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Background: Allergic bronchopulmonary aspergillosis (ABPA)
is a disease resulting from an overactive type 2 response to
Aspergillus. Initial studies suggest that asthma biologics can
effectively treat ABPA, but it is unclear which biologic class is
superior.

Objective: We sought to compare the effectiveness of asthma
biologics in the treatment of ABPA.

Methods: We performed a retrospective analysis of patients
with ABPA treated with asthma biologics, and measured
outcomes of respiratory exacerbations, daily oral
corticosteroids, and antifungals. We assessed these variables
while individuals were treated with 1 of 3 biologic classes: anti-
IgE, anti—IL-5/IL-5 receptor alpha (IL-5Ra), anti-IL-4 receptor
alpha (IL-4Ra).

Results: A total of 21 patients were included in our analysis.
Anti-IL-4Ra was associated with a significantly lower number
of exacerbations and oral corticosteroid use compared with
anti-IgE or anti-IL-5/IL-5Ra therapies. Anti-IL-4Ra also had
significantly lower antifungal use than anti-IgE, and there was a
trend toward lower antifungal use when compared with anti—
IL-5/IL-5Ra. In a subgroup of 10 patients treated with 2 or
more biologics sequentially, we found that 8 of them achieved
clinical control on anti-IL-4Ra therapy after failing anti-IgE
and/or anti-IL-5/IL-5Ra therapies.

Conclusions: Dupilumab blocks the IL-4Ra, resulting in the
downstream inhibition of both IL-4 and IL-13 effector
pathways. Dupilumab may benefit patients with ABPA by
inhibiting the generation of airway mucus (IL-13), and by
reducing local B-cell differentiation into IgE antibody-secreting
cells (IL-4). On the basis of our findings and with the known
molecular mechanisms of dupilumab, we believe that anti-IL-

From “the Division of Pulmonary, Allergy, Critical Care, and Sleep Medicine, Depart-
ment of Medicine, Emory University School of Medicine, "Emory University School
of Medicine, °J. Willis Hurst Internal Medicine Residency Program, Department of
Medicine, Emory University School of Medicine, “the Department of Medicine,
Atlanta Veterans Affairs Healthcare System, °the Department of Biostatistics and Bio-
informatics, Rollins School of Public Health, Emory University, and Lowance Human
Immunology Center, Emory University, Atlanta.

Received for publication May 8, 2024; revised September 25, 2024; accepted for publi-
cation October 6, 2024.

Available online November 12, 2024.

Corresponding author: F. Eun-Hyung Lee, MD, 615 Michael St, NE Ste 205, Atlanta, GA
30322. E-mail: f.e.lee@emory.edu.

® The CrossMark symbol notifies online readers when updates have been made to the

article such as errata or minor corrections

2772-8293

© 2024 The Author(s). Published by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jacig.2024.100369

4Ro—targeted therapy may be more effective than anti-IgE or
anti-IL-5/IL-5Ra therapies to treat ABPA. (J Allergy Clin
Immunol Global 2025;4:100369.)
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Allergic bronchopulmonary aspergillosis (ABPA) is a disease
resulting from airway colonization with Aspergillus species that
induces an overactive immune response involving cellular and hu-
moral type-2 (T2) inflammation promoting secretion of IL-4, IL-
5,1L-10, and IL-13." ABPA most frequently presents in a subset
of patients with severe asthma and/or cystic fibrosis (CF).” More-
over, ABPA and asthma share some clinical features and underly-
ing pathological mechanisms.”

Oral corticosteroids (OCSs) and antifungal therapy are the
mainstay of ABPA treatment.” However, treatment response is
variable, and some patients continue to have uncontrolled symp-
toms despite treatment. Well-known risks associated with long-
term systemic corticosteroid therapy include osteoporosis, cata-
racts, weight gain, and diabetes.”® Patients with ABPA often
receive antifungal medications, which carry the risk of inducing
a selection pressure on fungal species that can result in the evolu-
tion of resistant strains. In addition, antifungals have side effects
and interact with many other medications.” For these reasons, it is
imperative to find alternative treatment options that prevent respi-
ratory exacerbations in patients with ABPA and reduce prolonged
and repeated OCS and antifungal use.

