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Rationale and objectives. Severe asthma with fungal sensitization (SAFS) and allergic bronchopulmonary aspergillosis (ABPA) are progressive
allergic fungal lung diseases whose effective treatment remains to be established. Current treatment with itraconazole is associated with a 40%
failure rate and adverse events (AEs). We assessed the effect of voriconazole or posaconazole as second- and third-line therapies. Methods. We
conducted a retrospective review of adult asthmatic patients with either ABPA or SAFS receiving voriconazole or posaconazole. Clinical,
radiological, and immunological evaluation was used to assess response. Results. There were 25 patients, ABPA (n ¼ 20) or SAFS (n ¼ 5),
10 males, median age ¼ 58 years. All patients had failed itraconazole (n ¼ 14) or developed AEs (n ¼ 11). There were 33 courses of therapy
analyzed, 24 with voriconazole and 9 with posaconazole. Clinical response to voriconazole was observed in 17/24 (70%) patients at 3 months, 15/
20 (75%) at 6 months, and 12/16 (75%) at 12 months compared with 7/9 (78%) at 3, 6, and 12 months for posaconazole. Eighteen of 24 (75%)
patients discontinued oral corticosteroids (OCS), 12 of themwithin 3 months of therapy. Asthma severity was downgraded from severe to moderate
(n ¼ 8) and moderate to mild (n ¼ 1) asthma in 9 of 24 (38%) asthmatic patients. There was a marked reduction in OCS and short-acting beta-2
agonist use, health-care utilization due to asthma, and improvement in overall health status. Furthermore, there was a statistically significant
reduction in immunological markers appearing at 9 months (p¼ .008) for total IgE and at 12months for radioallergosorbent test IgE for Aspergillus
fumigatus (p ¼ .0056). Six of 23 (26%) patients on voriconazole had AEs requiring discontinuation before 6 months compared with none on
posaconazole (p ¼ .15). Four relapsed (57%), one at 3 months and three at 12 months after discontinuation. Conclusion. Both voriconazole and
posaconazole are potentially effective alternative treatment options for SAFS and ABPA and may improve asthma control and reduce severity,
though larger prospective studies are required to support these retrospective study findings.
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INTRODUCTION

In recent years, there has been an increasing interest in the
treatment options of allergic fungal airway diseases.
Allergic bronchopulmonary aspergillosis (ABPA) and
severe asthma with fungal sensitization (SAFS) are slowly
progressive, debilitating allergic fungal diseases that affect
the respiratory tract in asthma. The past decade has seen
several studies of antifungal treatment improve patient
quality of life (QOL), reduce corticosteroid requirements,
and prevent lung damage.

The link between asthma severity and fungal allergy is
strong (1–3). Indeed, sensitization to fungal allergens is asso-
ciated with the risk of severe asthma exacerbations requiring
multiple hospital and intensive care admissions (4, 5).

ABPA is themost frequently recognizedmanifestation of
allergic aspergillosis, with three published case series esti-
mating that 0.7–3.5% of the referred asthma population has
ABPA (6, 7). It is characterized by exaggerated Th2 CD4þ
allergic inflammatory response to Aspergillus fumigatus

allergens in the bronchial airway of atopic asthma and
Cystic fibrosis (CF) patients when A. fumigatus spores are
inhaledandgerminate inbronchialmucus releasingallergens
including proteases.

The clinical and pathological course of ABPA (8) is
variable, including recurrent exacerbations or chronic per-
sistent symptoms. The disease may remit temporarily but
is more commonly a progressive, unremitting disorder, and
untreated patients have a chronic course characterized by
recurrent pulmonary consolidation and in many cases pro-
gression to bronchiectasis or pulmonary fibrosis (8),
bronchiolitis obliterans (9), granulomatous bronchiolitis
(9), lung destruction (10), chronic cavitary aspergillosis
(CPA) (11), and, in rare cases, pleural effusion (12).

In recent years, a new asthma variant called “SAFS” has
been described by Denning et al. (1).These patients have
severe asthma and are sensitized to one or more fungi, but
have normal or only slightly elevated total IgE concentra-
tions (1). The clinical and diagnostic manifestations of
SAFS are thought to arise from an allergic response to
multiple antigens expressed by A. fumigatus and possibly
other fungi, colonizing the bronchial mucus (13).

Traditionally, treatment for allergic fungal diseases
involves the use of systemic oral corticosteroids (OCS)

*Corresponding author: Livingstone Chishimba, Respiratory Research, The
University of Manchester, 2nd Floor Education & Research Centre,
Wythenshawe Hospital, Southmoor Road, Manchester M23 9LT, UK; Tel:
þ44 161 291 5811; Fax: þ44 161 291 5806; E-mail: Livingstone.
Chishimba@manchester.ac.uk

1

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
T

he
 U

ni
ve

rs
ity

 o
f 

M
an

ch
es

te
r 

on
 0

3/
02

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



(14–19). Despite good efficacy, the chronic use of OCS
has a number of adverse effects. In SAFS, even high-dose,
prolonged OCS courses may be only moderately success-
ful. Similarly, in some asthmatics, corticosteroids do not
prevent the development of ABPA, and patients who
develop the syndrome while on corticosteroids may have
a protracted course with poor response to the usually
effective doses of corticosteroids (16).

