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The number of cases with Mycobacterium avium and Mycobacterium intracellulare lung diseases
(Mycobacterium avium complex lung disease [MACLD]) are increasing globally. Lung cancer can
sometimes present as a comorbidity with MACLD; however, the clinical presentation and out-

Mycobacterium avium complex Lung disease comes of comorbid MACLD following lung cancer resection remain unclear. Therefore, we

Comorgid?ty retrospectively assessed 17 patients with MACLD undergoing lung cancer resection to determine
E’i(;:r i:it;on the impact of lung cancer surgery on comorbid MACLD. Of the 17 patients, Mycobacterium avium
EthamIl)Jutol and Mycobacterium intracellulare were present in 15 and 2 patients, respectively; 14 patients had

stage I lung cancer and underwent lobectomy. Ten patients were postoperatively observed for
MACLD without any further intervention, five patients underwent additional resection for con-
spicuous MACLD lesions, and the remaining two patients underwent complete resection for
MACLD and lung cancer within the same lobe followed by rifampicin, ethambutol, and clari-
thromycin (RECAM) therapy. Seven patients exhibited postoperative MACLD exacerbation, six of
whom developed exacerbation in the operated ipsilateral residual lobes. Six of these seven pa-
tients received RECAM, three of whom (43%) subsequently exhibited improvement. Attention
should be paid to MACLD exacerbation during postoperative follow-up, especially in ipsilateral
lobes. Although RECAM therapy may be beneficial in alleviating MACLD exacerbation, further
investigation is warranted to validate these results.

And clarithromycin therapy

1. Introduction

Recently studies have shown an increase in the worldwide incidence of nontuberculous Mycobacterium (NTM)-associated lung
disease (NTMLD), particularly Mycobacterium avium and Mycobacterium intracellulare lung diseases (Mycobacterium avium complex lung
disease [MACLD]) [1,2]. The clinical practice guidelines for the treatment of NTMLD treatment were recently updated [3]. Treatment
success rates for MACLD have been estimated to be approximately 60%, with 12% of patients defaulting on treatment [4]. With the
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increase in MACLD cases, growing attention has been placed on MACLD comorbidity among patients with lung cancer [5,6]. Several
reports from Japan have indicated a relationship between NTMLD/MACLD and lung cancer, with NTMLD having been implicated as a
risk factor for lung cancer [7]. Approximately 2%-3% of MACLD cases present with lung cancer, whereas 1% of lung cancer cases test
positive for MACLD [8-10]. Moreover, MACLD has been detected concurrently with and/or after lung cancer resection [5-10].
Considering the unclear clinical presentation and outcomes of comorbid MACLD after lung cancer resection, we retrospectively
assessed the 5-year follow-up data of patients who developed comorbid MACLD following lung cancer resection.

2. Methods

The lung cancer database of Tokyo National Hospital, Tokyo, Japan was used to identify consecutive lung cancer resection cases
between January 1999 and December 2018. The hospital’s Mycobacterium database was subsequently surveyed for the presence of
Mycobacterium avium and Mycobacterium intracellulare among those who underwent resection. Background information, mycobacterial
data, computed tomography findings, and MACLD medication were obtained through medical records. MACLD was diagnosed based
on the official statement by the American Thoracic Society and Infectious Diseases Society of America [11].

All respiratory samples were cultured using Mycobacterium growth indicator tubes (BACTEC MGIT 960: Becton, Dickinson and
Company, Franklin Lakes, NJ, USA). Until June 2018, mycobacterial species were identified using DNA-DNA hybridization (DDH,
Kyokuto Seiyaku, Tokyo, Japan) based on the quantitative microdilution plate hybridization method that can clearly distinguish
between Mycobacterium avium and Mycobacterium intracellulare [12]. Thereafter, matrix-assisted laser desorption-ionization time--
of-flight mass spectrometry (MALDI-TOF MS, LSI Medience, Tokyo, Japan) was used. MACLD exacerbation was defined as worsening
based on radiographic imaging and an increase in cough/sputum accompanied by Mycobacterium-positive cultures from respiratory
samples. Patients who underwent lung cancer resection were followed-up as outpatients for 5 years after surgery, during which all
pulmonary distresses were treated. Data were analyzed using Wilcoxon rank-sum test and Fisher’s exact test using the R statistical
software Package “cmprsk” (https://www.r-project.org), with P values < 0.05 indicating statistical significance.

