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Abstract
Background: Allergic bronchopulmonary aspergillosis (ABPA) and allergic bronchopulmonary 
mycosis (ABPM) are hypersensitivity disorders characterized by fungal colonization of the air-
ways and exaggerated Th2-mediated immune responses. Despite corticosteroids being the 
cornerstone of treatment, adverse effects, relapses, and steroid dependence necessitate 
adjunctive antifungal and biologic therapies. This study aimed to evaluate clinical, functional, 
and immunologic responses to different treatment combinations in patients with ABPA or 
ABPM.
Methods: This retrospective, multicenter, cross-sectional study included 70 patients diag-
nosed with ABPA (n = 54) or ABPM (n = 16) at two tertiary chest disease centers between 2016 
and 2023. Patients were grouped according to systemic corticosteroid (SS) use (SS-using vs 
non-SS) and further subdivided based on treatment composition (antifungal ± biologic therapy 
vs antifungal alone). Changes in FEV1 (Forced Expiratory Volume in 1 second), Asthma Control 
Test (ACT) scores, total serum IgE, and peripheral blood eosinophil count (PBEC) before and 
after treatment were analyzed.
Results: In the SS-using group, combination therapy with antifungal ± biologic agents produced 
significant improvements in FEV1 (mL and %) and ACT scores, along with substantial reduc-
tions in total IgE and PBEC levels (all P < 0.05). Antifungal monotherapy yielded significant 
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effect; however, long-term use is often complicated 
by relapse, steroid dependence, and adverse events. 
Adjunctive antifungal agents—such as itraconazole—help 
reduce airway fungal load and antigenic stimulation, while 
biologic therapies (anti-IgE or anti–IL-5/IL-4R agents) offer 
potential for more targeted, steroid-sparing control of type 
2 inflammation.5,10 Despite these advances, there is a pau-
city of real-world data directly comparing different thera-
peutic combinations and their relative impact on clinical, 
functional, and immunologic outcomes.

The present study was therefore designed to evaluate, 
in a multicenter real-life setting, the comparative effects 
of systemic corticosteroids, antifungal therapy, and bio-
logic agent (omalizumab)—alone or in combination—in 
disease control in patients with ABPA(M).  By analyzing 
changes in FEV1, Asthma Control Test (ACT) scores, total 
serum IgE, and peripheral blood eosinophil count (PBEC) 
before and after treatment, this study aims to clarify the 
additive value of antifungal and biologic agents beyond 
corticosteroids and to provide a framework for a stepwise, 
precision-based treatment approach.

Material and Methods

Study design

In this retrospective, cross-sectional study conducted at 
two centers (Süreyyapaşa Chest Diseases and Thoracic 
Surgery Training and Research Hospital, Istanbul and 
Yedikule Chest Diseases and Thoracic Surgery Training and 
Research Hospital, Istanbul), the records of a total of 267 
patients with ICD code B44 and its subcodes, documented 
between 2016 and 2023, were reviewed. Patients with 
saprophytic aspergillosis (aspergilloma, mycetoma, fun-
gal ball), invasive aspergillosis, and those lost to follow-up 
were excluded from the study. Patients who underwent 
regular treatment and follow-up for at least 16 weeks were 
included in the study. The remaining 70 patients were 
divided into two groups based on SS use (SS-using vs non-SS) 
and further subdivided according to treatment composi-
tion as  antifungal therapy (ıtrakanazol) alone  or  antifun-
gal therapy combined with the biologic agent omalizumab 
(Figure 1). The clinical, spirometric, and laboratory param-
eters of all patients were recorded before treatment and 
after the 16-week treatment period.

