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ABSTRACT Whether use of high-dose steroids in acute-stage allergic bronchopulmonary aspergillosis
(ABPA) is associated with superior outcomes is not known. Herein, we compare the efficacy and safety of
two glucocorticoid protocols in ABPA.

Treatment-naive ABPA subjects randomly received either high-dose or medium-dose oral prednisolone.
The primary outcomes were exacerbation rates and glucocorticoid-dependent ABPA after 1 and 2 years,
respectively, of treatment. The secondary end-points were composite response rates after 6 weeks,
improvement in lung function, time to first exacerbation, cumulative dose and adverse effects.

92 subjects (high-dose n=44, medium-dose n=48) were included in the study. The numbers of subjects
with exacerbation after 1 year (high-dose 40.9% versus medium-dose 50%, p=0.59) and glucocorticoid-
dependent ABPA after 2 years (high-dose 11.4% versus medium-dose 14.6%, p=0.88) were similar in the
two groups. Although composite response rates were significantly higher in the high-dose group,
improvement in lung function and time to first exacerbation were similar in the two groups. Cumulative
glucocorticoid dose and side-effects were significantly higher in the high-dose group.

Medium-dose oral glucocorticoids are as effective and safer than high-dose in treatment of ABPA.
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Introduction
Allergic bronchopulmonary aspergillosis (ABPA) is a complex pulmonary disorder caused by
immunologic reactions mounted against antigens of Aspergillus fumigatus [1]. The disease complicates the
course of patients with asthma (and cystic fibrosis) [2], clinically manifesting as uncontrolled asthma,
recurrent pulmonary opacities and bronchiectasis [3]. The disorder may affect as many as 5 million
individuals worldwide [4] and is especially common in India [5, 6]. Despite six decades of research [7],
ABPA is still misdiagnosed in as high as one-third of cases [8]. If not adequately treated, the course of the
disease is characterised by recurrent episodes of exacerbations, progressing relentlessly to culminate in
bronchiectasis and respiratory failure. However, the interest in allergic aspergillosis stems from the fact
that the condition is treatment-responsive, and early diagnosis and treatment can prevent progression to
end-stage lung disease. The disease course of ABPA can be classified into seven stages [9] and the patient
does not necessarily progress from one stage to the other sequentially.

Glucocorticoids are considered the treatment of choice in acute-stage (stage 1) ABPA [10, 11], although
there are no placebo-controlled trials of corticosteroids in ABPA. However, their effectiveness in ABPA as
observed from years of experience is so well established that it might be considered unethical to conduct
placebo-controlled trials [1, 9, 12, 13]. Unfortunately, the optimal dose and duration of steroids in the
management of ABPA is also not known. Two doses of glucocorticoids have been suggested in acute-stage
ABPA. In the medium-dose regime [14], the dose of steroid is prednisone equivalent of 0.5 mg·kg−1·day−1

for 1–2 weeks, then on alternate days for 6–8 weeks, followed by tapering of 5–10 mg every 2 weeks, until
discontinuation [15]. In the high-dose protocol, the dose used is prednisone equivalent of
0.75 mg·kg−1·day−1 for 6 weeks, then 0.5 mg·kg−1·day−1 for 6 weeks, followed by tapering of 5 mg every
6 weeks to complete a total duration of 6–12 months [16]. The two protocols have never been compared
and the choice between the two remains a matter of personal (or institutional) preference. Nevertheless,
there is some suggestion that the use of high-dose steroid, due to its profound anti-inflammatory action
early in the course, is associated with a lower rate of progression to glucocorticoid-dependent ABPA [17].

We hypothesised that the high-dose steroid regimen would be superior to the medium-dose protocol in
preventing exacerbations and progression to the glucocorticoid-dependent stage in patients with ABPA.
In this randomised controlled trial (RCT), we compare the efficacy and safety of the two steroid protocols
in the initial management of patients with ABPA complicating asthma.

Material and methods
This was a prospective, open-label, investigator-initiated RCT conducted in the Chest Clinic of the
Postgraduate Institute of Medical Education and Research (PGIMER), Chandigarh, India. The subjects
were enrolled between January 2010 and March 2011, and scheduled for follow-up for at least 2 years. The
study protocol was approved by the Ethics Review Committee (MS/723/Res/276) and written informed
consent was obtained from all subjects. The trial is registered at www.clinicaltrials.gov (NCT00974766).

