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ARTICLE INFO ABSTRACT

Keywords: An 81-year-old woman presented to our hospital due to an abnormal shadow on a chest X-ray and
Allergic bronchopulmonary aspergillosis a 4-week-old persistent cough. Laboratory examination revealed increased serum eosinophils and
Dupilumab immunoglobulin E. The Asthma Control Test (ACT) score and forced expiratory volume in 1 sec
Mepolizumab

indicated airway obstruction. Chest computed tomography (CT) revealed mucoid impaction in

Prednisolone the dilated left-lingular lobar bronchus. She was diagnosed with bronchial asthma and treated
1L-4 . . . . . . . .
1L13 with a high-dose inhaled corticosteroid/long-acting p2 agonist. Two months later, her mucoid

impaction in the CT image worsened; moreover, bronchoscopy revealed the white mucus plug
with Charcot-Leyden crystals and filamentous fungi. The patient was diagnosed with Allergic
bronchopulmonary aspergillosis (ABPA) and treatment with 30 mg/day prednisolone was
started. Both the blood eosinophil count and the chest image improved almost substantially, and
the steroid was discontinued after a year. Sixteen months after cessation of prednisolone treat-
ment, peripheral eosinophilia and mucoid impaction in the left B3b recurred. For the treatment of
bronchial asthma and recurrent ABPA, administration of mepolizumab was initiated. Subse-
quently, although her peripheral eosinophils count decreased, chest CT showed expansion of the
mucoid impaction and IgE increased despite mepolizumab treatment. Alternative subcutaneous
injection therapy with dupilumab improved chest image, serum IgE level, and her ACT score.

After changing from mepolizumab to dupilumab, her ABPA, asthma, and pulmonary function
improved remarkably. This case illustrates the potential utility of dupilumab for ABPA without
re-administration of oral prednisolone. Additional research is needed to identify an effective ther-
apy for ABPA with asthma.

1. Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is an eosinophilic pulmonary disease characterized by hypersensitivity to As-
pergillus fumigatus. That manifests with asthma [1]. Sensitization to fungal allergens causes severe persistent asthma and low lung
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Immunoglobulin E; ILC2, Group-2 innate lymphoid cells; IL-5, Interleukin-5; LABA, Long-acting beta-agonist; PSL, Prednisolone.
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function [2]. The standard treatment for ABPA is systemic corticosteroids. However, patients with ABPA often recur and require re-
peated and prolonged courses of corticosteroids that are associated with many adverse effects, such as osteoporosis, myopathy,
cushingoid appearance, insomnia, and increased risk of infection [1,3]. Recently, several studies and case reports have shown that bi-
ological treatments, such as humanized monoclonal antibody against immunoglobulin E (IgE) (omalizumab), humanized monoclonal
antibody against interleukin-5 (IL-5) (mepolizumab), and humanized monoclonal antibody against IL-5 receptor o (benralizumab),
are new approaches to intervene in ABPA cases [4].

Dupilumab is a humanized antibody against IL-4Ra that blocks IL-4 and IL-13 signaling. Dupilumab is approved for severe asthma,
atopic dermatotis, and eosinophilic chronic rhinosinusitis with polyps. In clinical trials, dupilumab significantly reduced severe
asthma exacerbation and improved lung function [5]. However, there are few reports of treatment with dupilumab for ABPA [6]. We
present a case of recurrent ABPA complicated with bronchial asthma in which the patient's asthma symptoms and ABPA rapidly im-
proved after changing from mepolizumab to dupilumab.

