (50.0)
Daily three-drug oral antibiotics + injectable 
aminoglycoside

18 (37.5) 6 (50.0) 2 (14.3) 8 (57.1) 2 (25.0)

Duration with injectable aminoglycosides 
(weeks, n = 18)

15.2 ± 7.7 16.6 ± 2.9 14.8 ± 8.6 17.6 ± 9.4 19.4 ± 15.6 0.962

Culture conversion at 1 yr 45 (93.8) 12 (100.0) 14 (100.0) 13 (92.9) 6 (75.0) 0.088
Data are presented as frequencies (percentage) and mean ± standard deviation.
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The univariate and multivariate analyses of the factors that affected treatment outcomes in 48 
patients is presented in Supplementary Table 1, which showed that none of the variables were 
significantly related to the treatment outcome.

DISCUSSION

Although the unclassifiable type is categorized as one of the radiologic classifications in 
MAC-PD, there have been few studies on the radiologic subclassification and treatment 
outcome of this type thus far.6-8 To the best of our knowledge, this is the first study to 
systematically report the radiologic subtypes and treatment outcomes of the unclassifiable 
type through a retrospective analysis for 96 patients with unclassifiable type MAC-PD at a 
tertiary referral center in Republic of Korea. The key findings are as follows: 1) radiologically, 
the unclassifiable type can be further categorized into 4 major subtypes: focal cavity, 
focal mass or nodule, consolidation upon emphysema, and bronchiolitis subtypes, 2) the 
treatment outcome of patients who received standard treatment seemed generally favorable 
for all the four major subtypes, although the number of patients who were treated for ≥ 1 year 
was small. It should be noted that, ILD subtype of unclassifiable type was not included for the 
present study, as we have recently reported the clinical characteristics and treatment outcome 
of ILD subtype.12

The guideline defines the radiologic criteria for diagnosing NTM-PD as nodular or cavitary 
opacities on chest radiograph, or a high-resolution CT scan that shows bronchiectasis with 
multiple small nodules.5 Thus, it is unclear whether atypical CT findings of unclassifiable 
type MAC-PD such as focal consolidative lesion should be assessed as a manifestation 
of MAC-PD even if the growth of MAC was identified in respiratory specimen or tissue. 
Therefore, among these patients, we only included those who initiated macrolid-containing 
regimen for more than once for the radiologic subtype analysis in the present study. This is 
because, it can be considered that macrolide-based treatment could be initiated only after the 
diagnosis of MAC-PD was firmly established by the attending physician.

Overall, the high rate of culture conversion achievement in the 48 patients who received 
treatment for ≥ 1 year is a notable finding, given that the culture conversion rate at 1 year 
(93.8%) was significantly higher than what has been previously reported in the cavitary (FC or 
C-NB) or NC-NB type.2 We excluded patients who presented with radiologic types other than 
the unclassifiable type during the study enrollment process; therefore, we could not directly 
analyze the treatment outcome of patients with the unclassifiable type in comparison with 
those with other radiologic types. However, by using the data of participants of other studies 
from our center that were recently published,16,19 we indirectly compared the treatment 
outcome according to the radiologic type. The baseline characteristics of patients with the 
unclassifiable, cavitary, or NC-NB type is shown in Supplementary Table 2. Supplementary 
Table 3 presents, after adjusting several factors that affect treatment outcome, that the 
treatment outcome of the unclassifiable type is significantly higher than that of the cavitary 
or NC-NB type. The high rate of 1-year culture conversion achievement in all 4 subtypes of the 
unclassifiable type could be related to the extent of the disease. Kuroishi et al.20 previously 
reported that sputum culture conversion after treatment was associated with the number 
of lobes that were involved; the number of involved lobes was significantly higher in the 
patients whose sputum had not converted to a negative result after treatment. Considering 
that the radiologic extent was confined within a single lobe in 2 subtypes (focal cavity and 
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focal mass or nodule), and as the median number of involved lobes was 1 (IQR, 1–2) in both 
consolidation upon emphysema and bronchiolitis subtypes, the limited extent of disease 
could provide a plausible explanation of the favorable treatment outcome in the patients with 
the unclassifiable type.

