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Abstract

Allergic bronchopulmonary aspergillosis (ABPA) is an allergic fungal infection that induces immunoglobulin E (IgE) production and eosinophils
proliferation and affect mostly asthmatic and cystic fibrosis patients. The mainstay treatment for ABPA is systemic steroid and antifungal treatment
which have increasing rates of treatment failure and side effects. Because of their mechanism of action in suppressing IgE or eosinophils, biologic
drugs were expected to play an important role in the treatment of ABPA, however, their use in this issue was off label and lack the evidence. In
this comprehensive and comparative review, 59 full text articles (228 patients) were selected. The outcomes were analyzed and the percentages
of posttreatment change for each variable in each study were collected then the overall median percentages were calculated for each variable for
each biologic drug. Comparative discussion of these outcomes was done in terms of clinical and functional response, reduction of exacerbation
events, reduction of IgE level and eosinophils count, prevention of complications and patient’s ability to reduce steroid dose or discontinue it.
The review shows that the use of biologic drugs for treatment of ABPA is associated with a significant clinical and functional improvement and
reduction of exacerbation rates up to 90%. There is more reduction in post-treatment IgE level with mepolizumab and marked reduction in post-
treatment eosinophils count with benralizumab. Mepolizumab has the better steroid-sparing effect. Changing from one biologic drug to another
with different target in case of treatment failure is advisable. More stronger studies and randomized control trials are needed to figure out the
use of biologic drugs for ABPA treatment.
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Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is a disease The main goal in the treatment of ABPA is to control the

that occurs due to a hypersensitivity reaction to a fungus named
Aspergillus fumigatus that colonize the airways mostly in
patients with asthma or cystic fibrosis [1-5]. Between 1-5 % of
asthmatic patients and 1-15% of cystic fibrosis patients develop
ABPA during their disease course especially at advanced disease
stages [1,4,6,7]. The Aspergillus fugus induces repeated episodes
of inflammation and abundant brown mucus production that
obstruct bronchial lumen and eventually results in bronchiectasis,
fibrosis, and varying degrees of respiratory failure [8]. One of
the most widely used diagnostic criteria was that issued by
the working group of the International Society for Human and
Animal Mycology (ISHAM) (Table 1) [9]. However, there are other
diagnostic criteria that are useful and applicable in some health
centers and hospitals [4,10,11].

inflammation that is induced by the Aspergillus fumigatus, hence,
reducing the disease progression and preventing the development
of the non-reversible complications such as bronchiectasis,
fibrosis, and respiratory failure [12]. Therefore, steroids were the
gold standard and most effective treatment over the past time
[4,13]. Most patients develop remission with steroid treatment
evident by clinical improvement and reduction in serum IgE
levels [14,15]. However, it has been known that steroids lead to
numerous side effects when used for a long period of time limiting
their use. Antifungal treatments are used also in cases requiring
high doses of steroids but also these have side effects [7,16-18].
Because of the lower response rates in some patients for the
standard treatments and because of its side effects too, biological
drugs such as omalizumab, mepolizumab, benralizumab and
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dupilumab were proposed to be an alternative (or add on)
treatment for ABPA.

These biologic treatments were put in the focus based on
their role in inhibition of type 2 inflammation, regulation of
eosinophiles and IgE levels and modulation of inflammatory
cytokines such as interleukins (e.g., IL-4, IL-5, IL-5R, IL-13) which
were also observed in ABPA [19,20]. Nevertheless, their use in
treatment of ABPA is off label, lack the evidence and has not yet
supported by any international guidelines. Most of this evidence

came from case reports, personal trials, and observational studies.
In this review I tried to collect and analyzed the relevant data, I
highlighted the use of each biologic drug separately, and [ made
a comparative discussion regarding the outcomes and efficacy
between these biologic drugs in terms of clinical and functional
response, reduction of exacerbation events, reduction of IgE level
and eosinophils count, prevention of complications and patient’s
ability to reduce steroid dose. To my knowledge, this study is the
first comprehensive and comparative review study that figure out
this issue in details.

Table 1: Diagnostic criteria for ABPA by the international society for human and animal mycology (ISHAM) (2013).

