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Abstract

No previous studies have examined Mycobacterium avium complex pulmonary disease
(MAC-PD) in only elderly patients ⩾75 years old. Here, we investigated the exacerbating fac-
tors of MAC-PD in elderly patients and clarified cases that can be followed up without MAC
medication. From April 2011 to March 2019, 126 advanced aged patients at our institute were
newly diagnosed with MAC-PD, and could be observed based on radiological findings for over
a year. Their medical records were retrospectively examined for clinical and radiological find-
ings at the time of diagnosis and 1 year later. To identify the predictors of exacerbation, clin-
ical characteristics of 109 treatment-naïve patients were compared between exacerbated and
unchanged groups. Additionally, the unchanged group was followed for one more year. In
the current study, positive acid-fast bacilli smears from the sputum test, the presence of cavi-
tary lesions and extensive radiological findings, particularly abnormal shadows in ⩾3 lobes,
were predictive of exacerbation among treatment-naïve elderly MAC-PD patients. In the
unchanged group, <10% showed exacerbation of radiological findings within the subsequent
year. In conclusion, if the sputum smear is negative, no cavitary lesions are present, and
abnormal shadows are restricted to ⩽2 lobes, elderly patients with MAC-PD may remain
untreated for a few years.

Introduction

The number of patients with Mycobacterium avium complex pulmonary disease (MAC-PD) is
increasing worldwide [1–4]. With the ageing of populations, an increase in the number of eld-
erly MAC-PD patients is also expected. However, no previous studies have examined MAC-PD
in elderly individuals ⩾75 years old. The current study is relevant in Japan because of the high
life expectancy. MAC-PD is indolent in nature, and clinical observation without medication is
sometimes considered. However, some reports have noted that MAC-PD affects health-related
quality of life [5] and that the mortality rate due to MAC-PD is increasing [6–8].

Daley and colleagues assessed the risks and benefits of therapy for MAC-PD [4]. The
patient’s wishes, the ability to receive treatment and the goals of therapy should be discussed
with patients prior to initiating treatment. In some instances, ‘watchful waiting’ may be the
preferred course of action [4, 9, 10]. In particular, elderly MAC-PD patients should be care-
fully evaluated for treatment after considering whether treatment will improve life expectancy
and whether side effects including drug interactions are likely to be tolerable [11, 12].

One of the therapeutic agents used to treat MAC-PD, clarithromycin, is poorly tolerated in
the elderly [13]. Moreover, when ethambutol (EB) and rifampicin (RFP) are administered to
elderly patients, judgement of optic neuritis caused by EB is sometimes difficult due to under-
lying ocular symptoms such as glaucoma and cataracts. Occasionally, treatment must be dis-
continued due to nausea and liver disorders attributable to RFP. Follow-up without treatment
not only avoids the risk of side effects, but also reduces medical costs. Thus, the aim of this
study was to investigate factors that exacerbate MAC-PD in elderly individuals, and to clarify
characteristics of cases that can be followed up without MAC treatment.

Methods

Study population and design

From April 2011 to March 2019 at our institute, of the patients with suspected non-
tuberculous mycobacteria (NTM), 580 patients were newly identified by cultures, 251 of
whom were newly diagnosed with definitive MAC-PD, according to the 2007 American
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Thoracic Society/Infectious Disease Society guideline criteria [14].
Those patients <75 years old, those who had no radiographic
follow-up after the initial year, and those with NTM other than
MAC were excluded. Finally, 126 MAC-PD patients were enrolled
in the current study (Fig. 1). The clinical findings of the subjects,
including age, sex, laboratory data, past history of tuberculosis,
comorbidities and radiological findings, were obtained from
their medical records and retrospectively evaluated. To identify
the significant predictors of exacerbation and to exclude treatment
bias, during the study period, 109 treatment-naïve patients ⩾75
years old who met the inclusion criteria were divided into an
exacerbation group (E-group) and an unchanged group
(U-group) based on the results of chest computed tomography
(CT) 1 year after diagnosis and compared. Additionally, the
U-group was followed for one more year.

Ethics approval and consent to participate

This research was conducted using information previously col-
lected in the course of normal care (without the intention to
use it for research at the time of collection). The need for written,
informed patient consent was waived in view of the retrospective
and observational nature of the study. The study protocol was
approved by the Ethics Committee of Toho University Ohashi
Medical Center, an ethics committee that reviews research on
human subjects (approval no. H20004).