Among the unclassifiable types, the most common radiologic subtype was focal cavity 
subtype. Therefore, we believe that the attending physician should be aware that MAC-PD 
can rarely develop as a focal cavity form, which is similar to pulmonary tuberculosis. Of 12 
patients with focal cavity subtype who were treated for ≥ 1 year, an injectable aminoglycoside 
was administered to half of the patients; this clinical decision possibly reflects the current 
guidelines recommending aminoglycoside administration to patients with the cavitary 
type.1,5,21 Notably, the 1-year culture conversion rate of 12 patients with the focal cavity subtype 
who received treatment for ≥ 1 year was 100%, and is in contrast with previous studies which 
reported that only 60–80% patients with cavitary disease (FC or C-NB type) achieved culture 
conversion at 12 months after treatment with the standard regimen.2,16 There could be several 
possible explanations for the disparate results in terms of treatment outcome: 1) the focal 
cavity subtype in the present study is different from the FC type because the cavity was not 
located in the apical lobe, associated with advanced volume loss and fibrosis.22 In addition, 
by definition, patients with the focal cavity subtype in the present study did not show any 
other abnormalities in other lobes, including bronchiectatic changes in the right middle 
lobe and lingular segment, as shown in the C-NB type.1,2 These different radiologic findings 
suggested that drug penetration into the cavitary lesion could relatively be preserved in the 
case of patients with the focal cavity subtype, as the destruction of the adjacent pulmonary 
parenchyma is less prominent than that in the FC or C-NB type. 2) Moreover, notable disparity 
is noted in the number of cavities. We recently reported that 53.3% and 38.8% of patients 
with MAC-PD with FC and C-NB type had ≥ 2 cavities.19 In contrast, all patients with the focal 
cavity subtype in the present study had one cavitary lesion. This difference of the number of 
cavitary lesion could constitute another plausible explanation for the favorable outcome of 
patients with the focal cavity subtype. Therefore, it could be concluded that, although the 
cavity is a classic marker of high mycobacterial burden, successful treatment outcomes could 
be expected in the case of focal cavitary involvement of MAC in a single lobe. However, more 
research is needed to ascertain the optimal regimen for this subtype.

It is known that NTM-PD can rarely present as a solitary pulmonary nodule or in a focal 
consolidative form,7,8,23 which is the second most common subtype in the present study. 
Although the treatment outcome of this subtype was successful in previous studies and in 
the present study, invasive procedures such as percutaneous needle biopsy (PCNB) were 
frequently required for proper diagnosis; 56.5% (13/23) of the patients with this subtype in 
the present study were diagnosed on the basis of histologic findings obtained via PCNB, 
along with positive cultures from biopsy specimens. Conversely, the diagnosis of almost 
all patients in the other three subtypes was based on positive MAC cultures from sputum 
or bronchial specimens alone. Given that the focal mass or nodule subtype is the second 
most common subtype of unclassifiable type MAC-PD in our study patients, it should be 
emphasized that when the finding of chronic granulomatous inflammation was revealed on 
histology after biopsy, it should not be treated as a disease caused by M. tuberculosis without 
additional testing, even in tuberculosis-endemic countries. In this case, further examination, 
including rapid molecular test and/or AFB culture, should be performed, considering that 
histological resemblance between the disease caused by M. tuberculosis and NTM as well as the 
incidence of NTM-PD are rapidly increasing globally.
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Structurally damaging lung diseases, such as bronchiectasis, cystic fibrosis, pneumoconiosis, 
and chronic obstructive pulmonary disease (COPD) is well known to increase susceptibility 
to NTM-PD.4,24-26 The classic phenotype of MAC-PD developed in COPD is the FC form, 
of which radiologic findings were characterized by upper lobe fibrosis, volume loss and 
cavitation with surrounding pleural thickening.22,27 In contrast, we showed that MAC-PD 
could also develop in the form of infiltrative consolidative lesion(s) within intervening lung 
parenchyma around emphysema. An injectable aminoglycoside was added in 57.1% (8/14) 
patients and, therefore, this subtype was likely to be considered as a severe form by the 
attending physician and would be identified as requiring an aminoglycoside-containing 
regimen. Nevertheless, the majority (92.9%, 13/14) of patients achieved culture conversion 
at 1 year, and this is a higher success rate compared with that of the FC type. The successful 
treatment outcome in the consolidation upon emphysema subtype could be explained by the 
limited number of involved lobes and the absence of cavitary lesions.