Since the introduction of itraconazole, the first oral
antifungal agent with activity against Aspergillus spe-
cies in 1991, some efficacy in ABPA has been docu-
mented (20–24). Randomized controlled trials show
that treatment with oral itraconazole offers therapeutic
benefit to approximately 60% of patients (25–27). A
marked beneficial effect on QOL and other end points
has been demonstrated among patients with SAFS
treated with itraconazole (27, 28). A retrospective
study by Pasqualotto et al. (27) in 2009 showed that
itraconazole therapy for 6–12 months in both SAFS
and ABPA is beneficial by reducing immunological
markers (total IgE and specific IgE for A. fumigatus),
eosinophil count (p ¼ .037), dose of oral steroids (p ¼
.043), the number of courses of systemic steroids
required by 57.4% (p ¼ .041), and improvement in
lung function (median FEV1 increased by 190 mL; p
¼ .016) at 6 months, although there were no statisti-
cally significant changes in these key variables at 12
months therapy compared with baseline.

However, a major problem with the use of itraconazole
is the high failure rate and frequent adverse events (AEs) of
around 39% of cases treated (29). Such AEs include nau-
sea and vomiting (approximately 10%), diarrhea and flatu-
lence (2%), constipation, hyperlipidemia (1–9%),
hypokalemia (6%), liver enzyme elevations (2–7%) (29,
30), peripheral edema (28), and peripheral neuropathy
(31). Perhaps most importantly, adrenal suppression
(44%), especially when combined with some inhaled cor-
ticosteroids (ICS; 32), is recognized. Occasionally, itraco-
nazole has been associated with heart failure (33). The
optimal duration of therapy is unclear, given that only
short-term (8-month) efficacy has been demonstrated for
itraconazole (25), and there are unanswered questions
about the safety of prolonged use of this therapy (29). In
addition, reversible adrenal suppression with ICS and itra-
conazole in 50% of patients is a real concern (26).
Furthermore, there is not yet any reliable evidence that
this treatment ameliorates any progressive lung damage
(25).

Recent developments have led to a renewed interest in
finding more potent therapy. Some emerging data from
studies of ABPA in cystic fibrosis indicate that voricona-
zole may be a useful adjunctive therapy for ABPA in CF
(34, 35). Little is known about the response rates or appro-
priateness of alternative antifungal treatment for those with
ABPA or SAFS. In this study, we assessed the effect of
voriconazole or posaconazole as second- and third-line
therapies in SAFS and ABPA in asthmatics attending the
National Aspergillosis Centre.

METHODS

Study Design and Setting

We conducted a retrospective case-note review to assess the
efficacy and safety of voriconazole or posaconazole. The
study population (26 adults with ABPA (n¼ 21) or SAFS (n
¼ 5)) included all cases treated with either antifungal agent
at the National Aspergillosis Centre, based at the University
Hospital of South Manchester, UK. Information from case
notes, laboratory results, and radiological investigation was
entered into an ACCESS database. A detailed review of all
chest radiological images was made through PACS (Picture
Archiving and Communication System).
Inclusion Criteria. All patients had previously received

itraconazole but had discontinued because of AEs (periph-
eral neuropathy (n ¼ 2), heart failure (n ¼ 1), hepatotoxi-
city (n ¼ 3), profound adrenal suppression (n ¼ 2),
persistent nausea and vomiting (n ¼ 5) or lack of clinical
efficacy (n ¼ 11), low serum concentrations (n ¼ 1), or
itraconazole resistance in A. fumigatus (n ¼ 2)).

The diagnostic criteria for ABPA included (i) asthma (of
any severity), (ii) total serum IgE �1000 kU/L, (iii)
immediate cutaneous reaction to A. fumigatus of >3 mm
compared with control or (iv) elevatedA. fumigatus-specific
serum IgE levels, (v) precipitating antibodies to
A. fumigatus in the serum, (vi) a history of pulmonary
infiltrates (transient or fixed), (vii) central bronchiectasis
(CB), (viii) a history of expectoration of brown plugs or
flecks, and (ix) isolation of A. fumigatus from the sputum
(36, 37), of which (ii) and (iv) were essential.

