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Objectives: Allergic bronchopulmonary aspergillosis (ABPA) can accelerate lung function decline in patients with
cystic fibrosis (CF). Antifungal medication can be used in addition to systemic corticosteroid treatment.

Patients and methods: We evaluated Aspergillus-specific IgE and the use of therapeutic drug monitoring of tria-
zoles in a retrospective analysis of 32 patients.

Results: There was a significant reduction in Aspergillus IgE with posaconazole but not with other triazoles
(P"0.026). Aspergillus IgE levels were inversely correlated with the therapeutic drug level of posaconazole.

Conclusions: These data suggest that posaconazole is better than comparator azoles at decreasing serological
response to Aspergillus and that this response was better with therapeutic levels of posaconazole.

Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is characterized by
an IgE-driven atopic response to Aspergillus species, mainly
Aspergillus fumigatus. This hypersensitivity response causes bron-
chial inflammation and airway destruction, resulting in the forma-
tion of bronchiectasis. ABPA is recognized to be overrepresented in
patients with cystic fibrosis (CF).1 Prevalence of ABPA in CF has
been reported to be as high as 13% depending on the diagnostic
criteria used.2 In CF patients, untreated active ABPA can hasten
lung function decline.3 Although total IgE has traditionally been
used to measure treatment response in ABPA,4 recent data sug-
gest that changes in total IgE may not correlate well with clinical
outcomes.5 Specific Aspergillus IgE levels effectively differentiate
between patients with ABPA and sensitization,6 and Aspergillus IgE
levels correspond to airflow obstruction and radiological changes
in sensitized asthmatics, including those with ABPA,7 and previous-
ly have been shown to correspond with disease activity.8

Currently, the mainstay of treatment is prednisolone to reduce
inflammation,9 but oral antifungal drugs, mould-active triazoles,
appear to be at least equivalent to steroids and have been used as
steroid-sparing agents or when steroids have proven ineffect-
ive.10–12 Triazoles inhibit lanosterol 14a-demethylase, thus inhibit-
ing synthesis of ergosterol, which is important in fungal cell wall
synthesis. Triazoles are associated with a high incidence of adverse
events and as such are relatively poorly tolerated; this is exacer-
bated in CF patients who are prone to drug sensitivities, particularly

gastrointestinal side effects.13 There are additional challenges
with triazole drug interactions, for example interactions with iva-
caftor for correction of CF transmembrane conductance regulator
function.

Posaconazole has been approved for use in the context of
prophylaxis or treatment of invasive fungal disease (IFD) in
patients. The resistance profile is similar to itraconazole, but it has
superior absorption and is better tolerated. There have been no tri-
als comparing the efficacy of different antifungal agents in the
treatment of ABPA. However, clinical experience at our centre is
that posaconazole is more effective than other triazoles in the
treatment of ABPA. We sought to assess whether there were any
objective differences between triazoles.

Materials and methods
We retrospectively analysed all CF patients (a cohort of 596) at our tertiary
referral centre who had been on triazoles for treatment of ABPA during
2016, examining the entire history of their ABPA treatment. We evaluated
specific Aspergillus IgE levels and triazole drug levels, measured by LC-MS/
MS. Aspergillus IgE slopes were derived from log10 of specific IgE levels im-
mediately prior to commencing the specific triazole and levels at the end of
treatment with that triazole. Aspergillus IgE versus triazole therapeutic
dose monitoring correlation was derived from blood samples taken simul-
taneously, with several samples per patient, at varying timepoints during
treatment. These were taken opportunistically at outpatient visits but also
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during inpatient admission. Triazole susceptibility was measured by stand-
ardized broth microdilution, with breakpoints determining susceptibility of
1 mg/L for itraconazole and voriconazole and 0.125 mg/L for posaconazole.
Many patients had been treated sequentially with multiple triazoles, owing
to either poor tolerance or progressive symptoms. During the study period,
patients were treated with itraconazole, voriconazole and posaconazole.

Statistical analysis was carried out on GraphPad V7. Specific IgE change
over time was compared by Mann–Whitney test. Linear regression was
used to assess correlation between drug levels of azoles and specific IgE
levels.

