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Abstract

Background: Allergic bronchopulmonary aspergillosis
(ABPA) develops in the presence of predisposing conditions
such as asthma and cystic fibrosis. Even ABPA accompanied
by asthma is often complicated by chronic Pseudomonas ae-
ruginosa or nontuberculous mycobacterial infection of the
lower respiratory tract, rendering treatment with corticoste-
roids difficult. There have been several reports on the effec-
tiveness of omalizumab, an anti-IgE antibody, in patients
with ABPA. We analyzed the effectiveness and adverse ef-
fects of omalizumab in ABPA patients with chronic respira-
tory infections. Methods: Using our nationwide survey data-
base and published case reports, we identified patients with
severe asthma and ABPA who fulfilled the International So-
ciety for Human and Animal Mycology criteria and who had
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been treated with omalizumab. Exacerbation rates, control
of symptoms, doses of oral corticosteroids, and pulmonary
function were evaluated. Results: Among 25 patients with
ABPA treated with omalizumab (median age 62 years, range
33-83 years), 12 patients had a chronic bacterial infection of
the lower airways attributable to P. aeruginosa (n = 6) or non-
tuberculous mycobacteria (n = 6) at the initiation of omaliz-
umab. Treatment with omalizumab reduced the frequency
of exacerbations and systemic corticosteroid doses and im-
proved pulmonary function. There were no significant ad-
verse events or worsening of infection during treatment
with omalizumab, except for injection-site reactions. Con-
clusions: Treatment with omalizumab was effective and safe
in patients with ABPA, regardless of comorbid chronic respi-
ratory tract infections. ©2020 . Karger AG, Basel

Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is a
disorder caused by hypersensitivity to and colonization of
Aspergillus fumigatus in the airways of patients with asth-
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ma or cystic fibrosis [1, 2]. The patients present with var-
ious clinical and radiologic manifestations, such as wors-
ening of asthmatic symptoms, cough and viscous phlegm,
recurrent pulmonary infiltrates, bronchiectasis, and mu-
cus plugs in the central bronchi. Worldwide, it has been
estimated that 2.5% of patients with asthma develop
ABPA [3].

Management of ABPA consists of pharmacotherapy
with systemic corticosteroids and/or antifungal drugs.
Although disease remission can be achieved in most cas-
es with medium- to high-dose systemic corticosteroids,
relapses occur in a substantial proportion of patients
(13.5-45%) often repeatedly and, eventually, these pa-
tients become corticosteroid dependent [4, 5]. In our na-
tionwide survey of ABPA in Japan [6], 75% of affected
patients were treated with systemic corticosteroids, and
approximately half of them required these agents for
more than a year. Such long-term use of corticosteroids
can cause a variety of adverse effects, including diabetes
mellitus, osteoporosis, cataracts, glaucoma, and opportu-
nistic infections [7].

Lower respiratory tract infections are almost inevita-
ble in ABPA cases complicated by cystic fibrosis 8], al-
though a substantial proportion of patients with ABPA
develop chronic respiratory infection in the absence of
cystic fibrosis. These patients are especially vulnerable to
Pseudomonas aeruginosa [9, 10] or nontuberculous my-
cobacteria [11-13] because of the combined effects of
structural deformities in the airways and compromised
immunity caused by systemic and local administration of
corticosteroids.

Omalizumab, a humanized monoclonal antibody
against IgE [14], exhibits excellent therapeutic effects in
patients with allergic asthma, including suppression of
exacerbations and reduction of the total dose of cortico-
steroids administered [15, 16]. Several case reports and
case series [17, 18], as well as a small randomized con-
trolled trial [19], have demonstrated the effectiveness of
omalizumab in patients with ABPA. In our nationwide
survey of ABPA in Japan, approximately 6% of patients
with ABPA, who were complicated by severe asthma,
were treated with omalizumab [6]. We further explored
the clinical characteristics of these patients treated with
omalizumab and found that a substantial proportion of
patients had a chronic respiratory infection caused by
nontuberculous mycobacteria or P. aeruginosa at the ini-
tiation of omalizumab treatment. Therefore, we per-
formed a detailed analysis of the effectiveness and ad-
verse effects of omalizumab in this population in more
detail.
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Methods

Subjects

A retrospective cross-sectional survey of ABPA and allergic
bronchopulmonary mycosis (ABPM) was conducted in 2013 in-
volving more than 900 Japanese institutions certified by the Japa-
nese Respiratory Society or the Japanese Society of Allergology as
previously reported [6]. From this survey, we recruited patients
with ABPA who were treated with omalizumab for concomitant
severe asthma. In addition, physicians who reported Japanese cas-
es of ABPA treated with omalizumab were invited to participate in
this study. All clinical data were retrospectively collected from
medical records and by questionnaires to the physicians.