Baseline Conditions: Asthma and/or Cystic Fibrosis

Mandatory Criteria:

1 High IgE specific to A. fumigatus (OR) >0.35 kU/L

2 A positive skin test against A. fumigatus (AND)

3 High total serum IgE >1000 UI/mL
Other Criteria (at least 2 must be present)

1 High IgG against A. fumigatus (OR) >27 mg/L

2 Presence of Radiological changes typical of ABPA (OR)

e Central and proximal cylindrical bronchiectasis

e Alterations predominantly in the upper lobe

« Nodules

o Atelectasis

¢ Air trapping

3 High total eosinophil count

>500 cells/UL

ABPA, allergic bronchopulmonary aspergillosis.

Key Points

i. System steroids and antifungal treatment are the
standard and the first line treatment for ABPA, While the use
of biologic drugs in treatment of ABPA is off label and lack the
evidence, hence, biologic treatments should be kept for refractory
cases unless strong recommendations evolve regarding their use
for ABPA.
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ii. ~ The use of biologic drugs for treatment of ABPA is
associated with a significant clinical improvement and reduction
of exacerbations up to 90%, although the treatment period
required to achieve this was variable between different biologic
drugs.

iii. Functional improvement and post-treatment FEV-1 rise
were noticed among all biologic drugs but to a lesser extent than
clinical improvement.
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iv..  There is more reduction in post-treatment IgE level
with mepolizumab and marked reduction in post-treatment
eosinophils count with benralizumab.

v.  Mepolizumab has a higher rate of functional
improvement and increase in the ability of patients to reduce the

dose of steroids or to discontinue it (steroid sparing effect).

vi. The radiological improvement is an important item
to assess disease remission and progression of complications, [
encourage all authors to report the radiological follow up of the
patients.

vii. Changing from one biologic drug to another with
different target in case of treatment failure is advisable based on
availability and licensing

viii. Because of the descriptive nature of the reviewed
studies that lack the evidence base and the statistical measures,
the outcomes of this study should not be relied on completely,
however, it gives general baseline and outlines for future decisions.

ix. More stronger studies and randomized control trials
with larger number of patients or head-to-head comparative

studies are needed to figure out the use of biologic drugs for ABPA
treatment with more concentration on improvement assessment
items such as clinical, functional, and serological items.

Method

In September 2021, I have conducted a search using some
of available search engines such as but not limited to PubMed,
EMBASE, Ovid, Web of science and Google Scholar. At first, |
collected a total of 412 studies from all available data (e.g., case
series, case reports, observational studies). After close observation
[ have selected 59 full text articles (228 patients included) that
fall within the scope of this study (i.e., studies that report the
use of one or more biologic treatments in adult patients being
treated with standard treatment with partial response) (Figure
1). Outcomes of these studies were analyzed non-statistically
according to the nature of each study and finally the percentages
of posttreatment change for each variable in each study were
collected then the overall median percentages were calculated for
each variable for each biologic drug which were compared with
each other (Table 2).

s a\
412 studies were identified using
search engines
123 studies were selected after Pediatric patients; 185
excluding pediatric patients and — :
removing duplicate studies Duplicate papers; 104
91 studies ( full text) were 32 studies [ full text) were excluded
assessed for eligibility — because of:
- Ne enough information; 18
l - Did not meet the objectives of this
study or out of its scope: 9
59 studies were included in the - Reviews; 2
study
- Different language: 3
Figure 1: Study Flow Diagram from inception to Sep 2021 (electronic search).
N J
Results summarized (Table 2). The results for each biologic drug will be

The resultant outcomes and percentages for each variable for
all biologic drugs with the calculated over all percentages were
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listed separately then comparative discussion will be in discussion
section.
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Table 2: Summary of the reviewed studies for each biologic drug and the calculated median percentages for each outcome variable.

Biologic Dru No of Studies No of Patients Reduction in | Reduction in Eosino- | Reduction in Exacerba- Reduction in
g g Reviewed Included IgE Level philes Count tion Rate Steroid Use
Omalizumab 36 133 45% 70% 90% 66%
Mepolizumab 13 62 67% 95% 85% 98%
Benralizumab 6 7 40% 99% 90% 95%
0 (imies .
Dupilumab 4 26 65% 48% (initial transient 85% 90%
increase)
Omalizumab Dupilumab

Omalizumab is a recombinant DNA-derived humanized IgG
monoclonal antibody that binds to free immunoglobulin E (IgE). It
hasbeenapproved to treat severe case of asthma since 2003, thus it
was the first approved biologic treatment and has preceded other
biologic drugs by many years. In APBS treatment, Omalizumab
showed reduction in total IgE by a median of 45% and reduction
in eosinophiles count by a median of 70% from baseline after a
variable period of time ranging from 6 to 36 months according
to the study treatment time [21-54]. Omalizumab also led to
improvement of lung function and FEV-1 values [21-34, 37-54].
Not surprisingly, up to 66% of patients who received omalizumab
treatment succeed to either reduce steroid dose or suspend it
and 90% of patients had reduced rate of exacerbations for up to
3 years [21-56].