Introduction

Airway diseases caused by fungi are generally classified 
as invasive, saprophytic, or allergic. The allergic group is 
roughly divided into two groups: the allergic response to 
environmental fungi (Alternaria and Cladosporium) that act 
as seasonal aerosols and an allergic response to thermo-
tolerant filamentous fungi such as Aspergillus, Penicillium, 
Candida albicans, Bipolaris spp., Shizophyllum commune, 
and Curvularia spp. While these can also act as aeroal-
lergens, they have the additional properties of germi-
nating in the airways, colonizing the lungs, and causing a 
persistent allergenic stimulus that can lead to lung dam-
age.1–3 Aspergillus fumigatus is the most common fungus 
causing allergic pulmonary mycosis.4 The Delphi expert 
consensus group (DECG) recommended using the term 
“ABPA” for allergic mycoses caused by any Aspergillus spp. 
(not A. fumigatus only) and “ABPM” when attributable 
to fungi other than Aspergillus spp.5 ABPA is a complex 
hypersensitivity reaction that occurs after colonization of 
the airways with Aspergillus spp. and is frequently seen 
in patients, most commonly with asthma or cystic fibro-
sis (CF). Aspergillus sensitization (AS) is defined by skin 
prick test (SPT) or the presence of elevated immunoglob-
ulin (Ig) E against A. fumigatus. The prevalence of ABPA 
in Aspergillus-sensitive asthma can be up to 40%, empha-
sizing the importance of recognizing AS.6 In patients with 
CF, prevalences range from 2 to 9%.7 The combined prev-
alence of AS and ABPA complicating asthma in pulmonary 
clinics has been estimated to be approximately 28 and 13%, 
respectively.6 Although the pathogenesis of ABPA has not 
yet been fully elucidated, two major mechanisms appear 
to play key roles: the persistence of fungi in the airways 
due to impaired mucociliary clearance and an exaggerated 
T-helper type 2 (Th2)–driven immune response.8 Incomplete 
clearance of A. fumigatus conidia leads to germination and 
exposure of surface antigens that trigger a Th2-dominant 
immune reaction characterized by elevated interleukins (IL-
4, IL-5, IL-13), mast cell activation, and eosinophilic infiltra-
tion. This chronic inflammatory milieu, if left uncontrolled, 
results in bronchiectasis, mucus impaction, and eventually 
fibrotic lung remodeling.9 Therefore, therapeutic strategies 
targeting both fungal burden and Th2 inflammation are 
essential to prevent irreversible airway damage.

Systemic corticosteroid (SS) remains the cornerstone of 
ABPA management because of its potent anti-inflammatory 

reductions in immunologic parameters but no functional improvement. In the non-SS group, 
changes were minimal across most parameters, except for a modest reduction in total IgE 
within the antifungal ± biologic subgroup. The most comprehensive clinical and immunologic 
responses were observed in patients treated with corticosteroids combined with antifungal 
and biologic therapy.
Conclusion: SS remain the primary therapeutic modality for ABPA, but the addition of anti-
fungal and biologic agents enhances both immunologic and functional recovery. A precision-
based, stepwise treatment model—initiating with corticosteroids, followed by antifungal 
therapy, and incorporating targeted biologics—may optimize long-term outcomes, minimize 
steroid exposure, and promote sustained remission in ABPA and ABPM.
© 2026 Codon Publications. Published by Codon Publications.
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Table 1  International Society for Human and Animal 
Mycology-Allergic Bronchopulmonary Aspergillosis (ISHAM-
ABPA) Working Group criteria used for the diagnosis of 
ABPA.10

Predisposing factors (at least one must be present)
•	 Asthma
•	 Cystic fibrosis
Obligatory criteria (both should be present)
•	 Immediate cutaneous hyper-reactivity to A.fumigatus 

antigens or A.Fumigatus spesific IgE > 0.35 kUA/L
•	 Total IgE > 1000 IU/mL
Other criteria (at least 2 out of 3) 
•	 PBEC > 500 cells/μL
•	 Transient pulmonary infiltrates on chest radiograph 
•	 Presence of precipitins (IgG) against Aspergillus 

fumigatus 

PBEC: peripheral blood eosinophil count.

Omalizumab was the only biologic therapy used in this 
cohort; no patients received other biologics targeting IL-5, 
IL-5R, or IL-4/13 pathways during the study period.