The radiologic finding of centrilobular nodules sized < 1 cm with tree-in-bud signs is 
suggestive of inflammation mainly in the bronchioles and bronchus, which is commonly 
found in the CT of patients with NTM-PD.28-30 In contrast to pulmonary tuberculosis, it is well 
known that these findings of nodules are typically associated with bronchiectasis in NTM-
PD.29,31 The present study suggested that, MAC-PD can also uncommonly present the focal 
bronchiolitis form characterized by isolated or multifocal small centrilobular nodules with a 
tree-in-bud appearance without involving bronchiectatic changes in the right middle lobe or 
lingular segment. These findings imply that the possibility of MAC-PD should be included in 
the differential diagnosis in the case of tree-in-bud opacities without bronchiectsis.32

Our study has some limitations, the most significant one was that it was conducted at a 
single referral center and it had a retrospective design. In addition, even considering that 
the unclassifiable type of MAC-PD seemed to be a rare disease entity, the number of patients 
with each subtype was small to analyze. Moreover, the treatment modality in each group 
was determined solely by each attending physician without a pre-established protocol. This 
approach was adopted because the optimal regimen for the treatment of unclassifiable type 
MAC-PD is unclear, especially on whether to include an injectable aminoglycoside to the 
regimen or to prescribe the drugs as an intermittent or daily administration regimen, which 
is in contrast to the established treatment modality in the FC, C-NB, and NC-NB types.1,4,5 
Finally, only 48 patients received treatment for ≥ 1 year, and the regimen was nonuniform 
among the subtypes. Therefore, cautious interpretation of the treatment outcome, optimal 
treatment modality, and factors that affect the treatment outcome is needed.

In conclusion, unclassifiable type MAC-PD can be further subcategorized into four major 
subtypes on the basis of radiologic findings. The treatment outcome of these patients with oral 
macrolide-based three-drug antibiotics with or without injectable agents seemed favorable.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Risk factors for nonachievement of a culture conversion at 1 year after standard treatment for 
≥ 1 year in the unclassifiable type of Mycobacterium avium complex pulmonary disease

Click here to view
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Supplementary Table 2
Clinical characteristics of unclassifiable, cavitary, and non-cavitary type of Mycobacterium 
avium complex pulmonary disease patients who received treatment for ≥ 1 year

Click here to view

Supplementary Table 3
Risk factors for nonachievement of a culture conversion at 1 year in unclassifiable, cavitary, 
and non-cavitary types of Mycobacterium avium complex pulmonary disease

Click here to view

REFERENCES

	 1.	 Kwon YS, Koh WJ, Daley CL. Treatment of Mycobacterium avium complex pulmonary disease. Tuberc Respir 
Dis 2019;82(1):15-26. 
PUBMED | CROSSREF

	 2.	 Koh WJ, Moon SM, Kim SY, Woo MA, Kim S, Jhun BW, et al. Outcomes of Mycobacterium avium complex 
lung disease based on clinical phenotype. Eur Respir J 2017;50(3):1602503. 
PUBMED | CROSSREF

	 3.	 Hwang JA, Kim S, Jo KW, Shim TS. Natural history of Mycobacterium avium complex lung disease in 
untreated patients with stable course. Eur Respir J 2017;49(3):1600537. 
PUBMED | CROSSREF

	 4.	 Griffith DE, Aksamit TR. Managing Mycobacterium avium complex lung disease with a little help from my 
friend. Chest 2021;159(4):1372-81. 
PUBMED | CROSSREF

	 5.	 Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ Jr, Andrejak C, et al. Treatment of nontuberculous 
mycobacterial pulmonary disease: an official ATS/ERS/ESCMID/IDSA clinical practice guideline. Eur Respir 
J 2020;56(1):2000535. 
PUBMED | CROSSREF

	 6.	 Park SW, Song JW, Shim TS, Park MS, Lee HL, Uh ST, et al. Mycobacterial pulmonary infections in 
patients with idiopathic pulmonary fibrosis. J Korean Med Sci 2012;27(8):896-900. 
PUBMED | CROSSREF