Severe asthma was defined according to the British
Thoracic Society (BTS) criteria (treatment steps 4 or 5)
(38). We used published criteria for the diagnosis of SAFS
that included (i) severe asthma, (ii) total IgE < 1000 kU/L,
and (iii) positive skin test or raised specific IgE to any fungus.
Treatment and Response. Voriconazole (300–600 mg/

day) or posaconazole (800 mg/day; adjusted by plasma-
level monitoring) was given for at least 6 months, if toler-
ated. The target plasma levels used were those used for
invasive and chronic pulmonary aspergillosis, namely vor-
iconazole pre-dose 1.3–5.7 mg/L (39) and posaconazole
random > 0.7 mg/L after steady state was reached (40).
Some patients received both agents at separate times, and
each course is evaluated separately. Courses of therapy of
at least 4 weeks were evaluated for efficacy (n ¼ 34), as
done previously in the FAST study (36). At least one
spirometry measurement was done. We evaluated
response in clinical, immunological, lung function, periph-
eral blood eosinophilia, or radiological features. Among
these improvement parameters, clinical improvement was
considered the most important parameter.

Clinical improvement was present if there was an
improvement in symptoms and/or overall asthma control
as defined by the GINA criteria that included reduction in
dosage and courses of oral steroids (OCS), dosage of
inhaled steroids (ICS), exacerbations, intercurrent infec-
tions, daytime or nocturnal symptoms, reduction in num-
ber of hospitalizations or emergency room visits for
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respiratory diseases, improvement in exercise tolerance
(ET), lung function (FEV1), increase in energy, or
improvement in overall QOL as defined by the patients’
perception of symptoms. Symptoms of breathlessness,
cough, wheeze, chest tightness, and nocturnal awakening
and other clinical parameters were evaluated by the attend-
ing clinicians at each hospital and retrospectively tabulated
by the authors during the study. Each symptom was scored
from 0 to 3 (0¼ none, 1 ¼ occasionally or mild, 2 ¼ most
of the time or moderate, 3 ¼ all the time or severe). A
patient was considered to have had symptomatic improve-
ment if there was improvement in more than 50% of his/
her overall total symptoms at the time of assessment by the
time of assessment for the time point evaluated.

Immunological improvement was present if there was
reduction in fungal serology as demonstrated by total IgE
or radioallergosorbent test (RAST) IgE concentrations.

Radiological improvement was considered present if
there was any improvement in the extent of any of the
abnormalities that included bronchiectasis (severity and/or
distribution), fibrosis, consolidation, mucus plugging,
lobar collapse, pulmonary nodules, and/or cavitations.
All image reports and images on PACS were reviewed. If
any conflicting data or report was found, further review by
one of two senior specialist chest radiologists was sought.

Clinical deterioration Chronic cavitory pulmonary
aspergillosis (CCPA)/Chronic pulmonary aspergillosis
(CPA )was considered present if intercurrent infection
was absent but respiratory and constitutional signs and
symptoms were progressive or there was a decline in
asthma control as defined by the GINA criteria (41–43).

Radiological deterioration was considered present if
there was (i) increased severity of bronchiectasis, (ii) appear-
ance of new pulmonary nodules, cavitations, collapse, and so
on, (iii) increased size and severity of existing radiological
abnormalities, (iv) progressive pulmonary fibrosis, and/or (v)
progression to Chronic cavitory pulmonary aspergillosis
(CCPA)/Chronic pulmonary aspergillosis (CPA).

Treatment failure overall was defined by a lack of
response, using the criteria above for response. Stability
was defined as lack of deterioration or improvement.

Relapse after discontinuation of therapy was defined by
deterioration in the same features conferring response after
an initial response.

Data Collection

Clinical data from 3 to 6 months prior to the commence-
ment of voriconazole or posaconazole (visit –1) were
extracted from the clinic notes and again collected at the
start of treatment (visit 0) and after 3, 6, 12, and 18 months
of therapy. The data collected at visit –1 included reasons
for discontinuing itraconazole, comorbidities, weight,
symptoms, spirometry, and immunological markers.
These data were again collected at each subsequent visit
including the number of hospitalizations, GP (general
practitioner) or emergency room visits, exacerbations and
dose of steroids, therapeutic drug levels (TDM), adverse
effects, and any new radiological findings. For the purpose
of this study, GP records were not sought.

Prednisolone was used as the reference steroid when
comparisons of OCS were required. Similarly, beclo-
methasone dipropionate (BDP) equivalent dose was used
as reference for ICS. Common ICS used in our center
include BDP, budesonide (1:1.5 dose equivalent), and
fluticasone (1:2 dose equivalents with BDP).

Duration of therapy was calculated at the minimum time
period, that is, patients who had received less than 6 months
of antifungal therapy at the time of this study were evaluated
at 3 months only, those who had received between 6 and 12
months were evaluated up to 6 months, and so on.

Statistical Analysis

All analyses were performed with the SPSS 15.0 software
(IBM Corporation, United States of America) for Windows
and Excel statistics. Descriptive statistics were used to sum-
marize the data. To compare continuous variables before and
after antifungal therapy, nonparametric Wilcoxon signed
rank T test for related samples was used. For all comparisons,
p-values � .05 were considered statistically significant.

RESULTS

Patient Characteristics

There were 25 patients included in the study, 20 (80%) of
whom had ABPA and 5 (20%) had SAFS (Table 1). Of all
patients, 10 (40%) were male and the median age was 58
years (range 20–80). ABPA patients had a higher mean age
compared with SAFS (60 vs. 54 years) patients.

