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Abstract

Background: Although cavities are an important finding in Mycobacterium avium complex pulmonary disease
(MAC-PD), there is little information regarding the types of cavities that indicate disease progression. This study was
performed to identify cavity characteristics that were associated with disease progression in patients with MAC-PD.

Methods: This retrospective cohort study included 97 patients presenting with MAC-PD with cavities between
December 2006 and June 2016. We compared initial and final computed tomography (CT) findings, classified 52
and 45 patients in the progressive and non-progressive cavity groups, respectively, and examined the progression-
related imaging features in initial CT images. A progressive cavity was defined by more than two-fold increase in
internal diameter or emergence of a new cavity around the initial cavity.

Results: Patients in the progressive group were older (p < 0.001), had a lower body mass index (p = 0.043), and
showed higher diabetes complication rates (p = 0.005). The initial CT in the progressive group showed a longer
maximum internal diameter of the cavity (p < 0.001) and higher rates of cavities close to the chest wall (p < 0.001),
multiple cavities (p = 0.023), consolidation around the cavity (p < 0.001), atelectasis (p = 0.011), and pleural thickening
(p < 0.001). Multivariable logistic regression analysis revealed that the maximum internal diameter of the cavity
(odds ratio [OR]: 1.11, 95% confidence interval [CI]: 1.02–1.21; p=0.012) and consolidation around the cavity (OR:
16.15, 95% CI: 4.05–64.46; p < 0.001) were significantly associated with progressive cavities. In cavities with a
maximum internal diameter of ≥10 mm and simultaneous consolidation, the probability of progression was as high
as 96.2%. The 10-year mortality rates in the progressive and non-progressive cavity groups were 46.7 and 9.8% (p <
0.001), respectively, while the 10-year respiratory failure rates were 28.1 and 0%, respectively (p < 0.001).

Conclusions: Large cavity size and consolidation on CT showed strong relationships with disease progression,
which led to respiratory failure and high mortality rate.
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Background
The prevalence of nontuberculous mycobacteria pul-
monary disease (NTM-PD) is reportedly increasing
worldwide. The annual prevalence in the United States
significantly increased from 20 to 47 patients/100,000
persons between 1997 and 2007 [1, 2]. Although the in-
cidence of this disease in Europe is low, it is also steadily
increasing [3, 4]. A similar trend was observed in Japan,
where the annual prevalence significantly increased from
6.7 to 14.7 patients/100,000 persons between 2005 and
2014 [5]. Mycobacterium avium complex (MAC) is the
most frequently identified pathogen in a report summar-
izing the frequency of NTM isolation in the world [4].
Thus, MAC pulmonary disease (MAC-PD) is the most
important disease among NTM infections.
Poor prognostic factors for MAC-PD include old age,

low body mass index (BMI), low lung function, anemia,
high blood deposition, malignancy, and hemosputum.
Notably, the presence or absence of cavities is the most
important factor [6–9]. Enlarged progressive cavities
destroy lungs, leading to respiratory failure and poor
prognosis [10, 11]. The prognosis in fibrocavitary (FC)
disease, which is characterized by cavities on the lung
apex, is significantly worse than that in nodular/bronch-
iectatic (NB) disease, which is characterized by nodules
and bronchiectasis in the middle lobe and lingula. The
total 10-year mortality rate in 634 patients with MAC-
PD was 74.8% in patients with cavities and 34.8% in
those without cavities [6]. Cavities also appear in pa-
tients with progressive NB disease, resulting in poor
prognosis. The 10-year mortality rate in 782 patients
with NB MAC-PD was 25.1% in those with cavities and
0.8% in those without cavities [8].
The British Thoracic Society guidelines [12] recom-