ABPA was diagnosed based on the following International So-
ciety for Human and Animal Mycology criteria [1]: (1) immediate
cutaneous hyperreactivity upon exposure to Aspergillus antigen or
A. fumigatus-specific IgE levels in serum >0.35 UA/mL and (2)
total IgE levels in serum >1,000 IU/mL, with the presence of 2 or
more of the following features: (a) precipitins or IgG specific for
A. fumigatus, (b) radiographic findings in the lungs consistent with
ABPA, and (c) a total eosinophil count in peripheral blood >500
cells/uL. A patient who meets all the criteria, that s, from (a) to (c),
can be diagnosed with ABPA even when the total IgE is <1,000 IU/
mL. Chronic respiratory infection was defined based on chronic
respiratory symptoms such as cough and/or phlegm for more than
3 months, and at least 2 positive sputum cultures or at least 1 pos-
itive bronchial washing or lavage culture of P. aeruginosa or non-
tuberculous mycobacteria.

The study was approved by the Institutional Review Board of
Tokai University Hospital (#18R-068) and carried out in accor-
dance with the principles embodied in the Declaration of Helsinki
of 1965 as revised in 2013 in Brazil. The need for informed patient
consent was waived for this study, given the anonymity of the data
and the retrospective observational nature of the study.

Treatment with Omalizumab

Omalizumab was administered subcutaneously every 2 or 4
weeks with dose adjustments based on body weight and total se-
rum IgE levels at baseline. The optimal dose was calculated based
on the dosing table approved in 2009, with a maximum dose of 375
mg per 2 weeks [20]. Evaluation of clinical effects was performed
16 weeks after the initiation of treatment.

The reasons for initiating and discontinuing omalizumab were
investigated using the physician-administered questionnaire and
the dose and duration of treatment based on medical records. The
reasons for the initiation of omalizumab were categorized as (1)
worsening of symptoms, (2) deterioration of radiographic find-
ings, and (3) the need to avoid or reduce the dose of systemic cor-
ticosteroids. The reasons for discontinuation were categorized as
(1) insufficient clinical effects, (2) adverse effects, and (3) other
reasons such as economic reasons.

Treatment Effects and Safety

Therapeutic effects were examined in cases treated with oma-
lizumab for at least 16 weeks. Adverse effects were evaluated in all
patients treated with the drug, at least once.

The evaluation of clinical effects included (1) control of respira-
tory symptoms at 16 weeks of treatment as assessed by the physicians’
global evaluation of treatment effectiveness, (2) exacerbation rates
during the 16 weeks before and after the treatment with omalizumab,
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33 patients with possible ABPM
treated with omalizumab

7 patients not satisfying ISHAM criteria

1 patient with non-Aspergillus ABPM

25 patients with definite ABPA
treated with omalizumab

12 patients
with chronic respiratory infection

13 patients
without chronic respiratory infection

(1 patient)

Discontinued within 16 weeks due to
* economic reasons (2 patients)
« intolerable local adverse effect

Discontinued within 16 weeks due to
« economic reasons (1 patients)

9 patients treated with omalizumab
for > 16 weeks

12 patients treated with omalizumab
for > 16 weeks

Fig. 1. CONSORT diagram demonstrating the flow of patients in the study. ABPA, allergic bronchopulmonary
aspergillosis; ABPM, allergic bronchopulmonary mycosis; ISHAM, International Society for Human and Animal

Mycology.

and (3) dose of oral corticosteroid at baseline and 16 weeks after the
treatment. Exacerbation was defined as the event that required ad-
ministration of systemic corticosteroids or an increase in its dose.

Functional evaluation was performed by comparing forced ex-
piratory volume in 1 s (FEV;) measured within 6 months before
and after treatment with omalizumab. Radiographic assessment of
pulmonary consolidation and mucus plugs in the bronchi was per-
formed using thoracic computed tomography.

Statistical Analyses

Numerical data are presented as median and interquartile
range, and categorical data are presented as numbers and percent-
ages. Categorical variables were compared using Fisher’s exact test,
and continuous variables were compared using the Mann-Whit-
ney U test or Wilcoxon signed-rank test and analysis of covariance.
Statistical analyses were performed using GraphPad Prism 5.0b
(GraphPad Software, La Jolla, CA, USA) and IBM SPSS Statistics
version 24 (IBM Corp., Armonk, NY, USA). Statistical significance
was defined as p < 0.05.