2. Case presentation

An 81-year-old never-smoker woman was referred to our hospital because of an abnormal shadow on chest X-ray and a 4-week-old
persistent cough. She was diagnosed with allergic rhinitis, hyperlipidemia, and hypertention seven years ago. Wheezing on maximal
forced exhalation was present. An uncontrolled asthma state was indicated by an Asthma Control Test (ACT) score of 13. The total
serum immunoglobulin (Ig)E level was 241 IU/mL (0-148 IU/mL). Inflammatory markers indicated high peripheral blood
eosinophilia (642/pL) and elevated FeNO (59 ppb). Pulmonary function test showed a forced expiratory volume in 1 sec (FEV1) of
1720 mL (115.4% of predicted value) and FEV1/forced vital capacity of 80.4%. Serum proteinase-3 anti-neutrophil cytoplasmic anti-
body (ANCA) and myeloperoxidase-ANCA results were negative (<1.0 U/mL). Serological test results for Aspergillus-specific IgE
were positive, and an antibody test against Aspergillus gave a negative result. Fig. 1 shows the patient's clinical course. Chest com-
puted tomography (CT) demonstrated pulmonary infiltrates and left-lingular lung lobe bronchiectasis with high-attenuation mucoid
impaction (Fig. 2a and b). On referral, she was diagnosed with bronchial athma; hence, we first administered an inhaled corticos-
teroid (ICS)/long-acting beta-agonist (LABA) (budesonide 640 pg/formoterol 18 pg). Two months after the referral, pulmonary infil-
trates had increased (Fig. 2c).

Bronchoscopy revealed that the mucosa of the orifice of the left-lingular lobe bronchus was reddened and edematous, with a mu-
cous plug (Fig. 3a). A biopsy specimen from the lesion was pathologically proven to be a mucoid impaction containing abundant
eosinophils and Charcot-Leyden crystals (Fig. 3d). Filamentous fungi suggesting Aspergillus spp. were also observed (Fig. 3e). Bacter-
ial culture did not reveal anything significant in a brushing sample, with no obvious fungi noted on pathological examination. Accord-
ing to the new clinical diagnostic criteria for ABPA/allergic bronchopulmonary mycosis, we diagnosed her with ABPA [7]. After bron-
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Fig. 1. Clinical course of the patient.

With prednisolone (PSL) treatment, peripheral blood eosinophil count decreased. The clinical course remained stable as PSL was gradually tapered and discontinued af-
ter 1 year. After discontinuance on September 2021, recurrence of ABPA was observed and mepolizumab was started. After 3 months of mepolizumab treatment, ABPA
recurred a second time, so mepolizumab was replaced with dupilumab. Subsequently, dramatic improvement in ABPA was observed. Bronchoscopy was performed 2
months after the original referral (May 2019: Bronchoscopy #1), 4 months after treatment with prednisolone (September 2019: Bronchoscopy #2), and at the recur-
rence of ABPA (September 2021: Bronchoscopy #3). Chest computed tomography (CT) was performed on referral (March 2019: CT #1), 2 months after referral (May
2019: CT #2), 2 months after treatment with prednisolone (July 2019: CT #3), at recurrence of ABPA before treatment with mepolozumab (September 2021: #4), 3
months after treatment with mepolizumab (November 2021: CT #5), and 3 months after treatment with dupilumab (February 2022: CT #6).
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Fig. 2. Chest CT imaging during the clinical course.

Non-enhanced chest CT revealed high attenuation of the mucoid impaction in the left-lingular lobe on referral (March 2019: CT #1) (a, b). Mucoid impaction in the left-
lingular lobe has spread 2 months after referral (May 2019: CT #2) (c). Mucoid impaction in the left-lingular lobe has disappeared 2 months after treatment pre-
donisolone (July 2019: CT #3) (d). Mucoid impaction newly occluded in the left-upper lobe on recurrence of ABPA (September 2021: CT #4) (e). The improvement of
mucoid impaction in the left-upper lobe is poor and newly mucoid impactions can be seen in the right-upper lobe, right-lower lobe, and left-upper lobe 3 months after
treatment with mepolizumab (November 2021: CT #5) (f, g,and h). All mucoid impactions have disappeared 3 months after treatment with dupilumab (Feburuary
2022: CT #6) @, j, and k).

choscopy, systemic oral prednisolone (PSL) 30 mg was administered. Four months later, bronchoscopy showed that the mucoid im-
paction had disappeared (Fig. 3b). Two months later, her respiratory symptoms and chest radiography findings showed improvement
(Fig. 2d). Prednisolone was then gradually tapered and discontinued after 1 year, and her clinical course was stable during the contin-
uous treatment of high-dose ICS/LABA without increased eosinophils.

