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Allergic bronchopulmonary aspergillosis (ABPA) 
is a hypersensitivity disorder of the lung caused 
by Aspergillus fumigatus [1,2]. On the other hand, 
allergic bronchopulmonary mycosis is the occur-
rence of ABPA-like syndrome due to fungi other 
than A. fumigatus. The interest in ABPA springs 
from the fact that this condition is extremely 
treatment responsive, and early diagnosis and 
treatment can prevent progression to end-stage 
lung disease [3]. However, if the condition is not 
diagnosed and/or treated appropriately, wide-
spread bronchiectasis and pulmonary fibrosis 
can eventually develop, culminating in cor pul-
monale and chronic type 2 respiratory failure [4]. 
Recently, Denning et al. have described a new 
asthma phenotype termed severe asthma with 
fungal sensitization (SAFS), which is closely 

linked to ABPA [5,6] and can be considered as a 
prelude to the development of ABPA [7,8]. These 
patients are characterized by severe asthma, sen-
sitization to one or more fungi with no other 
diagnostic features of ABPA. SAFS and ABPA 
can be considered as different stages of fungal 
sensitization due to differing Th2 responses, 
with the immune responses being quantitatively 
higher in the latter.

The management of ABPA includes two 
important facets, namely, institution of anti-
inflammatory therapy in the form of glucocorticoids 
to control the immunologic activity, and use of 
antifungal agents to attenuate the fungal burden 
secondary to fungal colonization in the airways. 
The goals of therapy in ABPA include control 
of asthma, prevention and treatment of acute 
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Allergic bronchopulmonary aspergillosis (ABPA) is a pulmonary disorder caused by hypersensitivity 
to Aspergillus fumigatus that usually complicates the disease course of patients with asthma 
and cystic fibrosis. Oral corticosteroids are currently the treatment of choice for ABPA. Another 
active target is the use of azoles, which act by reducing the antigenic stimulus secondary 
to a decreased fungal burden. Studies suggest that itraconazole compared with placebo can 
improve symptoms in ABPA, decrease the immunological severity (IgE levels and total eosinophil 
counts), glucocorticoid requirement and the number of acute ABPA exacerbations. Severe asthma 
with fungal sensitization, a disorder closely related to ABPA, is a specific phenotype of asthma 
characterized by severe asthma and evidence of fungal sensitization after exclusion of ABPA. 
Again, oral itraconazole has been found to improve the quality of life in these steroid-dependent 
asthma patients. The current retrospective study evaluated the use of newer azoles (voriconazole 
and posaconazole) in adult asthmatic patients with either ABPA or severe asthma with fungal 
sensitization, and found the newer azoles to improve asthma control and reduce the severity 
of ABPA.
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exacerbations of the disease, and prevention of the development of 
bronchiectasis and pulmonary fibrosis. Current pharmacotherapy 
for ABPA primarily involves the use of oral corticosteroids (OCSs) 
and azoles. Oral steroids are currently agreed as the treatment 
of choice for ABPA, although there are no randomized trials of 
steroids in ABPA. They are highly efficacious in the management 
of ABPA [3,9–12]; however, once the steroids are tapered, almost 50% 
of patients relapse and 20–45% remain glucocorticoid dependent 
[9,13]. Many patients also develop adverse effects owing to chronic 
glucocorticoid therapy [14,15]. These problems have led clinicians to 
look for alternative treatment approaches that would either obviate 
the need for glucocorticoids or decrease the dose of systemic steroids 
in the treatment of ABPA. Antifungal agents, especially itraconazole, 
have been reported to have beneficial effects in therapy of ABPA 
[16–23]. Itraconazole was also found to have some beneficial effects 
in the treatment of SAFS. However, not all patients respond to 
itraconazole and, currently, treatment with itraconazole is associated 
with a 40% failure rate in ABPA [24]. Moreover, there are numerous 
adverse events (AEs) described with itraconazole [25]. In a recent 
retrospective study, Chishimba et al. analyzed the effect of newer 
azoles (voriconazole and posaconazole) as second- or third-line 
therapies in patients with ABPA and SAFS [26].

