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Patients with allergic bronchopulmonary aspergillosis (ABPA) respond well to standard treatments (oral cor-
ticosteroids and/or antifungals); however, approximately in half of the patients, the condition recurs during
tapering or early after treatment discontinuation. To avoid the adverse effects of long-term treatment, biologics
targeting immunoglobulin E (IgE), eosinophils, or type 2 immune responses have been used in refractory ABPA.
Omalizumab, an anti-IgE antibody, as well as mepolizumab and benralizumab targeting eosinophils has been
consistently shown to decrease co-morbid asthma exacerbation and dose of oral corticosteroids. Furthermore,
mepolizumab and benralizumab effectively improved chest radiographic abnormalities, such as mucus plugs in

the bronchi. Data on dupilumab and tezepelumab are limited; however, they may be effective in patients who
are resistant to treatment with omalizumab/mepolizumab/benralizumab. Future studies examining the effects of
these biologics in preventing the recurrences/exacerbations of ABPA are warranted.

Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is a pulmonary dis-
ease caused by a hypersensitivity reaction to Aspergillus fumigatus (A.
fumigatus) that colonizes the airways.'> ABPA is characterized by the
presence of fungus-specific immunoglobulin E (IgE) and markedly in-
creased levels of total serum IgE. Serum IgE levels are used not only
for the diagnosis of ABPA but also as the primary biomarker to monitor
disease activity.*-> Therefore, IgE is considered essential in the patho-
genesis of ABPA.

Another unique feature of ABPA is the presence of highly viscous mu-
cus plugs enriched with eosinophils and Charcot-Leyden crystals, which
impact the large bronchi.® Recent studies have shown that A. fumigatus
can induce the extracellular release of nuclear DNA and citrullinated
histones (extracellular trap) from eosinophils.” Extracellular trap cell
death (ETosis) of eosinophils plays an important role in the formation
of tenacious mucus plugs in various eosinophilic airway diseases such
as eosinophilic rhinosinusitis and ABPA.”-° Galectin-10 in the cytoplasm
of eosinophils polymerizes into Charcot-Leyden crystals during ETosis,
further enhancing mucus plug formation.'% 1!

In addition to the pathogenetic roles, IgE and eosinophils are the
key elements in the clinical presentation of ABPA; a factor analysis
on a Japanese cohort has identified three essential components that
define the clinical presentation of ABPA: allergic, eosinophilic, and
fungal.'? Although high levels of total IgE and presence of fungus-
specific IgE in serum have been emphasized as the essential factors

for the diagnosis of ABPA,!-® diagnostic criteria equally emphasizing
the allergic, eosinophilic, and fungal components have demonstrated
better sensitivity and specificity.!®> Therefore, it is reasonable to con-
sider that both IgE and eosinophils are the targets for the treatment
of ABPA.

Standard treatment for acute ABPA

Oral corticosteroids are the first-line of treatment for acute ABPA.®
Corticosteroids act on both the innate and acquired immune systems
to suppress type 2 inflammation and IgE production, and they strongly
induce apoptosis of eosinophils. The recommended protocol of oral cor-
ticosteroids for the treatment of ABPA is to start with a medium dose
(prednisolone: 0.5 mg - kg~! - day~!) for 2 weeks, followed by halving
the dose for 8 weeks and further tapering thereafter; corticosteroids are
supposed to be discontinued after 3-5 months of treatment.'* Higher
doses and longer periods of corticosteroid treatment have no benefit in
reducing the recurrence rate after discontinuation and significantly in-
crease the side effects.'*

Azole antifungals for 4 months are recommended as second-line
treatment?; either itraconazole or voriconazole is effective.1-1¢ Because
these antifungals do not suppress the immune responses to fungi di-
rectly, the appearance of treatment effects is delayed with this class of
drugs compared to treatment with oral corticosteroids.® Antifungals are
good alternatives when conditions such as poorly controlled diabetes or
chronic infection are present.!”
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Table 1
Clinical stages of ABPA and goals for the treatment with biologics.
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Clinical stage of ABPA Description Goals for the treatment with biologics
Relief of Prevent irreversible Reduce adverse Prevent
symptoms bronchiectasis effects recurrences

Acute ABPA Newly diagnosed ABPA or exacerbation of ABPA v v

ABPA in remission Clinico-radiological improvement for >6 months without oral Vv

corticosteroids

Treatment-dependent Exacerbation of ABPA or worsening of symptoms after tapering v/ v/ v

ABPA oral corticosteroids

Advanced ABPA Extensive bronchiectasis or respiratory failure v Vv

ABPA: Allergic bronchopulmonary aspergillosis.