mend surgery in cases with cavitary disease that is lim-
ited in site and extent; therefore, control of cavitary
lesions is important. However, when the cavity is pro-
gressive and the lung destructive lesion enlarges, surgical
intervention becomes difficult in clinical practice. Ac-
cording to a long-term observation of 125 cases involv-
ing pulmonary resection for NTM-PD, pneumonectomy
and remnant cavitary lesions after surgery were found to
be significant predictive factors for microbiological re-
currence and survival [13]. Therefore, it is important to
recognize progressive cavities at an earlier stage. How-
ever, it is difficult to predict cavity progression because
some cavities progress while others show a relatively
stable course.
We conducted a retrospective cohort study to evaluate

chest computed tomography (CT) findings and the pro-
gression of cavitary lesions in patients with MAC-PD in
order to clarify the types of cavities that are likely to pro-
gress at an early stage. If these can be clarified, the find-
ings may facilitate the identification of treatment plans.

Methods
Selection of study subjects
A total of 485 outpatients with MAC-PD, diagnosed on
the basis of the diagnostic criteria for NTM-PD advo-
cated by the America Thoracic Society/Infectious Dis-
ease Society of America in 2007 [14], were identified
between December 2006 and June 2016 at National Hos-
pital Organization, Osaka Toneyama Medical Center.
Among these, we extracted the data of 139 patients who
had cavities, were observed for over 3 years, and could
be evaluated with CT at two or more points. A cavity
was defined as a radiographic opacity with an internal
area of lucency. Beaded airspace enlargements that were
apparently contiguous with the airways were excluded as
bronchiectasis. We also excluded patients who under-
went lung resection, or who were associated with lung
cancer, interstitial pneumonia, or pulmonary aspergil-
losis because these diseases would be considered the pri-
mary condition rather than MAC-PD in these cases.
Thus, 97 patients were finally enrolled into this study.
The study was approved by the National Hospital

Organization, Osaka Toneyama Medical Center Review
Board (approval number TNH-2019005), Osaka, Japan.
The approval allowed retrospective data collection and
reporting of anonymous results without acquisition of
informed consent from eligible study subjects.

Definition of a progressive cavity
Initial CT was defined as the CT examination on which
a cavity was first identified, and the corresponding cavity
was defined as the initial cavity. The size of this cavity at
the time of the final observation was compared to its ini-
tial size, and the patients were classified into the pro-
gressive or non-progressive cavity groups accordingly. If
a patient had multiple cavities, the cavity exhibiting the
largest internal diameter at the time of cavity confirm-
ation was evaluated. A progressive cavity was defined by
a more than two-fold increase in internal diameter in
comparison with the initial cavity size or the emergence
of a new cavity around the initial cavity (Fig. 1a, b). The
non-progressive cavity group included all cases other
than those in the progressive cavity group (Fig. 1c, d).

Clinical assessment
Baseline clinical characteristics were obtained from med-
ical chart review, including patient observation period
(the interval between the initial visit and the final obser-
vation), cavity observation period (the interval between
the initial and the final CT), sex, age at initial cavity con-
firmation, BMI, underlying lung disease, comorbidities,
steroid and/or immunosuppressive agent use, MAC spe-
cies, sputum-smear positivity at initial cavity confirm-
ation, treatment, levels of glycopeptidolipid-core
antibody, the rate of all-cause death, and respiratory
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failure as prognosis. A multidrug regimen was defined as
the use of two or more drugs containing macrolide anti-
biotics for at least 1 year. Respiratory failure was defined
as initiation of home oxygen therapy and/or noninvasive
pressure ventilation therapy.

Chest CT assessment
In the initial cavity assessment, the lung area where the
cavity was present, the largest internal diameter, and the
shortest distance from the pleura to the outer cavity wall
were evaluated. The presence or absence of multiple
cavities was also evaluated. We defined the cavity that
was completely tangential to the pleura as the cavity
close to the chest wall. Pulmonary areas were divided
into three regions: upper lobe, middle lobe or lingula,
and lower lobe. Among CT findings around the initial
cavity, bronchiectasis, small nodules (≤ 5 mm), nodules
(> 5 mm and < 30 mm), consolidation, atelectasis, pleural
thickening, pleural indentation, pulmonary emphysema,
or presence of bulla were evaluated. Chest CT findings
were assessed by two pulmonologists blinded to the clin-
ical data. Discrepancies were solved through a consensus
review.

