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Background: Solitary pulmonary nodules caused by nontuberculous mycobacteriosis are included as a 
category of pulmonary nontuberculous mycobacterium disease. Clinical characteristics, treatments and 
prognosis are not fully known because there are a few related reports.
Methods: This was a multi-center retrospective study of 101 cases diagnosed as solitary nodular type of 
nontuberculous mycobacteriosis from January 2000 to March 2017 that underwent resection at 9 related 
facilities belonging to the Thoracic Surgery Study Group of Osaka.
Results: The most common pathogen was Mycobacterium avium complex (n=77, 87.5%), followed by 
Mycobacterium kansasii (n=8, 9.1%). Chest computed tomography results showed subpleural locations that 
were difficult to distinguish from lung cancer. Fluorodeoxyglucose positron emission tomography/computed 
tomography was performed in 58 cases and positive results were obtained in 35 (60.3%), with an average 
maximum standardized uptake value of 3.87. The purpose of resection in most cases was for diagnosis. The 
surgical procedure was wedge resection in 87, segmentectomy in 3, and lobectomy in 11, while 77 underwent 
thoracoscopic surgery. Postoperative complications occurred in 7 cases, though no infections caused by 
nontuberculous mycobacteriosis were noted. The median observation period was 27 months. A worsened 
condition occurred in 10 (9.9%) with Mycobacterium avium complex, though none had local recurrence. 
Conclusions: Solitary pulmonary nodules due to nontuberculous mycobacteriosis is difficult to diagnose 
based on preoperative examination results or distinguish from lung cancer. Among the present cases, none 
had local complications or recurrence, even in those that underwent a wedge resection, thus postoperative 
chemotherapy was not considered necessary if a complete resection was performed. On the other hand, some 
cases showed reinfection after a long period following resection, thus patients should be informed of that 
future possibility.
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Introduction

Pulmonary nontuberculous mycobacterial disease (NTM) is 
classified into 5 categories; fibrocavitary (FC) type, featuring 
a cavity and scattered shadows in the upper lung field similar 
to pulmonary tuberculosis, nodular/ bronchiectatic (NB) 
type, which is characterized by thickening and dilation of 
the bronchial wall with small multiple nodules in the middle 
and lingular segment, and solitary nodular (SN-NTM) type, 
showing isolated nodules in the lung field, as well as systemic 
seeding type and hot tub lung type. The latter two are not 
local disease, thus neither is indicated for surgical treatment, 
whereas the FC and NB types may benefit from surgical 
treatment as part of multidisciplinary therapy. Although pre- 
and postoperative chemotherapy are necessary and surgical 
treatment has only an auxiliary role, adaptation of surgical 
treatment for FC or NB type is based on guidelines published 
in 2007 by the American Society of Thoracic Surgery 
(ATS) and the American Society of Infectious Diseases (1), 
as well as the Guidelines of the British Society of Thoracic 
Surgery (BTS), revised in 2017 (2). On the other hand, no 
treatment method for SN-NTM type, which is often caused 
by Mycobacterium avium complex (MAC), is described in those 
guidelines. It has been pointed out that some differences in 
the immune system may cause SN-NTM (3), though not 
NTM pulmonary disease, and asymptomatic cases that need 
to be distinguished from lung cancer are often encountered. 
The ATS guidelines show that SN-NTM type caused only 
by MAC does not require postoperative chemotherapy if 
complete resection is performed (Grade C, level III) (1). 
And the BTS guidelines says that following resection of 
a solitary NTM nodule in an individual with no other 
features of NTM-pulmonary disease, antibiotic treatment is 
not usually required (Grade D) (2). 

However, the guidelines do not provide descriptions for 
species other than MAC and there are few related reports, 
thus clinical characteristics and effective treatments for 
cases affected by other organisms have not been clarified. 
In addition, consideration must be given regarding whether 
anatomical resection is necessary, the same as with FC/NB-
NTM (4). The present retrospective study was performed 

to clarify clinical background findings, treatment contents, 
and prognosis of SN-NTM type patients based on 
multicenter experiences.