The study protocol was approved by the local eth-
ics committee of the University of Health Sciences, 
Süreyyapaşa Chest Diseases and Thoracic Surgery Training 
and Research Hospital (Approval identification number: 
283). The data was collected from electronic or paper 
hospital medical records and consisted of all medical care 
received between 2016 and 2023.

Patients

Patients defined as ABPA according to the diagnostic crite-
ria (Table 1), defined by the International Society of Human 
and Animal Mycology (ISHAM) ABPA Working Group (AWG) in 
2013, were included in the study. Accordingly, patients with 
elevated serum total IgE (> 1000 IU/mL) in the presence 
of underlying asthma or cystic fibrosis and A. fumigatus 

Figure 1  Patient selection and treatment group allocation flowchart.

Süreyyapaşa and Yedikulede Chest 
Diseases and Thoracic Surgery 
Hospital 267 patients who were 

investigated with the diagnosis of 
B44 Aspergillosis between 2017
January and 2023 October were

analysed.

Patients with prick test 
and/or specific lgE and/or

lgG sensitivity to
Aspergillus fumigatus

and/or other
thermotolerant moulds

They were divided into 2 groups
according to the treatment they

received:
Group 1 and Group 2

Group A
n: 13

SS + omalizumab ±
itraconazole

Group B
n: 17

SS + itraconazole

Group C
n: 14

omalizumab + 
itraconazole

Group C
n: 26
only 

itraconazole

Group 1
n: 30

Systemic steroid (+)

Group 2
n: 40

Systemic steroid (–)

Not included in the study 
n: 44 saprophytic aspergillosis

(aspergilloma, mycetoma, mushroom 
ball)

n:14 invasive aspergillosis
n:98 patients without follow-up

n:41 not meet the diagnostic criteria
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specific IgE > 0.35 kU/mL or A. fumigatus SPT positivity in 
the presence of at least two of the following three criteria 
were defined as ABPA:

1.	 PBEC > 500 cells/μL 
2.	 Bronchiectasis on computed tomography (CT) of the 

chest 
3.	 A. fumigatus-IgG >27 mg 

Those sensitized with thermotolerant fungi other than 
Aspergillus spp. were classified as ABPM.10

Treatment options 

According to the 2013 ISHAM Working Group recommenda-
tions, systemic glucocorticoids remain the first-line therapy 
for ABPA(M); however, the optimal dose and duration of 
treatment have not been standardized, and several ste-
roid regimens have been described in the literature.10–12 
Although systemic corticosteroids are highly effective in 
controlling acute inflammation and improving pulmonary 
function, approximately 50% of patients experience relapse 
upon dose tapering, and 20–45% become steroid-depen-
dent.5–8,10,12 In addition, long-term corticosteroid therapy is 
frequently associated with adverse effects such as osteo-
porosis, cataracts, and avascular necrosis.13–16

The use of antifungal agents in ABPA may reduce the 
fungal burden, thereby diminishing antigenic stimulation and 
subsequent immune activation. This approach can reduce 
the need for systemic corticosteroids or allow their with-
drawal.13–15 Among biologic agents, omalizumab—a human-
ized monoclonal antibody targeting IgE—has been proposed 
as a potential treatment option, given the strong associa-
tion between ABPA and elevated serum IgE levels.5,16 Several 
studies have demonstrated that omalizumab therapy in 
ABPA leads to improvement in symptoms, reductions in 
exacerbation frequency and asthma-related hospitaliza-
tions, enhancement in lung function, and decreased oral 
steroid requirements.17–19 The omalizumab dose is deter-
mined according to body weight and total serum IgE levels, 
administered subcutaneously every 14 days at a maximum of 
375 mg per injection. It was shown to have particular ben-
efits in patients with ABPA accompanied by severe asthma.5

In our cohort, most patients had predisposing respira-
tory conditions—particularly asthma—and a history of mul-
tiple courses of SSs. A substantial proportion had already 
developed steroid-related adverse effects (such as oste-
oporosis, cataract, or aseptic bone necrosis). Therefore, 
a steroid-free treatment regimen was established for these 
patients. All received antifungal therapy with itraconazole, 
while those with concomitant severe asthma additionally 
received omalizumab as add-on therapy.

