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Introduction
Allergic bronchopulmonary aspergillosis (ABPA) is a condition that occurs when the
pulmonary immune system reacts to Aspergillus fumigatus (AF), a ubiquitous thermophilic fungus that can colonize the bronchial mucosa of cystic fibrosis (CF) patients.1
The reaction is characterized by a Th2 response, serum eosinophilia, and increased total
serum IgE to AF.2 The prevalence of airway colonization with AF is found in up to 58%
of all CF populations, including both children and adults.3,4 Isolation of Aspergillus
species from respiratory secretions has been found to be signiﬁcantly more frequent
in older children and young adults than in younger children with CF.5 Aspergillus
sensitization is deﬁned by the presence of immediate skin test positivity to Aspergillus antigens or an elevated serum AF-speciﬁc IgE level.6 Allergic bronchopulmonary
aspergillosis occurs in 1%–2% of all patients with persistent asthma and 2%–25% of
patients with cystic fibrosis, with a pooled prevalence of 8.9%.6–8
Risk factors for sensitization to AF include genetic predisposition, prolonged
duration of colonization with Pseudomonas aeruginosa, and prolonged use of dornase
α inhalations.9 High cumulative doses of inhaled corticosteroids are also associated
with AF sensitization, and their role as a risk factor needs to be clariﬁed.10 As with AF
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Background: Allergic bronchopulmonary aspergillosis (ABPA) is a condition characterized
by a Th2 response, serum eosinophilia, and increased total serum IgE to Aspergillus fumigatus.
ABPA occurs in cystic fibrosis (CF) and asthma. Omalizumab is a humanized recombinant
monoclonal antibody against IgE. Previous studies reported borderline results when treating
ABPA with omalizumab.
Methods: A retrospective study to investigate the efficacy of omalizumab in the treatment of
ABPA in CF patients was conducted at 3 CF centers in Israel and Belgium. Data were obtained
from the digital archive. We measured 4 outcome parameters: forced expiratory volume in 1
second, body mass index, pulmonary exacerbations, and steroid sparing.
Results: The database was composed on the records of 9 patients. None of the outcome parameters showed any improvement. A favorable outcome was observed in patients with higher levels
of posttreatment total IgE than those with lower levels. CF-related diabetes and male gender
showed trends for poorer outcomes.
Conclusion: No benefits were detected on treating ABPA in CF with omlaizumb. Monitoring
the total IgE was not helpful. A prospective randomized double-blind study is needed.
Keywords: ABPA, Omalizumab, CF, IgE
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isolation, the prevalence of ABPA was signiﬁcantly higher in
adults than in children (10.1% vs 8.9%, P<0.0001).11
The diagnosis of ABPA is difficult in patients with CF
because the clinical, imaging, and functional signs required
for the diagnosis of ABPA are usually symptoms of CF.9 Failure to diagnose ABPA may result in earlier deterioration of
pulmonary function and more rapid progression of CF lung
disease.12 The diagnostic criteria for ABPA in patients with
asthma or CF are discussed elsewhere.13 The cornerstone
of the treatment of ABPA is systemic corticosteroids, given
orally in the long term or as pulse therapy.1 The duration of
both protocols (oral and intravenous) is controversial. In
patients who do not respond to corticosteroids, a therapy with
antifungal medication might be administrated.
Omalizumab is a humanized recombinant monoclonal
antibody targeting the high affinity Fc receptor of IgE and
prevents binding of IgE to the immune effector cells mediating inflammation and the hypersensitive response. A downregulation of IgE receptors is an important consequence of
omalizumab treatment, thus reducing inflammatory activity.14
Omalizumab reduces airway eosinophilia and decreases
IL-4+ cells in allergic asthma.15,16 Omalizumab was proven
as being safe and effective in ABPA in asthma.17 While the
pathological process in ABPA complicating CF is similar
to that in asthma, omalizumab is thought to be an alternative therapy for ABPA in CF patients who fail to respond
to systemic corticosteroids or have serious adverse effects
during treatment with corticosteroids.15 Omalizumab has
been approved as a steroid-sparing agent for severe allergic
asthma,18 but there are conflicting reports in the literature
regarding ABPA in CF based on case reports starting from
2007,19 and no prospective trial has been completed. One
double-blind randomized study was conducted, but was
terminated earlier than planned due to adverse events.20 A
recent case series with 32 patients concluded that omalizumab might have a steroid-sparing effect but failed to
improve other outcomes such as forced expiratory volume
in 1 second (FEV1) or pulmonary exacerbations in patients
with ABPA.21 The latest review article that summarized 102
patients (most of them with asthma) with ABPA treated with
omalizumab concluded that the treatment failed to improve
their lung function but did lead to a reduction in exacerbation rate. The authors concluded that omalizumab might be
an alternative treatment for ABPA although the duration of
therapy remained ambiguous.22
In Israel, there is a unique genetic CFTR abnormality
seen in Ashkenazi Jews and in the genetically heterogenous
group of Sephardic Jews and non-Jewish population (mainly
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Arabs, Muslim, or Christian). As a consequence, the disease-causing mutation W1282X (class I) is very prevalent,
only in those of Ashkenazi descent. Whereas in the world
CF population, this allele prevalence is estimated as 0.5%,
in the Israel CF population the prevalence is 36%, almost
the same prevalence as f508del, the world’s most prevalent
mutation for CF.
The current study was conducted to better assess the efficacy of omalizumab in the treatment of ABPA in CF patients.