We present the following article in accordance with 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3108).

Methods

This retrospective study complied with STROBE  
guidelines (5). This study included 101 patients who were 
diagnosed SN-NTM. The clinical relevance was evaluated 
based on the clinical background, chemotherapy, surgical 
procedure, prognosis, and other important factors from 
medical records. 

Patients

A total of 101 resected cases diagnosed as SN-NTM type 
from January 2000 to March 2017 at 9 related facilities 
belonging to the Thoracic Surgery Study Group of Osaka 
were enrolled (Figure 1). Only NTM cases identified by 
culture or mycobacterial genetic testing were targeted 
regardless of pre- or postoperative diagnosis. The patients’ 
characteristics are shown in Table 1.

Definition of SN-NTM

SN-NTM type was defined when NTM was isolated from 
resected tissue. At least two doctors including radiologist 
and respiratory surgeon regarded a lesion as nodule not 
FC or NB type on computed tomography (CT) image. 
Definitions used for identification testing and imaging are 
noted following.

NTM identification

All cases underwent mycobacterial smearing and acid-fast 
bacterium culture testing of resected tissue. Fluorescent 
staining was used to confirm the presence of acid-fast 
bacterium. Mycobacterial culturing was done using Ogawa 
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medium or liquid medium included with the Mycobacteria 
Growth Indicator Tube system. Identif ication of 
Mycobacterium (M) tuberculosis, M. avium, or M. intracellulare 
was done using a polymerase chain reaction assay with a 
nucleic acid amplification protocol (PCR), transcription-
reverse transcription concerted reaction method using 
an rRNA detection reagent (TRC), or loop-mediated 
isothermal amplification method, and varied according to 
the facility and was not necessarily enforced in all cases. 
Since a species identification test was not performed 
by some facilities, those cases were classified as “NTM 
(unclassified)”. Cases in which NTM was not isolated were 
excluded, even if pathological examination results indicated 
an epithelial granuloma or were positive in Ziehl-Neelsen 
staining, including those that could not be distinguished 
from an M. tuberculosis infection.

Diagnostic imaging

At each of the participating institutions, two or more 
physicians, including radiologists, respiratory physicians, 
and/or surgeons, judged each solitary pulmonary nodule 
using chest CT results, including some nodules that showed 
a slight spray-type shading around them. Number and mass 
size were not considered. A nodule was defined as adjacent 
when part was in contact with the pleura and as subpleural 
when located in one-third of the outer lung field. The 
nodule including air inside which was not considered as 

cavity were included. In cases that underwent a fluoro-18 
fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET) examination, 
significant accumulation was defined as a maximum 
standardized uptake value (SUVmax) of 2.5 or greater, 
when that description was included.

Prognosis

Follow-up period and type of examination performed were 
dependent on each individual facility and the attending 
physicians. Worsening was defined when bacteriological 
re lapse  occurred  a f ter  surgery  or  postoperat ive 
chemotherapy treatment, or when the appearance or spread 
of NTM infection was suspected in chest CT findings, 
which included reinfection and recurrence cases. 

Statistical analysis

Variables are expressed as the mean ± standard deviation. 
Comparisons between 2 groups were made using a Mann-
Whitney U test, with a chi-square test used for categorical 
variables. All analyses were performed using the JMP 15.1.0 
statistical software package (SAS Institute Inc., USA).

Ethics approval

The study was conducted in accordance with the 

Resected SN-NTM

(n=101)

No relapse (n=91)

90.1%

MAC (n=67)

90.1%

M. kansasii (n=8)

7.9%

M. gordonae (n=2)

2.0%

M. peregrium (n=1)

1.0%

Only NTM (n=13)
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9.9%

Figure 1 Study flow for enrolment of this study describing the numbers of relapse and worsening patients with pathogens.
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Declaration of Helsinki (as revised in 2013). This study 
was initially approved by the Institutional Review Board of 
Osaka University Hospital (project approval No. 17270) in 
December 2017 and thereafter by each of the participating 

institutions. Individual consent for this retrospective 
analysis was waived.