Based on these treatment characteristics, patients 
were classified into four groups:

•	 SS-using group: 
•	 Group A: SS + omalizumab ± itraconazole 
•	 Group B: SS + itraconazole

•	 Non-SS group: 
•	 Group C: omalizumab + itraconazole 
•	 Group D: itraconazole only

Collected data 

Clinical and demographic characteristics, as well as 
changes in the Asthma Control Test (ACT) score, FEV1 (mL 
and %), total serum IgE, and PBEC before and after treat-
ment, were analyzed across these groups (Table 2).

Statistical analysis

Statistical analyzes were performed using SPSS soft-
ware (version 21.0 for Windows; SPSS Inc., Chicago, IL). 
Parametric variables were presented as means and stan-
dard deviations, and nonparametric variables as medians 
and minimum–maximum (min–max). Numbers of cases and 
percentages were used for categorical variables. Chi-square 
test was used in the analysis of categorical variables. 
Whether the continuous variables were normally distrib-
uted or not was determined by Kolmogorov–Smirnov and 
histogram analysis. Normally distributed numerical vari-
ables were analyzed using an independent sample  t-test. 
Mann–Whitney U-test was used to compare numerical vari-
ables that did not show normal distribution. The different 
clinical and biological markers before and after treatment 
were evaluated using the paired sample t-test if normally 
distributed, and the Wilcoxon signed-rank test if not nor-
mally distributed. P < 0.05 was considered statistically 
significant.

Results

A total of 70 patients were included in the study, compris-
ing 47 (67.1%) from Süreyyapaşa Chest Diseases Hospital 
and 23 (32.9%) from Yedikule Chest Diseases Hospital. The 
mean age of the cohort was 50.78 ± 12.47 years, and 39 
(55.7%) were females. Among the participants, 54 (77.1%) 
were diagnosed with ABPA and 16 (22.9%) with ABPM. 
Patients were initially categorized into two main groups 

Table 2. Baseline clinical, laboratory, and demographic 
characteristics.

Age, years, mean ± SD 50.78 ± 12.47
Gender, female, n (%) 39 (55.7)
BMI, kg/m2, mean ± SD 27.163 ± 5.68
Total IgE, IU, median (min-max) 1125 (12–10,000)
PBEC, cells/μL, median (min-max) 310 (10–3950)
FEV1, mL, mean ± SD 1914.33 ± 794.36
FEV1, %, mean ± SD 67.53 ± 27.98
ACT, mean ± SD 16.82 ± 5.76
Treatment options, n, (%)

Group A
Group B
Group C
Group D

13 (18.5)
17 (24.2)
14 (20)

26 (37.3)

ACT: Asthma Control Test; BMI: Body Mass Index; 
FEV1:Forced Expiratory Volume in the First Second;  
PBEC: peripheral blood eosinophil count.



Stepwise, precision-based management of allergic bronchopulmonary aspergillosis/mycosis� 121

Table 3  Comparison of pre- and posttreatment laboratory, spirometric, and clinical parameters according to treatment 
regimens.

Patients Using Systemic Steroids n:30

Group A n:13 Group B n:17

Pretreatment Posttreatment P Pretreatment Posttreatment P

Total IgE, IU, median 
(min-max)

847 (40–26,664) 360 (49–1319) 0.022 1376 (136–4254) 1014 (36–2807) <0.001

PBEC, cells/μL, median 
(min-max)

605  (90–3950) 140 (0–740) <0.001 360 (100–1600) 100 (0–590) 0.006

FEV1, mL, mean ± SD 1638.66 ± 613.10 1928.66 ± 822.52 0.006 1724.28 ± 505.53 2138.57 ± 860.78 0.058
FEV1, %, mean ± SD 51.46 ± 21.85 61.33 ± 24.45 0.007 54.42 ± 15.26 66.14 ± 17.73 0.121
ACT, mean ± SD 12.71 ± 2.75 21.71 ± 2.05 <0.001 14.421 ± 1.81 17.71 ± 1.49 0.005