Patient selection
Subjects were eligible for inclusion in the study if they were treatment-naive and met the criteria for ABPA
defined by the presence of all of the following: 1) asthma, 2) immediate cutaneous hyperreactivity on
Aspergillus skin test or A. fumigatus specific IgE levels >0.35 kUA·L−1, 3) elevated total IgE levels
>1000 IU·mL−1, and two of the following features: i) presence of precipitating antibodies against
A. fumigatus in serum, ii) fixed or transient radiographic pulmonary opacities, iii) total eosinophil count
>1000·µL−1 and iv) bronchiectasis on high-resolution computed tomography (HRCT) of the thorax.
Subjects with any of the following were excluded: 1) intake of systemic glucocorticoids for >3 weeks in the
preceding 6 months, 2) immunosuppressive states such as uncontrolled diabetes mellitus, chronic renal
failure, chronic liver failure and others, 3) patient on immunosuppressive drugs, 4) pregnancy,
5) enrolment in another trial of ABPA and 6) failure to provide informed consent.

Randomisation
Subjects meeting the inclusion criteria were randomised 1:1 to either the high-dose or the medium-dose
glucocorticoid group (figure 1). The randomisation sequence was computer-generated and the assignments
were placed in opaque, sealed envelopes. The study was not blinded.

Study procedure
After a detailed clinical history and physical examination, all asthmatic subjects were investigated with
Aspergillus skin test, IgE levels (total and A. fumigatus-specific), precipitating antibodies against A. fumigatus,
peripheral blood eosinophil count, spirometry, chest radiograph and chest HRCT. Chest HRCT was used to
classify ABPA as serologic ABPA, ABPA with bronchiectasis or ABPA with high-attenuation mucus [18]. The
detailed methodology of each of the aforementioned investigations has been previously described [8, 19–27].
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Subjects fulfilling the inclusion criteria were randomised into one of the following two groups:
1) medium-dose steroids: oral prednisolone 0.5 mg·kg−1·day−1 for 2 weeks followed by 0.5 mg·kg−1 on
alternate days for 8 weeks, then taper by 5 mg every 2 weeks and discontinue after 3–5 months, and
2) high-dose steroids: oral prednisolone 0.75 mg·kg−1·day−1 for 6 weeks followed by 0.5 mg·kg−1·day−1 for
6 weeks, then taper by 5 mg every 6 weeks and discontinue after 8–10 months. If any subject required the
concomitant use of other medications for treatment of ABPA, such as itraconazole, voriconazole or
inhaled amphotericin B, for concomitant aspergilloma, then he/she was excluded from the study. The use
of inhaled corticosteroids and long-acting β2-agonists, and leukotriene receptor antagonists, for the control
of asthma was allowed in both the arms, at the discretion of the treating physician.

Apart from the aforementioned investigations, all patients also underwent liver and renal function tests,
fasting plasma glucose, and complete blood count. Subjects were followed up with history and physical
examination, chest radiograph, and serum IgE levels (total) at each visit every 6 weeks. Spirometry was
repeated at the first visit. The patients were clinically monitored for adverse reactions to glucocorticoids
such as cataract, glaucoma and others; fasting plasma glucose and blood pressure measurements were
performed every 2 months.

End-points
Clinical improvement in cough and dyspnoea was documented subjectively on a four-point scale as: 1, no
improvement or worsening; 2, mild improvement (up to 25% of baseline); 3, moderate improvement
(25%–75% of baseline); 4, significant improvement (>75% of baseline). The treatment effects were
classified as: 1) composite response (defined after 6 weeks of treatment, based on a combination of clinical,
radiological and immunological criteria when there was improvement in cough and dyspnoea (>75% of
baseline), and the IgE levels declined by >25% accompanied by partial/total clearance of chest radiographic
lesions (if present prior to treatment initiation)), 2) exacerbation (clinical and/or radiological worsening
along with doubling of the serum total IgE over the previous baseline value) or 3)
glucocorticoid-dependent ABPA (if the subject had exacerbation on two or more consecutive occasions

110 ABPA patients screened for 

eligibility

92 met the inclusion criteria for 

the study

48 randomised 

to medium-dose
steroid group

Lost to follow-up: 9

Lost to follow-up: 14

Excluded from analysis

(n=0)