Biologic medications targeting the T2 inflammation pathway
can improve symptoms, preserve lung function, reduce exacer-
bations, and decrease OCS dependence in patients with severe
asthma.”® T2 inflammation is a shared pathway for many patients
with severe asthma’ and ABPA.' Because many patients with
ABPA also have severe asthma with T2 biomarkers such as
elevated blood eosinophils or IgE, they frequently qualify for bio-
logic therapies based on their asthma.'® The long-term effective-
ness of biologic therapies for ABPA is unknown. However, the
use of these medications may be considered for patients with
ABPA with recurrent exacerbations. It is still unclear whether sus-
tained asthma control with biologic therapies will modify ABPA
progression; however, small studies suggest that there may be a
clinical benefit.

Because IgE is involved in the pathogenesis of ABPA, some
studies have examined the effect of omalizumab (an anti-IgE
mAD) in the treatment of this disease. A small randomized
controlled trial of 13 participants showed that patients with
ABPA on omalizumab had fewer exacerbations when compared
with those on placebo.'' One of the main issues with studying
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Abbreviations used
ABPA: Allergic bronchopulmonary aspergillosis
CF: Cystic fibrosis
FDA: Food and Drug Administration
OCS: Oral corticosteroid
OR: Odds ratio
T2: Type 2
TSLP: Thymic stromal lymphopoietin

omalizumab in ABPA is that this drug is dosed on the basis of
pretreatment IgE levels, and because IgE levels tend to be
extremely high in ABPA, the appropriated treatment dose is
often higher than the maximum recommended dose.'” This
likely results in frequent underdosing of omalizumab when
treating ABPA. In addition, the effectiveness of omalizumab
in treating ABPA in patients with underlying CF is even less
clear.'” Anti—IL-5 and anti—IL-5 receptor alpha (IL-5Ra) thera-
pies for ABPA have also shown promise in case series.'*'” Both
omalizumab and IL-5 therapies may benefit symptoms in ABPA,
but only IL-5 signaling blockade has been shown to clear mucus
plugs.™'® The biologic dupilumab is a human monoclonal IgG4
antibody against the IL-4 receptor alpha (IL-4Ra) subunit that
blocks the activity of both IL-4 and IL-13 cytokine signaling
pathways.” Our group and others have shown improvement in
symptoms, reduction in exacerbations, and a decrease in OCS
use with dupilumab in case reports and series of patients with
ABPA.'%?? A few cases have also been identified where dupilu-
mab effectively treated patients with ABPA who had previously
failed to achieve control using other biologic therapies.'®** Te-
zepelumab is the latest asthma biologic to have been approved
by the US Food and Drug Administration (FDA) and targets
thymic stromal lymphopoietin (TSLP), an upstream alarmin
involved in asthma pathogenesis. Tezepelumab has been effec-
tive in treating patients with ABPA in 2 case reports.””"
Although most reports have focused on exacerbation reduction,
a recent retrospective study showed that these asthma biologics
are effective in reducing the use of OCSs in patients with
ABPA.”

With several FDA-approved asthma biologics that differ in
mechanisms of action,” one important question is whether one
biologic class is superior for managing ABPA. To address this
gap in knowledge, we conducted a retrospective analysis of pa-
tients with ABPA to compare the effectiveness of different asthma
biologics.

METHODS
Patient enroliment

We searched the Emory Healthcare medical record database for
allergic bronchopulmonary aspergillosis (International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification diag-
nosis code B44.81) and the use of any asthma biologic:
omalizumab, mepolizumab, reslizumab, benralizumab, dupilu-
mab, or tezepelumab from January 2006 to September 2022. Pa-
tients with a diagnosis of ABPA and the use of at least 1 biologic
for at least 1 month were included in the analysis. Study subjects
were enrolled under a protocol approved by the Emory University
Institutional Review Board.
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Clinical data collection

We collected the following clinical data variables from the
electronic medical chart: demographics (age, sex, race, ethnicity),
underlying clinical condition predisposing ABPA (asthma and/or
CF), absolute eosinophil count, total IgE, Aspergillus fumigatus—
specific IgE, Aspergillus fumigatus—specific IgG, fungal culture
isolates, skin prick or intradermal testing for Aspergillus, FEV |,
fractional exhaled nitric oxide, asthma control test score, radio-
graphic findings (presence of bronchiectasis, mucus plugging,
or high attenuation mucus in the radiology report), duration in
months of daily systemic corticosteroid use, duration in months
of antifungal use (including itraconazole, voriconazole, or isavu-
conazonium), duration in months of use of each asthma biologic,
and number of respiratory exacerbations (defined as worsened
respiratory symptoms and use of OCS (at least 40 mg of predni-
sone or equivalent per day) for 5 or more days). Exacerbations
that happened during the same month were counted as 1 month
with at least 1 exacerbation given that it is hard to assess whether
it was the same unresolved exacerbation or a new one. When an
exacerbation straddled 2 months, it was counted as only 1 month
(the month during which the exacerbation started). If more than 5
days in a month there was a use of a medication it was counted as
positive during that month.