Itraconazole had been given to all patients for a duration
of between 6 months and 10 years previously but was
discontinued because of lack of efficacy (n ¼ 11, 42%)
or AEs (n ¼ 12, 46%), persistently low serum concentra-
tions (n ¼ 2, 7.8%), or itraconazole resistance in A. fumi-
gatus (n ¼ 2, 7.8%).

Demographic variables and comorbidity prevalence are
listed in Table 1.

There were 33 courses of therapy analyzed, 24 with
voriconazole (ABPA ¼ 19, SAFS ¼ 5) and 9 with posa-
conazole (all ABPA; Table 1). Antifungal therapy with
voriconazole was modified to posaconazole in 8 (32%)
patients. Reasons for switch-over in these patients were
side effects (n ¼ 5) or lack of response (n ¼ 3). Only one
posaconazole course was not preceded by voriconazole
due to in vitro resistance in A. fumigatus. The mean treat-
ment duration of voriconazole was 16.7 months (range 2–
48 months, SD ¼ 14.6) and of posaconazole was 16.3
months (range 3–36 months, SD ¼ 14.7). None of the
SAFS patients received posaconazole (Table 1).

Of all patients, 21 (80.1%) had baseline chest radiology
done at the start of the therapy: chest radiography alone
(n ¼ 6, 28.6%), computed tomography (CT; n ¼ 7,
26.9%), or both (n ¼ 8, 38%). Bronchiectasis was the
most common radiological finding (n ¼ 17, 71.4%).
Other common radiological findings are listed in Table 1.
Two (9.5%) of the 21 cases of ABPA analyzed had no
bronchiectasis, whereas 1 (20%) of the 5 cases of SAFS
had mild bilateral lower lobe bronchiectasis.
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Response to Therapy

Clinical response at 3, 6, and 12 months of voriconazole or
posaconazole treatment is summarized in Table 2. Overall
clinical improvement to voriconazole treatment was
observed in 17 (68%;ABPA¼ 13, SAFS¼ 4) of 25 patients
at3months,15(75%)of20at6months, and12 (70.6%)of17
at 12 months, compared with 7 of 9 (78%) at 3, 6, and 12
months for posaconazole (Table 2). On the basis of clinical
parameters, treatment failure tovoriconazolewasobservedin
1 of 20 (5%) patients at 3 months, none of 15 (0%) at 6
months, and2of 15 (15%)at 12months.No treatment failure
was observed with posaconazole.

There was a marked reduction in OCS and short-acting
beta-2 agonist (SABA) use, health-care utilization due to
asthma, and improvement in overall health status, as sub-
jectively perceived by individual patients in domains such
as physical well-being, functioning, energy, increased ET,
and reduction in patients’ overall symptoms (see Table 3).
There was a direct correlation between OCS use and other
clinical parameters of clinical response. Although the
dosage of ICS was reportedly modified during antifungal
therapy in some patients, it was difficult to quantify retro-
spectively, and overall was probably not markedly reduced.

There were 10 patients who had had frequent hospital
admissions at the start of voriconazole therapy and no
admissions were observed in 9 of them (90%) at 3 months.
This benefit was maintained at 6 and 12 months of therapy.
Voriconazole therapy reduced the frequency of recurrent
chest infections or acute exacerbations in 17 of 24 (70%), 9
of 19 (47%), and 9 of 17 (52.9%) patients at 3, 6, and 12
months, respectively (Table 3). Posaconazole therapy
reduced the frequency of chest infections or acute exacer-
bations in 7 of 9 (78%) patients at 3 months and throughout
the 12-month period (Table 3).

Immunological Response

Patient median total IgE values (kU/mL) over 12 months
with ABPA only are summarized in Figure 1 and
Supplementary Table E1 (http://informahealthcare.com/

doi/suppl/[doinumber]). While modest falls were seen in
some patients at 3 and 6 months, it was only at 9 and 12
months that sustained and statistically significant total IgE
falls were seen. At 12 months, the median IgE decreased
by 27.3% from baseline (median IgE 895, range 64–7200)
to a median IgE of 475 kU/L (range 51–3100).

RAST to Aspergillus fell, but was only significant at 12
months and beyond from 23.2 kUa/L (range 0.6–294) at
baseline to 17.7 kUa/L at 12 months (range 0.6–57.4;
p ¼ .0056; Supplementary Table E2, Figure 2). We also
observed marked heterogeneity in IgE responses with a
few dramatic falls, most varying erratically through the
course of the therapy and some rising. There was no con-
sistent response between IgE and clinical impact and so the
decision to continue or discontinue therapy was based on
clinical parameters (i.e., response and adverse effects).
Total IgE antibody trend in ABPA by individual patient
at baseline and on therapy at 3, 6, 9, and 12 months is
shown in Supplement Figure E1. None of our patients
received omalizumab (Xolair).