Starting at 16 months after discontinuance of predonisolone, her clinical symptoms gradually recurred with increasing peripheral
blood eosinophils (peripheral blood eosinophil count: 958/pL) (Table 1). Chest CT revealed new bronchial mucus impaction in the
left-upper-lung lobe without recurrence in the left-lingular lobe (Fig. 2e). Bronchoscopy revealed bronchial mucus plugs in B3b of the
left-upper lobe (Fig. 3c). Her poor pulmonary function got worse (Table 1).

Howerver, she refused to undergo re-administration of prednisolone because of full moon-like face as a side effect. Therefore, to
control exacerbation of asthma with ABPA, mepolizumab (100 mg/4 weeks) was started. Her symptoms slightly improved, and the
eosinophils dramatically decreased. However, after 3 months on mepolizumab, a second recurrence of ABPA occurred with a remark-
able increase in IgE (Fig. 2f, g, h) (Table 1). Therefore, mepolizumab was replaced by dupilumab with a subcutaneous induction dose
of 600 mg followed by a maintenance dose of 300 mg/2 weeks. Three months later, she remained in complete remission of ABPA with
low serum total IgE levels (1660 U/L) (Table 1). After 3 months of dupilumab treatment, her peripheral eosinophil count had de-
creased to 96/pL, and mucus impaction was no longer visible on chest CT (Fig. 2i, j, k). Furthermore, pulmonary function test results
showed remarkable improvement (Table 1). In this case, administration of dupilumab for 5 months resulted in the absence of ABPA
recurrence.

3. Discussion

This was a case of refractory ABPA complicated by asthma with peripheral eosinophilia that was successfully treated after chang-
ing mepolizumab to dupilumab.

Eosinophilic inflammation is an important role in mucus plug formation, which is a major pathological component and a charac-
teristic feature of ABPA. Extracellular trap cell death (ETosis) is a critical mechanism of host defense. Eosinophil ETosis (EETosis) is
thought to have a pivotal role in mucus plug formation, especially in ABPA [8]. A review of eight cases reported that mepolizumab, a
humanized monoclonal antibody targeting human IL-5, had significant effects on ABPA and was considered to be a possible treatment
[9]. IL-5 is essential for eosinophil differentiation, activation, migration, and survival [10]. Stimulation of eosinophils with IL-5 and
platelet-activating factor has been shown to lead to rapid EETosis [10]. The effects of treatment of ABPA with mepolizumab suggest
the importace of EETosis in ABPA [9]. Furthermore, reduction of eosinophilic inflammation by treatment with an anti-IL-5 receptor
antibody, benralizumab, is expected to reduce mucus hypersecretion and mucoid impaction. However, a case of a patient who devel-
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Fig. 3. Bronchoscopic and histologic imaging.

Bronchoscopy showing that the orifice of the left-lingular lobe bronchus is occluded by mucoid impaction accompanied by mucosal edema 2 months after referral (May
2019: Bronchoscopy #1) (a). The mucoid impaction has disappeared 4 months after treatment with predonisolone. (September 2019: Bronchoscopy #2) (b). Broncho-
scopic findings showing mucoid impaction in the orifice of the left B3b accompanied by mucosal edema on recurrence (September 2021: Bronchoscopy #3) (¢). Hema-
toxylin and eosin staining showing that the biopsies from the mucoid impaction contain abundant eosinophils and Charcot-Leyden crystals (arrowhead) (May 2019)
(d). Filamentous fungal hyphae are noted on the Grocott-stained specimen (e).

Scale bar = 20 pm.

Table 1
Clinical course of the patient.

March, August, September 2021 November 2021 Feburary,
2019 Pretreatment with 2019 Pretreatment with Posttreatment with 2022
prednisolone Posttreatment with mepolizumab mepolizumab (after 3 months) Posttreatment with
prednisolone (after 3 months) Pretreatment with dupilumab  dupilumab (after 3 months)
FEV1 (mL) 1720 1900 1760 1720 1900
%FEV1 (%) 115.4 131.9 123.9 121.1 134.7
FEV1/FVC (%) 80.4 85.2 80.4 82.69 84.1
FeNO (ppb) 59 15 18 13 13
Eosinophils 1137 70 958 91 96
(cells/pL)
IgE (U/L) 241 755 929 4110 1660
ACT 13 24 18 13 25

FEV;: Forced expiratory volume in 1 sec, FVC: Forced vital capacity, FeNO: Fractional exhaled nitric oxide, ACT: Asthma control test.

oped massive atelectasis by mucoid impaction during treatment with anti-IL-5 receptor antibody has been reported [11]. Mucoid im-
paction increased and IgE levels were elevated in this case, despite treatment with the anti-IL-5 antibody mepolizumab.

