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Fungal disease of the lungs in 
outside the hospital 

‘Fungal asthma’ 
 

~200 million adult asthmatics 
Fungal asthma in children – 
2% of 100 million 



ABPA 

Resolution and remission 
 
 

Recurrent exacerbations 
 
Bronchiectasis 
 
Hyperattenuating mucus 
 
Chronic pulmonary 
aspergillosis 
 
Poor asthma control 
 
  

SAFS 

Complications of fungal asthma 



ABPA exacerbation – patient AL 

May 2010 
 
 
 

May 2011 
 
 
 

June 2011 
After 

prednisolone 



Exacerbation of ABPA 
Patient AL 

www.aspergillus.org.uk 

September 2011 



Central bronchiectasis as a 
complication of ABPA 

www.aspergillus.org.uk 



ABPA and development of CPA 

www.aspergillus.org.uk  

1981 1985 

1993 
1995 2002 



Chronic cavitary pulmonary 
aspergillosis as a complication of ABPA 

www.aspergillus.org.uk 



Objectives of therapy 

1. Avoidance of fungi in air 

2. Control of the inflammatory response 

3. Improvement of airway airflow via 
reduction of obstruction and mucus 

4. Reduction in the fungal burden 

5. Control of bacterial infection 



Green et al, Med Mycol 2006;44:S245  

Immunogenic airborne fungal fragments with 
remarkable allergens on their surface 

Alternaria alternata 

Aspergillus fumigatus 

Penicillium chrosogenum 

Stachybotris chartarum 

Conidiophore 

Monocolonal antibody 



 Randomised studies of antifungals 
and ABPA and/or asthma 

Disease Antifungal, duration Benefit? Author, year 

ABPA  Natamycin inh, 52 wks No Currie, 1990 

ABPA Itraconazole, 32 wks Yes Stevens, 2000 

ABPA Itraconazole, 16 wks Yes Wark, 2003 

“Trichophyton” asthma Fluconazole, 20 wks Yes Ward, 1999 

SAFS Itraconazole, 32 wks Yes Denning, 2009  

A. fumigatus-associated asthma Voriconazole, 12 wks No  Agbetile, 2014 

ABPA Amphotericin B, inh, 16 
wks 

Yes Ram, 2016 

ABPA exacerbations Itraconazole, 6-12 wks Yes Agarwal, 2018 



Open trial of itraconazole in ABPA - 1991 

                                Before                    After 

Prednisone (mg/d)              43          24* 

Total IgE                        2462        525* 

      FEV1                                1.48              1.79*  

FVC                                   2.3         2.9 

 

   *p=0.04 
  

Denning et al, Chest 1991; 35:1329 

Only 1 patient failed – he had low itraconazole levels. 



Antifungal treatment of severe asthma 
with fungal sensitisation (SAFS) 

Ward et al, J Allergy Clin Immunol 1999;104:541;  

11 patients with Trichophyton skin test allergy, 
dermtaphytosis and moderate/severe asthma,  

 
Rx with fluconazole or placebo for 5 months, then 

all received fluconazole. 
 

Fluconazole v. placebo at 5 months 
 

• Bronchial hypersensitivity reduced (p = 0.012) 
• Steroid requirements reduced (p= 0.01) 

 
Peak flow increased in 9/11 at 10 months 

 



Stevens et al, New Engl J Med 2000; 342:756 

Corticosteroid dependant ABPA with asthma 
Phase 1 -  200mg BID v placebo, 16 weeks 

Phase II - 200mg daily in all patients, 16 weeks 



Stevens et al, New Engl J Med 2000; 342:756 

Randomised trial of itraconazole in ABPA 



Randomised trial of itraconazole in ABPA 

                                Itra                Placebo then Itra 

Phase 1 

Overall response         13/28 (46%)       5/27 (19%)  p = 0.04 

Phase 2 

No prior response       4/13 (31%)          8/20 (40%)   NS 

(n=33) 