Results

Patient background information is shown in Table 1. Nine 
cases (8.9%) were symptomatic. Localization of the nodules 
was left side in 29 (upper division 10, lingular 4, lower 15)  
and right side in 72 (upper 41, middle 9, lower 23). The 
average mass diameter was 19.1±8.2 mm (7–59 mm). 
Preoperative diagnosis was obtained in only 7 cases, based 
on results of bronchoscopic biopsy in 2, CT guided biopsy 
in 1, and gastric juice culture in 1, though a bronchoscopic 
examination was performed in only 27 patients (positive 
rate 7.4%). Mycobacterial examination was PCR-positive 
in 39, TRC-positive in 4, culture-positive in 55. The most 
common pathogen was MAC (n=77, 87.5%), followed by M. 
kansasii (n=8, 9.1%).

Imaging results are summarized in Table 2. Chest CT 
results of 100 cases showed subpleural locations, which 
were difficult to distinguish from lung cancer because 
of indentation and spiculation in many. FDG-PET was 
performed in 58 cases suspected to be lung cancer and 

Table 1 Patient characteristics

Cases (n=101)

Sex (male/female) 59/42

Age 61.8±11.4 [29–80]

Symptom

None 92

Positive 9

Cough 5

Hemosputum 2

Sputum 1

Chest pain 1

Fatigue 1

Numbers (single/multiple) 88/13

Locations

Right/left 72/29

Upper 41*/10

Middle/lingular 9*/4

Lower 23/15

Pathogen

MAC 77

M. kansasii 8

M. gordonae 2

M. peregrinum 1

Only NTM 13

Diagnosis

Preoperative 7

Bronchoscopy 2

CTGB 1

Gastric juice culture 1

No details 3

Postoperative 94

*, one case had two nodules in right upper and middle lobe. 
MAC, mycobacterium avium complex, M., mycobacterium; 
NTM, nontuberculous mycobacteriosis; CTGB, computed 
tomography guided biopsy.

Table 2 Results of imaging examination

Cases (n=101)

Chest CT findings

Size (mm) 19.1±8.2 [7–59]

Subpleural 100 (99.0%)

Adjacent pleura 60 (59.4%)

Pleural indentation 36 (35.6%)

Spiculation 30 (29.7%)

Satellite lesion 14 (13.9%)

Necrosis 13 (12.9%)

Air inside 7 (6.9%)

Calcification 3 (3.0%)

FDG-PET

None 43

Done 58

SUVmax ≥2.5 35 (2.5–13.2)

SUVmax <2.5 23 (0–2.3)

CT, computed tomography; FDG-PET, fluorodeoxyglucose-
position emission tomography.
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Table 3 Treatment and prognosis

Cases(n=101)

No.
Treatment 
period

‡‡

Operation

Wedge 87

Segmentectomy 3

Lobectomy 11

Approach (thoracotomy/VATS) 24/77

Operating time (min) 112 (37–360)

Blood loss (g) 5 (0–1,240)

Drainage period (day) 3 (1–21)

Complications 7

Late onset alveolopleural fistula 3

Chylothorax 2

Pneumonia 1

Prolonged air leakage 1

Preoperative chemotherapy 7

H+R+E 3 1, 3, 9 months

H 1 1 months

R+E+C+LVFX 1 3 months

C+E 1 0.5 months

AZM+R+E 1 8 months

Postoperative chemotherapy 21

R+E+C 5 6, 8, 14,  
29 months

H+R+E 4 1, 9 months

C 3

Spafroxasin 2

R+E+C+LVFX 1 6 months

R+LVFX 1

LVFX 1 2 months

C+LVFX 1 12 months

AZM+R+E 1 12 months

C+E 1 0.5 months

H+R+E+Z 1

Reinfection

Yes 10

Sputum culture positive 5

Nodules with other lobe 5

Nodules with same lobe 3

No 91

VATS, video assisted thoracic surgery; H, isoniazid; R, 
rifampicin; E, ethambutol; C, clarithromycin; LVFX, levofroxasin; 
AZM, azithromycin; Z, pyrazinamide. 