This case report has been reported in line with the CARE checklist [13]. This retrospective study was approved by the Ethics
Committee of the National Hospital Organization Tokyo National Hospital (approval no. 345/2017) and was conducted according to
the principles of the Declaration of Helsinki.

3. Results

Among a total of 1275 lung cancer resection cases were reviewed, 17 cases (1.3%) with comorbid MACLD were assessed and
divided into two groups: those whose lung cancer was detected after MACLD (MACLD-preceding; 7 cases) and those with concurrent
diagnoses (MACLD-concurrent; 10 cases). The characteristics of these patients are summarized in Table 1. Women accounted for the
majority of cases [13 cases; median age, 71 years (range: 40-80 years); median body mass index, 21.1 (range: 18.6-26.5)]. Six patients
had a history of smoking, one patient had previous tuberculosis, and another one had chronic obstructive pulmonary disease (COPD).

Table 1

Patient characteristics.
Factors MACLD-preceding (n = 7) MACLD-concurrent (n = 10) Total (n = 17) P
Background
Female 6 (86%) 7 (70%) 13 0.6029
Median age 72 (67-75) 69 (40-80) 71 (40-80) 0.7320
BMI 21.1 (18.6-23.6) 21.2 (18.8-26.5) 21.1 (18.6-26.5) 0.9623
Smoking 1 (14%) 5 (50%) 6 0.3043
Pulmonary diseases 1 (14%) 1 (10%) 2 1.0000
MACLD at lung cancer surgery
Sputum 2 (29%) 3(30%) 5 1.0000
smear-positive
Species 7 (100%) 8 (80%) 15 0.4853
Mycobacterium avium
CT findings
Multi-lobes lesions 7 (100%) 7 (70%) 14 0.2279
Bronchiectasis 7 (100%) 9 (90%) 16 1.0000
Cavity 2 (29%) 3 (30%) 5 1.0000
Resection for MACLD 3 (43%) 2 (20%) 5 0.5928
ECG in resected materials 5 (71%) 7 (70%) 12 1.0000

Lung cancer
Histologic type

Adenocarcinoma 6 (86%) 7 (70%) 13 0.6029
Site

Lower lobe 4 (57%) 5 (50%) 9 1.0000
Resection

Lobectomy 5 (71%) 10 (100%) 15 0.1544
Pathologic stage

Stage I 5 (71%) 9 (90%) 14 0.5368

BMI, body mass index; MACLD, Mycobacterium avium complex lung disease; ECG, epithelioid cell granuloma.
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Mycobacterium avium was present in 15 cases identified using DDH or MALDI-TOF MS, and Mycobacterium intracellulare was identified
using DDH in the remaining two cases. MACLD-related computed tomography findings showed that multi-lobed lesions (14 cases) and
bronchiectasis (16 cases) were more predominant over cavities (5 cases). Among the included cases, 16 had nodular bronchiectasis-
type MACLD, whereas only one had fibro-cavitary-type MACLD. The histologic types of lung cancer were adenocarcinoma, squamous
cell carcinoma, and carcinoid in 13, 3, and 1 case, respectively. The sites of cancer were lower, upper, and middle lobes in 9, 5, and 3
cases, respectively. The surgery types were lobectomy, segmentectomy, and partial resection in 15, 1, and 1 case, respectively. The
pathological stages were IA and IB in 9 and 5 cases, respectively, whereas stage IIB, IIIA, and IVA lung cancer were present in one case
each. No differences in background, MACLD, and lung cancer were noted between the MACLD-preceding and -concurrent groups. In
the MACLD-preceding group, the median duration from MACLD to lung cancer diagnosis was 51 months (range: 18-152 months). Two
MACLD-preceding cases had a history of treatment with MACLD medication [rifampicin, ethambutol, and clarithromycin (RECAM)].
However, upon lung cancer diagnosis, bronchoscopic specimens showed positive results for Mycobacterium avium. None of the 17 cases
had a history of thoracic surgery before lung cancer resection.