Stevens et al, New Engl J Med 2000; 342:756 

Corticosteroid dependant ABPA with asthma 
Phase 1 -  200mg BID v placebo, 16 weeks 

Phase II - 200mg daily in all patients, 16 weeks 

Number needed to treat = 3.58  

Overall 17/28 (61%) response rate  



Randomised trial of itraconazole in ABPA 

Wark et al, J Clin All Immunol 2003; 111:952 

ABPA with asthma, n = 29 
Phase 1 -  200mg BID v placebo, 16 weeks 

Primary outcome measure – Sputum eosinophil count 
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P < 0.01 

Reduced exacerbation rate 
No change in FEV1 or PEF 



Retrospective comparison of antifungal 
treatment of SAFS with ABPA 

Pasquallotto et al, Respirology 2009;14:1121  

22 patients 
with SAFS 

were 
compared 

with 11 with 
ABPA 



Proof of concept RCT of antifungal Rx in 
SAFS 

AQLQ change of 0.8 to 1.2 

Denning et al, Am J Resp Crit Care Med 2009; 179:11 

P= 0.014 



Proof of concept RCT of antifungal Rx in 
SAFS – outcomes at 32 weeks MITT 

Denning et al, Am J Resp Crit Care Med 2009; 179:11 

Mean (95% CI) or % (n) P-value  

Active Placebo 

Change in AQLQ score +0.85  
(0.28, 1.41) 

-0.01  
(-0.43, 0.42) 

0.014 

Improvement in AQLQ score of 
>0.75 

54% (14) 18% (5) 0.013 

Percentage change in total IgE 
(IU/L)  

-27%  
(-14%, -38%) 

+12%  
(-5%, +31%) 

0.001 

Change in FEV1 (L/min) -0.22  
(-0.56, 0.11) 

-0.02  
(-0.16, 0.11) 

NS 

Change in FEV1 (% predicted) -3.66  
(-9.39, 2.08) 

0.13  
(-3.67, 3.93) 

NS 

Change in average PEFR (am) 20.8  
(3.5, 38.1) 

-5.5  
(-21.6, 10.7) 

0.028 

Change in average PEFR (pm) 16.8  
(1.5, 35.2) 

8.9  
(-33.9, 51.8) 

NS 

Number needed to treat = 3.22  



RCT of anti-IgE (omalizumab) v. placebo, 
moderate and severe asthma – quality of life 

Buhl et al Eur Resp J 2002;20:1088 

Omalizumab mprovement 
in AQLQ = ~0.4 

placebo 

omalizumab 

Steroids improvement in  
AQLQ = ~0.6 



Fraczek et al, J Clin All Immunol  2018; in press  
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Steroids are the only factor statistically linked to 
higher levels of Aspergilli & Penicillia 



Population structure: 

Both clonal and diverse  

Fraczek et al, J Clin All Immunol  2018; in press  



Chishimba et al, J Asthma 2012;49:423 

 Second and third line antifungal 
therapy for ABPA and/or asthma 

• 26 patients, ABPA (n = 21) or SAFS (n = 5). 
• All patients had failed itraconazole (n=14) or developed 

 adverse events (AEs) (n=12) 
• 34 courses of therapy, 25 with voriconazole and 9 with 

 posaconazole. 
 



Impact of voriconazole and 
posaconazole on ABPA and SAFS - 

retrospective 

Chishimba  L J Asthma 2012;49:423 

Response to Therapy

Clinical responseat 3, 6, and 12 monthsof voriconazoleor
posaconazole treatment is summarized in Table 2. Overall
clinical improvement to voriconazole treatment was
observedin17(68%; ABPA ¼13,SAFS¼4) of 25patients
at3months,15(75%)of 20at6months,and12(70.6%)of 17
at 12 months, compared with 7 of 9 (78%) at 3, 6, and 12
months for posaconazole(Table2). On thebasisof clinical
parameters,treatment failuretovoriconazolewasobservedin
1 of 20 (5%) patients at 3 months, none of 15 (0%) at 6
months,and2of 15(15%)at12months.Notreatment failure
wasobservedwithposaconazole.

