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Abstract: Allergic bronchopulmonary aspergillosis is characterized by hypersensitivity to Aspergillus spp. and often causes
intractable asthma. Studies have been conducted on biologics administered to patients with allergic bronchopulmonary aspergillosis;
however, treatment may not always be successful. This may be due to the limitations of the current biologics that selectively target
a single cytokine. Tezepelumab, a human monoclonal antibody that blocks the activity of thymic stromal lymphopoietin, broadly
suppresses type 2 inflammation by regulating the upstream cascade of airway inflammation. Therefore, it is expected to have favorable
effects in patients with allergic bronchopulmonary aspergillosis. We report three cases of allergic bronchopulmonary aspergillosis with
uncontrolled symptoms despite the maximal use of conventional anti-asthmatic drugs such as inhalative agents, anti-leukotriene
receptor antagonists, and antifungal drugs. None of the patients had previously received biologics. The addition of tezepelumab
produced a marked clinical response in all three patients, which included fewer exacerbations and a reduced dosage of oral systemic
corticosteroids and/or reduced as-needed short-acting beta-2 agonists. The patients’ pulmonary symptoms were better controlled,
peripheral blood eosinophil counts and immunoglobulin E levels decreased, and quality of life scores and respiratory function
parameters improved. Mucous plugs accompanied by atelectasis and infiltrative shadows observed on chest computed tomography
also improved. Tezepelumab may be a promising treatment option for allergic bronchopulmonary aspergillosis in patients with severe
asthma, offering effective symptom control and enabling reduction in systemic corticosteroid use.
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Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is an allergy-related disease caused by an immune response to
Aspergillus spp. It is commonly associated with refractory asthma and pathologically characterized by an increased
type 2 immune response.'” Chest imaging often reveals bronchiectasis and mucous plugs in the airways, which are
sometimes migratory. Systemic corticosteroids, which may be used in conjunction with antifungal agents, are the primary
treatment for ABPA. However, owing to concerns regarding the side effects of systemic corticosteroids, biologics have
recently been used more aggressively for the treatment of ABPA. Tezepelumab is a monoclonal antibody against thymic
stromal lymphopoietin (TSLP), which plays an essential role in the activation of type 2 inflammation through an
upstream cascade of innate and acquired immunity. Therefore, tezepelumab is expected to have strong clinical efficacy
in controlling a broad spectrum of inflammation in severe asthma, including inflammation related to ABPA.? Herein, we
present three patients with ABPA who had no prior treatment with biologic agents and showed favorable clinical courses,
including findings from imaging studies, after undergoing treatment with tezepelumab.
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Case Series

Herein, we report three cases of severe asthma complicated by ABPA, which were treated with tezepelumab. All patients
demonstrated marked clinical improvement 16 weeks after treatment initiation. All patients were treated consistently at
the Division of Respiratory Medicine, Department of Internal Medicine, Shiga University of Medical Science during the
study period. As this is a case series consisting of a small number of patients, in accordance with the policy of our
institution, approval from the ethics committee was not required for the publication of case details. Written informed
consent for the disclosure and publication of details was obtained from all patients. A definite diagnosis of ABPA was
made according to a previous report based on the presence of six or more of the following ten criteria:' (1) Current or
previous history of asthma or asthmatic symptoms; (2) peripheral blood eosinophilia (=500 cells/uL); (3) elevated total
serum immunoglobulin E (IgE) levels (=417 IU/mL); (4) immediate cutaneous hypersensitivity or specific IgE for
Aspergillus spp.; (5) presence of precipitins or specific immunoglobulin G (IgG) for Aspergillus spp.; (6) Aspergillus spp.
growth in sputum cultures or bronchial lavage fluid; (7) presence of fungal hyphae in the bronchial mucous plugs; (8)
central bronchiectasis on computed tomography (CT); (9) presence of mucous plugs in the central bronchi based on CT/
bronchoscopy or mucous plug expectoration history; and (10) high-attenuation mucus in the bronchi on CT. None of the
patients were smokers or had chronic obstructive pulmonary disease. Adherence to asthma medications and good
inhalation techniques was confirmed, and patients with uncontrolled asthma, despite intensive anti-asthmatic therapy,
were enrolled. Evaluations to rule out other differential diagnoses included serum anti-neutrophil cytoplasmic antibody
(ANCA). Tezepelumab was administered under the supervision of our outpatient clinic, with perfect adherence ensured,
as approved by the FDA and the Japanese Ministry of Health, Labour and Welfare for the treatment of severe asthma at
the time of administration. Mucous plugs were evaluated by an experienced radiologist. Patients were evaluated every
4 weeks, and improvements in symptoms, quality of life scores, lung function, and peripheral blood eosinophil counts
were observed 16 weeks after initiation. Additionally, improvements in findings such as mucous plugs on chest CT were
noted 24 weeks after initiation.