Mepolizumab

Mepolizumab is a humanized recombinant IgG1 monoclonal
antibody that blocks interleukin-5 (IL-5). In ABPA treatment,
Mepolizumab led to reduction in the total IgE level by a median
of 67% and reduction in eosinophiles count by a median of 95%
from baseline after a treatment period ranging from 6 to 24
months [57-69]. There was an improvement in lung function and
FEV-1 noticed in most studies and there was also a reduction in
annual exacerbation rate in 85% of patients and 98% of patients
were able either to reduce the dose of systemic steroid or stop it
[57-69].

Benralizumab

Benralizumab is a humanized recombinant IgG1 monoclonal
antibody that blocks the alpha chain of interleukin-5 receptor
(IL-5R). Six studies had addressed the use of benralizumab in the
treatment of ABPS. Benralizumab treatment showed a reduction
in total IgE by a median of 40%, reduction in eosinophiles count
by a median of 99% over a treatment period of 3 months. The
number of exacerbations was also significantly reduced, and
patients were able to discontinue steroid after 3 months [70-75].
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Dupilumab is a humanized recombinant IgG4 monoclonal
antibody that blocks interleukin-4 (IL-4) and interleukin-13 (IL-
13). Four studies reported the use of dupilumab in the treatment
of ABPA. Dupilumab treatment showed a reduction in total IgE
level by a median of 65% and in total eosinophiles count by
a median of 48% from baseline over a treatment period of 3 to
6 months [76-79]. FEV-1 has improved in most patients after
treatment. There was also a significant reduction in exacerbation
rate and most patients were able to discontinue steroid [76-79].

Discussion

The pathogenesis of allergic bronchopulmonary aspergillosis
remains incompletely understood, however, it is presumed that
the hypersensitivity reaction to antigens of Aspergillus fumigatus
triggers the releases of cytokines and interleukin (e.g., IL-4, IL-5,
and IL-13), which interact with eosinophils and IgE in the blood
and airways [1-5,83,84]. Based on that and on the illustrated
mechanism of actions of different biologic drugs that selectively
block this pathway at a specific point, biologic drugs were
presumed to play an important role in treatment of ABPA even
though they are not approved by any international guidelines for
this purpose. [19-20]. In this review I have selected studies that
report the use of one or more biologic drug in the treatment of
ABPA. I included 59 studies (228 patients) that analyzed the use
of Omalizumab, Mepolizumab, Benralizumab and Dupilumab and
in both asthmatic and CF patients.

Unsurprisingly, omalizumab use was the predominant and
the most frequent (70%) as it preceded other biologics by many
years. Factors such as sex and age distribution were consistent
with what has been mentioned in the literature in this regard
[6,30]. In the review studies, patients with ABPA have elevated
baseline IgE levels with 40% of patients had values over 1000 IU/
mL which is required for ABPA diagnosis as per ISHAM diagnostic
criteria (Table 1) [21-36]. Notably, in patients who were treated
with omalizumab for ABPA, the baseline median value of IgE
was 1500 IU/mL. The dose of omalizumab used to treat severe
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asthma is calculated according to the patient’s weight and IgE
levels (<700 IU/mL) with a maximum dose of 750 mg/month. In
ABPA, the median baseline of IgE level is much higher (1500 IU/
mL), thus the maximum dose of omalizumab was exceeded (375
mg every 2 weeks) and this induced reduction of posttreatment
IgE levels by 45% in most of patients [21-54,85].

The decline in the level of total IgE was related to the baseline
level of IgE, in which, patients whose serum IgE >1000 1U/
ml were more sensitive to omalizumab treatment than those
with <1,000IU/ml [37-54]. However, this reduction in IgE level
was achieved with treatment over a long period of time (6-36
months) which is supposed to be shorter than this. Exacerbation
and relapse after treatment were defined and assessed based on
deterioration of clinical status and rise of IgE level by >50% from
the previous value [28,37-5]. Moreover, the effect of omalizumab
on exacerbation was influenced by baseline exacerbation,
administration route and length of omalizumab use [28,37-54].
Voskamp and his colleagues carried a self-placebo-controlled
randomized trial involved 13 volunteers and found that clinical
improvement was accompanied by decreased basophil reactivity
to Aspergillus fumigatus [86].