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 wasprobably not markedly reduced.

There were 10 patients who had had frequent hospital
admissions at the start of voriconazole therapy and no
admissions wereobserved in 9 of them (90%) at 3 months.
Thisbenefit wasmaintained at 6 and 12 monthsof therapy.
Voriconazole therapy reduced the frequency of recurrent
chest infectionsor acuteexacerbations in 17of 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-
bationsin7of 9 (78%) patientsat 3monthsand 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, range64–7200)
to a median IgE of 475 kU/L (range 51–3100).

RAST to Aspergillus fell, but wasonly 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 responsebetween IgEand 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 theeight patientswith spirometry valuesat 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 valueof 2.67 (p¼ .11). Therewereno 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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Response to Therapy

Clinical responseat 3, 6, and 12 monthsof voriconazoleor
posaconazole treatment is summarized in Table 2. Overall
clinical improvement to voriconazole treatment was
observedin17(68%; ABPA ¼13,SAFS¼4) of 25patients
at3months,15(75%)of 20at6months,and12(70.6%)of 17
at 12 months, compared with 7 of 9 (78%) at 3, 6, and 12
months for posaconazole(Table2). On thebasisof clinical
parameters,treatment failuretovoriconazolewasobservedin
1 of 20 (5%) patients at 3 months, none of 15 (0%) at 6
months,and2of 15(15%)at12months.Notreatment failure
wasobservedwithposaconazole.

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 wasprobably not markedly reduced.

There were 10 patients who had had frequent hospital
admissions at the start of voriconazole therapy and no
admissions wereobserved in 9 of them (90%) at 3 months.
Thisbenefit wasmaintained at 6 and 12 monthsof therapy.
Voriconazole therapy reduced the frequency of recurrent
chest infectionsor acuteexacerbations in 17of 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-
bationsin7of 9 (78%) patientsat 3monthsand 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, range64–7200)
to a median IgE of 475 kU/L (range 51–3100).

RAST to Aspergillus fell, but wasonly 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 responsebetween IgEand 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 theeight patientswith spirometry valuesat 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 valueof 2.67 (p¼ .11). Therewereno 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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Chishimba et al, J Asthma 2012;49:423 

 Second and third line antifungal 
therapy for ABPA and/or asthma 

• 26 patients, ABPA (n = 21) or SAFS (n = 5). 
• All patients had failed itraconazole (n=14) or developed 

 adverse events (AEs) (n=12) 
• 34 courses of therapy, 25 with voriconazole and 9 with 

 posaconazole. 
  

• 73-80% improved at 6 months. 
• 18/24 (75%) discontinued oral corticosteroids, 12 of them 

 within 3 months of starting antifungal therapy 
 

• 4 relapsed (57%), 1 at 3 months and 3 at 12 months after 
 discontinuation.  



Chishimba et al, J Asthma 2015; 52:289  

 Nebulised conventional 
amphotericin B 



Agarwal et al, Chest 2018 in press 



Agarwal et al, Chest 2018 in press 



Agarwal et al, Chest 2018 in press 

 4 months of therapy and then 
observation 



Itraconazole inhaled steroid interaction 

  
• Itraconazole reduces the metabolism of inhaled 
 steroids 

• Documented for beclomethasone, fluticasone 

• Ciclosenide probably not 

• No interaction with prednisolone, dexamethasone, 
 hydrocortisone 

• Reduces metabolism of methylprednisolone 

• [Voriconazole reduces prednisolone metabolism, but 
probably no interaction with inhaled steroid] 

  



Chung et al, Eur Resp J 2014;43:343 



www.LIFE-Worldwide.org 