The management and course of MACLD after lung cancer surgery is shown in Fig. 1. Accordingly, 7 (41%) patients exhibited
postoperative MACLD exacerbation, with no difference in frequency between MACLD-preceding (3 of 7, 43%) and -concurrent cases (4
of 10, 40%). Among the 10 cases whose treatment consisted of only surgery (median: 38 months; range: 11-60 months), 5 exhibited
MACLD exacerbation within a median period of 12 months post-surgery (range: 3-42 months). The other five patients with con-
spicuous MACLD lesions underwent additional resection for MACLD volume reduction in the ipsilateral lung (partial resection of the
middle lobe, three patients; partial resection of the right S6, one patient; and lingulectomy, one patient) together with lung cancer
surgery. None of the five patients received postoperative RECAM therapy during follow-up (median: 60 months; range: 26-60 months).
MACLD exacerbation was observed in two of these patients at 5 and 24 months. The remaining two cases developed lung cancer and
MACLD exclusively in the same lobe, both of whom underwent complete resection through a lobectomy, followed by RECAM therapy
for 2 years. No MACLD exacerbation was detected until 60 months post-resection. None of the patient’s experienced serious adverse
respiratory events during the perioperative period had respiratory dysfunction after surgery (except for one patient who had COPD).
MACLD exacerbation was found in five of the nine patients who underwent lower lobectomy and in two of the five patients who

Lung cancer complicated with MACLD
(n=17)
I
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MACLD treatment No MACLD treatment
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I
| 1
Resection$ Resection and
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(n=2) (n=3) (n=2) (n=3) (n=13)
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(n=1)

§: Additional conspicuous resection (volume reduction) for MACLD,
1: Complete resection for both lung cancer and MACLD localized in the same
lobe, followed by administration of rifampicin, ethambutol, and clarithromycin

Fig. 1. Clinical course of lung cancer and Mycobacterium avium complex lung disease (MACLD).
Flow diagram for MACLD treatment in patients who underwent lung cancer resection complicated with MACLD.
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underwent upper lobectomy. Mycobacterial species was found to be Mycobacterium avium in all seven patients with exacerbation.
During the study observation period, three patients received anticancer treatment after surgery. Two patients received anticancer
medication immediately after the surgery, including one patient who received erlotinib for stage IVA cancer and one patient who
received adjuvant carboplatinum plus paclitaxel for stage IIIA cancer. Both patients experienced MACLD exacerbation. The remaining
one patient received osimertinib after recurrence (bone metastasis). MACLD exacerbation occurred at the time of recurrence; however,
treatment for MACLD was not initiated. Six of the seven cases who developed MACLD exacerbation did so in the operated ipsilateral
residual lobes (Fig. 2). The patient showing contralateral exacerbation underwent left lower lobectomy for lung cancer with additional
lingulectomy for MACLD. Thus, the residual left upper lobe no longer displayed substantial MACLD lesions. To evaluate the likelihood
of exacerbation in the lung ipsilateral/contralateral to the resection, a binomial test was performed. Accordingly, no significant
tendency for ipsilateral exacerbation was found (P = 0.125, 95% CI: 42.1%-99.6%). However, MACLD exacerbation could likely be
possible in the ipsilateral residual lobes, especially in cases that underwent only lung cancer surgery.

Given the lack of a standard treatment strategy for the treatment of comorbid MACLD in patients who underwent lung cancer
resection, MACLD treatment was decided through individual consultation. RECAM therapy was introduced in six of the seven cases
who developed exacerbation. Among these patients, four completed a 2-year RECAM therapy regimen, of whom three (43%) showed
improvement in both symptoms and radiographic findings. Among the 17 cases, 4 experienced lung cancer recurrences during the
follow-up period with two lung cancer-related deaths not associated with MACLD.

