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Abstract
BACKGOUND
Nontuberculous mycobacterium (NTM) refers to all mycobacteria except Mycobacterium tuberculosis and Mycobacterium leprae, also known as environmental Mycobacterium. The patients with lung cancer and NTM are somewhat special; the two diseases are inevitably influenced by each other. It brings difficulties and challenges to the choice of treatment. Recently, cancer immunotherapy has been considered one of the pillars for the treatment of lung cancer. However, the clinical experience in the application of immune checkpoint inhibitors is scarce for lung cancer patients with pulmonary tuberculosis, and lung cancer with NTM is even more rare. Although it ameliorates lung cancer, immunotherapy with immune checkpoint inhibitors presents complications of infectious diseases, including tuberculosis and NTM.

CASE SUMMARY
A 61-year-old male patient visited a doctor in May 2019. His admitting diagnoses were: (1) Cancer of the left lung with a pathological diagnosis of poorly differentiated non-small cell carcinoma, likely poorly differentiated adenocarcinoma, clinical stage IIIb (T3N3M0); and (2) Mycobacterium fortuitum (M. fortuitum) infection. We chose to proceed with pembrolizumab treatment. After two treatment cycles, a chest computed tomography scan showed a new irregular subpleural mass in the anterior segment of the left upper lobe of the lung, a reduction in the mediastinal enlarged lymph node, and no other obvious changes. Next, an ultrasound-guided biopsy of the new tumor was performed. Pathological examination showed that a large number of carbon particles were deposited in the alveolar tissue with histiocyte reaction and multinucleated giant cell formation. The tuberculosis (TB) specialist suggested that anti-TB therapy be combined with continued antitumor treatment. The patient continued to be treated with pembrolizumab. After 14 cycles, the lesion shrunk by 79%, there was no recurrence of M. fortuitum infection, and there were no intolerable adverse reactions.

CONCLUSION
We have observed that in cases of lung cancer complicated with M. fortuitum infection, opportunistic pathogen infection recurrence can be overcome, and immunotherapy is most beneficial when TB doctors and oncologists cooperate to closely observe dynamic changes in M. fortuitum and lung cancer. Treatment should be maintained with low dosage anti-TB drugs after general anti-TB chemotherapy for 1 year; this may prevent opportunistic pathogen infection recurrence during immunotherapy.
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Core Tip: The clinical experience in the application of immune checkpoint inhibitors is scarce for lung cancer patients with pulmonary tuberculosis, and lung cancer with nontuberculous mycobacterium (NTM) is even more rare. We present the case of a patient who had both lung cancer and NTM. NTM was stable, and the tumors shrank after treatment with immune checkpoint inhibitors. It provides some reference for the treatment of coexistent lung cancer with NTM.


INTRODUCTION
Nontuberculous mycosis (NTM) is a lung disease characterized by exposure to mycobacteria other than Mycobacterium tuberculosis (M. tuberculosis) and M. leprae. NTM has clinical manifestations similar to pulmonary tuberculosis (TB), and the number of patients with pulmonary NTM is increasing worldwide[1]. Mycobacterium fortuitum (M. fortuitum) accounts for 5.9% of all NTM cases[2]. Lung cancer is one of the most frequent malignant tumors, and it has a very high morbidity and mortality. Lung cancer and NTM lung disease share some common predisposing factors (e.g., smoking, atmosphere pollution), and coexistence of these two diseases is not uncommon. Diagnosis and treatment are more complex for patients with lung cancer and NTM. Immune checkpoint inhibitors (ICIs) have become generalized for use as anticancer therapeutics in many types of cancer. Many previous trials have reported that ICIs provide clinical benefits in patients with non-small cell lung cancer (NSCLC)[3,4]. Although ICIs are often effective in NSCLC, unique adverse events are known to occur during treatment, including skin rash, hepatotoxicity, and endocrine disturbances; these events are termed immune-related adverse events. Among the several types of immune-related adverse events, cases of infectious diseases have been increasing steadily[5]. ICI immunotherapy can also cause TB and other infectious diseases as well as noninfectious immune-related complications. However, it remains unknown whether ICI immunotherapy can cause a recurrence of TB or NTM and whether ICI immunotherapy is an appropriate option for patients with both lung cancer and NTM. Here, we report a case with no recurrence of M. fortuitum following pembrolizumab treatment for unresectable stage IIIb NSCLC.

CASE PRESENTATION
Chief complaints
A 61-year-old male patient visited a doctor in May 2019 and was admitted with intermittent chest pain for 4 mo, anorexia and fatigue for 1 mo, and chest tightness for 20 d.

History of past illness
The patient had a history of coronary heart disease (12 years), hypertension (more than 10 years), and a 40-year history of smoking 40 cigarettes per day. 