Statistical analysis
Continuous data were summarized as quartiles and com-
pared using the Wilcoxon rank-sum test for two-group
comparisons. Categorical data were summarized as
numbers (percentages) and compared using Fisher’s
exact test. The Kaplan–Meier method was used to esti-
mate survival curves for all-cause mortality and respira-
tory failure. The log-rank test was used to compare
survival curves between the progressive and non-

progressive cavity groups. Univariable and multivariable
logistic regression analyses were used to investigate the
factors associated with cavity progression. As for the
chest CT findings, presence of the largest cavity in the
middle lobe or the lingula, the shortest distance from
the pleura to the outer cavity wall, atelectasis, and
pleural thickening were excluded from the multivariable
logistic regression analysis because these were strongly
correlated with consolidation around the initial cavity.
Receiver Operating Characteristic (ROC) analysis was
used to determine the optimal cut-off value of the max-
imum inner diameter of cavities for the prediction of
progressive cavity (Additional file 1: Figure S1). All re-
ported p values were two-sided, and p values <0.05 were
considered statistically significant. SAS software version
9.3 (SAS Institute, Inc., Cary, NC) was used for statistical
analysis.

Results
Baseline patient characteristics
Of the 97 patients, 52 were in the progressive cavity
group while 45 were classified to the non-progressive
cavity group. Baseline patient characteristics in the two
groups are summarized in Table 1. The median observa-
tion periods were 8.0 (range: 3.0–12.9) years in the pro-
gressive cavity group and 8.8 (3.8–12.0) years in the
non-progressive cavity group (p = 0.103). The median
cavity observation periods were 4.6 years (range: 1.1–
11.9 years) in the progressive cavity group and 5.5 years
(3.0–10.8 years) in the non-progressive cavity group (p =
0.025). None of the patients were known to be infected
with the human immunodeficiency virus. The age at ini-
tial cavity confirmation was significantly higher in the

Fig. 1 Typical computed tomography (CT) findings for Mycobacterium avium complex pulmonary disease patients in this study. a, b A patient in
the progressive cavity group. The follow-up period was 4.2 years. A) Initial CT scan (section thickness, 1 mm) showed cavity formation (maximum
inner diameter, 22 mm) with consolidation (arrowhead), a small nodule, a nodule (dashed arrow), and bronchiectasis (arrow) in the right upper
lobe. b Follow-up CT scan (section thickness, 1 mm) at a similar level showed extension of the cavity and emergence of new cavities. c, d A
patient in the non-progressive cavity group. The follow-up period was 3 years. c Initial CT scan (section thickness, 1 mm) showed cavity formation
(maximum inner diameter, 14 mm) with bronchiectasis (arrow) in the right upper lobe. d Follow-up CT scan (section thickness, 1 mm) at a similar
level showed cavity formation (maximum inner diameter, 21 mm). All images show lung tissue (window width, 1500 Hounsfield units (HU);
window level, − 600 HU)
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progressive cavity group (p < 0.001), while BMI was sig-
nificantly lower in the progressive cavity group (p =
0.043). In assessments of underlying lung diseases, both
groups showed a high rate of bronchiectasis. However,
in assessments of comorbidities, the proportion of pa-
tients with diabetes was significantly higher in the pro-
gressive cavity group (p = 0.005). There was no
significant intergroup difference in the rates of smear
positivity at initial cavity confirmation (p = 0.078). There
was no significant intergroup difference in the rates of
multidrug chemotherapy (p = 0.809). Glycopeptidolipid-
core antibody, that is useful for diagnosing MAC-PD
[15], was measured in 25 of 52 cases in the progressive
group and 26 of 45 cases in the non-progressive group
within 6 months of the initial CT. No significant differ-
ence in the antibody levels was observed between the
two groups (5.5 U/ml [range: 2.3–11.1 U/ml] in the pro-
gressive group, 4.0 U/ml [range: 0.7–9.0 U/ml] in the
non-progressive group, p = 0.271).