‡‡
, treatment period was 

described only in cases it was certain.

positive results were obtained in 35 (60.3%), with an 
average SUVmax of 3.87. 

Treatment and prognosis findings are presented in 
Table 3. The purpose of resection was for diagnosis in most 
cases. In cases diagnosed as NTM infection, surgery was 
selected because of suspected combined lung cancer or 
based on patient wish to stop chemotherapy. The surgical 
procedure was a wedge resection in 87, segmentectomy in 
3, and lobectomy in 11, while 77 underwent thoracoscopic 
surgery. Postoperative complications occurred in 7 cases, 
though no infections were caused by NTM. Preoperative 
chemotherapy was performed in 7 cases, for suspicion of M. 
tuberculosis in 4 cases with a regimen of 3 drugs (isoniazid, 
rifampicin, ethambutol) and in 3 cases diagnosed with NTM 
for therapeutic purposes. Postoperative chemotherapy was 
performed in 21 cases. 

The median observation period was 27 months. A 
worsened condition was found in 10 cases, including relapse 
within 1 year after resection in 2 cases and reinfection 
with MAC more than 1 year later in 8 (9.9%) (Table 4). 
Only 2 cases showed worsening soon after surgery, though 
neither was local recurrence, as 1 demonstrated a worsened 
shadow in the contralateral lobe and bacterial relapse 
occurred one month after surgery (Case 1), while other had 
infection in a wedge resected lobe and other lobes on the 
contralateral side at 6 months after the operation shown by 
CT results (Case 8). Eight cases considered to be reinfection 
had that occur at 1.5 to 5 years after surgery (average  
3.2 years) and only 1 had a lesion in the same lobe, but it was 
difficult to distinguish between reinfection and recurrence. 
Of 21 patients who underwent postoperative chemotherapy, 
4 had a worsened condition. No recurrence of M. 
kansasii was seen in 7 of the 8 cases without postoperative 
chemotherapy. No deaths from NTM infection were noted. 
There was no significant difference of clinical features 
between no relapse and worsening cases (Table 5).

Discussion

Only 6 studies describing treatment of SN-NTM type in 
more than 10 cases have been published (3,6-10), including 
20 cases reported by Gribetz in 1981 (3) and a report by 
one of the present institutions presented in 2016 (6). In 
the study of Gribetz, 12 (60%) of those cases were caused 
by MAC, as isolated nodules form easily as compared to 
patients with an M. tuberculosis infection. In the present 
study, only two institutions (Osaka University, Osaka 
Toneyama Medical Center) noted cases of tuberculoma 
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during the same period [2 of 22 (9.1%) and 20 of 50 (40%), 
respectively], thus it is considered that isolated nodule 
formation is more likely to occur with NTM as compared 
to M. tuberculosis infection. MAC was the most common 
species in the present SN-NTM cases, the same as noted in 
previous reports (3, 5-9), while nodules due to M. kansasii 
were noted in 8. Huang also reported SN-NTM caused by 
M. kansasii in 19% of their cases, followed by MAC (10). 
Other reports have noted nodule formation caused by M. 
gordonae (11), M. fortuitum (12), and M. abscessus (13), while 
this is the first known report that includes a case caused by 
M. peregrinum.

It is not clear why isolated nodules are formed in cases 
of SN-NTM type. Solitary pulmonary nodules due to 
tuberculosis, termed tuberculoma, appear as an epithelial 
granuloma. In addition to tuberculoma, phagocytosis and 
accumulation of macrophages with delayed hypersensitivity 
reactions cause granuloma formation in cases with MAC 
infection (14). None of the present cases showed FC/NB 
type reinfection, thus individual host immune response 
might differ between SN-NTM and FC/NB types.