Methods
The study by Chishimba et al. was a single-center, retrospective 
study on the efficacy and safety of voriconazole or posaconazole 
in patients with ABPA or SAFS diagnosis based on contemporane-
ous criteria [26]. Voriconazole (300–600 mg/day) or posaconazole 
(800 mg/day; adjusted by plasma-level monitoring) was given for 
at least 6 months, if tolerated. The target plasma levels used for 
voriconazole and posaconazole were 1.3–5.7 mg/l (predose) and 
>0.7 mg/l (random, after steady state was reached), respectively. 
Some patients received both agents at separate times, and the 
authors evaluated each course separately.

Response was evaluated in clinical, immunological (decrease in 
IgE levels [total and A. fumigatus specific] and peripheral blood 
eosinophilia), lung function and radiological features, with clin-
ical improvement considered as the most important outcome. 
Clinical improvement was defined as improvement in symptoms 
of breathlessness, cough, wheeze, chest tightness, nocturnal 
awakening and/or asthma control (as defined by the global ini-
tiative for asthma criteria that include: reductions in dosage and 
courses of oral and inhaled corticosteroids [ICSs], exacerbations, 
daytime or nocturnal symptoms and number of hospitalizations 
or emergency room visits; improvement in exercise tolerance and 
lung function in terms of forced expiratory volume in the first 
second [FEV]; and improvement in the overall quality of life).

Results
The study included 25 patients (20 ABPA and five SAFS; ten 
men) with a median age of 58 years (range: 20–80 years). Of 
the 20 patients with ABPA, 12 had bronchiectasis on com-
puted tomography of the chest. All patients with SAFS had 
fixed airway obstruction with the mean FEV

1
% predicted being 

52.8% (range: 27.8–75%). All patients had previously received 

itraconazole, but treatment was discontinued owing to adverse 
reactions (n = 13), lack of clinical efficacy (n = 11), low serum 
concentrations (n = 2) or itraconazole resistance in A. fumigatus 
(n = 2). Thirty-three courses of therapy were administered, 24 
with voriconazole (19 ABPA and five SAFS) and nine with posa-
conazole (all ABPA). Posaconazole was administered in those 
experiencing side effects (n = 5), lack of response (n = 3) or in vitro 
resistance of A. fumigatus (n = 1) to voriconazole. The mean treat-
ment duration of voriconazole and posaconazole was 16.7 months 
(range: 2–48 months) and 16.3 months (range: 3–36 months), 
respectively.

Overall clinical improvement to voriconazole therapy was 
observed in 17 (13 [68%] ABPA, four [44%] SAFS) of 25 patients 
at 3 months, 15 (75%) of 20 patients at 6 months and 12 (70.6%) 
of 17 patients at 12 months, compared with seven out of nine 
(78%) at 3, 6 and 12 months for posaconazole. There was reduc-
tion in requirement of OCSs, and at 12 months 88% of those 
receiving voriconazole and 43% of those requiring posacona-
zole could discontinue the OCSs. There was a decline in the 
requirement of rescue inhalers and healthcare utilization owing 
to asthma, with improvement in overall health status. There was 
also a decrease in the number of hospital admissions and acute 
exacerbations in both the voriconazole and the posaconazole 
arms. There was statistically significant decline in both total and 
A.  fumigatus-specific IgE values after 12 months of therapy. There 
were modest improvements in the radio‑logical findings, although 
there was no significant improvement in pulmonary function 
(FEV

1
 values).