Lung Function

Overall, lung function improved throughout the treatment
period. Of the eight patients with spirometry values at both
baseline and 3 months, there was a nonsignificant
improvement of FEV1 5.5% from median baseline value
of 1.64 (p ¼ .25) and FVC improved by 16.9% from a
medium value of 2.67 (p¼ .11). There were no positive or
negative statistically significant changes or trends wit-
nessed beyond 3 months.

Radiological Response

Of the voriconazole-treated patients who had baseline and
follow-up radiology (n ¼ 11), 5 of 10 (50%), 4 of 11
(36.4%), and 4 of 7 (57.1%) patients showed improvement
in radiological abnormalities including bronchiectasis
(severity and/or distribution, n ¼ 3), fibrosis (n ¼ 2), con-
solidation (n ¼ 4), mucus plugging (n ¼ 5), lobar collapse
(n ¼ 3), pulmonary nodules (n ¼ 7), and/or cavitations

TABLE 2.—Overall clinical response to therapy at different times on treatment by disease groups.

Clinical outcome of courses of therapy (%)

3 months 6 months 12 months

ABPA
Voriconazole Improved 13/20 (65) 11/15 (73) 9/13 (69)

Stable 2/20 (10) 2/15 (13) 2/13 (15)
Failure 1/20 (5) 0/15 2/13 (15)
Discontinued (AEs) 4/20 (20) 2/15 (13) 0/13

Posaconazole Improved 7/9 (78) 7/9 (78) 7/9 (78)
Stable 2/9 (22) 2/9 (22) 0/9
Failure 0/9 0/9 2/9 (22)
Discontinued (AEs) 0/9 0/9 0/9

SAFS
Voriconazole Improved 4/5 (80) 4/5 (80) 3/4 (75)

Stable 1/5 (20) 1/5 (20) 1/5 (20)
Failure 0/5 0/5 0/5
Discontinued (AEs) 0/5 0/5 0/5

Notes: AEs, adverse events; ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma with fungal sensitization. () indicates %.
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(n ¼ 4) at 6, 12, and 18 months of therapy, respectively.
Two patients on voriconazole were noted to have worse
radiological features at 3 months of therapy. Radiological
deterioration was observed in 2 of 10 (20%) patients at 6
months and 1 of 4 (25%) patients at 12 months. Both of
these cases manifested with new pulmonary nodules. One
of these completely cleared after 18 months of therapy and
may therefore be of uncertain significance.

One patient with ABPA developed extensive ground-
glass opacification (GGO) in the right upper lobe while on
itraconazole (documented in vitro resistance to itraconazole
and voriconazole) associated with clinical deterioration
(Figure 3A). There was significant resolution in the radiolo-
gical lesions except for a residual small (17 mm) cavitating
lesion after 24 months of posaconazole therapy (Figure 3B).

Another patient with ABPA who was intolerant to itra-
conazole subsequently developed right upper lobe conso-
lidation while off antifungal therapy, which cleared
completely with voriconazole therapy (Figure 4A and B).

During posaconazole therapy, radiological improve-
ment was seen in 1 of 4 (25%), 0 of 4, and 1 of 2 (50%)
patients’ imaging at 6, 12, and 18 months of therapy,
respectively. Pulmonary nodules and consolidation
showed the greatest improvement, whereas fibrosis and
bronchiectasis showed the least improvement.

Adverse Events

AEs occurred in 11 (40%) patients taking voriconazole and
2 (22%) patients taking posaconazole. Voriconazole AEs
are shown in Figure 5. The most common were skin

TABLE 3.—Improvements in clinical parameters during voriconazole therapy at 3, 6, and 12 months (ABPA and SAFS patients combined).

3 months (%) 6 months (%) 12 months (%)

Clinical or health-care utilization feature
Vori

(n ¼ 25)
Posa

(n ¼ 9)
Vori

(n ¼ 19)
Posa

(n ¼ 9)
Vori

(n ¼ 17) Posa (n ¼ 9)

Symptoms Reduction in cough frequency (%) 17/24 (70) 7/9 (78) 15/19 (78) 6/9 (67) 7/17 (41) 8/9 (89)
Reduction in breathlessness (%) 10/24 (41) 5/9 (56) 12/19 (63) 4/9 (44) 7/17 (41) 4/9 (44)
Increased energy (%) 8/24 (33) 4/9 (44) 8/19 (42) 4/9 (44) 7/17 (41) 5/9 (56)
Reduced chest infections (%) 17/24 (70) 7/9 (78) 9/19 (47) 7/9 (78) 9/17 (53) 7/9 (78)

Medication use Reduction in oral antibiotics use (%) 16/24 (67) 7/9 (78) 11/19 (58) 7/9 (78) 11/17 (64) 6/9 (78)
Reduction in OCS use (%) 4/18 (22) 2/9 (29) 5/18 (28) 2/7 (29) 5/17 (29) 2/7 (29)
Discontinuation of OCS (%) 8/18 (33) 4/7 (57) 12/18 (67) 4/7 (57) 15/17 (88) 3/7 (43)
Reduction in SABA use (%) 12/25 (48) 6/9 (67) 8/19 (42) 5/9 (56) 10/17 (58) 7/9 (78)

