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Abstract: Amikacin liposome inhalation suspension (ALIS) is a key drug for the treatment of refractory Mycobacterium avium
complex pulmonary disease (MAC-PD). Although cases of drug-induced interstitial lung disease (DIILD) by ALIS have been
reported, its diagnosis is challenging due to overlapping existing pulmonary shadows, airway bleeding, exacerbation of underlying
conditions, and the potential for various concurrent infections. A 72-year-old woman started treatment with ALIS for refractory MAC-
PD. Three weeks later, she had a fever, cough, and appetite loss. She was hospitalized because multiple infiltrative opacities were
observed on chest X-ray and chest computed tomography. Because the opacities worsened after empiric antibiotic therapy with broad-
spectrum antibiotics, we initiated corticosteroid therapy, suspecting DIILD caused by ALIS, although drug lymphocyte stimulation
tests for ALIS and amikacin were negative. Three days later, we found signs of improvement and quickly tapered the corticosteroids.
After obtaining informed consent, we performed a drug provocation test of ALIS. Seven days later, she exhibited fever, an increased
peripheral white blood cell count, and elevated serum C-reactive protein level, all of which returned to baseline 4 days after stopping
ALIS, leading to a diagnosis of DIILD caused by ALIS in this patient. DIILD caused by ALIS is rare but should be carefully
diagnosed to ensure that patients with refractory MAC-PD do not miss the opportunity to receive ALIS treatment.

Keywords: amikacin liposome inhalation suspension, Mycobacterium avium complex pulmonary disease, drug-induced interstitial

lung disease, drug provocation test, paradoxical response

Introduction
During the chronic course of refractory nontuberculous mycobacterial pulmonary disease (NTM-PD), it is sometimes
exacerbated with the appearance of various opacities on chest radiography.' A differential diagnosis in such cases is
challenging because it includes various conditions such as expansion of the NTM-PD lesion, pneumonia caused by other
bacteria or fungi,” airway bleeding,’ and interstitial pneumonia, including idiopathic* or drug-induced interstitial lung
disease (DIILD).”>”’

DIILD is caused by dose-dependent toxicity or immune-mediated inflammation. The diagnosis of DIILD is based on
clinical findings consistent with ILD: a temporal relationship between the onset of symptoms and drug exposure; the
exclusion of other possible causes such as infection, pulmonary edema, and radiation-induced lung injury; progression of

the underlying disease; improvement upon withdrawal of the suspected causative agent with or without corticosteroid
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therapy; and, in some cases, deterioration upon re-challenge.® DIILD caused by drugs constituting guideline-based
therapy in the treatment of NTM-PD has been rarely reported.””’

Amikacin liposome inhalation suspension (ALIS) was recently developed for the treatment of refractory
Mycobacterium avium complex pulmonary disease (MAC-PD). Adding ALIS to the guideline-based therapy improved
the rate of culture conversion among patients with refractory MAC-PD in a Phase IIT randomized controlled trial.® In that
trial, 3% of participants who received ALIS experienced hypersensitivity pneumonitis.”'® However, descriptions of this
adverse event have been limited, with only two case reports describing the clinical and imaging course of the event.'"'?

In this case report, we describe ground-glass opacity in a patient with refractory MAC-PD that was discovered 3
weeks after starting ALIS, which improved upon the withdrawal of ALIS with corticosteroid therapy. ALIS therapy was

re-started, and the patient exhibited a deterioration after 1 week of treatment.

Case Report

A 72-year-old woman (height 148 cm, body weight 33 kg) was referred to our hospital for the treatment of refractory
Mycobacterium intracellulare pulmonary disease, which was diagnosed when she was 60 years old. She had been
under observation without treatment until 4 years ago, when a cavitary lung nodule was detected. In the past 4 years,
the patient has repeatedly received macrolide-containing multidrug therapies; however, they were not successful. Chest
X-ray and chest computed tomography on the first visit to our hospital showed that the patient had fibrocavitary-type
pulmonary disease (Figure 1A—D). She had a history of pulmonary tuberculosis. Although macrolide-resistant M.
intracellulare was recently cultured from her sputum, the minimum inhibitory concentrations of clarithromycin and
amikacin were >32 pg/mL and 8 nug/mL, respectively, clarithromycin was continued at an immunomodulatory dose
(400 mg/day). Ethambutol (500 mg/day) and moxifloxacin (400 mg/day) were continued, and ALIS (590 mg/day) was
added to these drugs.