Microbiological examination

Acid-fast bacilli (AFB) were cultured in a Mycobacteria Growth
Indicator Tube from extracted sputum or bronchial washings
obtained by bronchoscopy. The sputum samples were obtained
on two or more occasions after the initial presentation. The diag-
nosis of MAC-PD was established when MAC was identified in
sputum at least twice or in bronchial washings [4, 14]. MAC
was confirmed when cultures were positive for AFB, and the cul-
tured AFB were subsequently confirmed as MAC with polymerase
chain reaction.

Radiological examination and measurements

Chest radiological findings were classified as having a cavity or
not on high-resolution CT. Chest radiological findings at the

time of initial diagnosis were scored as follows. The lung fields
were divided into six lobes based on anatomical structures: right
upper; right middle; right lower; left upper (S1 + 2 and S3); left
lingular (S4 and S5) and left lower. We assessed whether, at the
time of diagnosis, each lung lobe had a shadow such as cavities,
bronchiectasis, small nodules, consolidations or atelectasis (max-
imum six lobes) [15].

CT findings at 1 year after diagnosis were classified into three
categories: exacerbation, unchanged or improvement. Each cat-
egory was defined as follows: exacerbation, abnormal shadows
increased; unchanged, abnormal shadows remained stable and
improvement, abnormal shadows decreased. The three categories
were classified by five board certified members of the Japanese
Respiratory Society in a blinded fashion.

Patient management

When patients did not receive medications for MAC during the
observation period, radiographic findings were evaluated at the
time of diagnosis and 1 year later. When patients received medi-
cations for MAC during the observation period, radiographic
findings were evaluated at the start of medications and 1 year
later. Patients who received medications for MAC during the
observation period (those who began guideline-based therapy
and those who discontinued medications) were excluded from
the analysis of treatment-naïve subjects.

Statistical analysis

To identify exacerbating factors related to MAC-PD in
treatment-naïve patients, we compared variables in the E-group
and U-group using χ2 tests or Mann–Whitney tests. The perform-
ance of the model for predicting exacerbating factors was evalu-
ated using the receiver operating characteristic (ROC) curve by
calculating the area under the ROC curve [16–18]. All analyses
were performed using SPSS Statistical software (version 22.0;
IBM Japan, Tokyo, Japan). P values <0.05 were considered
significant.

Results

Table 1 shows the clinical characteristics of the patients and the
microbiological and radiological findings. The causative

Fig. 1. Flow chart of patients diagnosed with M.
avium complex pulmonary disease between
April 2011 and March 2019. MGIT, mycobacterial
growth indicator tube; MAC-PD, M. avium com-
plex pulmonary disease.
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organisms included M. avium (97/126, 77.0%), M. intracellulare
(20/126, 15.9%) and mixed infections (9/126, 7.1%). Their
mean age was 82.0 ± 5.59 years, and all patients were over 75
years of age. Females (n = 77, 61.1%), never-smokers (n = 82,
65.1%), presence of cavitary lesions (n = 24, 19.0%) and positive
AFB smears (20.6%) were predominant in MAC patients. The
mean body mass index (BMI) was low (19.0 ± 3.23 kg/m2). The
mean number of abnormal lung lobes was 3.22 ± 1.57. Most
patients had some kind of comorbidity (115/126, 91.3%).

Among the elderly MAC-PD patients, 17 (13.5%) started MAC
treatment. Of these 17 patients, during the 1 year after diagnosis,
12 patients were able to continue MAC treatment for more than 6
months (reasons for discontinuation: two cases with suspected EB
optic neuritis, one case with nausea, one case with liver damage).
Among the treatedpatients, six showed improvement after treatment,
five showed no change after treatment and one showed exacerbation.

To identify significant predictors of exacerbation and to
exclude treatment bias, during the study period, 109
treatment-naïve subjects ⩾75 years old met the inclusion criteria
and were divided into an E-group (35 patients) and a U-group (74
patients) and compared (Table 2). Positive AFB smears from the
sputum test, the presence of cavitary lesions and extensive radio-
logical findings, particularly abnormal shadows in ⩾3 lobes, were
predictive of exacerbation among treatment-naïve elderly
MAC-PD patients. In patients with lobes showing abnormal find-
ings at the time of diagnosis, 40/45 (88.9%) of those with ⩽2 lobes
involved did not show a radiological aggravation in 1 year (Fig. 2).