AEs were encountered in 11 (55%) patients taking voriconazole, 
and the most common were skin photosensitivity (n = 11) and 
visual light flashes (n = 10). Most of these side effects were tran-
sient and mild, lasting less than 1 week. Significant AEs resulting 
in discontinuation of treatment included depression and sleep 
disturbance (n = 1), photosensitivity (n = 4), visual hallucina-
tions (n = 2) and peripheral neuropathy (n = 1). Two patients 
with posaconazole experienced AEs, including insomnia (n = 2), 
gastrointestinal disturbances and mild liver impairment (n = 1). 
No patient discontinued posaconazole because of side effects.

Expert commentary & five-year view
This is the first study reporting the use of newer azoles (particularly 
voriconazole in SAFS and posaconazole in ABPA) in patients with 
ABPA and SAFS. Although the results of the study suggest that 
newer azoles may be tried in a subgroup of ABPA patients unre-
sponsive to itraconazole, it is limited by its retrospective design and 
small number of patients. Nevertheless, voriconazole and posacon-
azole represent newer treatment options in the armamentarium of 
physicians managing this chronic and debilitating disorder. OCSs 
are highly effective in the treatment of ABPA and are considered 
the cornerstone in the management of ABPA [27]. However, many 
patients either require high doses or a long duration of therapy 
with these agents, and the well-known AEs of long-term steroid 
treatment indicate the necessity of alternative therapies [28].

The classical understanding of ABPA rests on the assumption that 
the disorder results from noninvasive colonization by A. fumigatus 
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and release of antigens, which trigger immune responses in 
a genetically predisposed host. The inconsistent recovery of 
A. fumigatus from sputum samples in ABPA or SAFS patients 
(0–63%) [29–33] led to the notion that antifungals would not be 
very helpful in ABPA. However, in a recent study, Aspergillus DNA 
was detected in sputum in almost 80% of patients with ABPA 
compared with none by culture [32]. As the inflammatory responses 
in ABPA (and SAFS) are mounted against antigens of A. fumigatus, 
antifungals would intuitively attenuate the resulting immune 
response by decreasing the fungal burden, whether or not the fungi 
is demonstrated in culture. Therefore, antifungals definitely have 
a place in the treatment of ABPA. The apparent benefits of azoles 
are, however, confounded by the fact that azoles themselves have 
direct and profound immunologic effects [34–40], and itraconazole 
can also increase the levels of glucocorticoids, thereby potentiating 
the steroid effect [41–43]. Therefore, it is not settled whether it is 
the antifungal action of the azole alone or the coexistent anti-
inflammatory property of the drug that leads to improvement in 
patients with ABPA/SAFS. In many patients, antifungals alone 
are not effective because the disorder is not due to the fungi 
per se but due to the profound immunological activity, and anti-
inflammatory therapy with OCSs would be warranted. It is also 
likely that in patients with milder forms of ABPA, particularly 
in those without bronchiectasis (or minimal bronchiectasis) or 
mucoid impaction, monotherapy with antifungals would also be 
effective. However, there are no data on azole monotherapy in 
acute stages of ABPA. A randomized controlled trial comparing 
monotherapy of itraconazole versus prednisolone in ABPA (MIPA 
study; Clinical Trials.gov identifier: NCT01321827 [101]) is 
underway, which aims to evaluate itraconazole monotherapy in 
various subgroups of ABPA patients.

The antifungal agents with known efficacy in the management 
of ABPA include aerosolized amphotericin B and the azoles (itra-
conazole, voriconazole and posaconazole). Natamycin and keto-
conazole have been evaluated in the past, but due to their limited 
efficacy against A. fumigatus, they were not very effective [44–46]. 
The currently available azoles have fewer side effects and seem an 
attractive choice in the management of ABPA. A systematic review 
of the PubMed and EmBase databases yielded 12 studies that have 
evaluated itraconazole (n = 10) or voriconazole (n = 2) in five or 
more patients of ABPA, and three studies evaluating azoles in five 
(one fluconazole and two itraconazole) or more patients with SAFS 
(Table 1) [6,16–23,47–51]. No study was found evaluating voriconazole 
in SAFS or posaconazole in ABPA or SAFS. Itraconazole has fewer 
side effects and a wider spectrum of activity than ketoconazole [52]. 
In ABPA, the majority of the studies evaluating itraconazole have 
been observational, with only two randomized trials. The results 
of these observational studies suggest that itraconazole treatment 
in ABPA is associated with favorable results (Table 2). Similarly, the 
use of voriconazole in two studies has been beneficial in ABPA 
[49,50]. The use of azoles in ABPA has been associated with clini-
cal and immunological improvement, with significant decline in 
the requirement of systemic corticosteroids. Preliminary studies 
have also reported beneficial effects with the use of itraconazole 
in SAFS [6,51].