92 randomised

1-year follow-up

44 randomised 

to high-dose
steroid group

Lost to follow-up: 5

Lost to follow-up: 12

Excluded from analysis

(n=0)

2-year follow-up

18 patients excluded

  6 refused consent

  12 had received oral steroids for >3 weeks 

  in preceding 3 months

FIGURE 1 CONSORT diagram demonstrating the flow of participants in the study. ABPA: allergic
bronchopulmonary aspergillosis.
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within 6 months of stopping treatment or required oral steroids for control of asthma). Exacerbations were
treated with oral steroids (0.5 mg·kg−1·day−1 for 4 weeks, then 0.25 mg·kg−1·day−1 for 4 weeks, then
0.125 mg·kg−1·day−1 for 4 weeks, then decreased by 5 mg·week−1 for a total of 4 months) and oral
itraconazole (200 mg twice daily for 6 months).

The primary outcomes were: 1) exacerbation rates after 12 months of glucocorticoid therapy and
2) progression to glucocorticoid-dependent ABPA after 24 months of treatment. The secondary outcomes
were: 1) proportion of subjects with a composite response (as defined above) at 6 weeks of treatment,
2) percentage decline in IgE (baseline IgE minus IgE after 6 weeks/baseline IgE) after 6 weeks of
treatment, 3) improvement in lung function after 6 weeks of treatment, 4) time to first exacerbation after
stopping treatment, 5) cumulative dose of oral glucocorticoids received and 6) glucocorticoid-related
adverse effects.

Sample size
The sample size was calculated based on a reported prevalence of glucocorticoid-dependent ABPA of 45%
in the medium-dose steroid arm compared with 15% in the high-dose group [16, 28]. With these
assumptions, 44 subjects would be required in each arm (confidence level (1−α) 95%, power level (1−β)
80%) to detect significant differences.

Statistical analysis
Data were analysed using SPSS (version 22.0; IBM, New York, NY, USA). Statistical significance was
assumed at p<0.05. The differences between categorical variables were analysed using the Chi-squared test
(or Fisher’s exact test); the differences between continuous variables were analysed using the Mann–
Whitney U-test. An intention-to-treat analysis was performed. Survival curves were constructed to study
the effect of steroid protocols on the time to first exacerbation using Kaplan–Meier analysis and the group
differences were analysed using the log-rank test.

Results
Of the 110 ABPA subjects screened for eligibility, 18 were excluded before randomisation (figure 1). 92
subjects with ABPA were randomised to either the high-dose (n=44) or the medium-dose steroid group
(n=48). The subject withdrawal rate was similar in the two groups at 1 year (high-dose 5 (11.4%) versus
medium-dose 9 (18.8%)) and 2 years (high-dose 12 (27.3%) versus medium-dose 14 (29.2%)). The baseline
characteristics were similar in the two groups (table 1). The subjects were generally young with a median
(interquartile range (IQR)) age of 31 (22–44) years; 55% were men. Most subjects had long-standing
asthma with a median (IQR) symptom duration of 12 (5–16) years. About 27% of the subjects had
inappropriately received antituberculosis therapy. Approximately 70% of the study population had
abnormal spirometry; percentage of the lower limit of normal forced expiratory volume in 1 s was <60% in
∼40% of the study population. Chest radiograph was abnormal in 62%, while fleeting opacities were
observed in 52% of the subjects. The majority of the subjects (72%) had bronchiectasis on chest HRCT;
high-attenuation mucus was observed in 27% of the subjects. The immunological investigations were also
similar in the two groups (table 1). All the patients were on inhaled corticosteroids and long-acting
β2-agonist, while 22 (23.9%) patients were also receiving leukotriene receptor antagonists.

Primary outcomes
The median (IQR) duration of follow-up of the study population was 24 (23–44) months. Overall, 42 (45.7%)
subjects experienced an exacerbation after completion of treatment. The numbers of subjects with
exacerbations after 1 year of treatment were similar in the two groups (table 2). The exacerbations were treated
with a combination of glucocorticoids and itraconazole. There was good response and only 12 of the 42
subjects were classified as glucocorticoid-dependent ABPA. The numbers of subjects with
glucocorticoid-dependent ABPA after 2 years of treatment also did not differ between the two groups (table 2).
An exploratory worst-case scenario analysis was also performed assuming all dropout cases to have adverse
outcomes. There was no significant change in the relative primary outcomes in the two groups.