Case |

A 55-year-old Japanese woman with severe bronchial asthma who had been receiving high doses of budesonide/
formoterol and montelukast sodium for many years but had no history of biologic agent prescription was referred to
our hospital. Tiotropium had been discontinued because the patient experienced dry mouth. Short-acting beta-2 agonists
(SABAs) had been frequently used, and short-term systemic corticosteroids were required several times per year for
managing symptom exacerbation. The patient’s chief symptoms included viscous sputum, coughing during the Japanese
cedar pollen season, and cold air-induced wheezing. A definitive diagnosis of ABPA was determined owing to the
existence of bronchial asthma, increased peripheral blood eosinophil counts, elevated total serum IgE levels, positivity
for Aspergillus-specific IgE, positivity for precipitin IgG for Aspergillus spp., and the presence of mucous plugs in the
central airways on chest CT. Aspergillus spp. was not detected in sputum cultures (Table 1). Itraconazole was
discontinued after a short period owing to gastrointestinal symptoms such as nausea and diarrhea. The symptoms
improved promptly after tezepelumab treatment initiation. In particular, after 16 weeks of treatment, the amount of
sputum decreased, and cold-air-induced wheezing nearly disappeared, leading to no need for SABA, achievement of

Table | Serum Markers and Culture Results Related to ABPA Diagnosis Prior to
Tezepelumab Treatment in Each Case

Case Specific IgE for Precipitins 1gG for Aspergillus spp.
Aspergillus spp. (UA/mL) Aspergillus spp. Growth In Sputum Cultures

| 2.46 Positive Not cultured
2 88.50 Unmeasured Cultured
3 2.56 Positive Cultured

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; IgE, immunoglobulin E; IgG, immunoglobulin G.
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Figure | Course of asthma control test (ACT) score and peripheral blood eosinophil counts. (A) Case I: Clinical course of a 55-year-old woman before and 4, 8, 12, and
16 weeks after tezepelumab administration. (B) Case 2: Clinical course of a 63-year-old man before and 4, 8, 12, and 16 weeks after tezepelumab administration. (C) Case 3:
Clinical course of a 69-year-old woman before and 4, 8, 12, and 16 weeks after tezepelumab administration. Solid lines represent peripheral blood eosinophil counts, and
dashed lines represent ACT scores.

a full score on the asthma control test (ACT), and improvement of peripheral blood parameters (Figure 1A). Spirometry
parameters, including maximal mid-expiratory flow (MMEF), which is thought to reflect peripheral airway lesions, and
forced expiratory volume in 1 second (FEV)), also improved (Table 2). After 24 weeks of treatment, CT indicated that

the mucous plugs had nearly disappeared and that the associated atelectasis was ameliorated (Figure 2A).

Table 2 Changes in Laboratory and Spirometry Results and ACT Scores Before/16 weeks After Tezepelumab

Administration

FEV, (L) MMEF (L/sec) | FeNO (ppb) | Eosinophils (cells/pL) | Total IgE (IU/mL) ACT

Case | Pre | Post Pre Post Pre Post Pre Post Pre Post Pre | Post
| 1.63 | 1.90 0.69 0.92 44 31 720 110 158 166 21 25