When to initiate azoles in ABPA
Although studies evaluating azoles show positive results in the 
management of ABPA, not only are most of the azole trials obser-
vational and limited by small sample size, but also no study 
has reported long-term outcomes, particularly the occurrence 
of relapses after therapy. Two randomized controlled studies 
(n = 84) have evaluated itraconazole in ABPA [21,23]. In one 
study, 55 patients with ‘glucocorticoid-dependent’ ABPA were 
randomized to receive either itraconazole 400 mg/day or pla-
cebo for 16 weeks (followed by 200 mg/day itraconazole for 16 
weeks in all patients during the open phase). Although the dif-
ference between the two groups was significant in terms of overall 
response (reduction in corticosteroid dose by ≥50%, decrease 
in total IgE values by ≥25% and at least one of the following: 
increase in exercise tolerance by ≥25%, improvement in results of 
pulmonary function tests by ≥25% and resolution of pulmonary 
infiltrates in the itraconazole group), the analysis failed to reach 
statistical significance when each outcome was examined sepa-
rately [21]. The other study included 29 ‘clinically stable’ ABPA 
patients randomized to receive either itraconazole or placebo. 
There was a significant decline in sputum inflammatory mark-
ers and serum IgE levels in the itraconazole group. The study 
also demonstrated a decrease in the number of exacerbations 
warranting glucocorticoid usage [23]. Pooled analysis showed 
that itraconazole could significantly decrease IgE levels by ≥25% 
compared with placebo but did not cause significant improve-
ment in lung function [53]. Neither study reported outcomes for 
more than 8 months with regard to relapses of ABPA; therefore 
the long-term benefits of azole therapy remain unknown. In 
addition, there are no randomized trials on azole monotherapy 
in acute exacerbations or long-term treatment with azoles in 
ABPA. Thus more trials are required before a firm recommen-
dation can be made for the long-term use of itraconazole in 
ABPA. Moreover, studies are required to define the characteris-
tics of ABPA patients who are likely to maximally benefit from 
the efficacy of azoles. Importantly, one needs to remember that 
OCSs are effective in all patients with ABPA [10–12], whereas 
the efficacy of azoles varies from 60 to 85% depending on the 
agent [26,53]. Many patients with ABPA require long-term treat-
ment, and both OCSs and azoles have numerous adverse effects 
[6,14,15,25,26]. Whatever treatment approach is adopted (systemic 
steroids or azoles), it should provide maximum benefit to the 
patient with least propensity for adverse reactions.

In our clinical experience, we have observed that ABPA 
patients with mucoid impaction, extensive bronchiectasis and/or 
uncontrolled asthma would generally benefit from treatment with 
high doses of OCSs or a combination of OCSs and azoles. In those 
with recurrent exacerbations, one should definitely consider azole 
therapy, where they can be can be used either alone to maintain 
remission (after achieving clinical response with OCSs) or in 
combination with OCSs. The first choice of azole in ABPA should 
be itraconazole, and the newer azoles (voriconazole or posaconazole) 
should be reserved for those patients who experience no or poor 
response with itraconazole, or those who encounter adverse effects 
with the use of itraconazole.

