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Background: The presence of mucus plugs in the airway is a severe phenotype in patients with asthma; however, the mechanisms and 
specific treatments are not fully understood.
Purpose: To clarify the efficacy of biologics and the mechanisms for mucus plug in patients with asthma.
Patients and Methods: A 79-year-old Japanese asthmatic woman with high blood eosinophil and fractional exhaled nitric oxide 
(FeNO) was pointed massive mucus plugs in airway on chest CT imaging. She was treated with mepolizumab for 3 months; however, 
those were augmented without improvement of pulmonary function and FeNO. She was switched to dupilumab and, three months 
later, the mucus plugs were completely disappeared with improvement in pulmonary function, FeNO and asthma-related symptoms. 
She continues treatment with dupilumab, and her asthma symptoms are stable.
Conclusion: Biologics including mepolizumab and dupilumab have been reported to improve mucus plugs in patients with asthma; 
however, their efficacy might be different depending on the clinical characteristics of patients. Present data remind us of the possibility 
that, if FeNO levels remain high after treatment with anti-IL-5 antibody in asthma patients with mucus plugs, switching to other 
biologics, including anti-IL-4Rα antibody, might be considered.
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Introduction
The presence of mucus plugs in the airway, which are detected as high attenuation structures on computed tomography 
(CT) on the mediastinal window setting, is a severe phenotype in patients with asthma, whose particular characteristic is 
eosinophilic airway inflammation called “type 2 inflammation”.1 Mucus plugs contribute to decreased pulmonary 
function, and they might be related to mortality in patients with asthma2,3; however, the mechanisms and specific 
treatments are not fully understood. Currently, several biologics including anti-immunoglobulin E (IgE), anti-interleukin 
(IL)-5, anti-IL-5 receptor alpha (IL-5Rα), anti-IL-4 receptor alpha (IL-4Rα), and anti-thymic stromal lymphopoietin 
(TSLP) antibodies are clinically available for treating patients with severe uncontrolled asthma, and the efficacies are 
greater for patients with eosinophilic airway inflammation.4 Additionally, the treatment efficacy of each biologic allows 
us to understand the biological phenotypes of patients with severe eosinophilic asthma. In this report, the case of an 
asthma patient with mucus plugs treated sequentially with anti-IL-5 antibody and anti-IL-4Rα antibody, showing 
different effects for mucus plugs in different anatomical locations, which suggests the biological heterogeneity of airway 
mucus plugs in patients with asthma, is presented.

Case Presentation
A 79-year-old Japanese woman who had cataract, glaucoma, and allergic rhinitis consulted our hospital for increased 
cough and sputum. She had been diagnosed as having asthma 2 months earlier and was treated with a medium dose of 
inhaled corticosteroid (ICS), a long-acting β2 adrenergic agonist, and a leukotriene receptor antagonist. She had no 
history of chronic sinusitis, alcohol abuse, smoking and allergic reaction to foods and drugs. On physical examination, 
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she had productive cough and wheezes on both sides of the chest without fever, hypoxia, or skin rash. Her chest X-ray 
showed consolidation in the middle central and lower peripheral fields of the right lung (Figure 1A). Chest CT showed 
a funicular shadow in the right upper lobe and consolidation in the right middle lobe in the lung window setting, with 
high attenuation structures in the mediastinal window setting, indicating mucus plugs, in the B3 and B4 bronchi 
(Figure 1B–E). On laboratory examination, the white blood cell count was 6600/μL, with 20% eosinophils (1320/μL), 
total IgE was 232 IU/mL without positive findings for any specific IgE levels including Aspergillus and Alternaria. The 
asthma control test (ACT) score was 17 points, and on pulmonary function testing, vital capacity (VC) was 1930 mL, % 
VC was 78.8%, forced vital capacity was 1800 mL, %FVC was 75.9%, forced expiratory volume in 1 second (FEV1) 
was 1330 mL, %FEV1 was 73.5% and fractional exhaled nitric oxide (FeNO) was 66 ppb. Considering the adverse 
effects of systemic corticosteroid treatment and her quite high blood eosinophil counts, she was treated with mepolizu-
mab (100mg every 4 weeks) for 3 months without eventually administration of systemic corticosteroid. Her ACT scores 

Figure 1 Findings on chest X-ray and computed tomography (CT) before (A-E) and after treatment with mepolizumab (F-G). (A) Before treatment, the chest X-ray shows 
decreased density in the middle central and lower peripheral fields of the right lung. (B-E) Chest CT shows a funicular shadow in the right upper lobe and consolidation in 
the right middle lobe on the lung window setting with high attenuation structures on the mediastinal window setting in the B3 and B4 bronchi. (F) After treatment with 
mepolizumab, the chest X-ray shows decreased density in the upper field with disappearance of the decreased density in the middle central and lower peripheral field of the 
right lung. (G–J) Chest CT shows consolidation in the right upper lobe on the lung window setting, with high attenuation structures on the mediastinal window setting in the 
B2 and B3 bronchi, even though those in the B4 bronchus have recovered with resolution of obstructive atelectasis of the right middle lobe.
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improved to 21 points with blood eosinophils of 189/μL and total IgE of 264 IU/mL, but mucus plugs in the right upper 
lobe were increased with expansion to the B2 bronchus even though those in the B4 bronchus recovered with resolution 
of obstructive atelectasis of the right middle lobe (Figure 1F–J). Her pulmonary function testing showed further 
worsening of VC (1690 mL), %VC (69.0%), FVC (1640 mL), %FVC (69.2%), FEV1 (1250 mL), %FEV1 (69.1%) 
and FeNO (57 ppb). Considering that mepolizumab had an insufficient effect on the mucus plugs, she was switched to 
dupilumab (an initial dose of 600mg followed by 300mg every other week). Three months later, her ACT scores were 
further increased to 25 points, with blood eosinophils of 329/μL, and total IgE of 59 IU/mL, and the mucus plugs, 
including those in the right upper lobe, had completely disappeared (Figure 2A–E). Her pulmonary function testing 
showed an increased VC of 1890 mL, %VC of 77.1%, FVC of 1790 mL, %FVC of 75.5%, FEV1 of 1280 mL, %FEV1 
of 70.7% and decreased FeNO of 15 ppb. She continues treatment with dupilumab, and her asthma symptoms are stable.

