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CASE REPORT

Resolution of Corticosteroid-Induced Diabetes in Allergic
Bronchopulmonary Aspergillosis with Omalizumab Therapy:

A Novel Approach

Inderpal Randhawa, M.D.,* Terry Chin, M.D., Ph.D., and Eliezer Nussbaum, M.D.

UC Irvine Department of Pediatrics, Miller Children’s Hospital, Long Beach, California, U.S.A.
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Introduction
Allergic bronchopulmonary aspergillosis (ABPA) occurs

in up to 15% of patients with cystic fibrosis (CF) (1). Clin-
ically, the disease manifests by symptoms consistent with
bronchial asthma along with wheezing, pulmonary infiltrates,
and bronchiectasis. Variable immunologic responses to As-
pergillus fumigatus antigens are observed including periph-
eral blood eosinophilia, prick skin test reactivity, increased
levels of total serum immunoglobulin (IgE), the presence of
precipitating antibodies and increased specific serum IgE and
IgG antibodies to A fumigatus (2,3). Treatment of ABPA tar-
gets the inflammatory and immunological activity with cor-
ticosteroids in concert with an overall reduction of airway
fungal load with antifungal agents (4). Long-term treatment
is often required because of repeated exacerbations when cor-
ticosteroid treatment is tapered. Owing to chronic systemic
corticosteroid use, serious adverse events frequently include
insulin resistance, hyperglycemia, and chronic diabetes (5).

Allergic bronchopulmonary aspergillosis frequently re-
sults in severe worsening of the respiratory condition in
patients with chronic obstructive lung disease, particularly
cystic fibrosis. Treatment can result in steroid dependency
and serious adverse events (6). Several case reports of im-
provement of respiratory symptoms and lung function af-
ter treatment with anti-IgE antibody (omalizumab) in cys-
tic fibrosis patients with ABPA have been described (7,8).
While previous benefits of omalizumab have been noted
in ABPA, this report focuses on the subgroup of CF pa-
tients with steroid-induced hyperglycemia. As systemic
corticosteroids are a mainstay of therapy in ABPA, this
subgroup requires intensive glucose monitoring while on
steroids. We report a case of corticosteroid-induced diabetes
in a patient with CF and ABPA subsequently treated with
omalizumab.

*Corresponding author: Inderpal Randhawa, M.D., Miller Children’s
Hospital, UC Irvine Department of Pediatrics, 2801 Atlantic Ave., Long
Beach, 90806; E-mail: docrandhawa@yahoo.com

Case History
R.H. is a 14-year-old African American male with

F191V/R1070W CF mutations and positive P. aeruginosa
bronchial cultures. He was in a usual state of health with
baseline forced expiratory volume one second (FEV1) 60%
predicted and was hospitalized with progressive pulmonary
infiltrates. He had no prior history of ABPA. His pul-
monary function values (% predicted) were decreased at
FEV1 26%, forced vital capacity (FVC) 56%, FEV1/FVC
46%, forced expiratory flow during the middle half of the
forced vital capacity (FEF25−75)() 7%, peak expiratory flow
(PEF) 39%, respiratory volume (RV) 152%, and RV/total
lung capacity (TLC) ratio 0.39. Total serum IgE was 2487
IU/mL (normal 0–150 IU/mL), presence of precipitating an-
tibodies, increased specific serum IgE and IgG antibodies
to A fumigatus, and positive bronchoalveolar fluid culture
with A. fumigatus. Chest radiograph demonstrated wors-
ening left upper lobe infiltrates. Chest computed tomogra-
phy showed increased bronchiectasis particularly in the left
upper lobe.

Initial treatment included inhaled albuterol, fluticasone,
alpha dornase, hypertonic saline (6.5%), intravenous to-
bramycin (with serum levels 2.3–16.6 µg/mL), cefepime,
lansoprozole, multivitamins, pancreatic enzymes, itraconza-
ole 200 mg bid and prednisone 1 mg/kg/day (30 mg twice
daily). Standard airway clearance protocols were followed.
Initial serum glucose was 110 mg% and HgA1c 5.5%. Af-
ter 10 days of therapy, all pulmonary function test (PFT)
values improved, and there was no radiographic evidence
of change. After 3 weeks of inpatient treatment, his serum
IgE increased to 19506 IU/mL and PFT values had reached
a plateau. Serum itraconazole levels by liquid chromatogra-
phy were 1.3 µg/mL and hydroxyitraconzazole serum level
2.8 µg/mL on 500 mg daily. His serum glucose levels were
consistently elevated with a peak over 500 mg%. Despite
short- and long-acting insulin therapy, glucose control was
difficult to achieve. Insulin antibody (<1.0 U/mL), islet cell
antibody (<1:4), glutamic acid dehydrogenase antibody (<1
U/mL), thyroglobulin antibody (<33 IU/mL), thyroperoxi-
dase antibody (<33 IU/mL), thyroid stimulating hormone
(2.96 IU/mL), and serum cortisol 16 mg% were all within
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Figure 1.—Clinical parameters of blood glucose (preprandial or fasting) and pulmonary function. Insulin treatment started January 29. Prednisone taper began
February 18 with discontinuation on March 8. Omalizumab treatment started March 3. Insulin was discontinued on April 4.

normal values. Owing to steroid- induced hyperglycemia,
prednisone dose was gradually tapered from 1 mg/kg/day
(30 mg twice daily) to 0.15 mg/kg (10 mg every other day)
over 5 weeks resulting in improved serum glucose levels
varying from 106 to 244 mg%. However, after steroid re-
duction, pulmonary function values began to worsen (FEV1
40% predicted). The pulmonary infiltrates and PFTs demon-
strated a significant improvement with systemic steroid ther-
apy. Hence, we accepted the adverse effect of volatile hy-
perglycemia that was targeted with a sliding scale insulin
regimen. After 5 weeks of this in-patient intensive regimen,
PFT values improved markedly and pulmonary infiltrates
cleared.