Health-care service use Reduction in hospital admissions (%) 9/10 (90) 1/2 (50) 9/10 (90) 1/2 (50) 9/10 (90) 2/2 (100)
Reduction in GP/emergency visits (%) 13/25 (52) 6/9 (67) 11/19 (58) 8/9 (89) 12/17 (71) 6/9 (67)

Quality of life Reduction in patients’ overall symptoms (%) 18/25 (72) 7/9 (78) 13/19 (68) 7/9 (78) 10/17 (58) 7/9 (78)
Increased exercise tolerance (%) 7/25 (28) 4/9 (44) 6/19 (31) 5/9 (56) 5/17 (29) 4/9 (44)
Increased QOL (%) 18/25 (72) 7/9 (78) 13/19 (68) 7/9 (78) 10/17 (58) 7/9 (78)

Notes: OCS, oral corticosteroid; SABA, short-acting beta-2 agonist; QOL, quality of life; GP, general practice; ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma
with fungal sensitization; Vori, voriconazole; posa, posaconazole. () indicates %.
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photosensitivity (n¼ 11) and visual light flashes (n¼ 10).
Most of these side effects were transient and mild, lasting
less than a week except for some cases of photosensitivity
and visual hallucinations. Significant AEs resulting in dis-
continuation of treatment included depression and sleep
disturbance (1), photosensitivity (4), visual hallucinations
(2), and peripheral neuropathy (1).

Posaconazole AEs included insomnia (n¼ 2), GI upset,
and mild liver impairment (n¼ 1). No patient discontinued
posaconazole because of AEs. No patient with overt
Cushing’s syndrome was noted during therapy with either
posaconazole or voriconazole.

Two (8%) patients on voriconazole developed adrenal
suppression thought to be induced by interaction between
ICS (flixotide part of seretide) and voriconazole, which has
not been previously described. Subsequently, seretide was
changed to serevent with ciclesonide and both patients
started on regular oral hydrocortisone replacement after
endocrinology review.

Relapse after Discontinuation

Among the seven patients who discontinued voricona-
zole, four relapsed (one at 3 months and three at 12
months).

Exclusions.We excluded one patient from the analy-
sis. This patient had hyper-IgE syndrome (male, age 21
years) who was also sensitized to multiple fungal aller-
gens including A. fumigatus (voriconazole group trea-
ted for 14 months) and had mild bronchiectasis on
HRCT. His baseline IgE was 25,000 kU/L and he
had less than two data points with respect to spirome-
try and radiology. His treatment was characterized by
multiple disruptions due to repeated hospital admis-
sions (ITU and general ward). He was subsequently
started on azathioprine (AZA) as a steroid sparing
agent to control his severe atopic asthma and eczema,
which stabilized his disease activity, hence classified as
a voriconazole failure.

FIGURE 3.—Computed tomography (CT) chest of a 63-year-old woman with ABPA. (A) Extensive ground-glass appearances in the right upper lobe appeared
while on itraconazole (documented in vitro resistance to itraconazole and voriconazole) associated with clinical deterioration (June 2008). (B) Significant
resolution in the radiological lesions except for a residual small (17 mm) cavitating lesion after 24 months of posaconazole therapy (May 2010).

FIGURE 4.—Chest radiographs (CXR) of a 69-year-old woman with ABPA intolerant to itraconazole (after 2 months of therapy) due to adverse effects.
Notes: Patient developed right upper lobe consolidation while off antifungal therapy. She had no clinical or radiological improvement with broad spectrum
antibiotics (amoxicillin þ clarithromycin (1 week) followed by IV tazocin (10 days) and later IV meropenum (7 days)). Microbiological analysis from BAL
samples yielded azole-sensitive A. fumigatus and negative for TB or malignancy. The patient showed good clinical improvement within 4 weeks of voriconazole
therapy associated with improvement in serial CXRs. (B) The chest radiograph taken after 12 months of therapy showing complete clearance in the RUL
consolidation.
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DISCUSSION

Numerous extrinsic factors are known to worsen asthma
control, but the most common trigger is continuous expo-
sure to allergens, of which fungi are important factors (44).
In 2007, Bandres Gimeno and Munoz Martinez reported
the first case of ABPA successfully treated with voricona-
zole with clinical improvement and reduction in IgE levels
(45). However, there are no previously published studies to
our knowledge that have directly assessed the effects of
voriconazole or posaconazole therapy on asthma severity,
health-care service use, andQOL in individuals with SAFS
or ABPA. We performed a retrospective review of 25
patients at the North West Lung Centre (NWLC) in
Manchester, UK. In our cohort, we found that voricona-
zole therapy reduced frequent hospital admissions in 90%
of the patients at 3 months, a benefit that was maintained at
6 and 12 months of therapy. We also demonstrated a
reduction in the frequency of recurrent chest infections or
acute exacerbations in 17 of 24 (70%), 9 of 19 (47%), and 9
of 17 (52.9%) patients at 3, 6, and 12 months, respectively.
The observed clinical response over time to voriconazole
or posaconazole is a clinically significant finding that has
implications for management of patients with poorly con-
trolled severe asthma who are allergic to fungi and support
previous suggestions linking mold sensitization with
severe asthma attacks requiring hospital admission (5).