Initial chest CT findings for cavities
Table 2 shows the initial chest CT findings for cavities.
The distribution of cavities was significantly different be-
tween the two groups (p = 0.024). The maximum inner
diameter of the cavity was significantly longer in the
progressive cavity group (p < 0.001). The shortest dis-
tance from the pleura to the cavity outer wall was sig-
nificantly shorter in the progressive cavity group (p <
0.001). The rate of multiple cavities was significantly
higher in the progressive cavity group (p = 0.023). Table 3
shows chest CT findings observed around the initial cav-
ity. Consolidation (p < 0.001), atelectasis (p = 0.011), and
pleural thickening (p < 0.001) around the initial cavity
were more frequently observed in the progressive cavity
group.

Factors related to progressive cavities
Table 4 shows the results of univariable and multivari-
able logistic regression analysis for the factors related to

Table 1 Baseline characteristics of 97 patients with Mycobacterium avium complex pulmonary disease and cavitary lesions

Characteristic Progressive cavity Group (n = 52) Non-progressive cavity Group (n = 45) P value

Female 42 (80.8) 38 (84.4) 0.790

Age, years 68 (54–83) 63 (51–78) < 0.001

Body mass index, kg/m2a 16.7 (12.3–24.6) 18.3 (13.7–25.4) 0.043

Underlying lung disease

Pulmonary emphysema/bulla 5 (9.6) 3 (6.7) 0.721

Old pulmonary tuberculosis 8 (15.4) 4 (8.9) 0.373

Bronchiectasis 50 (96.2) 43 (95.6) > 0.999

Interstitial pneumonia 4 (7.7) 2 (4.4) 0.683

Comorbidity

Chronic heart disease 15 (28.8) 14 (31.1) 0.828

Diabetes mellitus 11 (21.2) 1 (2.2) 0.005

Chronic liver disease 3 (5.8) 3 (6.7) > 0.999

Collagen disease 3 (5.8) 2 (4.4) > 0.999

Cerebrovascular disease 3 (5.8) 1 (2.2) 0.621

Postgastrointestinal tract surgery 3 (5.8) 3 (6.7) > 0.999

Steroid and/or immunosuppressive agent useb 3 (5.9) 2 (4.4) > 0.999

MAC speciesc

Mycobacterium avium 28 (54.9) 28 (62.2) 0.536

Mycobacterium intracellulare 21 (41.2) 13 (28.9)

Both 2 (3.9) 4 (8.9)

Sputum-smear positived 28 (66.7) 19 (46.3) 0.078

Treatment

No treatment 4 (7.7) 8 (17.8)

Non-CAM/AZM-included regimen 4 (7.7) 3 (6.7)