Study variables and outcomes

We examined 3 main outcomes in this study: (1) number of
respiratory exacerbations, defined as a worsening of respiratory
symptoms and use of OCS (at least 40 mg of prednisone or
equivalent per day) for 5 or more days, (2) duration of use of daily
OCS, defined as a daily dose of at least 5 mg of prednisone, and
(3) duration of antifungal use for the treatment of ABPA. As for
study exposures, we gathered clinical information on each
outcome during the treatment of each biologic class (anti-IgE:
omalizumab, anti—IL-5/IL-5Ra: mepolizumab/benralizumab/re-
slizumab, anti-IL4Ra: dupilumab, anti-TSLP: tezepelumab).
Mepolizumab, reslizumab, and benralizumab were analyzed
together because they have similar mechanisms of actions,
inhibiting the IL-5 signaling pathway. The first 2 months on
each biologic were removed from the analysis to eliminate
carryover effect from previous biologic or the no-biologic
condition.

Data analysis and statistical tests

We modeled the binary outcome variable (exacerbation/OCS/
antifungal) on the basis of a longitudinal repeated-measures
model. Generalized estimating equations were used to analyze the
binary response variable involving repeated-measures data, fitted
through logistic regression. Specifically, we used SAS’s PROC
GENMOD procedure, modeling the relationship between the
outcome and predictor variables using a logit link function. We
designated patient ID as the subject for repeated measures.
A compound symmetry covariance structure was used, assuming
identical correlations across all observation points. This assump-
tion provides more robust estimates by accounting for the
correlation among all observation points. Our analysis focused
on comparing the effects of different treatments. The results of
these comparisons are expressed as odds ratios (ORs), obtained
by exponentiating the estimated coefficients in the model. We



J ALLERGY CLIN IMMUNOL GLOBAL
VOLUME 4, NUMBER 1

TABLE I. Clinical characteristics and demographics of research
subjects
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TABLE Il. Research subjects and the number of months of
follow-up while receiving each biologic therapy

No. of subjects 21
Sex, n (%)

Male 7 (33)

Female 14 (67)
Age (y), mean

(range) 46 (18-75)
Race & ethnicity, n (%)

‘White/Caucasian 12 (57)

Black/African American 8 (38)

Hispanic 1(5)
Underlying diagnosis, n (%)

Asthma 21 (100)

CF 7 (33)
Clinical characteristics, n (%) or n (range)

Bronchiectasis 17 (81)

Blood absolute eosinophils (cells/wL)
Serum total IgE average (IU/mL)
ABPA diagnostic criteria, n (%)

1465 (90-4400)
2176 (199-5000*)

Positive for Asano criteria 16 (76.2)
Positive for Modified ISHAM criteria 14 (66.6)
Positive for both criteria 10 (47.6)
Positive for either criterion 20 (95.2)
ABPA diagnosis made outside Emory 1 (4.8)

*Upper limit of detection.

provided the 95% CI for OR for each contrast estimate, calculated
by exponentiating the CIs of the estimated coefficients (L'Beta
estimates). The significance of these comparisons was assessed
using Wald’s chi-square test, with statistical significance reported
using P values (Pr > ChiSq / Pr > |Z|). We used Adobe Illustrator
2024 to build figures (Adobe, San Jose, Calif).

RESULTS
Study subject characteristics

We found 62 patients with the diagnosis of ABPA in the Emory
Healthcare electronical medical record system from January 2006
to September 2022. Of the 62 patients, 21 had been treated with at
least 1 asthma biologic and were included in the analysis. Table I
presents the demographic and relevant clinical characteristics of
the study participants. Seven (33.3%) subjects were male and
14 (66.6%) were female. The average age at the start of the first
asthma biologic was 46 years, with a range from 18 to 75 years.
Twelve subjects self-identified as White or Caucasian, 8 as Black
or African American, and 1 as Hispanic. All 21 subjects had the
diagnosis of asthma in the electronic medical record, and 7 sub-
jects also had the diagnosis of CF. Seventeen of 21 (81%) patients
had evidence of bronchiectasis on chest imaging. The average ab-
solute blood eosinophil count before starting biologics was 1465
cells/pL (range, 90-4400 cells/wL). The average serum level of
total IgE was 2176 IU/mL (range, 199-5000 IU/mL).