Secondary outcomes
After 6 weeks of treatment, the proportion of subjects with a composite response was higher in the
high-dose (44/44, 100%) compared with the medium-dose (42/48; 87.5%) group (p=0.045; table 2).
Similarly, the percentage decline in IgE was also significantly higher in the high-dose group. The
improvement in lung function on spirometry at 6 weeks (table 2) and the time to first exacerbation after
stopping treatment (figure 2) was similar in the two groups (mean 132 versus 100 days). The total dose
(mean 4011 versus 1694 mg) of corticosteroids was significantly higher in the high-dose arm (table 2). The
occurrence of adverse reactions to glucocorticoids such as cushingoid habitus, weight gain and striae
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formation was also significantly higher in the high-dose arm (table 2). There was no occurrence of
pulmonary tuberculosis or nontuberculous mycobacterial infection in the study population.

A subgroup analysis was performed to examine the effect of glucocorticoid dosing on outcomes in patients
with high-attenuation mucus (online supplementary table S1). There was no difference in the relative
primary or secondary outcome in patients with high-attenuation mucus compared with the overall analysis.

The clinical characteristics of the six subjects who did not respond with medium-dose steroids at 6 weeks
are shown in table 3. Although the prevalence of bronchiectasis and the number of segments involved by
bronchiectasis was higher in the subjects without response, these differences were not significantly
different from the responders (table 4). All the six subjects were treated with high doses of steroids, and
showed clinical and/or radiological, and immunological response.

Discussion
The results of this study suggest that medium-dose oral steroid is as effective as high-dose oral steroid in
preventing exacerbations and progression to the glucocorticoid-dependent stage in ABPA complicating
asthma. Although composite response rates and percentage decline in IgE were significantly higher in the
high-dose arm, improvement in lung function and time to first exacerbation were similar in the two

TABLE 1 Baseline characteristics of the study population

High-dose steroid group Medium-dose steroid group Total p-value

Subjects n 44 48 92
Demographic variables
Age years 32 (23–41) 30 (21–45) 31 (22–44) 0.760
Male 29 (65.9) 22 (45.8) 51 (55.4) 0.053
Height cm 161.5 (153.5–168) 159.5 (156–166.5) 160 (154–167) 0.812
Weight kg 53.5 (47.5–63.8) 51.8 (47–57) 53 (47.5–63.5) 0.443
Duration of asthma years 12 (5–16) 11 (5–16) 12 (5–16) 0.892
Haemoptysis 12 (27.3) 7 (14.6) 19 (20.7) 0.133
Brownish-black mucus plugs 11 (25.0) 7 (14.6) 18 (19.6) 0.208
Inappropriate antituberculosis therapy 11 (25.0) 14 (29.2) 25 (27.2) 0.654

Spirometry
FEV1 % LLN 72.7 (48.2–87.1) 67.7 (56.9–96.4) 69.4 (55.9–87.9) 0.838
FVC % LLN 86.0 (65.9–92.5) 84.5 (72.6–95.9) 85.1 (70.2–94.1) 0.676
FEV1/FVC 69.4 (61.5–78.1) 70.1 (59.6–79.6) 69.9 (60.9–78.2) 0.907

Severity of obstruction
Mild (FEV1 60–80%) 16 (36.4) 13 (27.1) 29 (31.5) 0.246
Moderate (FEV1 40–60%) 5 (11.4) 11 (22.9) 16 (17.4)
Severe (FEV1 <40%) 11 (25) 7 (14.6) 18 (19.6)

Chest radiograph findings
Abnormal chest radiograph 30 (68.2) 26 (55.3) 56 (61.5) 0.208
Fleeting opacities 24 (54.5) 23 (48.9) 47 (51.6) 0.593

Chest HRCT findings
Normal HRCT (serologic ABPA) 10 (22.7) 16 (33.3) 26 (28.3) 0.259
Bronchiectasis 34 (77.3) 32 (66.7) 66 (71.7)
High-attenuation mucus 10 (22.7) 14 (29.8) 25 (27.2) 0.456