Additionally, the ROC curve analysis of the three factors that
were significant predictors of exacerbation (positive AFB smears
from the sputum test, presence of cavitary lesions and abnormal
shadows in ⩾3 lobes) was performed to determine the threshold

Table 1. Basic characteristics of elderly patients with M. avium complex
pulmonary disease (n = 126)

Age (years) 82.0 ± 5.59

Sex (male/female) 49/77

Species (M. avium) (%) 97 (75.8%)

BMI (kg/m2) 19.0 ± 3.23

TP (g/dl) 7.30 ± 0.79

ALB (g/dl) 3.47 ± 0.61

CRP (mg/dl) 1.53 ± 3.13

Neutrophil-to-lymphocyte ratio 5.69 ± 6.81

Previous tuberculosis, n (%) 14 (11.1%)

Comorbidity, n (%) 115 (91.3%)

Positive MAC smear, n (%) 26 (20.6%)

Cavitary lesion (%) 24 (19.1%)

Lobes with radiological findings, n (%) 3.22 ± 1.57

Smoking history (%) 44 (34.9%)

IgA antibody specific for GPL core antigena 1.9 (1.0–4.3)

Lobes involved ⩾3 (%) 78 (61.9%)

Lobes involved ⩾2 (%) 105 (83.3%)

Data are expressed as mean ± S.D. or numbers (%).
ALB, serum albumin; BMI, body mass index; CRP, serum C-reactive protein; GPL,
glycopeptidolipid; MAC, Mycobacterium avium complex; TP, serum total protein.
aReference value only in some cases, IgA antibody specific for GPL core antigen was
detected in patients’ serum using a commercially available serodiagnostic kit (Capilia MAC
Ab ELISA; Tauns Co.; Ltd., Shizuoka, Japan); lobes involved, number of lobes that had
abnormal shadows at the time of diagnosis.

Table 2. Comparison of the characteristics of elderly patients with M. avium complex pulmonary disease between the exacerbation group (E-group) and unchanged
group (U-group) (n = 109)

E-group (n = 35) U-group (n = 74) P-value

Age (years) 81.4 ± 5.56 82.8 ± 5.66 0.17

Sex (female, %) 23 (65.7%) 41 (55.4%) 0.21

Species (M. avium) (%) 25 (71.4%) 61 (82.4%) 0.21

BMI (kg/m2) 18.7 ± 2.28 19.3 ± 3.61 0.94

TP (g/dl) 7.43 ± 0.66 7.15 ± 0.82 0.05

ALB (g/dl) 3.53 ± 0.69 3.39 ± 0.62 0.49

CRP (mg/dl) 1.17 ± 3.17 1.82 ± 3.31 0.29

Neutrophil-to-lymphocyte ratio 5.24 ± 6.53 6.31 ± 7.60 0.31

Previous tuberculosis, n (%) 7 (20%) 6 (8.1%) 0.07

Comorbidity, n (%) 31(88.6%) 69 (93.2%) 0.46

Positive MAC smear, n (%) 13 (37.1%) 7 (9.5%) <0.001

Cavitary lesion (%) 11 (31.4%) 8 (10.8%) 0.01

Lobes with radiological findings, n (%) 3.91 ± 1.34 2.66 ± 1.46 <0.001

Smoking history 10 (28.6%) 31 (41.9%) 0.21

IgA antibody specific for GPL core antigena 3.8 (0.8–6.2) 1.5 (1.05–3.35) 0.07

Lobes involved ⩾3 (%) 30 (85.7%) 34 (45.9%) <0.001

Lobes involved ⩾2 (%) 32 (91.4%) 56 (75.7%) 0.07

Data are expressed as mean ± S.D. or numbers (%).
ALB, serum albumin; BMI, body mass index; CRP, serum C-reactive protein; GPL, glycopeptidolipid; MAC, Mycobacterium avium complex; TP, serum total protein.
aReference value only in some cases, IgA antibody specific for GPL core antigen was detected in patients’ serum using a commercially available serodiagnostic kit (Capilia MAC Ab ELISA,
Tauns Co., Ltd., Shizuoka, Japan); lobes involved = number of lobes that had abnormal shadows at the time of diagnosis.
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value of how many factors conferred a risk of exacerbation. To
establish a simple classification of exacerbating factors, in the add-
itional analysis with the ROC curve for the three significant fac-
tors, the best cut-off value was 1, which showed a sensitivity of
88.6% and specificity of 48.6%. The ROC curve had an area
under the curve of 0.764 for the exacerbation prediction model
(Fig. 3).

We further analysed whether the group that did not show
exacerbation in 1 year remained unchanged during the subsequent
year. In 53 cases in the U-group, the radiological examination for
the following year could be confirmed. Forty-nine of 53 cases
(92.5%) remained unchanged during the subsequent year.

Discussion

No studies have examined MAC-PD in elderly individuals ⩾75
years old. Thus, we investigated exacerbating factors in
MAC-PD in elderly people, and clarified patients that can be fol-
lowed up without MAC treatment.