After discharge, his hyperglycemia persisted despite home
insulin sliding scale therapy. In an effort to reduce steroid-
induced hyperglycemia, omalizumab 375 mg subcutaneously
twice a month was initiated in concert with high-dose itra-
conazole (500 mg/day). Both objectives of glucose control
and maintenance of pulmonary function were accomplished
(see Figure 1).

Subsequent PFTs over a 6- month course on omalizumab
were consistently near pre-exacerbation baseline (Figure 1).
Chest radiographs 1 to 6 months after discontinuation of
prednisone have shown resolution of infiltrates. He remains
off insulin since the institution of omalizumab. His serum
glucose level remains consistently 70 to 90 mg%. Cur-
rently, 11 months after omalizumab treatment, the patient
has not shown a decline in lung function, symptoms of hy-
perglycemia, or a need for systemic steroids.

Discussion
Our CF patient had a recent diagnosis of ABPA with re-

current pulmonary exacerbations, significantly elevated to-
tal IgE, and deteriorating lung function. He failed frequent
and prolonged courses of moderate-dose oral corticosteroids.
He also failed adjuvant therapy with itraconazole despite its
adequate serum levels. The patient had no prior history of
CF-related hyperglycemia until he required oral corticos-
teroid use. The patient’s glucose control with insulin after
starting oral corticosteroids was poor and particularly labile
such that he required prolonged hospitalization. Omalizumab

improved glycemic control by allowing the patient to taper
off systemic corticosteroids.

The pathophysiology of ABPA and Aspergillus coloniza-
tion in CF airways has been previously described (9–10).
ABPA has been classically categorized into five stages. Stage
1 represents acute disease with upper or middle lobe infil-
trates with acutely elevated total serum IgE. Stage 2 disease
indicates clinical remission without pulmonary infiltrates af-
ter discontinuation of prednisone for 6 months. Stage 3 dis-
ease describes the clinical exacerbation of recurrence (similar
to stage 1). Stage 4 disease is defined by intermittent infil-
trates, elevated IgE, and corticosteroid dependence. Stage 5
disease represents end-stage fibrocavitary lung disease (11).
The mainstay of therapy includes systemic corticosteroids
with many patients requiring prolonged treatment courses to
control the disease. The use of antifungal therapy has been
recommended as a mean to decrease the fungal burden in the
airway. Chest radiographs, blood eosinophils, and IgE levels
are measured frequently as improvement indicators, char-
acterized by resolution/stabilization of infiltrates, decline in
sputum eosinophils, and a stabilization of total IgE (12). Par-
ticularly as steroid-sparing therapy, a trial of itraconazole
for 4 to 6 months has been recommended. Itraconazole ther-
apy requires monitoring drug levels, liver enzymes, triglyc-
eride, and potassium levels (13). Standard stage 1 therapy
with prednisone and itraconazole demonstrated the usual re-
covery in lung function and radiographic resolution in our
case. However, the steroid induction of insulin resistant dia-
betes did not allow for optimization of the standard treatment
regimen.

Systemic glucocorticoid therapy impairs the suppression
of glucose production and stimulation of glucose utiliza-
tion (14). The aspect insulin resistance has been described
in depth in solid organ transplantation. The frequency of
steroid- induced diabetes was as high as 46% in renal trans-
plant recipients who received high-dose steroid regimens
(15). Steroid-induced insulin resistance is potentially mul-
tiplied in cystic fibrosis. In CF patients without diabetes, in-
sulin sensitivity is variable (16). While most of these patients
are sensitive to insulin at baseline, infection and inflamma-
tion increase insulin resistance (17). In episodes similar to
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ABPA, insulin resistance can become acutely severe dur-
ing infectious exacerbations (17). Hence, particularly in CF,
baseline insulin resistance compounded with systemic corti-
costeroid use places these patients at greater risk to develop
diabetes and redirects therapy toward steroid-sparing agents.

The use of omalizumab to treat ABPA in cystic fibrosis
has been previously reported in a case series (18). The ef-
ficacy and safety of omalizumab, a recombinant anti-IgE
antibody, has been established in severe allergic asthma (19).
The pharmacodynamics of omalizumab in allergic asthma
include downregulation of IgE receptors and the reduction of
unbound serum IgE (20). A clinical response was achieved
in our case without a dose escalation of omalizumab despite
a significantly elevated serum IgE. While the pathogenesis
of IgE in ABPA is not fully understood, the attenuation of
the hyper-IgE response in ABPA has been reported clinically
(7). Before the start of omalizumab, our patient failed to
achieve complete disease control after prolonged courses of
what could be considered standard therapy. The limitation in
therapy was primarily steroid-induced diabetes. Unlike pre-
vious reports with a prolonged history of stage 4 ABPA, our
patient demonstrated rapid clinical improvement and a di-
minished corticosteroid requirement in stage 1 ABPA. Based
on this experience, omalizumab has a potential role as adju-
vant therapy in stage 3 ABPA. Omalizumab may also be a
steroid-sparing agent in the initial therapy of stage 1 ABPA,
particularly in CF patients who are pre-diabetic or prone to
insulin resistance. The specific health care cost utilization
of ABPA is not known. Nevertheless, the cost of in-patient
ABPA therapy in our patient paled in comparison to outpa-
tient omalizumab treatment. This therapeutic option certainly
merits further investigation in both cystic fibrosis and other
chronic lung disease models prone to ABPA.
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