Immunological findings
Aspergillus skin test 42 (95.5) 42 (87.5) 84 (91.3) 0.176
A. fumigatus-specific IgE levels kUA·L−1 23.9 (9.7–46.0) 22.6 (2.8–46.9) 23.9 (8.3–46.5) 0.545
Total IgE levels IU·mL−1 9879 (5550–12921) 7157 (2824–12694) 8900 (3400–12694) 0.153
Total eosinophil count cells·µL−1 600 (196–1200) 715 (365–1548) 670 (256–1250) 0.187
Aspergillus precipitins 28 (63.6) 32 (66.7) 60 (65.2) 0.760

Asthma treatment
Patients on ICS 44 (100) 48 (100) 92 (100) 1.000
Patients on LABA 44 (100) 48 (100) 92 (100) 1.000
Patients on LTRA 12 (25) 10 (22.7) 22 (23.9) 0.799
Dose of ICS (BDPE) µg·day−1 926 (768–1084) 809 (655–962) 865 (756–974) 0.290
Dose of LABA µg·day−1 28 (23–33) 24 (20–29) 26 (23–29) 0.390

All values are presented as median (interquartile range) or n (%), unless otherwise stated. FEV1: forced expiratory volume in 1 s; LLN: lower
limit of normal; FVC: forced vital capacity; HRCT: high-resolution computed tomography; ABPA: allergic bronchopulmonary aspergillosis;
A. fumigatus: Aspergillus fumigatus; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; LTRA: leukotriene receptor antagonist;
BDPE: beclomethasone equivalent.
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groups. Total glucocorticoid dose and frequency of adverse events were also significantly higher in the
high-dose group. The current study is the largest randomised trial in ABPA and, to the best of our
knowledge, the first study evaluating the dose of steroids to be used in the initial management of
previously untreated ABPA. Few randomised trials have evaluated the treatment effects in patients with
ABPA [29, 30]. The previous two RCTs had investigated the effects of antifungal azoles and were
conducted either in steroid-dependent patients or in those with clinically stable disease following steroid
therapy [29, 30]. Apart from the small sample size of these RCTs (55 and 29 patients), both the trials
followed up patients for a maximum of only 4–8 months.

The principles in the management of ABPA revolve around the use of anti-inflammatory therapy
(systemic glucocorticoids) to restrain the immune hyperactivity and the use of antifungal agents (azoles) to
mitigate the fungal burden in the airways [31]. Oral corticosteroids are currently the treatment of choice in
the management of acute-stage ABPA [32]. ABPA is characterised by increased Aspergillus-induced Th2/
Th1 T-helper cytokine ratio due to activation of inflammatory genes [33]. Glucocorticoids suppress
multiple inflammatory genes activated in asthmatic airways by recruiting histone deacetylases and
reversing histone acetylation of the activated inflammatory genes [34].

FIGURE 2 Time to first exacerbation
in patients receiving high-dose
versus medium-dose glucocorticoids.
Time to first exacerbation was
similar in the two groups.
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TABLE 2 Study outcomes

High-dose steroid group Medium-dose steroid group p-value

Subjects n 44 48
Primary outcomes
Subjects with exacerbations after 1 year of treatment 18 (40.9; 27.7–55.6) 24 (50; 36.4–63.6) 0.592
Subjects with glucocorticoid-dependent ABPA after 2 years of treatment 5 (11.4; 4.9–23.9) 7 (14.6; 7.3–27.2) 0.882

Secondary outcomes
Response after 6 weeks of treatment 44 (100; 91.9–100) 42 (87.5; 75.3–94.1) 0.045
Percentage decline in IgE after 6 weeks of treatment 43.8 (36.8–50.9) 11.8 (−8.1–31.7) 0.025
Difference in FEV1 after 6 weeks of treatment L 0.27 (0.17–0.37) 0.34 (0.23–0.45) 0.426
Difference in FVC after 6 weeks of treatment L 0.37 (0.19–0.54) 0.37 (0.26–0.49) 0.725
Time to first exacerbation after stopping therapy days 132 (84–180) 100 (65–136) 0.262
Total amount of glucocorticoid mg 4011 (3620–4401) 1694 (1578–1810) 0.0001
Glucocorticoid-related adverse reactions
Cushingoid habitus 35 (79.6; 65.5–88.9) 14 (29.2; 18.2–43.2) 0.0001
Hypertension 1 (2.3; 0.4–11.8) 0
Hyperglycaemia 1 (2.3; 0.4–11.8) 0
Hypertrichosis 5 (11.4; 4.9–23.9) 0
Acne 16 (36.4; 23.8–51.1) 10 (20.8; 11.7–34.3) 0.098
Striae 8 (18.2; 9.5–31.9) 1 (2.1; 0.4–10.9) 0.025
Weight gain (>10% of baseline) 24 (54.6; 40.1–68.3) 8 (16.7; 8.7–29.6) 0.0001
Mood changes 4 (9.1; 3.6–21.2) 2 (4.2; 1.2–13.9) 0.594