Results

Patient Profiles

Thirty-three cases with possible ABPM treated with
omalizumab were registered from 20 clinical centers in
Japan, and 25 of these cases met the International Society

Omalizumab in ABPA with Chronic
Respiratory Infection

for Human and Animal Mycology diagnostic criteria for
ABPA (Fig. 1). Twelve patients (48%) had lower respira-
tory tract infections (P. aeruginosa in 6 cases and nontu-
berculous mycobacteria in 6 cases).

Patient demographics and clinical characteristics are
summarized in Table 1. All patients included had a his-
tory of asthma, and none had cystic fibrosis. The median
age at the time of treatment with omalizumab was 62 years
in both subgroups. The median serum IgE levels at the
initiation of omalizumab treatment were 398 IU/mL in
the group with a chronic respiratory tract infection and
433 IU/mL in the group without any such infection. All
cases showed positive A. fumigatus-specific IgE or an im-
mediate skin reaction to A. fumigatus antigen, and 23 cas-
es (92%) were positive for A. fumigatus-specific precipitin.
Nineteen patients (76%) were receiving treatment with
systemic corticosteroids (of whom 18 patients had been
receiving systemic corticosteroids for at least 4 months),
and 11 patients (44%) were receiving treatment with anti-
fungal drugs at the time of omalizumab initiation.

Omalizumab Treatment
The details of the omalizumab treatment are summa-
rized in Table 2. The median dose of omalizumab was 300
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Table 1. Demographic data on the studied subjects

All cases With infection ~ Without infection  p value

N (%) 25 12 (48) 13 (52)
Age, years 62 (47-71) 62 (42-75) 62 (50-69) 0.98
Female, n (%) 15 (60) 8 (67) 7 (54) 0.69
History of asthma, n (%) 25 (100) 12 (100) 13 (100) -
Laboratory data at diagnosis

Peripheral blood eosinophil count, cells/uL 1,011 (680-1,590) 1,380 (924-2,962) 970 (495-1,262) 0.04

Serum IgE level, TU/mL 1,600 (500-4,327) 2,962 (588-7,077) 1,580 (500-2,083)  0.27

Specific IgE or immediate skin reaction to A. fumigatus, n (%) 25 (100) 12 (100) 13 (100) -

Precipitin to A. fumigatus, n (%) 23 (92) 11 (92) 12 (92) 1.00
Laboratory data at omalizumab treatment

Serum IgE level, IU/mL 411 (286-798) 398 (275-573) 433 (294-1,609) 0.38
Therapy at omalizumab treatment

Inhaled corticosteroid dosage, ug budesonide/day

(beclomethasone dipropionate equivalent, pg) 800 (440-1,000) 720 (500-1,000) 800 (400-1,000) 0.81

Oral corticosteroids, 1 (%) 19 (76) 8 (67) 11 (85) 0.38
Antifungal agents, n (%) 11 (44) 5 (42) 6 (46) 1.00
Antibiotics, 7 (%) 5 (20)* 5 (42)* 0(0) 0.01
Concomitant chronic respiratory infection

Pseudomonas aeruginosa, n (%) 6 (24) 6 (50) - -

Nontuberculous mycobacteria, 1 (%) 6 (24) 6 (50) - -

Values are medians (interquartile range) or (%) of patients. * Three cases treated with the combination of clarithromycin, rifampicin,

and ethambutol, and 2 cases treated with low-dose macrolides.

Table 2. Omalizumab treatment

All cases With infection ~ Without infection  p value
N (%) 25 12 (48) 13 (52)
Weight, kg 53 (42-61) 46 (38-52) 57 (51-64) 0.06
Serum IgE level, IU/mL 411 (286-798) 398 (275-573) 433 (294-1,609) 0.38
Omalizumab dose, mg/4 weeks 450 (263-600) 450 (169-713) 300 (300-300) 1.00
Duration of omalizumab therapy, months 20 (7.5-45.5) 10 (4.0-26.3) 41 (15.5-54.5) 0.05
Patients treated with suboptimal dose of omalizumab, 1 (%) 10 (40) 3(25) 7 (54)
Reasons for initiation of omalizumab
Worsening of symptoms, 1 (%) 25 (100) 12 (100) 13 (100) -
Deterioration of radiographic findings, n (%) 10 (40) 3 (25) 7 (54) 0.23
Necessity to reduce or avoid systemic corticosteroids, n (%) 8 (32) 7 (58) 1(8) 0.01
Reasons for discontinuation of omalizumab
Insufficient clinical effects, n (%) 0(0) 0(0) 0(0) -
Adverse effects, n (%) 1(4) 1(8) 0(0) -
Others such as economic reasons, 7 (%) 3(12) 2(17) 1(8) -
Adverse effect
Anaphylaxis, n (%) 0(0) 0(0) 0(0) -
Injection-site reaction, n (%) 1(4) 1(8) 0(0) -