Refractory cases of ABPA

Initial responses to standard treatments such as oral corticosteroids
and antifungals are generally good in patients with ABPA.'%1® How-
ever, approximately half of the patients who have improved clinically
with standard treatment experience recurrence early after the reduc-
tion or discontinuation of treatment, requiring prolonged or repeated
administration of corticosteroids/antifungals.' 819 Corticosteroid de-
pendence results in various side effects, including chronic airway infec-
tion with Pseudomonas aeruginosa and non-tuberculous Mycobacterium
at the site of bronchiectasis.’’ Administration of antifungal agents for
more than 6 months may induce fungal resistance to azole antifungals.>!
Combination therapy with corticosteroids and antifungal agents is rec-
ommended when the initial therapy fails. However, a randomized con-
trolled trial (RCT) comparing corticosteroid monotherapy and corticos-
teroid/antifungal combination therapy in patients with ABPA showed
no significant difference in response rate or recurrence frequency within
1 year.?? Therefore, improved salvage treatments are warranted.

Biologics targeting type 2 immune responses, IgE, or eosinophils
have been used in patients with severe asthma complicated by ABPA,
who have failed to achieve long-term remission with standard therapy.?
Omalizumab, an anti-IgE antibody, is the first biologic for the treat-
ment of severe asthma and has been the subject of research as a possi-
ble ABPA treatment; not only case reports, but also one meta-analysis
and one small-scale RCT have been published.?*:>> Several case series
studies are available on mepolizumab, a neutralizing antibody against
the eosinophil growth factor interleukin (IL)-5, and benralizumab, an
anti-IL-5 receptor alpha chain antibody.?°?° By contrast, the efficacy
of the anti-IL-4 receptor alpha-chain antibody dupilumab and the anti-
thymic stromal lymphoprotein (TSLP) antibody tezepelumab, both of
which more broadly suppress type 2 inflammation, remains limited to
case reports. This review discusses the indications and selection of bio-
logics for refractory ABPA.

Clinical goals for the treatment of ABPA with biologics

The clinical goals for the treatment of ABPA are to (1) alleviate the
symptoms of ABPA and concomitant asthma, (2) prevent (or stem) the
progression of irreversible bronchiectasis with mucus plugs and lung
destruction, (3) reduce the adverse effects of treatment, and (4) prevent
recurrence after ABPA remission.>? Several issues must be considered
when evaluating the clinical efficacy of biologics for the treatment of
ABPA.

First, the priority of treatment differed according to the ABPA stage
(acute, remission, treatment-dependent, or advanced) (Table 1).° In
acute ABPA, relief of symptoms and removal of mucus plugs are im-
portant, whereas the prevention of adverse effects from therapeutic
agents is important in treatment-dependent diseases. In the remission
stage, prevention of recurrence is the major goal (Table 1). There-
fore, the outcomes of biologics should differ depending on the stage of
ABPA.3!

Second, we must carefully distinguish between the exacerbation/
recurrence of ABPA and the exacerbation of asthma or bronchiectasis.®
ABPA exacerbation requires 3-month to 5-month long therapy with cor-
ticosteroids/antifungals as the primary therapy, whereas asthma and
bronchiectasis exacerbations only require short-term treatment with sys-
temic corticosteroids and/or antibiotics. The ABPA Working Group of
the International Society for Human and Animal Mycology (ISHAM) has
defined ABPA exacerbation as a condition with worsening clinical symp-
toms or chest imaging findings (pulmonary opacities, intrabronchial mu-
cus plugs, etc.) accompanied by an increase in serum IgE levels from the
baseline level.> Case reports of ABPA treated with biologics often do not
clearly distinguish ABPA from asthma exacerbation.

Efficacy of individual biologics
Omalizumab

Omalizumab, an anti-IgE antibody, has been studied in detail as
a therapeutic option for ABPA. Nine studies analyzing >10 patients
treated with omalizumab for ABPA complicated by severe asthma, in-
cluding eight retrospective case series and one RCT, have been pub-
lished (Table 2).24:32-39 All these studies demonstrated a reduction in
the exacerbation rate of asthma, and nine of them showed a reduction
in the dose of oral corticosteroids. However, as mentioned previously,
it is unclear whether omalizumab reduces the rate of ABPA recurrence.
Omalizumab has also been demonstrated to suppress the exacerbation
of ABPA associated with cystic fibrosis that is defined as the worsening
of symptoms accompanied by an increase in serum IgE levels,*? suggest-
ing that omalizumab can suppress exacerbations of ABPA. The effects of
omalizumab on respiratory function have been inconsistent, and only
one study has demonstrated radiological improvement, in which omal-
izumab decreased the endobronchial mucus plugs in three cases.?®

A systematic review of 49 reports, including 267 patients treated
with omalizumab for asthma- or cystic fibrosis-associated ABPA, was re-
cently published.?> Quantitative evaluation was possible in 14 reports
including 186 cases. The study showed that exacerbations decreased
from 1.75-4.25/year to 0.20-1.00/year, and that oral corticosteroids
could be reduced in 65% of patients and discontinued in 53% of pa-
tients. However, improvements in the imaging findings have rarely been
reported. Based on these results, omalizumab has the potential to im-
prove the control of severe asthma associated with ABPA, and reduce
or wean off systemic corticosteroids in patients who have become de-
pendent on oral corticosteroids. However, there are insufficient data on
mucus plug removal, which is an important outcome of acute ABPA.