Multidrug regimene 41 (78.8) 34 (75.6) 0.809

Data are presented as median (range) or no. (%) of patients. AZM Azithromycin, CAM Clarithromycin, MAC Mycobacterium avium complex. a: Body mass index was
checked for 38 and 37 patients. b: Steroid and/or immunosuppressive agent use was checked for 51 patients in the progressive cavity group. c: MAC species was
checked for 51 patients in the progressive cavity group. d: Sputum-smear positivity was checked for 42 and 41 patients. e: Multidrug regimen refers to CAM/AZM-
containing regimen with two or more drugs for at least 1 year. p < 0.05 was considered significant
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progressive cavities. Univariable logistic regression
analysis revealed that age (p = 0.001), diabetes mellitus
(p = 0.021), presence of the largest cavity in the mid-
dle lobe or lingula (p = 0.015), maximum internal
diameter of the cavity (p = 0.002), the shortest dis-
tance from the pleura to the outer cavity wall (p =
0.010), multiple cavities (p = 0.015), and the findings
around the cavity, namely, consolidation (p < 0.001),
atelectasis (p < 0.001), and pleural thickening (p <
0.001), were significantly associated with progressive
cavities. Multivariable logistic regression analysis re-
vealed that consolidation around the cavity (odds ra-
tio [OR]: 16.15, 95% confidence interval [CI]: 4.05–
64.46, p < 0.001), age (OR: 1.12, 95% CI: 1.03–1.20,
p = 0.005), and maximum internal diameter of the
cavity (OR: 1.11, 95% CI: 1.02–1.21, p = 0.012) were
factors that showed significant relationships with pro-
gressive cavities. Figure 2 shows the ratio of progres-
sive cavities by the presence or absence of a cavity
maximum inner diameter of ≥10 mm and consolida-
tion around the initial cavity. Progression rates were
21.2% in patients with maximum inner diameter < 10
mm and without consolidation around the initial cav-
ity, 46.4% in those with maximum inner diameter ≥
10 mm without consolidation, 70% in patients with
maximum inner diameter < 10 mm with consolidation,
and 96.2%, in patients with maximum inner diam-
eter ≥ 10 mm with consolidation.

Clinical prognosis: all-cause mortality and respiratory
failure
Figure 3 shows the Kaplan–Meier survival curves for (A)
all-cause mortality and (B) respiratory failure. The 10-
year mortality rate was 46.7% in the progressive cavity
group and 9.8% in the non-progressive cavity group
(log-rank test: p < 0.001). The 10-year rate for respiratory
failure was 28.1% in the progressive cavity group and 0%
in the non-progressive cavity group (log-rank test: p <
0.001).

Discussion
The present study revealed that large size and the pres-
ence of consolidation at an early stage were predictors of
progressive cavities, which led to respiratory failure and
exhibited high mortality rates in MAC-PD. In addition,
when both cavity maximum inner diameter of ≥10mm
and consolidation around the cavity presented simultan-
eously, progressive cavities were observed with a high
probability of 96.2%. A cavity is a characteristic finding
that is easy to recognize on chest radiographs and CT
images. The progression of the cavity leads to destruc-
tion of the lungs, which results in respiratory failure and
poor prognosis. Unlike previous studies [6–9] that
assessed prognostic factors but yielded recommenda-
tions that were somewhat complicated to apply in daily
clinical practice, our results indicate that the combin-
ation of two simple findings can predict disease

Table 2 Initial chest computed tomography findings in the cavities of 97 patients

Progressive cavity Group (n = 52) Non-progressive cavity Group (n = 45) P value

Location of the cavity 0.024

Upper lobe 30 (57.7) 20 (44.4)

Middle lobe or lingula 2 (3.8) 10 (22.2)

Lower lobe 20 (38.5) 15 (33.3)

Maximum inner diameter (mm) 14.6 (4.4–55.1) 8.7 (2.6–40.4) < 0.001

The shortest distance (mm)a 0.0 (0.0–24.1) 3.2 (0.0–20.9) < 0.001

Multiple cavities 36 (69.2) 20 (44.4) 0.023

Data are presented as median (range) or no. (%) of patients. a: The shortest distance is from the pleura to the outer wall of the cavity. p < 0.05 was
considered significant

Table 3 Initial chest computed tomography findings around the cavities in 97 patients