All data are presented as n (%; 95% CI) or mean (95% CI), unless otherwise stated. All outcomes are based on an intention-to-treat analysis.
ABPA: allergic bronchopulmonary aspergillosis; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity.
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The results of the present study are applicable only to patients with acute-stage ABPA, i.e. stage 1 [9]. In
patients with exacerbations, i.e. stage 3 [9], the current treatment of choice is a combination of
glucocorticoids and itraconazole [29, 30]. An interesting proposition is the use of itraconazole monotherapy
as first-line therapy for acute-stage ABPA [35], as this would avoid the adverse effects of glucocorticoid
therapy altogether. However, any azole therapy has to be balanced in light of the emerging importance of
azole-resistant Aspergillus species not only in Europe but also in Asia [36, 37]. Two randomised trials
evaluating the role of itraconazole and voriconazole monotherapy in treatment-naive ABPA subjects have
been completed (www.clinicaltrials.gov NCT01321827 and NCT01621321), and hopefully the results of
these trials should provide clarify the role of azole monotherapy in acute-stage ABPA.

We had hypothesised that treatment of acute-stage ABPA with higher dose and prolonged duration of
steroids would be more effective than treatment with lower doses, due to the early and profound suppression
of immune hyperfunction. The proportion of patients progressing to corticosteroid-dependent ABPA
reported previously was higher in one study using a medium-dose steroid regime (38/84; 45.2%) [28]
compared with another study that employed high doses (17/126; 13.4%) [16]. In the current study, the
prevalence of steroid-dependent ABPA was low in both the arms (15% and 11% in high-dose and

TABLE 4 Baseline characteristics of the responders and nonresponders in the medium-dose
steroid group at 6 weeks

Responders Nonresponders p-value

Subjects n 42 6
Demographic variables
Age years 31 (22–45) 22 (20–25) 0.119
Male 19 (45.2) 3 (50) 0.827
Duration of asthma years 11 (5–17.5) 12 (7–14) 0.781

Spirometry
FEV1 L 1.99 (1.42–2.60) 1.57 (1.16–2.08) 0.154
FVC L 2.86 (2.21–3.36) 2.63 (1.72–2.81) 0.195
FEV1/FVC 71.5 (59.5–79.9) 60.9 (59.7–63.4) 0.092

Chest radiograph findings
Abnormal chest radiograph 21 (51.2) 5 (83.3) 0.139
Fleeting opacities 18 (43.9) 5 (83.3) 0.071

Chest HRCT findings
Bronchiectasis 27 (64.3) 5 (83.3%) 0.355
Segments involved 4 (0–8) 7 (1–10) 0.363
High-attenuation mucus 12 (29.3) 2 (33.3) 0.839

Immunological findings
A. fumigatus-specific IgE levels kUA·L−1 22.6 (2.8–46.9) 23.9 (9.7–46.0) 0.473
Total IgE levels IU·mL−1 5825 (2808–12594) 11271(7105–12794) 0.418
Total eosinophil count cells·µL−1 715 (300–1520) 754 (540–1840) 0.483

All data are presented as median (interquartile range) or n (%), unless otherwise stated. FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; HRCT: high-resolution computed tomography;
A. fumigatus: Aspergillus fumigatus.