In the current study, of 126 patients, 17 patients started treatment.
Although only 12 of 17 patients were able to undergo treatment for
more than 6 months, the improvement in treatment was 50% or
more. Importantly, treatment may be selected not only for those
whose condition is deemed by attending physicians to likely worsen,
but also forelderly patientswhoare resistant or refractory to treatment.
For this reason, we decided to study 109 cases excluding the treatment
group. In the examination of only elderly MAC-PD patients in
our hospital, exacerbation occurred in 35 of 109 (32.1%) patients,
which tended to be higher than that of other studies. However, if the
start of treatment was defined as exacerbation, 17 of 126 (13.4%)
patients experienced exacerbation, and this tended to be low [19].

Disease progression of MAC-PD was defined as either requir-
ing the start of treatment [20, 21] or the presence of aggravation
on radiological imaging [22, 23]. In clinical practice, many elderly
MAC-PD patients cannot begin MAC treatment due to the pres-
ence of other diseases and medications being taken. Thus, treat-
ment may have been selected for patients under good general
conditions. In addition, some patients do not wish to receive
long-term MAC treatment. Consequently, disease progression in
this study was defined as exacerbation seen on radiological
imaging. Sometimes, deciding whether or not to start treatment
for MAC-PD in the elderly is still very difficult. In fact, only
13.5% of MAC-PD patients in the current study began treatment.
This study showed that positive AFB smears from the sputum test,
the presence of cavitary lesions and abnormal shadows in ⩾3
lobes were associated with exacerbations based on the probabil-
ities of reactivation or dissemination of the infection. These
three factors were in accordance with the findings of a previous
study [20]. In other words, if the sputum smear was negative,
no cavitary lesions were present, and abnormal shadows were
restricted to ⩽2 lobes, elderly MAC-PD patients might not need
treatment. At the time of diagnosis, although half of the patients
in this study with abnormal findings in ⩾4 lobes did show a
radiological exacerbation in 1 year, most of those with ⩽2 lobes
involved did not show a radiological exacerbation in 1 year
(Fig. 2). To establish a simple classification of exacerbating factors,
in the additional analysis with the ROC curve [24, 25] for the
three significant factors (positive AFB smears from the sputum
test, the presence of cavitary lesions, abnormal shadows in ⩾3
lobes), the best difference was for one or more items, which
showed a sensitivity of 88.6% and specificity of 48.6%. In short,
in elderly MAC-PD patients 75 years of age and over, the three
significant factors increase the risk, and if none of these three fac-
tors are found, follow-up can be performed without treatment.

In regular medical treatment, we have encountered many
patients with MAC-PD in which the radiological images have
not changed over a long time. We further analysed whether the
group that did not experience an exacerbation in 1 year remained
unchanged during the next year. In 53 cases in the U-group, the
radiological examination for the following year could be con-
firmed. Forty-nine of these 53 cases (92.5%) remained
unchanged. All four cases with exacerbation 2 years after diagno-
sis were classified as having one or more of the factors that were
identified in our simple classification using the ROC curve. Thus,
our simple classification of the exacerbating factors may be useful
for making treatment decisions in elderly patients with MAC-PD.

Limitations

The current study has several limitations that must be acknowl-
edged. First, this study is limited to elderly patients, and the

Fig. 2. Exacerbation by number of lung lobes with abnormalities. X-axis: number of
abnormal lobes; Y-axis: number of patients with M. avium complex pulmonary
disease.

Fig. 3. Exacerbation prediction model (simple classification): ROC curve. AUC, area
under the curve.
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sample size was relatively small. Second, data collection was retro-
spective, and thus, sputum cultures, laboratory data and CT scans
were obtained according to clinical practice rather than strict
schedules. Third, because this investigation targeted elderly
MAC-PD patients with many underlying diseases, the results
may have been affected by these comorbidities and the thera-
peutic agents taken to treat them. Finally, 2 years after diagnosis,
some patients had died of other diseases and some patients were
not followed up. In these cases, we could not determine whether
or not MAC-PD had worsened.

Most studies of exacerbating factors of MAC-PD are retro-
spective, and prospective studies remain limited to small numbers
of patients. Because the number of patients with MAC-PD is
gradually increasing, we eagerly await large-scale, long-term pro-
spective studies undertaken cooperatively between multiple
countries.

Conclusion

Positive AFB smears from the sputum test, the presence of cavi-
tary lesions and abnormal shadows in ⩾3 lobes were associated
with exacerbations in elderly MAC-PD patients. Elderly
MAC-PD patients without these factors may not need treatment
for a few years.
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