Clinical criteria for the diagnosis of ABPA

There is no one specific test for the diagnosis of ABPA. This
disease is a continuum of different degrees of severity with a
variable clinical presentation that has a common underlying
pathogenesis of hypersensitivity to aspergillus in a susceptible
patient population with concomitant severe asthma or CF. The

No. of months on each biologic class

All
Subject Anti-lgE  Anti-IL-5/IL-5Ra Anti-IL-4Ra Dbiologics
1 114 21 42 177
2 18 29 42 89
3 2 12 31 45
4 0 18 5 23
5 0 9 36 45
6 0 7 43 50
7 0 26 32 58
8 0 17 58 75
9 11 0 29 40
10 16 55 0 71
11 0 0 1 1
12 0 0 8 8
13 0 0 3 3
14 0 0 16 16
15 0 0 17 17
16 0 0 4 4
17 0 0 2 2
18 0 0 21 21
19 0 14 0 14
20 0 11 0 11
21 0 71 0 71
Patient-months 161 290 390 845

on each biologic

This table shows all 21 research subjects with ABPA included in the analysis and the
number of months that each subject was treated with a particular biologic class.
Subjects 1 to 10 were treated sequentially with more than 1 biologic class during the
study follow-up period. Subjects 11 to 21 were treated with only 1 biologic class
during the follow-up period. The bottom row shows the number of patient-months for
each of the biologic classes studied.

diagnosis of ABPA is based on meeting certain clinical criteria,
and these criteria have evolved over time. The 2 latest and best-
validated criteria are the Asano”® and the Modified International
Society for Human and Animal Mycology (ISHAM)-ABPA
Working Group (AWG).””** In our study, 16 (76.2%) subjects
met the Asano criteria, 14 (66.6%) subjects met the Modified
ISHAM-AWG criteria, 20 (95.2%) subjects met either one of
these diagnostic criteria, and 10 (47.6%) subjects met both diag-
nostic criteria. Only 1 patient (4.8%) was diagnosed with ABPA
outside of the Emory Healthcare system by an allergy/immu-
nology specialist, and we do not have clinical data to determine
which diagnostic criteria were met (Table I).

Use of asthma biologics in patients with ABPA

To quantify the clinical benefits of individual biologic classes,
we summated the number of months that each of the 21 subjects
was treated with a particular biologic class from January 2006 to
September 2022 (Table II). Eleven subjects were treated with only
1 biologic class during the follow-up period. However, 10 sub-
jects were treated with more than 1 biologic class during the study
follow-up period. For all 10 subjects treated with multiple bio-
logic classes, the therapies were used sequentially and not
concomitantly except for only 2 months where 2 biologics were
used concurrently. These 2 overlapping months as well as the
following 2 months were removed from subsequent analyses.
The number of patient-months for each of the biologic classes
studied was as follows: 161 patient-months for anti-IgE
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TABLE Ill. Contingencies of study outcomes and biologic class treatments

Biologic classes

Outcomes Anti-IgE Anti-IL-5/IL-5Ra Anti-IL-4Ra
At least 1 exacerbation, pt.-mo. (%) 14 (8.7) 22 (7.6) 5(1.3)
Daily OCS use, pt.-mo. (%) 87 (54) 50 (17.2) 30 (7.7)
Antifungal use, pt.-mo. (%) 51 (31.7) 24 (8.3) 4 (1)
Total pt.-mo. 161 290 390
Daily OCS use, pt.-days (%) 2,263 (42.7) 1,011 (11.1) 568 (4.1)
Antifungal use, pt.-days (%) 1,163 (21.9) 366 (4.1) 82 (0.6)
Total pt.-days 5293 8916 13997

Rows represent outcome measures, and columns represent biologic classes. Cells show the number of patient-months (top) and patient-days (bottom) of outcome variables while on

each biologic class therapy.
pt.-mo., Patient-months.

(omalizumab), 290 patient-months for anti—IL-5/IL-5Ra (mepoli-
zumab and benralizumab), and 390 patient-months for anti—IL-
4Ra therapy (dupilumab) (Table II). We did not find any patients
with ABPA treated with either reslizumab or tezepelumab; hence,
they were not included in the analysis.