Methods
A retrospective study evaluating all subjects with CF treated
with omalizumab in 3 CF centers was conducted in Leuven
(Belgium), Rambam, and Sheba (Israel). The data were
obtained from patients’ records in the years 2011–2015 and
included age, sex, CFTR mutations, presence of CFRD,
duration of therapy with omalizumab, number of pulmonary
exacerbations during therapy, and steroid dosage before, during, and after therapy with omalizumab. In addition, FEV1,
IgE, and body mass index (BMI) values were obtained preand posttreatment.
Patients with CF, 2 CFTR mutations, and with a diagnosis
of ABPA were included if they met the following criteria:
patients had clinical deterioration, IgE levels were above
1,000 or 500 ng/mL (new diagnosis or recurrent ABPA,
respectively), showed a positive immediate skin reaction or if
elevated specific antibodies (IgE or IgG) against AF were positive, and a central bronchiectasis shown on high-resolution
computed tomography. The dosage of Xolair® (omalizumab,
Novartis, CH, Basel, Switzerland) was individually adjusted
to the pretreatment level of IgE and body weight, as recommended by the US Food and Drug Administration’s guidelines
for allergic asthma (some patients had very high levels of
IgE, which is contraindicated for treatment of asthma). No
patient was treated with a 2-week dosage, given the lack of
guidelines for ABPA. The indications for omalizumab in most
of the patients were mainly because of adverse effects of
prolonged systemic therapy with corticosteroids and failure
of antifungal therapy. Five patients had a contraindication for
corticosteroids; all of them were steroid-naïve and experienced a failure of treatment with antifungal therapy. Out of
the 4 patients who were treated with corticosteroids, none
had reduced exacerbations on pulse or oral regime (Table 1).
Because some of the patients were very young, BMI values were expressed in Z scores. The main outcome parameters
examined were FEV1, BMI, number of pulmonary exacerbations, and reduced dosage of steroids in patients who were
still on steroidal treatment.
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FEV1 and BMI were considered stable if the changes were
below 10%. A larger deviation was considered as deterioration or improvement.
Statistical analysis was performed by calculating the
odds ratio (OR) and the confidence interval (CI). A paired
t-test was performed. The level of confidence for the study
was 95%.

Declarations
Approval of the local ethics committee of every hospital was
given. Each hospital has its own ethics committee (Sheba,
Rambam, Leuven). The approvals at Rambam and Leuven
were made after the approval was obtained at Sheba. No
informed consent was required to review the patients’ medical
records as it was a retrospective study and patients’ names
and identifying numbers were kept confidential. According to the decision of Sheba’s ethics committee, patient’s
data were extracted from medical records, each patient was
given a number, and then all data were saved and analyzed
according to this number; the list of patients’ names and the
corresponding number was kept in a notebook of the primary
investigator. The notebook will be saved for 7 years.