1 1 l ! - 1
2 2.10 | 3.10 0.63 3.40 79 44 1299 1008 5964 3985 18 25

1 1 ) ! I 1
3 1.09 | 1.88 0.43 1.25 176 64 1387 250 1431 471 13 24

1 1 ! ! ! 1

Notes: The 1 next to the number indicates an increase after treatment, — indicates no change, green indicates a favorable change, and black
indicates no change.
Abbreviations: ACT, asthma control test; FeNO, fractional concentration of exhaled nitric oxide; FEV,, forced expiratory volume in | second;
IgE, immunoglobulin E; MMEF, maximum mid-expiratory flow.
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Figure 2 Computed tomography (CT) of three patients with allergic bronchopulmonary aspergillosis before and after tezepelumab administration. (A) Case I: Chest CT
images of a 55-year-old woman before and 24 weeks after tezepelumab administration. (B) Case 2: Chest CT images of a 63-year-old man before and 24 weeks after
tezepelumab administration. (C) Case 3: Chest CT images of a 69-year-old woman before and 24 weeks after tezepelumab administration. Left panel: pre-tezepelumab; right
panel: post-tezepelumab. Arrowheads indicate mucous plugs, pulmonary infiltration, or atelectasis.

Case 2

A 63-year-old Japanese man presented to our hospital with a chief complaint of cough induced by conversation or dust,
with associated viscous sputum and wheezing. The patient had been diagnosed with asthma approximately 15 years prior
to admission but stopped treatment when he relocated. A definitive diagnosis of ABPA was determined based on the
presence of bronchial asthma, peripheral blood eosinophilia, elevated total serum IgE levels, positivity for Aspergillus-
specific IgE, positivity for Aspergillus spp. in sputum culture, and central bronchiectasis and mucous plugs in the central
airways on CT. No precipitin IgG against Aspergillus spp. was detected (Table 1). High-dose fluticasone furoate/
umeclidinium/vilanterol, montelukast sodium, and desloratadine were initiated; however, they were only partially
effective. The patient refused itraconazole. Therefore, tezepelumab was added as the first-line biologic agent. Within
a few days of the first administration of tezepelumab, the patient showed considerable improvement in symptoms.
Viscous sputum was markedly reduced, and coughing and wheezing did not occur even after exposure to triggering
agents. The ACT score, various pulmonary function parameters (FEV,; and MMEF), and the fractional concentration of
exhaled nitric oxide (FeNO) also improved after 16 weeks of treatment (Table 2 and Figure 1B). Mucous plugs and
infiltrative shadows observed on chest CT considerably reduced after 24 weeks of treatment (Figure 2B).
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Case 3

A 69-year-old Japanese woman with severe bronchial asthma and a 3-year history of high-dose mometasone furoate/
glycopyrronium/indacaterol treatment was referred to our clinic. Another clinic had advised treatment with biologics;
however, the patient refused it for financial reasons. The chief complaints were a wet cough induced by cold air or strong
odors and nocturnal wheezing. These symptoms were followed by difficulty staying asleep. In addition, short bursts of
systemic corticosteroids for asthma exacerbation were required approximately four times per year. The presence of
asthma, increased peripheral blood eosinophil count, elevated total serum IgE levels, positivity for Aspergillus-specific
IgE, positivity for Aspergillus spp. in sputum culture, positivity for precipitin IgG for Aspergillus spp., and high
attenuation mucous plugs in the central airways on CT led to a confirmed diagnosis of ABPA (Table 1). The frequency
of exacerbations did not decrease despite the addition of montelukast and itraconazole, and the need for systemic
corticosteroids did not change. Therefore, tezepelumab was initiated after communicating with the patient regarding their
current respiratory status and the benefits of the recommended treatment. After 16 weeks of treatment, the cough, sputum
production, and wheezing improved. The ACT score and pulmonary function test indices also markedly improved
(Table 2 and Figure 1C). Chest CT revealed the disappearance of the mucous plugs and corresponding central
bronchiectasis after 24 weeks of treatment (Figure 2C).

Discussion

Although systemic corticosteroids have long been the mainstay of ABPA treatment, their side effects often cause
significant problems. Biologics are increasingly being administered to enable patients to reduce or discontinue the use
of systemic corticosteroids. However, treatment with biologics targeting a single type 2 inflammatory cytokine may not
be successful, which sometimes necessitates a change between biologics. For example, reports exist of cases in which
omalizumab was ineffective but mepolizumab was effective,” those in which mepolizumab was ineffective but dupilu-
mab was effective,” and those in which benralizumab was ineffective but dupilumab was effectivef however, to the best
of our knowledge, no resistance to dupilumab has been reported. There are few reports on tezepelumab, a monoclonal
antibody against TSLP, which is secreted primarily from airway epithelial cells and plays an important role in activating
type 2 inflammation through the upstream cascade of innate and acquired immunity. This leads to broad and potent
inhibition of inflammation in the pathophysiology of ABPA. The efficacy of treatment with this biologic is clear in that
the three patients in our study had favorable clinical responses.’