Study outcomes: Respiratory exacerbations, daily
OCS treatment, and antifungal use

To measure the effectiveness of each biologic, we measured 3
outcomes: respiratory exacerbations, duration of OCS use, and
duration of antifungal use. We enumerated the months with
greater than 1 respiratory exacerbation, months of daily use of
OCS, and months of antifungal use for each of the biologics
(Table III). During the 161 patient-months of anti-IgE therapy, we
found 14 months (8.7%) with at least 1 exacerbation, 87 months
(54%) with daily OCS use, and 51 months (31%) with antifungal
use. This result showed that on average, more than half the time
the patients were on omalizumab, they were concomitantly on
OCSs. During 290 patient-months of anti—IL-5/IL-5Ra therapies,
we found 22 months (7.6%) with 1 or more exacerbations, 50
months (17.2%) with daily OCS use, and 24 months (8.3%)
with antifungal use. Dupilumab had the greatest patient-months
compared with the other biologics. During 390 patient-months
of anti-IL-4Ra therapy, we found 5 months (1.3%) with at least
1 exacerbation, 30 months (7.7%) with daily OCS use, and 4
months (1%) with antifungal use. Table III also presents this anal-
ysis by patient-days in addition to patient-months.

Table IV presents the ORs, 95% CI, and P values of pair-wise
comparisons of biologic classes for each outcome variable. For
the first outcome of respiratory exacerbations, anti—IL-4Ra ther-
apy was associated with significantly fewer months with exacer-
bations compared with anti-IgE (OR, 0.09; 95% CI, 0.02-0.33;
P =.0003) (Fig 1, A) and anti—IL-5/IL-5Ra (OR, 0.11; 95% CI,
0.03-0.42; P = .0011) (Fig 1, B) therapies. However, there was
no significant difference between the number of months with ex-
acerbations between anti-IgE and anti-IL-5/IL-5Ra therapies
(OR, 0.79; 95% CI, 0.31-1.96; P = .6059) (Fig 1, C). For the sec-
ond outcome of daily OCS, anti-IL-4Ra was associated with
significantly less daily OCS use compared with anti-IgE (OR,
0.09; 95% CI, 0.03-0.29; P <.0001) (Fig 1, A) and anti-IL-5/
IL-5Ra (OR, 0.18; 95% CI, 0.06-0.55; P =.0029) (Fig 1, B) ther-
apies. However, anti—IL-5/IL-5Ra therapies were not signifi-
cantly different in daily OCS use than anti-IgE therapy (OR,
0.51; 95% CI, 0.17-1.49; P = .2172) (Fig 1, C). We then quanti-
fied the OCS dose per month for each of the biologic classes and

found that the average use of oral corticosteroids in milligram of
prednisone or equivalent was 236.2 for anti-IgE therapy, 57.7 for
anti—IL-5/IL-5Ra therapies, and 6.1 for anti-IL-4Ra therapy. For
the third outcome of antifungal use, anti-IL-4Ra was associated
with significantly less antifungal use than anti-IgE (OR, 0.02;
95% CI, 0.00-0.99; P = .0496) (Fig 1, A). Although there was a
trend to lower use of antifungal associated with anti—IL-4Ra ther-
apy than with anti—IL-5/IL-5Ra, this difference did not reach sta-
tistical significance given a large variability in the CI (OR, 0.04;
95% CI, 0.06-2.72; P = .1325) (Fig 1, B). Lastly, for the outcome
of antifungal use, anti—IL-5/IL-5Ra therapies were comparable to
anti-IgE therapy (OR, 0.49; 95% CI, 0.08-3.19; P = .4563) (Fig 1,
O).

Dosing of anti-IgE therapy

The optimal 4-week dosing period of omalizumab to achieve
clinical results in patients with asthma is 0.016 mg of drug per kg
of body weight per IU/mL of pretreatment IgE.'* Given that we
saw worse clinical response with anti-IgE in comparison to
anti-IL-4Ra and anti—IL-5/IL-5Ra therapies, we wanted to
explore whether underdosing of omalizumab could be the reason.
Five subjects in our cohort were treated with an anti-IgE biologic.
Table V summarizes the dosing of study subjects treated with
omalizumab. Only 1 subject is treated with doses above 0.016
mg/kg/IU/4 wk. The other 4 subjects had a suboptimal dosing
of this biologic, potentially explaining the poor clinical outcomes
with omalizumab. Patients with very high levels of IgE, like the
ones seen in ABPA, would require higher doses of omalizumab
beyond what is recommended by the manufacturer.