Values are medians (interquartile range) or n (%) of patients.
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Fig. 2. Number of exacerbations within 4 months (a, n = 21), dos-
es of oral prednisolone (b, n = 16), and FEV| (¢, n = 12) before and
after initiating treatment with omalizumab in patients with severe
asthma and ABPA. ABPA, allergic bronchopulmonary aspergil-
losis; FEV, forced expiratory volume in 1 s.

Omalizumab in ABPA with Chronic
Respiratory Infection

mg per 4 weeks, and the median duration of treatment
was 20 months. According to the dosing table predeter-
mined in 2009, the dose of omalizumab administered was
noted to be suboptimal in 10 cases, including 7 cases with
baseline serum IgE levels >700 IU/mL, the upper limit for
treatment with omalizumab. There was no significant dif-
ference in the dose of omalizumab between patients with
and without chronic respiratory infection, but the dura-
tion of treatment was significantly shorter in the group
with an infection (10 vs. 41 months, p = 0.04).

Before omalizumab initiation, worsening of respira-
tory symptoms was observed in all cases and worsening
radiographic findings in 10 cases (40%). The necessity to
reduce or avoid oral corticosteroids was an incentive for
physicians to start omalizumab more frequently in pa-
tients with chronic respiratory infection than in those
without (58 vs. 8%, p < 0.01).

Clinical Outcomes

Omalizumab was discontinued within 16 weeks in 3
cases due to patient-related economic reasons and in 1
case because of an intolerable local adverse effect. Thus,
the clinical outcomes were evaluated in 21 patients treat-
ed with omalizumab for 216 weeks.

Good or excellent responses according to the global
evaluation of treatment effectiveness assessment were re-
ported at 16 weeks of omalizumab treatment in 7 of 9 pa-
tients (78%) with chronic infection and all 12 patients
without such an infection (100%, p = 0.17). There was a
significant reduction in the exacerbation rate during the
first 4 months of omalizumab treatment compared with
the rate seen in the immediate 4 months before treatment
(p < 0.01). These effects were observed regardless of the
presence (p = 0.04) or absence (p = 0.02) of chronic respi-
ratory infections, showing no significant differences be-
tween groups (p = 0.62, Fig. 2a).

In the 16 patients treated with maintenance doses of
oral corticosteroids at baseline, the median dose of pred-
nisolone was reduced from 9.5 to 5 mg (p < 0.01). Among
the 6 patients with a chronic respiratory infection, the
dose of oral corticosteroids was reduced in 5 patients
(83%), and the median dose of prednisolone was reduced
from 8.8 to 6.0 mg (p = 0.09, Fig. 2b). The corticosteroid
dose was also reduced in 5 (56%) of 9 patients without
infections, and there were no significant differences be-
tween the groups. Antifungal drugs were discontinued in
4 of 9 patients after treatment with omalizumab.

The effects on pulmonary function were analyzed in
12 patients whose spirometry data before and after oma-
lizumab treatment were available, 7 with a chronic respi-
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ratory infection and 5 without. In the subjects with chron-
ic respiratory infections, pretreatment FEV, was signifi-
cantly lower (1.26 L/s) than in those without infections
(1.86 L/s, p < 0.01), but FEV, was modestly, although sig-
nificantly, improved after omalizumab treatment (p =
0.03, Fig. 2¢).

Among the 10 patients who presented with radio-
graphic worsening at baseline, 5 (50%) showed radio-
graphic improvements after omalizumab initiation; 5
cases had resolution of consolidation and 3 cases had dis-
appearance of mucus plugs, all of whom were without a
chronic respiratory infection. None of the 3 patients with
a chronic respiratory infection exhibited radiographic
improvement after omalizumab treatment.

Safety

There were no severe adverse events, including epi-
sodes of anaphylaxis, during treatment with omalizumab.
One patient developed an injection site reaction, leading
to discontinuation of treatment 2 weeks after initiation.
There were no cases of worsening of a lower respiratory
tract infection after omalizumab initiation.