Discussion
Biologics have been reported to improve mucus plugs. Tang et al, in a 3-year observational study of severe asthma in the 
USA, reported that serum and sputum eosinophil peroxidase levels were correlated with the mucus score, and they were 
significantly attenuated by treatment with mepolizumab.5 On the other hand, dupilumab contributes to a greater reduction 

Figure 2 Findings on chest X-ray and CT after treatment with dupilumab. (A) Chest X-ray shows disappearance of the decreased density in the upper lung field. (B–E) 
Chest CT shows disappearance of consolidation on the lung window setting and high attenuation structures on the mediastinal window setting in the right upper lobe.
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in mucus plugging with greater improvement in ventilation quantified using 129Xe magnetic resonance imaging 
compared with placebo.6 In Japan, dupilumab has also been shown to have a beneficial effect on mucus plugs evaluated 
on CT in patients with asthma.7 Interestingly, in the present case, the mucus plug in the B4 bronchus recovered and that 
in the B3 bronchus increased with anti-IL-5 antibody treatment. Furthermore, the mucus plug in the B3 bronchus 
recovered with anti-IL-4Rα antibody treatment, which supported the possibility of biological heterogeneity of airway 
mucus plugs in patients with asthma. Increasing dose of ICS might be also considered to avoid the side effects of 
systemic corticosteroid before administration of biologics according to the guideline.8 In the present case, we treated with 
biologics prior to increasing dose of ICS considering the therapeutic benefit, risk of systemic side effect9 and 
characteristics of participants in Phase 3 studies of the biologics.10,11 There has been no direct comparison of efficacy 
between anti-IL-5 and anti-IL-4Rα antibodies for mucus plugs in patients with asthma, to the best of our knowledge, and 
prediction of the heterogeneity of mucus plugs might be challenging. However, in the present case, the FeNO level was 
still high after treatment with anti-IL-5 antibody, even though there was partial improvement of the mucus plug in the 
right middle lobe (Figure 1D, E, I, J). A high FeNO level suggests that an IL-13-driven sub-phenotype in type 2 high 
asthma is one of the biomarkers for poor responders to anti-IL-5 antibody compared with IL-4Rα antibody.12 In addition, 
Hayashi et al recently reported that asthma patients with high FeNO levels showed a greater rate of mucus plugging than 
those with low FeNO levels.13 These data remind us of the possibility that, if FeNO levels remain high after treatment 
with anti-IL-5 antibody in asthma patients with mucus plugs, switching to other biologics, including anti-IL-4Rα 
antibody, might be considered, following the rotation strategy recommended by asthma treatment guidelines. Notably, 
Nordenmark et al recently reported that, compared with placebo, anti-TSLP antibody decreased mucus plugs for patients 
with high mucus scores characterized by high blood eosinophil and FeNO levels.14 The data indicated that anti-TSLP 
antibody, which blockades the signals of IL-4, IL-5, and IL-13 as a targeting upstream molecule of type 2 cytokines, is 
another candidate for the treatment of mucus plugs for patients with asthma. The present report has several limitations. 
First, the patient was not examined bronchodilator reversibility test even though the diagnosis of asthma referring to the 
Global Initiative for Asthma guideline8 was consistent. Second, the impact of biologics for mucus plugs might be 
different depending on the inflammatory phenotype of the patient. Third, allergic phenotype is also one of the important 
characteristics focused on the efficacy; however, related examinations such as skin prick test are not performed. Fourth, 
seasonal alternation of surrounding allergens might be also affected for improvement of mucus plugs.

Conclusion
Biologics including mepolizumab and dupilumab have been reported to improve mucus plugs in patients with asthma; 
however, their efficacy might be different depending on the clinical characteristics of patients. Present data remind us of 
the possibility that, if FeNO levels remain high after treatment with anti-IL-5 antibody in asthma patients with mucus 
plugs, switching to other biologics, including anti-IL-4Rα antibody, might be considered.

Abbreviations
FeNO, fractional exhaled nitric oxide; CT, computed tomography; IgE, immunoglobulin E; IL-5, interleukin-5; IL-4Rα, 
IL-4 receptor alpha; TSLP, thymic stromal lymphopoietin; ACT, asthma control test; VC, vital capacity; FEV1, forced 
expiratory volume in 1 second.
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