Physical examination
His left lung sounds were a bit quieter than normal.

Laboratory examinations
Carcinoembryonic antigen on July 2, 2019 was 29.86 ng/mL, and pathology diagnosis (via bronchoscopy, left upper lobe lung biopsy) identified poorly differentiated NSCLC. High-throughput sequencing revealed: ten-eleven translocation 2 p.E1318Exon7; tumor protein 53 c.672+2T > C; and B-cell lymphoma 2-like protein 11 2903-bp deletion. Tumor mutational burden was 33.06 Muts/Mb. Microsatellite stability and programmed death-ligand 1 (PD-L1) expression of 55% (Figure 1). 

Imaging examinations
A chest computed tomography (CT) scan showed a mass shadow in the left upper lung with uneven density, carcinoembryonic antigen was measured to be 23.99 ng/mL, and sputum smear results were positive for TB. A biopsy was performed via bronchoscope (left apex), which identified a few blood vessels and fibrous tissues that were accompanied by carbon dust deposition. Species identification found Mycobacteria in bronchoalveolar lavage fluid [M. fortuitum (+)]. The patient was administered anti-TB drugs (isoniazid, moxifloxacin, and clarithromycin). A positron emission tomography-CT on July 2, 2019 identified: (1) An irregular mass in the posterior segment of the left superior lobe tip (3.0 cm × 2.3 cm). The mass was hypermetabolic with obstructive atelectasis and inflammation; and (2) Multiple enlarged lymph nodes in the right supraclavicular fossa, the left hilum, and the mediastinum (anterior to the trachea, aortopulmonary window, and inferior tracheal protuberance), with abnormal metabolism (the largest enlarged lymph node was 2.1 cm in diameter).

MULTIDISCIPLINARY EXPERT CONSULTATION
After consulting with a TB specialist, the patient, and his family, we chose to proceed with pembrolizumab treatment.

FINAL DIAGNOSIS
The admitting diagnoses were: (1) Cancer of the left lung with a pathological diagnosis of poorly differentiated NSCLC, likely poorly differentiated adenocarcinoma, clinical stage IIIb (T3N3M0); and (2) M. fortuitum infection.

TREATMENT
The National Comprehensive Cancer Network guidelines recommend that immunotherapy alone can be chosen as a first-line treatment for patients with PD-L1 expression ≥ 50%. After consulting with a TB specialist, the patient, and his family, we chose to proceed with pembrolizumab treatment (200 mg, intravenous infusion, every 3 wk). After two treatment cycles, a chest CT showed a new irregular subpleural mass in the anterior segment of the left upper lobe of the lung (Figure 2), a reduction in the mediastinal enlarged lymph node, and no other obvious changes. Next, an ultrasound-guided biopsy of the new tumor was performed. Pathological examination showed that a large number of carbon particles were deposited in the alveolar tissue with histiocyte reaction and multinucleated giant cell formation; some areas of fibrous tissue showed hyperplasia of collagen (Figure 3).
The chest CT and biopsy received consultation from a TB specialist, who diagnosed the patient with “pulmonary M. fortuitum infection,” thought to be caused by opportunistic infection. The mediastinal lymph nodes were smaller than those anterior, indicating that antitumor therapeutics were probably effective. The patient was receiving anti-TB treatment, and therefore the new subpleural mass in the anterior segment of the left superior lobe may have been induced by anti-TB therapy. The TB specialist suggested that anti-TB therapy be combined with continued antitumor treatment.

OUTCOME AND FOLLOW-UP
The patient continued to be treated with pembrolizumab (200 mg, every 3 wk). After 14 cycles, the lesion shrunk by 79%, there was no recurrence of M. fortuitum infection, and there were no intolerable adverse reactions. We next organized a multidisciplinary consultation in which doctors from a TB hospital indicated that the TB was stable and that anti-TB drugs could be reduced. Radiologists recommended that the patient be followed up by radical chest radiotherapy. At present, chest radiotherapy has been completed. Chest CT examination showed the lung cancer in a stable condition, and no recurrence of M. fortuitum infection was found. At the time of publication, progression-free survival reached more than 21 mo. We will continue to follow up the patient.