Discussion

This is the first study to investigate the clinical effective-
ness and safety of omalizumab in patients with ABPA com-
plicated by chronic respiratory infections caused by P. ae-
ruginosa or nontuberculous mycobacteria. Omalizumab
treatment demonstrated significant clinical responses, in-
cluding a reduction in the frequency of exacerbations, a
reduction in the dose of oral corticosteroids, and improve-
ment of pulmonary function. Omalizumab also had an ac-
ceptable safety profile and was well-tolerated without any
worsening of chronic respiratory infections.

Non-cystic fibrosis ABPA is often complicated by
chronic P. aeruginosa or nontuberculous mycobacterial
infection of the lower respiratory tract. Ishiguro et al. [12]
reported that 7 (17%) of 42 patients with ABPM devel-
oped a nontuberculous mycobacterial infection and 21
(50%) had chronic lower respiratory tract infections
caused by Staphylococcus aureus or P. aeruginosa. The
presence of bronchiectasis and the use of high-dose cor-
ticosteroids administered by inhalation or systemically to
treat ABPA are the possible predisposing factors for re-
spiratory infections in these cases. In our study, 12 pa-
tients (48%) had a chronic respiratory infection caused by
P. aeruginosa (6 cases) or nontuberculous mycobacteria
(6 cases), all of whom were treated with moderate- to
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high-dose inhaled corticosteroids and two-thirds were
treated with systemic corticosteroids.

Such a high prevalence of concomitant respiratory in-
fection in asthmatics with ABPA has not been reported
outside Japan. One of the possible reasons for the higher
prevalence of chronic respiratory infections might be that
Japanese patients with ABPA are older, as previously re-
ported by us and other researchers. The median age of pa-
tients with ABPA was in the 30s in the studies conducted
in India [21] but was in the 50s or 60s in those conducted
in Japan [6] and Korea [22]. In the present study, the me-
dian patient age at diagnosis of ABPA was 52 years, and the
median age at the time of treatment with omalizumab was
62 years. These patients with late-onset ABPA might be
more vulnerable to chronic respiratory infections.

The standard option for the treatment of ABPA is oral
corticosteroids, azole class of antifungal agents, or their
combination; however, these treatments can be compro-
mised in the presence of chronic respiratory infections.
Administration of systemic corticosteroids is highly like-
ly to worsen the infection with P. aeruginosa or nontuber-
culous mycobacteria, and the use of azole antifungals is
hindered by drug interactions with rifampicin and mac-
rolides. Clinical outcomes of ABPA cases co-treated with
antibiotics and systemic corticosteroids are inconsistent
[23, 24]. In contrast, omalizumab does not exhibit immu-
nosuppressive effects except for helminthic or other par-
asitic infections, and there have been no reports that
omalizumab has any drug interaction with the azole class
of antifungal agents.

Treatment with omalizumab led to clinical and func-
tional improvements, regardless of the presence of chron-
ic respiratory infection; however, radiographic improve-
ments were not observed in the 3 patients with radio-
graphic worsening at the initiation of omalizumab
treatment. This might be due to the difficulty in differen-
tiating whether the radiographic changes are caused by
ABPA exacerbation or a concomitant infection. The op-
timal choice of treatment for ABPA with concomitant
chronic respiratory infections might be more important
for cases with cystic fibrosis; however, a multicenter, dou-
ble-blinded, placebo-controlled trial of omalizumab in
patients with cystic fibrosis and ABPA had been termi-
nated prematurely due to poor enrollment. In addition,
based on a systematic review, the use of omalizumab in
patients with ABPA and cystic fibrosis is not recom-
mended owing to the absence of validated data [25]. Fur-
ther analysis with an increased number of cases would be
required to fully elucidate the effects of omalizumab on
the clinical and pathological changes of ABPA.
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Our study has several limitations. First, it is a retro-
spective observational study, which might have intro-
duced a degree of selection bias leading to the overestima-
tion of the effectiveness of omalizumab. Second, the ef-
fectiveness was evaluated 4 months after the initiation of
omalizumab, and the long-term effects of this agent have
not been confirmed. Third, although 20% of the patients
with ABPA do not present with asthma [6], there were no
data on omalizumab use in such patients because ABPA
without severe asthma is not an indication for the drug.
Therefore, a prospective randomized controlled trial is
needed to confirm the effects of omalizumab in patients
with ABPA with or without asthma.

Conclusion

In patients with ABPA, treatment with omalizumab
improves clinical outcomes such as the exacerbation rate,
oral corticosteroid doses, and pulmonary functions even
when they were complicated with chronic respiratory in-
fection. Omalizumab treatment, which can prevent the
use or reduce the doses of systemic corticosteroids, may
be an especially good choice of treatment in ABPA pa-
tients with chronic respiratory infections.
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