Three weeks later, she had a fever, cough, and appetite loss. Chest X-ray and chest computed tomography revealed
multiple infiltrative opacities in the left upper lobe and bilateral lower lobes (Figure 1E-H). ALIS was stopped, although
the cavity wall and bronchial wall thicknesses decreased, suggesting that ALIS had a high likelihood of being effective
against M. intracellulare-pulmonary disease in this patient (Figure 1F and G). A nose swab polymerase-chain reaction
test for coronavirus disease 2019 (COVID-19) was negative. Serum (1,3)-beta-p-glucan was also negative. Because these
opacities worsened even after empiric antibiotic therapy featuring ceftriaxone for 5 days followed by tazobactam/
piperacillin for 11 days, we started methylprednisolone (125 mg/day) based on a suspicion of DIILD caused by ALIS,
and after 3 days, we observed signs of improvement and quickly tapered the steroid dose (Figure 1I-L).

ALIS was the key drug affecting the long-term outcome for this patient; therefore, we performed a drug provocation
test of ALIS after obtaining informed consent. Before starting the drug provocation test, the patient’s body temperature
was normal and her white blood cell count in peripheral blood was 5990/uL. Her serum C-reactive protein (CRP)
concentration was 0.76 mg/dL. Seven days after ALIS re-challenge, the patient’s fever returned. The white blood cell
count and CRP concentration increased to 7910/uL. (normal range: 4500—11,000 cells/uL) and 5.08 mg/dL (normal range:
0-0.14mg/dL), respectively. Furthermore, her body temperature, white blood cell count, and CRP concentration returned
to baseline 4 days after stopping ALIS. All these findings supported a diagnosis of DIILD induced by ALIS in this
patient.

Two years later she had experienced four hospitalizations. One was due to COVID-19 infection and the other three
were related to fevers requiring intravenous antibiotic therapy. Currently, the patient exhibits shortness of breath
attributed to a decrease in lower limb muscle strength and restrictive ventilatory impairment. Nevertheless, the patient
continues to attend outpatient appointments to maintain the multi-drug chemotherapy for her refractory MAC-PD.

Discussion

During the disease course of refractory NTM-PD, patients experience several clinical and radiographic exacerbations.
Sometimes, the exacerbation is caused by NTM-PD itself; however, it is frequently caused by other complications,
including viral, fungal, and bacterial pneumonia; airway bleeding; and DIILD. For physicians treating NTM-PD, DIILD
has not been a significant concern, because the frequency of DIILD caused by antimicrobial agents, including anti-
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Figure | Chest X-ray and computed tomography of the upper, middle, and lower lungs, before the start of amikacin liposome inhalation suspension (ALIS) therapy (A-D), 3
weeks after ALIS initiation (E-H), and 9 weeks after the withdrawal of ALIS (I-L). Cavity wall (arrows) and bronchial wall (arrowhead) thinning was observed 3 weeks after
starting ALIS treatment.

tuberculous drugs, was quite low.'* However, differential diagnosis has become more challenging since ALIS became
available for use in clinical settings. In this case, it required 8 days to start steroid therapy after carefully excluding
COVID-19 and bacterial and fungal pneumonia (Figure 2).
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Check list Differential diagnosis
O Sputum, Gram-stain Yes — —
O Serum, Pro-calcitonin Concurrent infection? [—>| Empiric antibiotics

O Serum, beta-D-glucan
[ Nose swab, PCR for COVID-19 ~ No
Yes Hemostat

. e :
Airway bleeding? Bronchial artery embolization

No
O Sputum, AFB Smear ) Yes )
O CT, Thickness of bronchial or Exacerbation of MAC-PD? Adjust treatment of MAC-PD
cavitary wall No
O Blood, DLST Yes | StopALIS

DIILD by ALIS? —>

O Drug provocation test Steroid (in case of respiratory failure)

Figure 2 Proposed workflow in a case of radiographic exacerbation during amikacin liposome inhalation suspension (ALIS) therapy.
Abbreviations: MAC-PD, Mycobacterium avium complex pulmonary disease; DIILD, drug-induced interstitial lung disease; AFB, acid-fast bacillus; DLST, drug lymphocyte
stimulation test.