Progressive cavity Group (n = 52) Non-progressive cavity Group (n = 45) P value

Bronchiectasis 34 (65.4) 30 (66.7) > 0.999

Small nodules 21 (40.4) 26 (57.8) 0.105

Nodules 8 (15.4) 6 (13.3) > 0.999

Consolidation 32 (61.5) 4 (8.9) < 0.001

Atelectasis 16 (30.8) 4 (8.9) 0.011

Pleural thickening 34 (65.4) 10 (22.2) < 0.001

Pleural indentation 9 (17.3) 15 (33.3) 0.098

Pulmonary emphysema / bulla 2 (3.8) 1 (2.2) > 0.999

Data are presented no. (%) of patients. p < 0.05 was considered significant
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Table 4 Factors associated with a progressive cavity
Univariable analysis
OR (95% CI)

p value Multivariable analysis
OR (95% CI)

p value

Female sex 0.77 (0.27–2.24) 0.636

Age, years 1.11 (1.04–1.17) 0.001 1.12 (1.03–1.20) 0.005

Body mass index, kg/m2a 0.85 (0.71–1.01) 0.064

Causative organismb

Mycobacterium avium 1

Mycobacterium intracellulare 1.72 (0.74–4.04) 0.211

Sputum-smear positivityc 2.32 (0.95–5.63) 0.064

Diabetes mellitus 11.80 (1.46–95.52) 0.021 7.80 (0.71–86.12) 0.094

Multidrug regimend 1.21 (0.47–3.12) 0.700

Chest CT findings at the initial cavity

Cavity in the middle lobe or lingual 0.14 (0.03–0.68) 0.015

Maximum inner diameter (mm) 1.12 (1.04–1.20) 0.002 1.11 (1.02–1.21) 0.012

Shortest distance (mm)e 0.86 (0.76–0.96) 0.010

Multiple cavities 2.81 (1.22–6.46) 0.015 1.08 (0.35–3.34) 0.892

Chest CT findings around the initial cavity

Consolidation 16.40 (5.10–52.78) < 0.001 16.15 (4.05–64.46) < 0.001

Atelectasis 4.56 (1.40–14.88) < 0.001

Pleural thickening 6.61 (2.67–16.35) < 0.001

Pleural indentation 0.42 (0.16–1.08) 0.072

CI Confidence interval, CT Computed tomography, OR Odds ratio. a: Body mass index was checked for 75 patients. b: Mycobacterium avium complex species was
checked for 96 patients. c: Sputum-smear positivity was checked for 83 patients. d: Multidrug regimen refers to CAM/AZM-containing regimen with two or more
drugs for at least 1 year. e: The shortest distance is from the pleura to the outer wall of the cavity. p < 0.05 was considered significant

Fig. 2 Rates of progressive cavities stratified by maximum inner diameter and consolidation around the initial cavity. Progression rates were
21.2% in patients with maximum inner diameter < 10mm and without consolidation around the initial cavity, 46.4% in those with maximum
inner diameter≥ 10 mm and without consolidation, 70% in patients with maximum inner diameter < 10mm and with consolidation, and 96.2%
in patients with maximum inner diameter≥ 10 mm and with consolidation. The rate of progressive cavities increased significantly with the
presence of a maximum inner diameter of 10 mm and consolidation around the cavity
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progression, which would be very useful in clinical
practice. The results of this study will be of great
help in decisions regarding treatment plans, including
surgical intervention, when the cavity is recognized
on the initial CT.
In this study, a cavity was defined as a radiographic

opacity with an internal area of lucency. There are vari-
ous mechanisms underlying cavitation [16]. A study
showed that cavities of MAC are formed from bronchi-
ectasis [17]. Therefore, it is difficult to exactly distin-
guish between cavities and bronchiectasis. In fact, the
cavities found in the middle lobe or lingula in the non-
progressive cavity group may be merely single enlarged

bronchiectases. However, in actual clinical practice, cav-
ities and bronchiectasis cannot be easily distinguished by
CT findings. Therefore, we attempted to examine radio-
graphic opacities with an internal area of lucency with-
out strict distinction between cavity and bronchiectasis,
except in cases of apparent bronchiectasis that exhibited
beaded airspace expansion. We also did not distinguish
between FC and NB disease types because progressive
NB disease with cavitary lesions is essentially indistin-
guishable from FC disease [18].
The presence of cavitary lesion with MAC-PD reduces

the effectiveness of chemotherapy. Chemotherapy for
MAC-PD has improved with the introduction of