It is considered that distinction between lung cancer 
and SN-NTM with CT imaging is difficult, because a 
pulmonary nodule due to NTM often shows spiculation 
or indentation, similar to lung cancer. Furthermore, it is 
not uncommon for SN-NTM type to show a moderate 

accumulation of FDG in FDG-PET findings, making 
preoperative diagnosis more difficult using imaging results 
(14,15). FDG accumulates in granulation species formed 
by activation of macrophages in cases of MAC infection, 
the most common species in SN-NTM type cases, and the 
positive rate shown by FDG-PET findings is high because 
the most common species is MAC, though a previous 
study noted that M. kansasii also showed a high level of 
accumulation (16). In the present series, FDG-PET showed 
accumulation of FDG in cases other than MAC infection, 
including 2 of 5 M. kansasii and 1 of 2 M. gordonae infection 
cases. Also, an M. peregrinum infection case showed strong 
accumulation with an SUV max value of 13.2. When disease 
activity is high in a patient affected by mycobacterial disease, 
stronger accumulation will be seen (17), thus diagnosis of 
benign or malignancy based on FDG-PET imaging results 
is considered to be difficult. In clinical practice, SN-NTM 
type combined with lung cancer has been reported (18).

The accuracy of diagnosis based on bronchoscopy biopsy 
results varies depending on the report, with that shown in 
8.3%, 11.1%, 33.3%, and 75%, respectively, of previously 
reported cases (3,6-8), while only 7.4% of the present cases 
received such a diagnosis. Since most cases of SN-NTM 
type with MAC infection have been reported to occur in 
peripheral areas near the pleura (9), a CT-guided biopsy 
would have been more effective in the present patients, 

Table 4 Details of worsening case

Case Age Sex Numbers Pathogen
Size 
(mm)

Primary 
lobe

Procedure Approach
Postoperative 

therapy 
(month)

Period 
after 

surgery 
(month)

At worsening

Sptum 
culture

Worsening 
on CT

Worsening  
lobe

1 64 M Single MAC 10 LLL Wedge VATS 0 1 + + RUL

2 80 M Single MAC 10 RUL Wedge VATS 0 29 + + RLL

3 63 F Multiple MAC 27 RLL Wedge Open 0 45 + + RUL, RLL, LUL, 
LLL

4 54 M Single MAC 18 RLL Wedge VATS 0 42 + − –

5 67 F Single MAC 14 RUL Wedge VATS 0 24 + − –

6 58 M Single MAC 15 LLL Wedge Open C 60 − + RLL

7 71 M Single MAC 40 LLL Lobectomy Open R+E+C [8] 18 − + Unkown

8 79 F Multiple MAC 10 LLL Wedge VATS R+E+C [29] 6 − + LLL + right lobe

9 69 M Single MAC 37 RML Lobectomy VATS C+L [12] 59 − + Unkown

10 75 F Single MAC 13 RML Lobectomy VATS 0 62 − + LUL

C, clarithromycin; E, ethambutol; L, levofroxasin; LLL, light lower lobe; LUL, left upper lobe; MAC, mycobacterium avium complex; R, 
rifampicin; RLL; right lower lobe; RUL, right upper lobe; VATS, video assisted thoracic surgery; RML, right middle lobe.
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though few such examinations were performed. 
According to the ATS guidelines, postoperative 

chemotherapy is not required for MAC infected cases 
when a complete surgical resection is performed, while 
surgical resection is not the first choice of treatment for 
SN-NTM type cases. A natural fading case has also been 
reported (19), thus differences among host defense systems 
are possible, including cellular immunity (3), though it is 
unknown whether SN-NTM type can develop into NTM-
PD type following resection or chemotherapy. Analysis of 
non-resected SN-NTM cases would provide important 
information. 