Subjects treated sequentially with more than 1
biologic therapy

Eleven of the 21 subjects were treated with only 1 biologic,
with 8 initially treated with anti—IL.-4Ra and 2 with anti—IL-5/IL-
5Ra therapy. Of the 21 subjects, 10 patients (48%) had been
treated sequentially with 2 or more biologics (Table II). Fig 2
shows the 10 subjects who were included in this subgroup anal-
ysis. Each box represents 1 patient’s longitudinal timeline across
the duration of the follow-up. Each red “X” on top of the boxes
represents 1 exacerbation, the top row shows the duration of treat-
ment for an individual biologic, the middle row shows the dura-
tion of OCS treatment, and the bottom row shows the duration
of antifungal therapy for each patient. One subject was treated
sequentially with 4 different biologics, 3 subjects with 3



J ALLERGY CLIN IMMUNOL GLOBAL

VOLUME 4, NUMBER 1

TABLE IV. Pair-wise comparisons of biologic classes for each outcome variable
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OR 95% Cl P value
Exacerbations
IL-4Ra vs IgE 0.09 0.02-0.33 .0003
IL-4Ra vs IL-5/IL-5Ra 0.11 0.03-0.42 .0011
IL-5/IL-5Ra vs IgE 0.79 0.31-1.96 .6059
Daily OCS
IL-4Ra vs IgE 0.09 0.03-0.29 <.0001
IL-4Ra vs IL-5/IL-5Ra 0.18 0.06-0.55 .0029
IL-5/IL-5Ra vs IgE 0.51 0.17-1.49 2172
Antifungals
IL-4Ra vs IgE 0.02 0.00-0.99 .0496
IL-4Ra vs IL-5/IL-5Ra 0.04 0.00-2.72 1325
IL-5/IL-5Ra vs IgE 0.49 0.08-3.19 4563

TABLE V. Omalizumab dosing per kg of body weight per IlU/mL of pretreatment IgE

Subject Dose (mg) (every 2 wk) Pretreatment IgE (IU/mL) Body weight (kg) Dose (mg/kg/IgE) q2 wk Dose (mg/kg/IgE) q4 wk
1 375 1,961 67.0 0.0029 0.006
2 375 477 109.0 0.0072 0.014
3 375 2,000 58.2 0.0032 0.006
9 300 818 57.2 0.0064 0.013
10 225 334 76.2 0.0088 0.018

biologics, and 6 subjects with 2 biologics. We defined treatment
failure as more than 1 exacerbation or inability to discontinue
daily OCS while on a specific biologic therapy. Subject 1 failed
treatment with omalizumab (anti-IgE), mepolizumab (anti—IL-
5), and benralizumab (anti—IL-5Ra) before finally achieving clin-
ical control on dupilumab (anti-IL-4Ra), avoiding antifungals
and OCSs as well as staying exacerbation-free for almost 3 years.
Subject 2 failed omalizumab and mepolizumab but achieved clin-
ical control on dupilumab. Subject 5 failed benralizumab, sub-
jects 7 and 8 failed mepolizumab, and subject 9 failed
omalizumab before all being well-controlled on dupilumab.

Treatment failure occurred in 4 of 5 with omalizumab, 5 of 7
with mepolizumab, 2 of 4 with benralizumab, and none of 9 with
dupilumab. Five of the 9 patients on dupilumab did not have
exacerbations while receiving treatment with this biologic. For
the 4 patients who had 1 exacerbation while on dupilumab, these
exacerbations occurred within the first few months of the
treatment (1, 1, 3, and 6 months) likely before achieving the
maximal therapeutic effect of anti-IL-4Ra therapy. No patient
while receiving dupilumab had more than 1 exacerbation. Every
patient who received dupilumab was able to successfully discon-
tinue OCS within the first 3 months of therapy or did not require
OCS, while receiving this therapy. Eight of 9 patients receiving
dupilumab did not require antifungals, and 1 patient stopped
antifungals shortly after starting dupilumab.