For a diagnosis of DIILD caused by ALIS, it is important to avoid ambiguity as much as possible because patients
have very limited other treatment options and may lose the benefit of ALIS administration in the future, once diagnosed
with DIILD by ALIS. Recently, a case of DIILD caused by ALIS was reported, in which a transbronchial lung biopsy
sample showed findings of organizing pneumonia.'? The accumulation of such studies may reveal histological findings
specific to DIILD caused by ALIS. However, there is a concern regarding the spread of pathogens through the airways
during bronchoscopy, especially in patients with conditions such as cavitary lesions, where a high bacterial burden is
anticipated. In our case, the patient presented with cavitary lesions and was additionally undergoing oxygen therapy via a
nasal cannula. Therefore, bronchoscopy was deemed risky and not performed.

The possibility of a paradoxical response, which has been defined among patients with tuberculosis but never reported
among patients with NTM-PD, could not be completely excluded in this case. Paradoxical response describes the
transient worsening of tuberculosis following anti-tuberculosis treatment. The median onset time of paradoxical response
was reported as 26 days after the initiation of anti-tuberculosis treatment.'* In our case, a drug-induced lymphocyte
stimulation test for amikacin and ALIS, which were performed before steroid administration, were negative, suggesting
the immune response was not directly targeted by amikacin or ALIS. It was speculated that necrotic tissue, which
sloughed off the thickened cavitary or bronchial wall, might have been aspirated to other parts of the lungs, where it
could have stimulated an immune reaction causing infiltrative opacity in this patient.

Since the approval of ALIS by the Japanese government in July 2021, we have started to prescribe ALIS to patients
with refractory MAC-PD and experienced seven cases of chest radiographic deterioration during ALIS administration
(Table 1). The median age of the patients was 79 years (interquartile range [IQR], 73-80), and the median disease
duration was 12 years (IQR, 10.5-14.0). The deterioration was caused by the exacerbation of MAC-PD itself in four
patients, pneumonia complications caused by other bacteria in two patients, and DIILD caused by ALIS in one patient. In
this study, we demonstrated that patients with refractory MAC-PD for whom ALIS was prescribed may experience
radiographic exacerbations for a variety of reasons. Because ALIS is a key drug for patients with refractory MAC-PD, an
incorrect diagnosis of DIILD can have negative consequences for patients. Therefore, it is important to make a careful
and accurate differential diagnosis. The participants of a phase III randomized controlled trial had a younger age (median,
65 years ; IQR, 40-87) and shorter disease duration (median, 4.6 years ; IQR, 0.8-32.4) than our cases with chest
radiographic deterioration during ALIS administration.” Because the importance of achieving early culture conversion
was recently emphasized,'>'® ALIS should be prescribed to patients with early-stage NTM-PD.
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Table | Cases with Radiographic Deterioration During Treatment with Amikacin Liposome Inhalation

Suspension
Case | Agel/Sex Disease Duration Pathogen Causes of Radiographic
(Years) Deterioration
MA/MI MIC (pg/mL)
CAM AMK

I* 72/F 12 M >32 8 DIILD

2 79/F 4 MA | 16 Exacerbation of MAC-PD
3 8I/F 19 MA >32 16 Exacerbation of MAC-PD
4 8I/F 9 MA >32 8 Exacerbation of MAC-PD
5 74/M 13 MA >32 4 Exacerbation of MAC-PD
6 79/M 12 MA | 8 Bacterial pneumonia

7 72/M 15 Mi >32 4 Bacterial pneumonia

Notes: *This case.
Abbreviations: F, female; M, male; MA, Mycobacterium avium; Ml, Mycobacterium intracellulare; MIC, minimum inhibitory concentration; CAM,
clarithromycin; AMK, amikacin; DIILD, drug-induced interstitial lung disease; MAC-PD, Mycobacterium avium complex-pulmonary disease.

Conclusion

Patients with refractory NTM-PD who are treated with ALIS may experience radiographic exacerbations for various
reasons, including exacerbation of NTM-PD itself, pneumonia caused by other bacteria, and DIILD caused by ALIS. It is
crucial to accurately differentiate between these conditions to ensure appropriate management and prevent potential harm
to patients. It is important to perform a drug provocation test after obtaining sufficient informed consent.

Abbreviations

ALIS, Amikacin liposome inhalation suspension; MAC-PD, Mycobacterium avium complex pulmonary disease; DIILD,
drug-induced interstitial lung disease; NTM, Nontuberculous mycobacterium; CRP: C-reactive protein; IQR:
Interquartile range.
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