TABLE 3 Clinical characteristics of the six subjects in the medium-dose steroid group with lack of composite response after
6 weeks of treatment

Subject Age/sex Duration of
asthma years

Total IgE
levels IU·mL−1

A. fumigatus-specific
IgE levels kUA·L−1

Total eosinophil
count cells·µL−1

HRCT evidence of
bronchiectasis

Segments
involved by

bronchiectasis n

High-attenuation
mucus on chest

HRCT

1 19/male 16 11058 41.1 540 Yes 8 No
2 32/male 14 1012 15.0 400 No 0 No
3 24/female 14 7105 42.9 660 Yes 5 No
4 20/male 10 11483 56.7 848 Yes 13 Yes
5 20/female 7 19600 1.8 1840 Yes 10 Yes
6 25/female 1.5 12794 31.9 2440 Yes 1 No

HRCT: high-resolution computed tomography; A. fumigatus: Aspergillus fumigatus.
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medium-dose groups, respectively). This is probably due to improvements in management of asthma over
time, with the availability of not only better drugs (including long-acting β2-agonists, leukotriene-receptor
antagonists and others) [38], but also better approaches [39]. It is also plausible that the
eosinophil-predominant inflammation encountered in ABPA is highly responsive to steroids; thus, a lower
dose and shorter duration may be as effective as higher doses.

The response rates and percentage decline in IgE at 6 weeks were significantly higher in the high-dose
group. However, this does not support the routine use of high-dose steroids in preference to medium-dose
steroids. The majority of the patients in the medium-dose arm showed response at 6 weeks, but high-dose
steroids had no impact on the frequency of exacerbations and development of steroid-dependent ABPA.
Importantly, improvement in spirometric parameters at 6 weeks and time to first exacerbation were similar
in the two groups, which further suggests that the IgE decline is of little significance. The clinical
significance of a decline in serum IgE is not known and in one study the quantum decline in IgE was not
a predictor of exacerbation in ABPA [19]. Due to a higher total steroid dose (almost 2.5 times higher), the
frequency of adverse events (cushingoid habitus and weight gain) were significantly higher in the
high-dose steroid arm. We also did not routinely screen for bone mineral density, adrenal stress response,
slit-lamp eye exam and glucose tolerance. The high-dose regime, in particular, is more likely to place
subjects at risk for steroid toxicities and is another reason to choose the medium-dose regime given what
looks like similar efficacy. Thus, a medium-dose steroid regime is not only equally efficacious as high-dose
steroids, but is also less likely to cause adverse effects compared with the high-dose protocol. Therefore,
high-dose steroids should not be routinely used in the management of ABPA. However, if the
medium-dose protocol is chosen, a failure to respond at 6 weeks should promptly trigger consideration for
higher doses of steroids. Unfortunately, the study could not identify any factor that could predict failure of
response to medium-dose steroids.

Finally, the study is not without limitations. This was a single-centre study and due to logistic difficulties, the
study could not be blinded. To overcome this limitation, the clinical and radiological improvement was
corroborated by an objective marker, i.e. IgE levels. The study also did not utilise any quality of life scores,
although patient-centric outcomes such as clinical improvement were scored on a semi-quantitative Likert
scale. Furthermore, we measured spirometry at baseline and at 6 weeks to complement the clinical,
radiological and immunological improvement. The study enrolled patients with ABPA complicating asthma
only, thus the results may not be applicable to other patient populations (such as cystic fibrosis) with ABPA.
There was considerable attrition of study participants at 1 and 2 years of follow-up; however, the dropout
rate was similar in the two groups. The loss to follow-up does not appear to be linked to dose-related adverse
events as the high-dose regime had fewer dropouts. It is likely that improvement in the underlying condition
prompted them to stop further follow-up. However, a worst-case scenario analysis was also performed with
the missing data [40] and there was no change in the study outcomes. In any event, the balance of safety and
effectiveness clearly supports the low dosage over the higher dosage treatment for most subjects. Although
the sample size was calculated a priori, the presumed difference between the two study arms of 30% was not
seen and thus the study may be underpowered to detect the differences. In fact, with the current difference of
4% in the two arms, a sample of 1159 subjects in each arm would be required to detect any significant
difference. If we use figures from the current study for calculating sample size for the exacerbation rate, 502
patients will be required in each arm to detect differences. Therefore, the results need to be verified in a
larger, preferably multicenter trial. Finally, the trial was conducted at a tertiary-care referral centre and thus
there may be limitations in terms of applicability to other settings.

In conclusion, medium-dose oral steroids may be as effective and safer compared with high-dose steroids
in preventing exacerbations and glucocorticoid dependence in ABPA. However, a small proportion of
patients do not have an adequate early response to medium-dose steroids; hence, the initial treatment
needs to be closely monitored.
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