When peripheral lesions are found near the pleura, 

the most common site of occurrence in SN-NTM type, a 
wedge resection using a thoracoscopic surgery procedure 
can be easily performed. As for the resection amount, in 
NTM-PD of FB/NB type cases, an anatomical resection 
has been recommended and postoperative results were also 
good (4,20-22). On the other hand, our previous report is 
the only one that includes discussion regarding the surgical 
procedure with respect to SN-NTM type (6). In that study, 
we noted that a wedge resection would be sufficient not 
only for purely isolated nodules, but also for cases with 
small cavity formation and those where the scatter nest 
remains in the near vicinity of the nodule, because there 
were no complications related to local infection, such as 
pneumonia or empyema, or local recurrence in any of those 
wedge resection cases. Furthermore, most had no relapse 
or reinfection. In the present series, there were also no 
perioperative complications noted in the wedge resection 
cases and the 2 cases of relapse in the partial resected lobe 
were not local recurrence around the cutting line. Thus, 
a wedge resection is considered adequate and anatomical 
resection is not required if there are no remaining obvious 
lesions around the cutting end. Although there were no 
cases of local recurrence, some showed reinfection after a 
long period following the resection. We speculated that 
environmental and/or immune factors were causative in 
those cases. However, it was difficult to identify factors 
related to risk of reinfection because the observation periods 
were not consistent in this study. Since SN-NTM is a 
benign disease, long-term follow-up examinations may not 
be necessary, though affected patients should be informed 
of the possibility of later reinfection.

Postoperative chemotherapy is unnecessary in cases 
of completely excised MAC SN-NTM type (1), while 
recurrence was not observed even in previously reported 
cases without additional chemotherapy (6,7,11). On the 
other hand, an anti-tuberculous agent is effective against 
the M. kansasii species, as affected patients often present a 
solitary nodule that can be resected when a diagnosis is not 
obtained. Huang et al. reported no postoperative relapse 
in 8 M. kansasii cases that underwent resection after only 
a single postoperative treatment, which was similar to the 
present findings, as no relapse was observed in any of the 
8 cases, including 7 in which postoperative treatment was 
not administered. It is considered that SN-NTM type 
caused by M. kansasii likely does not require postoperative 
chemotherapy after resection, the same as with MAC.

The present study is limited by its retrospective nature 
and inclusion of only patients who underwent excision. In 

Table 5 Comparisons between no relapse and worsening cases

Variables No relapse Worsening P value

Sex 1.000

Female 35 4

Male 43 6

Age 0.225

<60 years 31 2

≥60 years 47 8

Numbers 0.607

Single 69 8

Multiple 9 2

Symptom 0.531

None 72 9

Presence 5 1

Operation 0.163

Wedge 68 7

Not wedge 10 3

Approach 0.697

VATS 60 7

Open 18 3

Complications 1.000

No 72 10

Yes 6 0

Postoperative chemotherapy 0.226

No 62 6

Yes 16 4
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addition, several of the cases had a short observation period, 
thus there is a high possibility that not all instances of 
reinfection were analyzed, resulting in low rates pf detection 
of reinfection and recurrence. On the other hand, this report 
includes a greater number of cases than previously reported 
and relevant clinical background findings were clarified by 
multi-center participation. It is unknown whether SN-NTM 
type is significantly affected by chemotherapy treatment 
alone or no treatment, because of the few cases reported. 
In most affected patients, it is difficult to distinguish from 
lung cancer, though a peripheral nodule limited resection 
procedure is available and postoperative chemotherapy may 
not be necessary. Nevertheless, the possibility of reinfection 
after resection should be explained to the patient. Since the 
number of analyzed cases in the present report is few, it is 
necessary to accumulate SN-NTM type results, including 
non-resected cases.

Conclusions

SN-NTM type occurring in the vicinity of the pleura is 
most often caused by MAC infection, though it is difficult 
to diagnose based on preoperative examination results 
or distinguish from lung cancer. We found no local 
complications or recurrence in any of the present analyzed 
cases, even those that underwent a wedge resection, thus 
postoperative chemotherapy is not considered necessary if 
completely resected.
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