Patients Not Using Systemic Steroids n:40

Group C n:14  Group D n:26

Pretreatment Posttreatment P Pretreatment Posttreatment P 

Total IgE, IU, median 
(min-max)

1278.50 (16–10,000) 615 (11–5972) 0.025 1200 (380–2639) 913 (149–5040) 0.445

PBEC, cells/μL median 
(min-max)

455 (80–2800) 140 (10–3210) 0.386 195 (30–2000) 120 (10–1700) 0.126

FEV1, mL, median 
(min-max)

1590 (1450–3140) 1655 (1390–1750) 0.465 2168.88 ± 481.67 2283.33 ± 677.18 0.537

FEV1, %, mean ± SD 49.25 ± 14.31 60.50 ± 31.22 0.380 83(71–152) 89(42–139) 0.953
ACT, mean ± SD 17.14 ± 6.71 21.00 ± 2.88 0.134 20(12–25) 22(22–23) 0.336

ACT: Asthma Control Test; FEV1: Forced Expiratory Volume in the First Second; PBEC: peripheral blood eosinophil count.

based on the SS usage: the SS-using group (n = 30) and the 
non-SS group (n = 40). Each group was subsequently subdi-
vided based on treatment options.

In the SS-using group (Groups A and B), patients receiv-
ing omalizumab ± itraconazole (Group A) demonstrated 
a statistically significant decrease in serum total IgE and 
PBEC levels, alongside a significant improvement in FEV1 
(both mL and % predicted) and ACT scores when comparing 
pre- and posttreatment values (P < 0.05 for all). Conversely, 
among those treated with SS+ itraconazole (Group B), a 
significant reduction was observed only in total IgE, PBEC 
levels, and ACT, while changes in FEV1 (both mL and % pre-
dicted) were not statistically significant.

In the non-SS group (Groups C and D), no statistically 
significant differences were detected between pre- and 
posttreatment measurements in either Group C or Group D. 
However, within the omalizumab + itraconazole subgroup 
(Group C), a modest yet statistically significant decline in 
total IgE levels was noted following treatment (P < 0.025) 
(Table 3). Figure 2 provides a visual summary of the analy-
ses performed based on the treatment groups.

Discussion

This multicenter retrospective study, conducted across 
two tertiary chest disease centers, evaluated the clini-
cal, spirometric, and laboratory outcomes associated with 

different treatment combinations in patients with ABPA(M). 
The principal finding of our analysis is that SS therapy 
remains the cornerstone of disease management; more-
over, its use in combination with antifungal agents and/or 
biologic therapy—particularly omalizumab—yields the most 
substantial improvements in both functional and laboratory 
parameters. In our cohort, patients treated with a regimen 
of corticosteroids, itraconazole, and omalizumab demon-
strated significant gains in FEV1 (mean increase >250 mL, 
approximately 10%) and ACT scores (mean improvement 
≥3 points, indicating clinically meaningful enhancement 
of asthma control), accompanied by marked reductions in 
serum total IgE and PBEC. These findings highlight the syn-
ergistic benefit of concurrently attenuating airway inflam-
mation and fungal burden while modulating IgE-mediated 
hypersensitivity.

Our results align with existing evidence demonstrat-
ing that systemic corticosteroids remain the first-line and 
most effective therapy for controlling acute inflammatory 
activity and preventing irreversible airway remodeling 
in ABPA.10,12 Corticosteroids downregulate Th2-mediated 
immune responses by suppressing IL-4, IL-5, and IL-13 sig-
naling pathways, thereby reducing airway eosinophilia 
and IgE synthesis.13,20 The reductions in total IgE and PBEC 
observed in our study are comparable to earlier reports 
that documented a 40–60% decrease in these biomarkers 
following the initiation of corticosteroids.7,14 Nevertheless, 
steroid dependence, relapse, and treatment-related 
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adverse effects continue to pose significant challenges, 
underscoring the importance of effective steroid-sparing 
strategies in long-term disease management.