One unresolved issue is the dosage of omalizumab administered to
patients with ABPA. Although the dose of omalizumab must be adjusted
according to serum IgE levels and body weight to neutralize free IgE, a
substantial proportion of patients, especially those in the acute phase of
ABPA, require omalizumab at doses that exceed the upper limit of dos-
ing. The rationale for administering omalizumab to patients with high
IgE levels outside the current dosing tables has been discussed.*! Using
a basophil activation test, Voskamp et al>* demonstrated that a subopti-
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mal dose of omalizumab could reduce the amount of IgE and the number
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Table 3

Clinical effects of mepolizumab/benralizumab in case series studies of ABPA with asthma.

Clinical effects of biologics

Type of study Number of Number of Duration of
patients biologic

Nationality

Published

year

References

patients on
0oCSs

Improve ra-
diographic

Discontinue Improve

antifungals

Reduce Reduce dose
of OCS

Reduce ex-

Improve

treatment

pulmonary
functions

recurrences
of ABPA

acerbation

of asthma

symptoms

abnormality

ND

ND
ND

H o

ND

ND
ND
ND

6 months
48 weeks

20

Retrospective
Retrospective
Retrospective
Retrospective

Belgium
UK

2020
2021

Schleich et al

ND
ND

Dhariwal et al

+

12 months
32 weeks

Italy

2022
2023

Caminati et al

18/22 cases

ND ND ND

15

29

Japan

Tomomatsu et al

ABPA: Allergic bronchopulmonary aspergillosis; ND: Not demonstrated; OCS: Oral corticosteroids. +: Positive effects with mepolizumab/benralizumab; -: Negative effects with mepolizumab/benralizumab.
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patient.*5-57 Particular caution should be exercised when oral corticos-
teroids and anti-IL-5 therapy are not administered concomitantly.

A company-initiated clinical trial (LIBERTY ABPA AIRED study) of
dupilumab in ABPA-complicated severe asthma was conducted, and case
enrollment was completed. The trial is scheduled to end in February
2024, and the results are awaited.

Tezepelumab

Tezepelumab is an antibody that neutralizes the cytokine TSLP,
which is upstream of type 2 inflammation, and may suppress type 2
immune responses, IgE, and eosinophils, all of which are expected to
have therapeutic effects against ABPA. However, only two case reports
are currently available demonstrating the effects on symptoms, dose of
oral corticosteroids, and mucus plugs.®->°

Selection of biologics for the treatment of refractory ABPA

According to reported studies, all biologics used for the treatment
of severe asthma, such as omalizumab, mepolizumab, benralizumab,
dupilumab, and possibly tezepelumab, improve the control of symp-
toms, reduce asthma exacerbation, and decrease the dose of oral cor-
ticosteroids; therefore, they would be useful for treatment-dependent
ABPA [Table 1]. However, improvement in radiographic abnormalities,
including mucus plugs, is more likely to be expected with anti-IL-5 treat-
ments, especially benralizumab, and dupilumab, suggesting that these
biologics should be selected in cases of acute ABPA with mucoid im-
paction. However, there is no evidence that these biologics prevent the
exacerbation or recurrence of ABPA during remission, and future studies
are warranted.

We have previously demonstrated that three components define the
clinical presentation of ABPA: allergic, eosinophilic, and fungal com-
ponents.'? The eosinophilic component defined by peripheral blood
eosinophil counts, the presence of mucus plugs, and high-attenuation
mucus in the bronchi were consistent regardless of the type of ABPA,
suggesting that eosinophils and eosinophilic mucus plugs are cardinal
features of ABPA. In contrast, the allergic components defined by house
dust mite- and A. fumigatus-specific IgE titers and total serum IgE levels
were associated with treatment failure of standard treatment and early
post-treatment exacerbation.!?

Owing to the essential role of the eosinophilic component in the
pathophysiology of ABPA, anti-IL-5 treatments are more effective in
most ABPA cases than anti-IgE antibodies, which act only on allergic
components. In contrast, anti-IL-5 therapy alone is not sufficient for pa-
tients with potent allergic and eosinophilic components; dupilumab or
tezepelumab, which acts on both components, may be more effective.
Evaluation of these clinical components would be useful in the selection
of biologics for ABPA.

The recently revised ISHAM-ABPA working group clinical practice
guidelines for diagnosing, classifying, and treating ABPA/allergic bron-
chopulmonary mycosis (ABPM) recommend biological agents as an op-
tion for managing treatment-dependent ABPA; however, the level of
consensus was not unanimous (71%).> As the guidelines mentioned in
the section of future directions, randomized trials to define the role of bi-
ologics as maintenance therapy for glucocorticoid-dependent ABPA and
acute ABPA are required. In addition, the identification of appropriate
clinical indicators or biomarkers useful for the selection, switching, and
discontinuation of biologics is an important topic for the future research.
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