Asthma Control

The current goal of asthma treatment is to achieve and
maintain optimal asthma control mostly using the GINA
control criteria for day- and night-time symptoms, need for
rescue medication, activity limitation and exacerbations,
and lung function (46, 47). Since 1999, the British
Guidelines on the Management of Asthma have been
produced jointly by the BTS and the Scottish
Intercollegiate Guideline Network (SIGN), and achieving
asthma control parameters is a key part of new versions of
these guidelines (48).

In this study, we demonstrated that identification and
treatment of SAFS and asthmatic ABPA patients with
voriconazole and posaconazole resulted in better asthma
control as demonstrated by reduction in symptoms,
improvement of patients’ perception of QOL, and stabili-
zation in lung function throughout the active treatment
period (Table 3). Our study supports the findings from
the FAST study, a double-blind, placebo-controlled, ran-
domized trial of itraconazole in patients with SAFS (28),
and the retrospective study by Pasqualotto et al. (27).

In our patients, the magnitude of the effect of voricona-
zole and/or posaconazole on symptoms of asthma seen is
encouraging. Better asthma control was achieved in over
two-thirds of patients during 12 or more months of ther-
apy. Using the GINA definition of asthma control (46, 47),
a marked improvement in parameters of asthma control
including reduction in medication use (SABA, OCS),
emergency health-care use, and ET (27) was observed.
Using the GINA criteria, we observed that at least 30%
of our patients could be reclassified from uncontrolled to
partly controlled asthma (47). We also observed a major
reduction in cough frequency (>67%), reduction in breath-
lessness (>40%), and reduced exacerbations (>75%) at 3,
6, and 12 months.

A major potential benefit of better asthma control is
reduction in corticosteroid exposure. In our patients, over
30% of steroid-dependent asthmatic ABPA and SAFS
patients could discontinue OCS completely with vorico-
nazole or posaconazole therapy.

Not only are patients with severe asthma heavily bur-
dened by disease, but the health costs for these asthma
sufferers individually and to health-care services are enor-
mous (49). There appears to be a relationship between
asthma control status and urgent health care. In a recently
published Asthma Insights and Reality in Asia-Pacific
Phase 2 (AIRIAP 2) study, a cross-sectional, community-
based survey of 4805 subjects looking at the relationship
between control status derived from the GINA and urgent
health-care utilization and the relationship with self-
reported urgent health-care utilization related to asthma
over the previous 12 months, Lai and colleagues found
that each of the symptom criteria was significantly asso-
ciated with urgent health-care utilization (50). In our study,
we have shown that with voriconazole or posaconazole
therapy, there is significant reduction in health-care service
use with reduction in hospital admissions by 90% and 50%
at 3 months and 90% and 100% at 6 months, respectively.
This outcome was mirrored by reduction in GP or emer-
gency visits by 72% and 78% at 3 months, 68% and 78% at
6 months, and 58% and 78% at 12 months for voriconazole
and posaconazole, respectively.

Monitoring Improvement Serologically
and Physiologically

There is very little research in the current literature with
regard to serological response to voriconazole in patients
with ABPA or SAFS, although a retrospective review by
Glackin et al. of CF patients with ABPA treated with
voriconazole demonstrated a significant drop in IgE levels
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FIGURE 5.—Adverse events seen in 25 patients treated with voriconazole
evaluated after 2–48 months of treatment.
Notes: AE, adverse event. Voriconazole AEs included GI upset (7), skin
photosensitivity (11), blistering (4), visual light flashes (10), insomnia (2),
visual hallucinations (2), depression (1), adrenal suppression (2), peripheral
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ache (1), but most of them were transient and mild lasting less than a week
except for some cases of photosensitivity and visual hallucinations.
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posttreatment (35). In our study, we demonstrated that
treatment with voriconazole or posaconazole resulted in
immunological improvement, but statistically significant
reduction in immunological markers started appearing at 9
months (p ¼ .008) for total IgE, although this was not
mirrored by A. fumigatus-specific IgE levels until 12
months of treatment (p ¼ .025) for both total and RAST
(Aspergillus-specific IgE; Figures 1 and 2 and
Supplementary Tables E1 and E2). This raises an impor-
tant question as to which immunological marker may be
most useful for monitoring therapy and disease activity.
These slow serological responses suggest that reduction in
fungal burden as a cause is likely, but more rigorous means
of confirming this fact are required.

A major problem with the use of total IgE concentra-
tions for monitoring or guiding therapy is its significant
variability over time reflecting the many environmental
and host factors influencing its concentration. In the
German Multicenter Allergy Study, assessment of correla-
tions of total IgE levels from birth to 10 years of age in the
birth cohort showed that in childhood, total IgE levels
demonstrate remarkable variation over time even in the
absence of atopy (51).