Results
This report describes 9 patients (6 males, average age 23±9
years) who were treated in these centers (Table 2). The
mean duration of treatment with omalizumab was 13.9±8.6
months. One patient was treated for only 2 months because
of an allergic reaction to omalizumab. Eight patients had
2 CFTR mutations of class I or II, 4 patients with the typical Ashkenazi Jewish mutation, W1282X, 1 patient with 1
severe mutation and 1 mutation from class IV (D1152H).
Seven (78%) patients had CF-related diabetes (CFRD).
Four patients had sputum cultures that were positive for
Pseudomonas aeruginosa, either mucoid or planktonic. All
patients had been treated with dornase α prior to diagnosis;
the average treatment time with dornase α was 4.5±3.2
years. The maintenance daily treatment for all patients was
according to the international guidelines, (inhalations of
hypertonic saline, respiratory physiotherapy, pancreatic
enzyme replacement therapy, vitamins, inhaled antibiotics, and insulin). Treatment remained unchanged during
the study period, with the exception of therapy enhancement during exacerbations. Three patients were treated
with systemic corticosteroids at the start of the treatment

Table 1 Clinical outcomes
Patient

FEV1 pre
%pred

FEV1 post
%pred

BMI pre
Z score

BMI post Z
score

IgE post
kU/L

IgE post
kU/L

PEx
Number

Steroids
pre

Steroids
post

1
2
3
4
5
6
7
8
9

69
83
61
80
76
72
39
36
25

54
71
62
79
54
74
29
33
30

–1.3
–1
–1.45
0.57
–3.4
–1.7
–2.6
–0.3
–4.7

–1.35
–0.69
–1.45
0.78
–4.1
–2.7
–3.1
–1.1
–4

1,570
7,560
3,280
12,000
1,180
472
667
715
2,690

387
5,240
3,900
14,200
299
274
172
488
5,000

2
4
0
0
4
3
17
6
0

Pulse
C
C
C
C
0.1 mg/kg
0.25 mg/kg
C
0.63 mg/kg

Pulse

0.1 mg/kg
0.25 mg/kg
0.63 mg/kg

Abbreviations: BMI, body mass index; C, contra-indication; FEV1, forced expiratory volume in 1 second; PEx, pulmonary exacerbation.

Table 2 Patient data
Patient

Age
(years)

Gender

Mutations

CFRD

Tx duration
(months)

Dose of
omalizumab

Center

1
2
3
4
5
6
7
8
9

32
19
27
16
12
24
21
41
15

M
M
F
M
M
M
M
F
F

W1282X/F508del
W1282X/W1282X
W1282X/G542X
W1282X/D1152H
N1303K/N1303K
F508del/F508del
F508del/F508del
F508del/F508del
F508del/R553X

Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes

26
8
15
5
12
12
18
27
2

375 mg
375 mg
375 mg
375 mg
375 mg
375 mg
300 mg
375 mg
375 mg

RMC IL
SMC IL
SMC IL
SMC IL
SMC IL
Leuven BE
Leuven BE
Leuven BE
Leuven BE

Abbreviations: CFRD, cystic fibrosis-related diabetes; M, male; F, female; SMC, Sheba Medical Center; RMC, Rambam Medical Center; BE, Belgium.
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(range of daily dosage 0.1–0.63 mg/kg). Five patients had
a contraindication for systemic corticosteroid treatment
(Mycobacterium abscessus in the sputum, psychiatric
condition).
When comparing FEV1 pre- and posttreatment with omalizumab (Figure 1), 4 patients had stable lung function, another
4 deteriorated, and only 1 improved (Table 1). The 2 patients
without the CFRD did not deteriorate (OR =0.29, 95% CI:
0.02–4.00, not significant (NS) P=0.36), nor did female patients
(OR =0.19, 95% CI: 0.014–2.75, NS P=0.22). Moreover,
females had a lower pulmonary exacerbation rate than males:
2 per females and 5 per males for the whole study period.
The posttreatment BMI decreased in 4 patients, was stable
in 3, and improved in 2 patients (Figure 2)

On average, patients experienced 4 exacerbations or
0.288 exacerbations per month of treatment (Table 1). Three
patients had no exacerbation (1 improved his lung function
and another 2 maintained stable lung function). No data were
available for the pulmonary exacerbation rate pretreatment.
Only 4 patients out of 9 were treated with steroids before
and after treatment, and none had a reduced steroid dosage
following the treatment with omalizumab.
Posttreatment IgE levels were lower than pretreatment levels in 6 patients (Table 1). None of them showed improvement
in any of the outcome parameters. By contrast, an improved
outcome was observed in the 3 patients with higher posttreatment IgE, (Figure 3), namely, no pulmonary exacerbation,
and stable or improved BMI and FEV1.

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
FEV1 pre

FEV1 post

Figure 1 FEV1 before and after treatment with omalizumab.
Note: Colored lines represents individual patients.
Abbreviation: FEV1, forced expiratory volume in 1 second.