DISCUSSION
The treatment of NTM is a very difficult and lengthy process. Although NTM has high resistance to anti-TB drugs, it is still commonly treated using anti-TB drugs such as isoniazid, rifampicin, ethambutol, pyrazinamide, and streptomycin. In addition to high drug resistance, treatment can be complicated by physical factors and other problems[6]. Active TB is often detected during traditional cytotoxic chemotherapy because chemotherapy can lead to immunosuppression. Patients with lung cancer complicated with TB are primarily male patients with smoking history, and the most common pathological tumor type in this group is adenocarcinoma[7]. Therefore, the opportunity to use molecular-targeted treatments is relatively small, and this means it is difficult to treat patients with both lung cancer and NTM. 
Immunotherapy and immune-checkpoint inhibitors (programmed cell death protein 1 or PD-L1 inhibitors) administered as monotherapy or in combination with chemotherapy have recently exhibited breakthrough progress in the treatment of advanced NSCLC[8,9]. Programmed cell death protein 1 or PD-L1 inhibitors lead to the activation of cytotoxic T cells, which promotes immune-mediated cancer cell recognition and destruction. In theory, the increased immune response to foreign antigens (cancer cells or infection factors) can lead to a high inflammatory response at a site of persistent infection[10]. However, existing clinical trials of immunosuppressive checkpoint inhibitors in advanced lung cancer generally exclude patients with active TB (NTM) infection. Therefore, little is known about the clinical use of immunosuppressive checkpoint inhibitors in these patients. 
In Japan, Fujita et al[11] reported a lung cancer patient with pulmonary TB that developed into acute pulmonary TB after treatment with nivolumab. Kato et al[12] published the first report of TB reactivation during durvalumab therapy after radical chemoradiotherapy for stage III NSCLC. A study by Fujita et al[13] explained that “Immunotherapy with immune checkpoint inhibitors (ICIs), while ameliorating lung cancer, can cause infectious diseases, including TB, in addition to immune-related noninfectious complications.” 
However, in 2018, Ishii et al[14] published a case report entitled “Improvement of Mycobacterium abscessus Pulmonary Disease after Nivolumab Administration in a Patient with Advanced Non-Small Cell Lung Cancer.” The patient in this report was initially diagnosed as stage IIIB, and there were no sensitive mutations. Therefore, there were no opportunities for surgical treatment or molecule-targeted treatments. Radiotherapy and chemotherapy could be administered until the M. fortuitum infection was better controlled. 
In the absence of other anti-cancer strategies, pembrolizumab was chosen as a treatment after reviewing results of the immunological index detection, upon suggestion of a TB specialist, and after adequate communication with the patient and his family. After two treatment cycles, symptoms of M. fortuitum infection vanished completely. The patient’s physique was obviously improved, and tumor marker expression also decreased. However, imaging results showed an irregular soft tissue mass in the anterior segment of the left upper lobe after two cycles. The identification of this new mass was surprising, and it was initially unclear whether this was an indicator of lung cancer disease progression or M. fortuitum recurrence. 
Improved physique, absence of M. fortuitum symptoms, and decreased tumor marker expression did not support disease progression or M. fortuitum recurrence. Therefore, we completed an ultrasound-guided biopsy of the new mass and consulted a TB expert. The expert suspected that this new lump was caused by opportunistic infection and may have been induced by anti-TB treatment. Although it has been reported that ICI treatment can lead to TB recurrence[15], the patient’s physical condition (anemia, hypoproteinemia, and fervescence all disappeared) had improved, and recurrence of NTM was not considered. We think this is caused by treatment (anti-TB treatment or antitumor therapy). Therefore, he recommended the continuation of antitumor therapy combined with anti-TB treatment. After treatment with pembrolizumab for 14 cycles, the patient continued to show improvements and also received radical radiation. At present, the radiotherapy has ended, and progression-free survival has exceeded 21 mo with no recurrence of M. fortuitum lung disease.

CONCLUSION
We have observed that in cases of lung cancer complicated with M. fortuitum infection, opportunistic pathogen infection recurrence can be overcome, and immunotherapy is most beneficial when TB doctors and oncologists cooperate to closely observe dynamic changes in M. fortuitum and lung cancer. Treatment should be maintained with low dosage anti-TB drugs after general anti-TB chemotherapy for 1 year; this may prevent opportunistic pathogens infection recurrence during immunotherapy. While the results achieved in this case are indeed promising, the effectiveness of ICIs for treating M. fortuitum infection requires confirmation by further randomized clinical trials.
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Figure Legends
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Figure 1 Expression of programmed death ligand 1 (immunohistochemical staining, Dako 22C3). A: Positive controls × 200; B: Negative controls × 200; C: Tumor samples hematoxylin and eosin × 100; D: Tumor samples immunohistochemistry × 200.
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Figure 2 Imaging findings during treatment. July 2, 2019: prior to treatment; September 26, 2019: two cycles after treatment; July 1, 2020: 14 cycles after treatment; →: New irregular subpleural mass.
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Figure 3 Pathology diagnosis of the second biopsy (× 400). A: Carbon dust deposition; B: Invasion of lymph cells; C: Fibrosis.
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