Fig. 3 All-cause mortality and respiratory failure in progressive and non-progressive cavity groups. Panel A shows the Kaplan–Meier survival
curves of all-cause mortality. Panel B shows the Kaplan–Meier survival curves of respiratory failure. P values from the log-rank test were used to
examine differences in the Kaplan–Meier curves
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macrolide antibiotics, but its effects are limited. The
sputum-negative conversion rate with standard chemo-
therapy is 56–92%, and 11–57% of the cases show dis-
ease relapse [19–22]. The effectiveness of chemotherapy
is further reduced by the presence of cavities [23, 24].
The reasons for the reduced effectiveness include the in-
crease in bacterial growth due to the cavity aerobic en-
vironment, the reduced reach of drugs on the luminal
surface, and the dissemination of bacteria to other areas
in the lung from the cavity [25, 26]. A Japanese study
comparing cavity sizes before and after standard chemo-
therapy reported 42.1% enlargement, 0.2% no-change,
and 56.1% reduction, which is inferior to the treatment
effect in tuberculosis more than 50 years ago [27]. Thus,
patients who have MAC-PD with cavities exhibit intract-
able disease and require multidisciplinary treatment.
Large cavity size and consolidation around the cavity

on the initial CT were predictors of disease progression.
In this study, internal diameter was used to assess cavity
size because the outer diameter of the cavity varies with
the findings around the cavity such as consolidation,
pleural thickening, and atelectasis. A smaller cavity size
may represent mere bronchiectasis. Several reports have
discussed the relationship between consolidation and
prognosis or pathophysiology. Lee et al. [28] performed
an observational study of CT findings from untreated
NB MAC-PD patients with consolidation, which re-
vealed that these patients had worse CT findings and
symptoms and that they needed treatment; therefore,
consolidation is an important prognostic factor. More-
over, a study [29] using anti-acid-bacterial monoclonal
antibodies cross-reacting with MAC showed that the
amounts of acid-fast bacteria were detected in
consolidation.
The present retrospective study has several limitations.

First, the timing of the initial and final CT examinations
and the interval between the two examinations were not
consistent because of the retrospective design. Second,
in cases with multiple cavities in the initial CT, we ana-
lyzed the cavity that exhibited the largest inner diameter.
Notably, even if the analyzed cavity progresses, other
cavities may improve or cavities other than the analyzed
cavity may progress. Thus, there may be a few cases in
which analysis of the selected cavity did not necessarily
reflect the patient’s prognosis. Third, chemotherapy was
performed at the discretion of each attending physician
for most patients, so the natural disease course could
not be observed. It is possible that the cavity in the non-
progressive group did not progress because the drug
reached the lesion more effectively. Chemotherapy may
cause changes in cavities, although the rates of chemo-
therapy were similar between the two groups. Finally,
the definitions were arbitrarily determined because there
is no standard definition of a progressive cavity at

present. Nevertheless, our definition may be valid, since
the progressive cavity group showed a significantly
higher respiratory failure rate and worse prognosis than
the non-progressive cavity group.

Conclusions
We focused on cavities that were relatively easy to
recognize on chest CT and the findings around the cav-
ity and investigated the factors influencing progression
in MAC-PD. Large cavities and cavities with consolida-
tion were found to be predictors of high rates of mortal-
ity and respiratory failure. For cavities with these
features at an early stage, multidisciplinary treatment in-
cluding surgical lung resection may have to be consid-
ered. Further prospective studies are needed to confirm
these conclusions.
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1186/s12931-020-1273-x.

Additional file 1: Figure S1. Receiver Operating Characteristic (ROC)
curve of the maximum inner diameter of cavities in the prediction of
progressive cavity. The area under the ROC curve was 0.74 (95% CI: 0.64–
0.84). The optimal threshold for the prediction of progressive cavity was
10 mm, with 73.1% sensitivity and 64.4% specificity.
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