4. Discussion

This has been the first study to examine the effects of lung cancer surgery in patients with lung cancer and comorbid MACLD.
Accordingly, our findings showed that MACLD exacerbation was mostly observed in the residual lobe of the operated ipsilateral lung,
although differences were not significant.

Risk factors for NTMLD/MACLD include impairment in systemic and local immunity, such as that during malignancies, thoracic
deformities, and pre-existing structural pulmonary diseases (COPD and bronchiectasis) [14]. Apart from the reduced immunological
situation accompanying lung cancer surgery with or without anticancer treatment, thoracic deformations caused by the surgery, such
as ipsilateral intercostal narrowing, diaphragm elevation, and shift of the mediastinum [15], may be associated with MACLD exac-
erbation. Sequelae after lung cancer surgery may include fibrobullous changes in the ipsilateral residual lobes where NTM or
Aspergillus infections can occur [16]. We had previously identified that pre-existing lung diseases, such as COPD, were risk factors for
chronic pulmonary aspergillosis (CPA) after lung cancer surgery and that postoperative re-expansion was often linked to CPA
development in the residual lobes [17]. Although non-smoking women accounted for most of the cases include herein, re-expanded
residual lobes accompanied by pre-existing MACLD may generate a local condition similar to that associated with MACLD suscepti-
bility in COPD. Studies have shown that MACLD has a very long course, with an exacerbation rate of 22% after 5 years [18]. As such,
early MACLD exacerbation in the current study (median: 12 months post-surgery) may be related to impaired immune function as
mentioned earlier.

Surgery for NTMLD is typically performed as an adjuvant therapy along with NTMLD medication, with segmentectomy and/or
lobectomy having been associated with favorable outcomes [18,19]. One study showed that postoperative drug therapy for NTMLD
may be unnecessary when complete or partial resection of a solitary nodule of NTMLD is performed [20]. In this study, five patients

b

Fig. 2. Mycobacterium avium complex lung disease worsening after lung cancer surgery.
(a) Chest X-ray of a patient before right upper lobectomy for the treatment of stage I lung cancer. Mycobacterium avium was detected in the sputum and bronchoscopic

samples from the right main bronchus, with minute inflammatory changes observed in the middle lung fields. (b) Chest X-ray of the patient 15 months after lobectomy.
Infiltrative and nodular shadows appeared in the right residual lobes. Bronchoscopy revealed positive smear and culture results for Mycobacterium avium.
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underwent volume reduction for MACLD without medication, among whom two presented with MACLD exacerbation from remnant
MACLD lesions. As such, the significance of additional resection for MACLD in combination with lung cancer surgery warrants further
assessment.

Meier et al. reported that 6 of 13 (46%) patients with MACLD previously treated for lung cancer showed improvement with MACLD
medication [5]. In the current study, only 3 of 7 (43%) patients showed MACLD improvement with RECAM therapy, which can be
considered relatively poor compared to current treatment outcomes for MACLD [1]. The course of lung cancer may interfere with
RECAM therapy, with such a therapy appearing to have no benefit when MACLD exacerbation occurs.

The current study has several limitations worth noting. First, this was a single-center, retrospective study, with a small sample size
of mostly older females with early adenocarcinoma. Second, no clear criteria for the additional resection of MACLD or for assessing
RECAM therapy are available. Third, MACLD therapy was performed individually, and the time for assessing MACLD exacerbation was
limited to 5 years after surgery.

5. Conclusion

In conclusion, lung cancer resection in cases with comorbid MACLD may exacerbate MACLD over a relatively short period of time,
particularly in the ipsilateral residual lobes. Although limited information has been available regarding the significance of MACLD
treatment, RECAM therapy may be appropriate in cases developing MACLD exacerbation. Nonetheless, further large-scale prospective
investigations on patients with comorbid MACLD who had undergone lung cancer resection are warranted.
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