Another problem is that the inability to measure IgE-
based sensitivity to all allergens has limited our under-
standing of what portion of asthma or other allergic dis-
eases is related to IgE. In our study, we observed marked
heterogeneity in IgE responses with a few dramatic falls,
most varying erratically through the course of the therapy
and some rising within the same individual with little
correlation with clinical parameters, although the numbers
are small and the data are not collected with precision.

Improvement or stability of lung function is one of the
key objectives of asthma treatment and is one of the indices
of the GINA asthma control criteria (47) and forms a major
focus of asthmamanagement by the BTS (38, 52, 53), ATS
(49), ERS, Canadian Asthma Consensus Guidelines (54,
55), and other asthma societies. We did not demonstrate a
statistically significant improvement in lung function in
our patients. Several other studies have demonstrated a
poor relationship between measures of asthma control
and lung function in patients with asthma. The relationship
between FEV1, asthma severity, and symptom is poor,
especially in those with fixed airway obstruction and air-
way remodeling (56). Our findings are similar to previous
findings using itraconazole (25–27).

Other Potential Long-Term Benefits of Antifungal Therapy

There is still ongoing debate as to whether antifungal
treatment could ameliorate or reverse lung destruction in
allergic fungal disease. We observed in our patients that in
some cases, antifungal treatment did reverse some radi-
ological abnormalities in 25–50% patients, especially pul-
monary nodular shadowing. The improvement in upper
lobe cavitating mass and extensive surrounding GGO in
one of our patients over 18 months of posaconazole ther-
apy (Figure 3) and the dramatic improvement of right

upper lobe consolidation while on voriconazole therapy
in another with ABPA (Figure 4) are encouraging. Both
patients were intolerant to itraconazole previously.

Adverse Events

Several adverse effects have been reported with vori-
conazole use, including acute and chronic cutaneous
adverse effects, mainly due to phototoxicity.
According to safety data in studies assessing voricona-
zole effectiveness (primarily invasive aspergillosis), 8%
of outpatients experienced phototoxic events (57).
More recently, some authors have reported that vorico-
nazole was involved in the occurrence of multiple and
often aggressive cutaneous squamous cell carcinomas
in immunocompromised patients if the treatment was
maintained for a long time (58). In our study, skin
photosensitivity occurred in 11 (28%) patients
(Figure 5). We did not observe any skin cancers, but
this possibility is worth following up.

Other voriconazole side effects in our patients were
gastrointestinal upsets (n ¼ 7), blistering (n ¼ 4), visual
light flashes (n ¼ 10, 34%), insomnia (n ¼ 2), visual
hallucinations (n ¼ 2), depression (n ¼ 1), adrenal sup-
pression (n¼ 2), peripheral neuropathy (n¼ 4), eye irrita-
tion (n ¼ 2), vivid dreams (n ¼ 1), dizziness (n ¼ 1), and
headache (n¼ 1), but most of these were transient andmild
lasting less than a week except for some cases of photo-
sensitivity and visual hallucinations (Figure 5). We
observed that five (20%) developed significant AEs to
voriconazole requiring switch-over to posaconazole.

We did not observe any significant AEs to posacona-
zole, although some other authors have reported a variety
of AEs that appear to be unrelated to dose. In an evaluation
of 18 healthy volunteers, Moton and colleagues reported
the frequency of AEs when compared with placebo as
headache (17% vs. 13%), dry mouth (9% vs. 0%), and
dizziness (6% vs. 2%), but there were no clinically sig-
nificant changes in vital signs or laboratory test parameters
except for transient, mild-to-moderate elevations in liver
function test results (59). These authors also demonstrated
a minimal impact on QT interval with posaconazole (60).
Our study suggests that while voriconazole is efficacious,
the possibility of serious AEs is strong, and both patient
advice and close monitoring in the first few weeks of
therapy are appropriate.

Study Limitations

In this study, a number of limitations exist that include
small sample size, its retrospective design and subjective
reporting, assessment, and reporting by different indivi-
dual doctors increasing the risk of variable observer bias
(60). In addition, some patients were treated with both
agents and differing response parameters were necessarily
used for ABPA and SAFS. Only 14 (54%) of our patients
had both baseline and follow-up imaging done; many were
essentially normal at baseline.
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CONCLUSIONS

Our study shows that both voriconazole and posaconazole
are potentially effective alternative treatment options for
SAFS and ABPA and may improve asthma control and
reduce severity. However, larger prospective studies are
required, including randomized studies with good power.
The possibility of AEs linked to voriconazole needs to be
taken into account and needs to be monitored. There is also
a need to standardize the duration of antifungal therapy,
which we suggest should not be less than 6 months, and 12
months may be preferable (45). A major current limitation
is drug acquisition cost, but the high rate of efficacy shows
that treatment with these agents as second-line therapy is
justified in certain patients.
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