DISCUSSION

ABPA is a disease most commonly affecting patients with
asthma or CF and is characterized by an abnormal cellular and
humoral immune response leading to T2 inflammation on
aspergillus colonization in the airways. The first line of treatment
for ABPA is OCSs and antifungals. However, prolonged OCS and

antifungal use can often become ineffective at controlling the
disease and is associated with significant side effects and drug-
drug interactions. Daily or repetitive use (during exacerbations)
of OCSs can lead to multiple complications including the
development of osteoporosis, diabetes, weight gain, mood
changes, and increased risk for infections.® Antifungals
commonly used against Aspergillus include itraconazole, vorico-
nazole, and isavuconazonium. All are substrates of cytochrome
P450 3A4, and itraconazole is a direct enzyme inhibitor.”” This
leads to many potential drug-drug interactions with commonly
used medications including corticosteroids that are concomitantly
used in patients with ABPA. Moreover, the prolonged or repeated
antifungal use has public health implications due to the develop-
ment of resistant fungal strains. Because Aspergillus is ubiqui-
tous, repeat respiratory inoculations are common; thus,
controlling aberrant T2 pathogenesis appears to be an important
mainstay. Therefore, finding better treatments for ABPA is impor-
tant to better control symptoms, reduce exacerbations, and lower
the use of therapies with substantial side effects.

Because the diagnosis of ABPA is commonly associated with
asthma, these patients are often started on a biologic therapy for
severe asthma. Although robust, randomized placebo-controlled
clinical trials assessing the safety and efficacy of asthma biologics
in patients with ABPA are lacking, there are some encouraging
studies showing potential benefits targeting IgE (omalizu-
mab),'"*'? IL-5 (mepolizumab),'* IL-5RA (benralizumab),'” IL-
4RA (dupilumab), 1622 and TSLP (tezepelumab).z‘%’24 Some cases
report that dupilumab was effective in treating ABPA when other
biologics had failed.'®?!>> However, there are no head-to-head
comparisons of asthma biologics evaluating the effectiveness of
treating patients with ABPA.

In this retrospective study of patients with ABPA treated with
asthma biologics, we found that dupilumab was associated with
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FIG 1. Forrest plots of ORs of comparisons among biologic classes for each outcome under longitudinal
repeated-measure models. A, Comparison of anti-IL-4Ra therapy to anti-IgE therapy for each outcome of
exacerbations, daily OCS use, and antifungal use. B, Comparison of anti-IL-4Ra to anti-IL-5/IL-5Ra therapies
for each outcome. C, Comparison of anti-IL-5/IL-5Ra therapies to anti-IgE therapy for each outcome. Green
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FIG 2. Subjects treated sequentially with more than 1 biologic. Each box represents 1 subject’s longitudinal
timeline across the duration of the study follow-up. Each red “X” on top of the boxes represents 1
exacerbation. The top row of each box shows the individual biologic duration of treatment, the middle row
shows duration of daily OCS treatment, and the bottom row shows the duration of antifungal therapy for
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is adapted with permission from Lamothe et al.?”

decreased use of OCSs and antifungals, as well as fewer
exacerbations (Fig 1 and Table IV) compared with other biologics
targeting IgE or the IL-5 pathway. In addition, of the 10 patients
who had been treated sequentially with more than 1 biologic, we
found that dupilumab was often effective even after other bio-
logics had failed in controlling exacerbations or corticosteroid/
antifungal use (Fig 2).

As a chronic therapy to maintain asthma control, there are no
randomized controlled trials of direct comparisons of anti-IgE,
anti—IL-5/IL-5Ra, anti—IL-4Ra, and anti-TSLP biologics. How-
ever, a recent large multicenter retrospective study showed that
patients with severe asthma on dupilumab had significantly fewer

exacerbations than patients on anti—IL-5 therapies.”’ Whether du-
pilumab is a more effective approach for all T2 asthma or whether
it is superior compared with other biologics for ABPA only is not
clear.

Dupilumab may specifically benefit patients with ABPA by
blocking both IL-4 and IL-13 cytokine pathways. IL-13 is
important for airway mucus generation by upregulating the
gene MUCS5AC,”" and because Aspergillus is ubiquitous, it is
possible that the organism gets trapped in airway mucus in pa-
tients with ABPA, leading to local fungal antigen-specific
B-cell activation in a T2-driven milieu. Therefore, inhibition of
IL-13 likely benefits patients with ABPA. IL-4 is required for
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IgE class switching. Hence, IL-4 blocking therapies can reduce
IgE production by inhibition of local mucosal naive-like B-cell
differentiation into IgE plasma cells.”*"? We believe that dupilu-
mab disrupts the initial pathogenic mechanism of IgE-mediated
immune cell activation. How long-term dupilumab use modifies
ABPA disease may be revealed through transcriptional and epige-
netic profiles of immune cells. Additional prospective studies will
be needed to assess whether dupilumab or other biologics can also
prevent the progression of bronchiectasis if started early in the
disease process.