2

Z score

1
0
–1
–2
–3
–4
–5

BMI pre

BMI post

Figure 2 BMI before and after treatment with omalizumab.
Note: Colored lines represents individual patients.
Abbreviation: BMI, body mass index.
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–5

0.3

0

0

–0.46

Change in
BMI Z-score
during study
period

Number of
exacerbations
per patient
per study
period

Change in
FEV1%
pred

–10

–15
–16.8
–20

Lower IgE

Higher IgE

Figure 3 Comparison between patients whose IgE level increased during treatment and patients whose level declined.
Abbreviations: FEV1, forced expiratory volume in 1 second.

Discussion
We described a series of 9 CF patients diagnosed with ABPA
and treated with omalizumab. To the best of our knowledge,
this is one of the largest single studies published to date and
the first series to include a specific Jewish (4 patients) subset
of CF patients who carry the W1282X mutation. Larger series
on ABPA have been published, however not on CF patients.
The mechanism of action of omalizumab is not clear. However, downregulation of IgE receptors, reduction in airway
eosinophilia, and a decrease in IL-4+ cells in allergic disease
may reduce the immune response in ABPA. This mechanism
underlies the hypothesis that omalizumb might be effective
in patients with CF and ABPA as proved previously in ABPA
complicating asthma.17 While the pathophysiology of ABPA
is also not well understood, the effectiveness of omalizumab
in ABPA in CF is doubtful. The literature regarding omalizumab in ABPA in CF is scarce, and the few series that have
been published deal with a very small number of patients
(not exceeding 50 in total). The findings suggest that this
treatment has limited benefits, with the exception of some
steroid-sparing effects. We hypothesize that there may be a
publication bias, such that negative results were not reported.
In our case series, treatment with omalizumab did not
improve the outcome in any of the parameters studied,
(the steroid-sparing outcome could only be observed in 4
patients). One possible reason for these results could be that

Journal of Asthma and Allergy 2018:11

the inhibition of IgE was not sufficient to treat ABPA. In other
words, in order to treat ABPA, another target cell or cytokine
should be selected. Alternatively, the dosage of omalizumab
may not have been sufficient and higher doses should be
considered. The lack of official guidelines and the dosage
warning by the drug producer regarding sedimentation of
IgE complexes in patients with high levels of IgE make it
challenging to examine whether higher doses of omalizumab
would be effective.
It has been suggested that prolonged treatment with
dornase alpha via inhalation is a risk factor for the development of ABPA.9 In fact in our study, all the patients had been
treated with dornase α. This is consistent with published data.
We assume that chronic mucosal irritation due to prolonged
use of dornase α might play a role in the colonization of CF
airways with AF. Alternatively, since the majority of subjects
with CF use dornase α, the association between dornase α
use and ABPA may be a chance finding.
Females and patients without CFRD tended to have better outcomes. CF patients with CFRD have a poorer clinical
CF course, so the improved outcome in CF patients without
CFRD was expected.
Females in our study had better outcomes, but again,
as with CFRD, the power of the study was not sufficient
to draw firm conclusions. Females with CF tend to have a
poorer disease course and shorter life expectancy. Hence,
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the better outcome in females might be explained by some
other protective factor (eg, estrogen) that is found in females
in higher levels than in males and has well established antiinflammatory properties like inhibiting proinflammatory
cytokines as IL-1, IL-6, and TNFα.23
Unexpectedly, the 3 patients with increased levels of IgE
at the end of the treatment had the most favorable outcomes
compared to the 6 patients with decreased IgE at the end of
treatment. These data suggest that monitoring the level of IgE
following omalizumab treatment might not be informative
at all and cannot replace the tight clinical control of those
patients. This appears to be due to the fact that the total IgE
measured includes the free IgE blocked by omalizumab.
This study also has limitations. The first is the small number
of patients with CF and ABPA treated with omalizumab; as a
result, the statistical power was not sufficient to obtain statistically significant differences, so the conclusions are limited.
Nevertheless, considering the fact that ABPA in CF is not a
prevalent condition, this series of 9 patients is one of the largest
reported. We did not measure specific IgE, free IgE, or report
on eosinophil numbers. One patient was treated for only 2
months, but we considered it important to include him as well.

Conclusion
In patients with CF, we found no advantage in administering
omalizumab for the treatment of ABPA. This study contributes to the clinical equipoise surrounding omalizumab treatment in subjects with CF and ABPA that can only be answered
objectively by a prospective randomized trial.
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