	 7.	 Hirama T, Brode SK, Marras TK. Radiologic types of Mycobacterium xenopi pulmonary disease: different 
patients with similar short-term outcomes. Eur J Clin Microbiol Infect Dis 2019;38(2):373-81. 
PUBMED | CROSSREF

	 8.	 Lim J, Lyu J, Choi CM, Oh YM, Lee SD, Kim WS, et al. Non-tuberculous mycobacterial diseases presenting 
as solitary pulmonary nodules. Int J Tuberc Lung Dis 2010;14(12):1635-40.
PUBMED

	 9.	 Kwon YS, Kwon BS, Kim OH, Park YE, Shim TS, Chong YP, et al. Treatment outcomes after 
discontinuation of ethambutol due to adverse events in Mycobacterium avium complex lung disease. J Korean 
Med Sci 2020;35(9):e59. 
PUBMED | CROSSREF

	10.	 Kwon YS, Han M, Kwon BS, Kim OH, Lee HY, Shim TS, et al. Discontinuation rates attributed to adverse 
events and treatment outcomes between clarithromycin and azithromycin in Mycobacterium avium complex 
lung disease: a propensity score analysis. J Glob Antimicrob Resist 2020;22:106-12. 
PUBMED | CROSSREF

	11.	 Kim OH, Kwon BS, Han M, Koh Y, Kim WS, Song JW, et al. Association between duration of 
aminoglycoside treatment and outcome of cavitary Mycobacterium avium complex lung disease. Clin Infect Dis 
2019;68(11):1870-6. 
PUBMED | CROSSREF

	12.	 Park YE, Lee JH, Chong YP, Lee HJ, Kim HC, Song JW, et al. Treatment outcomes of the interstitial lung 
disease subtype of unclassifiable type Mycobacterium avium complex pulmonary disease. J Infect Chemother 
2022;28(8):1112-8. 
PUBMED | CROSSREF

11/13

Subtypes and Outcome of Unclassifiable Type MAC-PD

https://doi.org/10.3346/jkms.2023.38.e16https://jkms.org

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e16&fn=jkms-38-e16-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e16&fn=jkms-38-e16-s003.doc
http://www.ncbi.nlm.nih.gov/pubmed/30574687
https://doi.org/10.4046/trd.2018.0060
http://www.ncbi.nlm.nih.gov/pubmed/28954780
https://doi.org/10.1183/13993003.02503-2016
http://www.ncbi.nlm.nih.gov/pubmed/28275170
https://doi.org/10.1183/13993003.00537-2016
http://www.ncbi.nlm.nih.gov/pubmed/33080299
https://doi.org/10.1016/j.chest.2020.10.031
http://www.ncbi.nlm.nih.gov/pubmed/32636299
https://doi.org/10.1183/13993003.00535-2020
http://www.ncbi.nlm.nih.gov/pubmed/22876056
https://doi.org/10.3346/jkms.2012.27.8.896
http://www.ncbi.nlm.nih.gov/pubmed/30552538
https://doi.org/10.1007/s10096-018-3437-x
http://www.ncbi.nlm.nih.gov/pubmed/21144251
http://www.ncbi.nlm.nih.gov/pubmed/32141249
https://doi.org/10.3346/jkms.2020.35.e59
http://www.ncbi.nlm.nih.gov/pubmed/32004723
https://doi.org/10.1016/j.jgar.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30239615
https://doi.org/10.1093/cid/ciy804
http://www.ncbi.nlm.nih.gov/pubmed/35400550
https://doi.org/10.1016/j.jiac.2022.03.023


	13.	 van Ingen J, Aksamit T, Andrejak C, Böttger EC, Cambau E, Daley CL, et al. Treatment outcome 
definitions in nontuberculous mycobacterial pulmonary disease: an NTM-NET consensus statement. Eur 
Respir J 2018;51(3):1800170. 
PUBMED | CROSSREF

	14.	 Jhun BW, Kim SY, Moon SM, Jeon K, Kwon OJ, Huh HJ, et al. Development of macrolide resistance 
and reinfection in refractory Mycobacterium avium complex lung disease. Am J Respir Crit Care Med 
2018;198(10):1322-30. 
PUBMED | CROSSREF