Results

A total of 32 patients were identified; the median age of patients
evaluated was 24 years (IQR 20–30), 65% of whom were male.
Thirty patients received itraconazole, 13 were treated with voricon-
azole and 18 with posaconazole. Eleven patients were treated
with itraconazole alone, 12 with two different triazoles and the
remaining 9 with all three triazoles. The majority of patients were
commenced with itraconazole first line, and occasionally voricon-
azole, with posaconazole being reserved for second- or third-line
treatment, with triazoles given in sequence. The median duration
of treatment without a break was 39 months for itraconazole,

23 months for voriconazole and 29 months for posaconazole. The
median total duration of treatment was 8 years (range from
10 months to 17 years and 5 months). The reasons noted for a
switch in antifungals included drug intolerance (e.g. gastrointes-
tinal side effects) and treatment failure, though it was not always
clear how this was defined.

Eleven patients had a positive fungal culture, nine with A. fumi-
gatus and two with Aspergillus flavus. The susceptibility data were
recorded for six of these samples; all but one were fully susceptible
(tested against azoles and amphotericin). One patient had A. fumi-
gatus that exhibited pan-azole resistance and had no serological
response to treatment with any triazole.

Reduction in Aspergillus IgE with treatment was significantly
different between no treatment (i.e. corticosteroids only) and
posaconazole (P"0.026) (Figure 1a), but not other triazoles, as
measured by the rate of Aspergillus IgE change over time.
Aspergillus IgE levels were inversely correlated with therapeutic
drug level of posaconazole, but not itraconazole, with insufficient
data to make an effective correlation with voriconazole (Figure 1b
and c). This suggests that monitoring posaconazole drug levels,
and altering dose to attain therapeutic serum levels, is associated
with improved serological responses in ABPA.
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Figure 1. (a) Change in Aspergillus IgE per month by treatment. These data are represented as log10 change in specific IgE in kU/L/month. Individual
patients’ serological data are shown with median and IQR. Correlation between therapeutic drug monitoring and serological markers in (b) ABPA IgE
level correlation with itraconazole level (R"0.157, P"0.116), with therapeutic range marked by dotted line, and (c) ABPA IgE level correlation with
posaconazole level (R"0.232, P"0.031), with therapeutic range marked by dotted line.
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Discussion

These are the first data that compare posaconazole with other tri-
azoles in the treatment of ABPA in adults. They suggest that posa-
conazole is more effective than comparator triazoles at reducing
A. fumigatus sensitization in ABPA in CF patients.

Amongst the adult CF cohort at our centre, patients have had
their antifungal changed to posaconazole for a number of reasons,
including poor tolerance of other triazoles, progressive symptoms
and lung function decline on other triazoles. The serological re-
sponse seen could be due to a number of factors including: toler-
ability of posaconazole; the ability to achieve therapeutic levels;
and potentially increased antifungal killing in comparison with
other triazoles. Not all fungal isolates were tested for triazole sus-
ceptibility, but the available results suggest no difference in sus-
ceptibility to posaconazole compared with itraconazole or
voriconazole, suggesting that antifungal resistance is not a factor.
These are also the first data that suggest that triazole drug level
measurement has a role in the monitoring of chronic fungal dis-
ease treatment. The data suggest that altering posaconazole dose
to attain greater serum levels is associated with improved sero-
logical responses in ABPA. Therapeutic dose monitoring is recom-
mended in the management of IFD14 and chronic pulmonary
aspergillosis.15 The established triazole therapeutic ranges are
based on treatment of IFD; these were used to guide dose adjust-
ment in this study. The levels of posaconazole associated with
lower levels of Aspergillus IgE were within the IFD range of 1–5 mg/
L. More supporting data are required before setting a specific
therapeutic range for ABPA.

Further studies are required to define the impact on clinical out-
come such as effect on symptoms, exacerbation frequency and
lung function. Although total IgE response to treatment has corre-
lated with clinical outcome in some studies,4 but not others,5 there
have not been any published data linking specific IgE change with
outcome. As such, the promising signal for the efficacy of posacon-
azole needs further investigation in a clinical trial, specifically look-
ing at clinical outcomes, tolerability, the effect of therapeutic drug
monitoring and relationship with fungal culture susceptibilities.

Conclusions

In summary, we believe these are the first data to suggest the pos-
sibility that posaconazole has better therapeutic efficacy in com-
parison with itraconazole and voriconazole in ABPA amongst CF
patients. These data also indicate that achieving therapeutic
serum levels of posaconazole is associated with serological re-
sponse in ABPA.
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