In addition, omalizumab leads to reduction in high-affinity IgE
receptor expression on mast cells, basophils, and dendritic cells
[86-88]. The median reduction rates in IgE level after treatment
were 67% and 65% for mepolizumab and dupilumab respectively,
which are surprisingly higher than that in omalizumab although
both mepolizumab and dupilumab are not working on IgE like
omalizumab and the baseline IgE level is not required to initiate
them [57-69,76-81]. The median reduction rate in eosinophiles
count was higher with bernalizumab (99%) compared to other
biologic drugs [70-75]. In the other hand, the reduction in
eosinophils was low in dupilumab (48%) which is unexpected
based on its mechanism of action that inhibit eosinophiles
accumulation and proliferation [76-81].

In fact, dupilumab induces transient eosinophils increase after
its initiation as it is proposed that dupilumab blocks the migration
of eosinophils into airways and therefore increases blood
eosinophils transiently, however, this was not associated with
clinical symptoms and usually returned to a normal level later on
[78,80,81]. The posttreatment clinical improvement was observed
with all biologic treatment, although the treatment duration was
variable between them. Omalizumab and benralizumab have the
higher clinical response rates, 90% for both [21-36,70-74]. The
clinical improvement was accompanied by reduction in overall
exacerbation rates with all biologic drugs. There was a functional
improvement in FEV-1 value after treatment seen with all biologic
treatments but was not as significant as expected when correlated
to the clinical improvement, and this might be attributed to other
confounding factors such as timing of procedure, disease severity
and patients’ factors.
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However, mepolizumab showed the higher rate of functional
improvement from the baseline compared to other biologic drugs
[57-69]. Majority of patient were able to reduce the maintenance
steroid dose or discontinue it, with the higher rate was reported
with mepolizumab (98% of patients), to be the most effective
steroid sparing agent among other biologic drugs. [57-69]. The
use of combination of two or more biologic drugs or shifting from
one to another was described in the literature [65,72,74,78,79].
Katsuyoshi et al, reported clearance of ABPA with benralizumab
treatment after failed mepolizumab treatment and they related
that to the ability of benralizumab to eliminate eosinophils already
present in the airways and mucus plugs which was not achieved
with mepolizumab [72]. Whereas Mummler et al, reported a
successful treatment of ABPA with dupilumab for ABPA resistant
to both omalizumab and benralizumab [78].

To tell the truth, radiological improvementis an important tool
to assess posttreatment improvement and remission, however,
the data regarding this issue was deficient in the reviewed studies,
apart from very few studies. For all biologic drugs, there were
no major or serious side effects reported through the reviewed
studies. The strength points of this review are that it is the
first study that discuss this issue comprehensively and made a
comparative analysis between the biologic drugs and the large
number of related studies that were reviewed. In the other hand,
the limitation is that I was unable to do statistical analysis as
there is differences in types of studies, number of patients in each
study, purpose and endpoints, and absence of important data (e.g.,
clinical data, asthma control test (ACT) and radiological follow up)
in some studies. Therefore, putative selection bias is inevitable.

Conclusion

This study showed that, in general, the use of biologic drugs
for treatment of ABPA is associated with a significant clinical
improvement and reduction of exacerbations up to 90%, although
the treatment period required to achieve this was variable between
different biologic drugs with omalizumab seems to require more
time to achieve improvement. Functional improvement and post-
treatment FEV-1 rise were also noticed among all biologic drugs
but to a lesser extent. Although biologic drugs have different
mechanisms of action, there was more reduction in IgE level
with mepolizumab and marked reduction in eosinophils count
with benralizumab (which can be used as a marker of disease
remission). However, mepolizumab dominates in some variables
such as higher rate of functional improvement and the ability of
patients to reduce the dose of steroids or to discontinue it (steroid
sparing effect).

Although the radiological improvement is an important item
to assess disease remission and progression of complications,
it was not determined because of the paucity of data from the
reviewed studies. Meanwhile, as clear from this study and
literature review, changing from one biologic drug to another
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with different target in case of treatment failure is advisable based
on availability and licensing. Notably, because of the descriptive
nature of most of the reviewed studies that lack the evidence base
and the statistical measures, the outcomes of this study should
not be relied on for which biologic drug is better or which one
to initiate first. More stronger studies and randomized control
trials with large number of patients or head-to-head comparative
studies are needed to figure this out with more concentration on
improvement assessment items such as clinical, functional, and
serological items.
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