	15.	 Philley JV, Wallace RJ Jr, Benwill JL, Taskar V, Brown-Elliott BA, Thakkar F, et al. Preliminary results 
of bedaquiline as salvage therapy for patients with nontuberculous mycobacterial lung disease. Chest 
2015;148(2):499-506. 
PUBMED | CROSSREF

	16.	 Lee JH, Park YE, Chong YP, Shim TS, Jo KW. Efficacy of fluoroquinolones as substitutes for ethambutol 
or rifampin in the treatment of Mycobacterium avium complex pulmonary disease according to radiologic 
types. Antimicrob Agents Chemother 2022;66(2):e0152221. 
PUBMED | CROSSREF

	17.	 Moon SM, Yoo IY, Huh HJ, Lee NY, Jhun BW. Intermittent treatment with azithromycin and 
ethambutol for noncavitary Mycobacterium avium complex pulmonary disease. Antimicrob Agents Chemother 
2019;64(1):e01787-19. 
PUBMED | CROSSREF

	18.	 Wallace RJ Jr, Brown-Elliott BA, McNulty S, Philley JV, Killingley J, Wilson RW, et al. Macrolide/Azalide 
therapy for nodular/bronchiectatic Mycobacterium avium complex lung disease. Chest 2014;146(2):276-82. 
PUBMED | CROSSREF

	19.	 Chae G, Park YE, Chong YP, Lee HJ, Shim TS, Jo KW. Treatment outcomes of cavitary nodular 
bronchiectatic-type Mycobacterium avium complex pulmonary disease. Antimicrob Agents Chemother 
2022;66(9):e0226121. 
PUBMED | CROSSREF

	20.	 Kuroishi S, Nakamura Y, Hayakawa H, Shirai M, Nakano Y, Yasuda K, et al. Mycobacterium avium 
complex disease: prognostic implication of high-resolution computed tomography findings. Eur Respir J 
2008;32(1):147-52. 
PUBMED | CROSSREF

	21.	 Pan SW, Shu CC, Feng JY, Su WJ. Treatment for Mycobacterium avium complex lung disease. J Formos Med 
Assoc 2020;119 Suppl 1:S67-75. 
PUBMED | CROSSREF

	22.	 Pennington KM, Vu A, Challener D, Rivera CG, Shweta FN, Zeuli JD, et al. Approach to the diagnosis and 
treatment of non-tuberculous mycobacterial disease. J Clin Tuberc Other Mycobact Dis 2021;24:100244. 
PUBMED | CROSSREF

	23.	 Kobashi Y, Fukuda M, Yoshida K, Miyashita N, Niki Y, Oka M. Four cases of pulmonary Mycobacterium 
avium intracellulare complex presenting as a solitary pulmonary nodule and a review of other cases in 
Japan. Respirology 2006;11(3):317-21. 
PUBMED | CROSSREF

	24.	 O’Brien RJ, Geiter LJ, Snider DE Jr. The epidemiology of nontuberculous mycobacterial diseases in the 
United States. Results from a national survey. Am Rev Respir Dis 1987;135(5):1007-14. 
PUBMED | CROSSREF

	25.	 Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F, et al. An official ATS/IDSA 
statement: diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. Am J Respir 
Crit Care Med 2007;175(4):367-416. 
PUBMED | CROSSREF

	26.	 Olivier KN, Weber DJ, Wallace RJ Jr, Faiz AR, Lee JH, Zhang Y, et al. Nontuberculous mycobacteria. I: 
multicenter prevalence study in cystic fibrosis. Am J Respir Crit Care Med 2003;167(6):828-34. 
PUBMED | CROSSREF

	27.	 Simner PJ, Woods GL, Wengenack NL. Mycobacteria. Microbiol Spectr 2016;4(4). 
PUBMED | CROSSREF

	28.	 Fujita J, Ohtsuki Y, Suemitsu I, Shigeto E, Yamadori I, Obayashi Y, et al. Pathological and radiological 
changes in resected lung specimens in Mycobacterium avium intracellulare complex disease. Eur Respir J 
1999;13(3):535-40. 
PUBMED | CROSSREF