Current role of azoles in ABPA & SAFS
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The optimal duration of azole therapy remains unclear, and 
currently they are either administered as recurrent 16–32-week 
courses or as long-term therapy, although there is little evidence 
for the latter approach. One major limitation of long-term treat-
ment with azoles is the development of resistance in A. fumigatus 
[54]. Importantly, resistance to one azole can also lead to crossre-
sistance to other azoles, and this point should also be kept in mind 
during long-term therapy [55]. Itraconazole has poor bioavailabil-
ity, while there are significant drug interactions with voricona-
zole and posaconazole. Therefore, therapeutic drug monitoring is 
generally advised, although there is no robust evidence for a direct 
correlation between drug levels and efficacy. In fact, the doses of 
azoles in ABPA have never been standardized, and lower doses of 
itraconazole (200 mg/day) have also been found to be clinically 
efficacious (Table 1). The clinical benefit is maintained only for the 
duration of therapy, with risk of relapses once treatment is discon-
tinued. Clinicians should also be aware of the interaction between 
certain ICSs and azoles, which in some patients can even cause 
adrenal failure if the dose of ICS is not significantly reduced [43].

When to initiate azoles in SAFS
Only three studies have evaluated azoles in patients with SAFS 
(Tables 1 & 2) [6,47,51]. The first study, despite being a randomized 
trial, included 11 highly selected patients with Trichophyton 
asthma with concomitant cutaneous mycoses, and these patients 
are rarely encountered in clinical practice [47]. One randomized 
controlled trial and one observational study have evaluated azoles 
in SAFS; however, in both studies, the benefits were not unequiv-
ocal [6,51]. In the only randomized trial that enrolled 58 patients 
with SAFS, only 41 patients completed 32 weeks of therapy. At 
32 weeks, there was an improvement in the quality of life but the 
confidence intervals were wide, which suggests a modest benefit of 

azole therapy. Similar modest improvements were noted in other 
secondary end points. The results of the study are also limited by 
the failure to achieve the predetermined sample size. Moreover, 
the duration of azole therapy remains unclear. Although Denning 
et al. have used itraconazole at a dose of 400 mg/day for 32 weeks 
[6], it is currently not clear what should be the optimal dose and 
duration of azole therapy in SAFS patients.

Currently, itraconazole in SAFS should be used only in those 
patients whose asthma remains uncontrolled despite optimal 
inhaled therapy with ICSs and long-acting β2 agonists [56], oral 
montelukast and oral theophylline [7,8]. The other group for which 
it should be used includes those patients who require a continuous 
dose of OCSs for asthma control or have required two or more 
hospital admissions (or courses of OCS) for acute exacerbation 
within a 6-month period. Although many more patients with 
severe asthma will meet the criteria for SAFS, in our experience 
most of these patients generally respond to conventional asthma 
management. After initiation of itraconazole, the patients should 
be closely monitored, and if there are no signs of improvement 
by 6–8 weeks, treatment should be discontinued. In those with 
clinical improvement, treatment should be continued for a period 
of 16–32 weeks, and the patient should be closely observed 
following discontinuation. Finally, the routine use of newer azoles 
in SAFS should generally be avoided pending more data.
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Key issues

•	 The use of azoles in allergic bronchopulmonary aspergillosis (ABPA) seems rational, with numerous studies demonstrating short-term 
efficacy with the use of itraconazole.

•	 Further investigations are required to define the long-term treatment approach with azoles, and the individuals most likely to benefit 
from treatment.

•	 More studies are required to determine whether azoles modify the long-term course of the disorder.

•	 No trial has evaluated the efficacy of azole monotherapy in acute stages of ABPA. A randomized controlled trial comparing 
monotherapy of itraconazole versus prednisolone in ABPA (MIPA study; ClinicalTrials.gov identifier: NCT01321827) is underway,  
which aims to answer this question.

•	 The use of newer azoles should be restricted in those patients with ABPA who are refractory to itraconazole or demonstrate significant 
adverse events with itraconazole therapy.

•	 Azoles should be judiciously used in patients with severe asthma with fungal sensitization.
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