Dupilumab is an IL-4Ra antibody that inhibits IL-4 and IL-13 signaling. In the present case, dupilumab has shown efficacy against
both asthma and ABPA after 3 months of administration. There was a difference in the effects of mepolizumab and dupilumab on the
targeted cytokines. IL-4 and IL-13 are major cytokines associated with type 2 inflammation. IL-4 has a pivotal role in differentiation of
naive T helper 0 to Th2 cells. Th2 cells produce Th2 cytokines, such as IL-4, IL-5, and IL-13. Furthermore, Th2 cells produce
chemokines, such as eotaxin, and regulated on activation normal T cell expressed and secreted, which is a specific chemoattractant
for eosinophil cells [12].

In the present case, the symptoms of asthma and bronchial mucus plugs improved, followed by improvement in lung airflow ob-
struction caused by a decrease in the peripheral blood eosinophil count after changing mepolizumab to dupilumab administration. CT
revealed a reduction in mucus secretion in the bronchus after changing mepolizumab to dupilumab. In the present case, total IgE lev-
els at several stages of therapy affect the efficacy. After the administration of mepolizumab, total IgE level was elevated; on the CT im-
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age, the patient's mucoid impaction did not improve. Clinically, ABPA is characterized by specific IgE/IgG antibodies to Aspergillus fu-
migatus due to type I and III hypersensitivity reactions [8]. The change in IgE is reported to be important in monitoring therapy for re-
current ABPA exacerbations [13].

After the administration of dupilumab, total IgE level was decreased and mucoid impaction was improved. Blockade of IL-4 in-
hibits IgE production. Moreover, IL-4 is essential for the induction of B cell-dependent IgE production [14]. Change in blood
eosinophils and levels of IgE suggested that dupilumab not only improved eosinophilic inflammation but also mepolizumab-resistant
levels of IgE. In addition, omalizumab, an anti-IgE antibody, is reported to be effective in ABPA, and it is one of selective therapies for
ABPA [15]. However, after mepolizumab administration, serum IgE was significantly elevated (4110 U/L). Omalizumab's indication
is restricted to cases showing IgE levels of <1500 U/L [15]. Mucus plugs in patients with asthma contribute to eosinophilia and air-
flow obstruction associated with an upregulated IL-4/IL-13 pathway [16]. In recent years, it has been reported that group-2 innate
lymphoid cells (ILC2), a type of lung-resident innate effector cell, were strongly mediated by allergic inflammation through produc-
tion of IL-5 and IL-13 [17]. Dupilumab suppressed ILC2 and reduced the production of IL-5 and IL-13 [18]. Airway eosinophils and
mucus were associated with upregulated IL-4/IL-13 [16]. These reports suggest that dupilumab suppressed not only the IL4/IL-13
pathway but also the IL-5 pathway, resulting in suppressed production of mucus. Eight cases of ABPA treated with dupilumab were
previously reported [6]. Dupilumab appears to have good potential as a therapeutic agent for ABPA.

To the best of our knowledge, only one case of ABPA successfully treated by changing mepolizumab to dupilumab has been previ-
ously reported [19]. Our case of recurrent ABPA with asthma also was successfully treated after changing mepolizumab to
dupilumab. Dupilumab therapy improves the quality of life of patients with asthma and ABPA by regulating eosinophilic inflamma-
tion in ABPA. Dupilumab may be a treatment option for patients with ABPA who have difficulty in using prednisolone because of its
side effects. Further studies are required to explore the general and specific roles of dupilumab in the treatment of asthma and recur-
rent ABPA.

4. Conclusion

e Dupilumab therapy benefits patients with asthma and ABPA by regulating eosinophilic inflammation in ABPA

e Dupilumab also may benefit patients with ABPA who have difficulty in using prednisolone because of its side effects.

e The general and specific roles of dupilumab in the treatment of asthma and recurrent ABPA would be good subjects for future
studies.
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