	29.	 Stout JE, Koh WJ, Yew WW. Update on pulmonary disease due to non-tuberculous mycobacteria. Int J 
Infect Dis 2016;45:123-34. 
PUBMED | CROSSREF

12/13

Subtypes and Outcome of Unclassifiable Type MAC-PD

https://doi.org/10.3346/jkms.2023.38.e16https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/29567726
https://doi.org/10.1183/13993003.00170-2018
http://www.ncbi.nlm.nih.gov/pubmed/29877739
https://doi.org/10.1164/rccm.201802-0321OC
http://www.ncbi.nlm.nih.gov/pubmed/25675393
https://doi.org/10.1378/chest.14-2764
http://www.ncbi.nlm.nih.gov/pubmed/34930036
https://doi.org/10.1128/aac.01522-21
http://www.ncbi.nlm.nih.gov/pubmed/31611366
https://doi.org/10.1128/AAC.01787-19
http://www.ncbi.nlm.nih.gov/pubmed/24457542
https://doi.org/10.1378/chest.13-2538
http://www.ncbi.nlm.nih.gov/pubmed/35950842
https://doi.org/10.1128/aac.02261-21
http://www.ncbi.nlm.nih.gov/pubmed/18321941
https://doi.org/10.1183/09031936.00074207
http://www.ncbi.nlm.nih.gov/pubmed/32446754
https://doi.org/10.1016/j.jfma.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/34036184
https://doi.org/10.1016/j.jctube.2021.100244
http://www.ncbi.nlm.nih.gov/pubmed/16635091
https://doi.org/10.1111/j.1440-1843.2006.00847.x
http://www.ncbi.nlm.nih.gov/pubmed/3579001
https://doi.org/10.1164/arrd.1987.135.5.1007
http://www.ncbi.nlm.nih.gov/pubmed/17277290
https://doi.org/10.1164/rccm.200604-571ST
http://www.ncbi.nlm.nih.gov/pubmed/12433668
https://doi.org/10.1164/rccm.200207-678OC
http://www.ncbi.nlm.nih.gov/pubmed/27726808
https://doi.org/10.1128/microbiolspec.DMIH2-0016-2015
http://www.ncbi.nlm.nih.gov/pubmed/10232422
https://doi.org/10.1183/09031936.99.13353599
http://www.ncbi.nlm.nih.gov/pubmed/26976549
https://doi.org/10.1016/j.ijid.2016.03.006


	30.	 Obayashi Y, Fujita J, Suemitsu I, Kamei T, Nii M, Takahara J. Successive follow-up of chest computed 
tomography in patients with Mycobacterium avium-intracellulare complex. Respir Med 1999;93(1):11-5. 
PUBMED | CROSSREF

	31.	 Miura K, Nakamura M, Taooka Y, Hotta T, Hamaguchi M, Okimoto T, et al. Comparison of the chest 
computed tomography findings between patients with pulmonary tuberculosis and those with 
Mycobacterium avium complex lung disease. Respir Investig 2020;58(3):137-43. 
PUBMED | CROSSREF

	32.	 Miller WT Jr, Panosian JS. Causes and imaging patterns of tree-in-bud opacities. Chest 2013;144(6):1883-92. 
PUBMED | CROSSREF

13/13

Subtypes and Outcome of Unclassifiable Type MAC-PD

https://doi.org/10.3346/jkms.2023.38.e16https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/10464842
https://doi.org/10.1016/S0954-6111(99)90070-7
http://www.ncbi.nlm.nih.gov/pubmed/32102768
https://doi.org/10.1016/j.resinv.2019.12.006
http://www.ncbi.nlm.nih.gov/pubmed/23948769
https://doi.org/10.1378/chest.13-1270

	Radiologic Subtypes and Treatment Outcome of Unclassifiable Type Mycobacterium avium Complex Pulmonary Disease
	INTRODUCTION
	METHODS
	Radiologic evaluation
	Microbiological examination
	Statistical analysis
	Ethics statement

	RESULTS
	Radiologic subtype of unclassifiable type
	Study subjects for treatment outcome analysis
	Treatment outcome of unclassifiable type

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3

	REFERENCES