In recent years, mucous plugs have received increasing attention in the pathogenesis of severe asthma and are thought
to mainly involve two type 2 cytokines: interleukin (IL)-13 and IL-5.® Pham et al reported that tezepelumab normalizes
serum IL-5 and IL-13 levels in patients with uncontrolled severe asthma.” Other studies have shown that treatment with
anti-IL-5 antibodies does not improve mucous plugs in patients with ABPA, and an alternative biologic must be used.>*
Tezepelumab significantly reduced the mucous plug size in all three patients in the current study. This is likely due to its
biological activity as an antibody against TSLP, which is located upstream of the airway inflammatory cascade and
regulates a wide range of type 2 airway inflammatory cytokines, including IL-13 and IL-5.

In addition, spirometry parameters, including FEV,; and MMEF, thought to reflect small airway dysfunction,
significantly improved in all patients in this study, which may be due to the improvement of mucous plugs along with
the direct anti-inflammatory effects of tezepelumab. Furthermore, all three patients showed improvement in symptoms
such as cold-air-induced wheezing/coughing or wheezing/coughing associated with strong odors or conversation. The
decrease in these symptoms suggests a clinical improvement in airway hyperresponsiveness. Several mechanisms may
explain these findings. First, previous reports have suggested that both peripheral blood eosinophil counts and FeNO
levels should be controlled to improve airway hyperresponsiveness.'® In the cases included in this study, improvements
in both parameters were observed, consistent with the findings of a clinical trial.'" Second, TSLP loading has been shown
to impair airway epithelial integrity and barrier function, and tezepelumab administration may restore these functions.'
Third, human airway smooth muscle cells loaded with TSLP have been reported to exhibit an enhanced Ca** response to
histamine, which is inhibited by anti-TSLP antibodies."?

In contrast, type 2 inflammatory biomarkers, specifically FeNO, peripheral blood, and eosinophil count, improved in
all three patients after 16 weeks of tezepelumab administration. Total IgE levels improved in two cases; in Case 1, the
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total IgE levels were lower than expected, likely because the patient had taken oral systemic prednisolone 20 mg daily for
several days owing to symptom deterioration immediately prior to tezepelumab administration. In fact, the data from
several months before showed that the patient’s total IgE level was over 700 IU/mL, and the peripheral blood eosinophil
count was also over 1000 cells/puL. Therefore, we believe that the total IgE levels improved in a manner similar to that
observed in other patients. These results are generally consistent with the findings of a clinical trial on tezepelumab in
patients with severe asthma.'' A previous report suggested that the targeted improvement in total IgE levels in ABPA is
a 25-50% reduction;'* however, another report indicated that a reduction in total IgE levels does not necessarily correlate
with clinical improvement,'® leaving room for further discussion. However, in the three cases presented herein, clinical
improvement was evident. Therefore, we consider tezepelumab to have significant clinical value.

In this study, we presented three cases in which tezepelumab demonstrated favorable efficacy. However, further
clinical trials involving a larger number of patients are required before these results can be generalized.

Conclusion

In conclusion, tezepelumab can be considered as an effective treatment option for ABPA. The successful treatment of
three patients with ABPA using tezepelumab demonstrates the importance of broadly controlling type 2 airway
inflammation, particularly in the pathology of ABPA involving mucous plug formation.

Abbreviations

ABPA, allergic bronchopulmonary aspergillosis; ACT, asthma control test; ANCA, anti-neutrophil cytoplasmic antibody,
CT, computed tomography; IgE, immunoglobulin E; IgG, immunoglobulin G; IL, interleukin; FeNO, fractional con-
centration of exhaled nitric oxide; FEV, forced expiratory volume in 1 second; MMEF, maximal mid-expiratory flow;
SABA, short-acting beta-2 agonists; TSLP, thymic stromal lymphopoietin.
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