Antifungal therapy, most commonly with itraconazole, 
is effective in reducing airway fungal burden and the asso-
ciated antigenic stimulation. In our cohort, antifungal 
monotherapy (Group D) decreased the total IgE and PBEC 
levels in serum; however, these reductions did not reach 
statistical significance, nor were there meaningful improve-
ments in FEV1 or ACT scores. In contrast, the addition of 
biologic therapy to itraconazole in the absence of systemic 
steroids (Group C) resulted in a significant reduction in 
total IgE levels, indicating a measurable anti-inflamma-
tory effect. In randomized controlled trials conducted by 
Stevens and Wark, itraconazole administered as an add-on 
therapy to systemic steroids reduced serum IgE levels by 
25–35%, improved asthma control, and allowed tapering of 
steroid dosage.13,14 Taken together, these findings suggest 
that a reduction in fungal burden alone is insufficient to 
restore airway function without adequate control of the 
underlying inflammation. This underscores that itracon-
azole demonstrates greater therapeutic benefit when used 
in conjunction with anti-inflammatory treatments, and that 
antifungal therapy should be considered an adjunct rather 
than a stand-alone modality in the management of ABPA.

In line with these observations, the 2024 ISHAM-ABPA 
Working Group guideline recommends the use of antifun-
gal agents primarily as  steroid-sparing adjunctive ther-
apy  aimed at reducing ongoing antigenic stimulation, 
rather than as standalone monotherapy.5 The guideline 
further notes that oral triazole antifungals, particularly 
itraconazole, demonstrate clinical efficacy comparable to 
systemic glucocorticoids; however, their onset of therapeu-
tic improvement tends to be slower, while offering a more 
favorable safety profile.5,21,22 It also emphasizes that co-ad-
ministration of oral itraconazole with methylprednisolone 
may increase the risk of  exogenous Cushing’s syndrome 
and secondary adrenal insufficiency.23,24 Nonetheless, in 
patients with PBEC ≥1000 cells/µL and extensive bronchi-
ectasis involving ≥10 segments, combination therapy with 
systemic corticosteroids and antifungal agents has been 
shown to reduce the one-year exacerbation rate in acute 
ABPA.25 Consistent with this, in our study, Group A—which 
exhibited the highest baseline PBEC levels—was treated 
with a systemic steroid-based regimen supplemented with 
omalizumab ± itraconazole.

Importantly, our study demonstrated that omalizumab 
significantly reduced serum IgE levels regardless of whether 
it was administered in combination with an SS or non-SS 
approach. Omalizumab exerts its effect by neutralizing free 

Figure 2  Changes in clinical, laboratory, and spirometric parameters across treatment groups.
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Future prospective and randomized studies are 
warranted to define optimal sequencing and duration 
of biologic therapy in ABPA and to identify biomark-
ers predictive of treatment response. Endotype-based 
stratification—incorporating baseline IgE, eosinophil 
counts, and fungal-specific IgE/IgG profiles—may refine 
patient selection. The incorporation of quantitative radio-
logic tools and cost-effectiveness analyses is also critical 
to establish the role of biologics within the therapeutic 
hierarchy. Ultimately, a biomarker-guided, individualized 
treatment strategy—progressing from corticosteroids to 
antifungal agents to targeted biologic therapy—represents 
the most promising path toward long-term remission 
and reduced treatment toxicity in ABPA management. It 
should be emphasized that the pre–post analyses per-
formed in this study reflect within-group changes over 
time rather than direct comparisons between treatment 
groups. Accordingly, the lack of statistical significance 
observed in some subgroups should be interpreted cau-
tiously and may be related to the relatively limited sam-
ple size, rather than indicating the absence of a true 
treatment effect.
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