Because ABPA is an allergic condition that has IgE at the
center of its pathogenesis, the use of omalizumab seemed
appropriate for disease control. Although some studies have
shown benefit, omalizumab was inferior to anti—IL-5/IL-5Ra and
anti—IL-4 therapies in our study. Omalizumab blocks free IgE and
a mathematical model of pharmacokinetics was consistent with
this drug decreasing IgE production.”* However, to our knowl-
edge, there is no biological evidence that omalizumab inhibits
IgE secretion from plasma cells or the generation of IgE plasma
cells. Therefore, inhibition of the IgE downstream components
of this pathogenic cascade may be insufficient to control the dis-
ease. Moreover, the doses recommended by the manufacturer for
omalizumab might be insufficient to block enough IgE to see an
optimal clinical effect'**” because patients with ABPA have sig-
nificant elevation of IgE (Table V). On the contrary, dupilumab
through inhibition of IL-4 prevents IgE plasma cell formation
and therefore reduces systemic IgE levels, suggesting that up-
stream inhibition could be more effective in controlling this dis-
ease. Interestingly, we see effects of clinical improvement with
dupilumab even when serum levels of IgE are only modestly
reduced. Therefore, an alternative explanation is that dupilumab
could further lead to decrease of IgE in the mucosal sites, inhibi-
tion of the IL-4 pathway, which suppresses T2 inflammation, as
well as inhibition of the IL.-13 pathway, which decreases mucus
hyperproduction.

In addition to high IgE levels, high mucosal and systemic
eosinophils are commonly present in patients with ABPA. When
activated, eosinophils play pathogenic roles in T2- mediated
conditions, and IL-5 is the main cytokine involved in eosinophilic
activation and proliferation. Single inhibitors of IL-5/IL-5Ra
targets were not as effective as the IL-4Ra antagonist. Interest-
ingly, polymorphisms in the genes for IL-4 and IL-13, but not for
IL-5, have been linked to a higher risk of developing ABPA.*
Perhaps the exaggerated allergic response to a specific fungal an-
tigen together with increased mucus production are the main
drivers of pathogenesis, whereas overactive eosinophils play
more secondary roles.

Limitations of our study include a small sample size, the
retrospective and observational review, and enrollment from a
single center. Despite a small sample size, we showed significant
differences among the biologics for our outcome measures of
exacerbations, OCS use, and antifungal use. Moreover, patients
with sequential biologic use functioned as their own controls,
increasing the power of our study. Finally, our cohort had a good
distribution of age, sex, and race/ethnicity, providing application to
a broad patient population of asthma and ABPA despite its small
sample size. We also included 7 patients with CF, which represents
33% of the subjects in this study. This is important because patients
with CF have often been excluded from studies that have evaluated
the use of asthma biologics in patients with ABPA and those that
have included them have shown equivocal results."”
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We did not have any patients on reslizumab or tezepelumab, 2
other FDA-approved biologics for treating asthma. Reslizumab is
administered intravenously, which makes it less desirable for
many patients and thus it has little clinical utilization relative to
other biologic therapies.”’ Tezepelumab is the newest asthma bio-
logic approved by the FDA in December of 2021 and targets the
upstream alarmin TSLP.*® Although TSLP could play a role in
ABPA pathogenesis, further studies are needed to evaluate its po-
tential role in treating ABPA. Because ABPA is arare condition, it
is challenging to enroll a large number of patients from a single
center; and so, most studies have been limited to case reports,
case series, and small cohorts. Therefore, a multicenter collabora-
tion would be needed to enroll a larger number of patients with
ABPA in prospective studies. A randomized clinical trial of dupi-
lumab assessing effectiveness in patients with ABPA is underway
(ClinicalTrials.gov ID NCT04442269).”” However, this trial is
comparing dupilumab to placebo and not to other biologics.
Head-to-head comparisons of different biologics are costly, and
manufacturers are often reluctant to pursue these studies. Thus,
for now, we will need to rely on retrospective studies to guide clin-
ical practice.

In conclusion, this study finds that inhibition of IL-4 and IL.-13
pathways may be more effective in ABPA compared with anti-IgE
and anti-IL-5/IL-5Ra therapies, and that this could also be
generalizable to allergic bronchopulmonary mycosis. Therefore,
we recommend considering treating patients with severe asthma
and ABPA with dupilumab initially to decrease exacerbations and
OCS and antifungal use.
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