
  
 

 

  

Endpoints for antifungal clinical trials 

for fungal asthma
 

David W. Denning
 

The University of Manchester
 

Global Action Fund for Fungal Infections
 



 
 

 

    

‘Fungal asthma’
	
ABPA versus SAFS
 

SAFS = severe asthma with fungal sensitisation
 

Denning et al, Med Mycol 2013:51:361 



 
  

  
  

Fungal asthma endpoints 
Primary endpoint options: 
Measures of lung function – walking distance, step tests, FEV1, 
Patient reported outcomes (respiratory)– AQLQ, ACQ, SGRQ 
Patient reported outcomes (general) - WHO QoL/EuroQol 5D 
Exacerbations 
Corticosteroid usage/reduction 
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Fungal asthma endpoints 
Primary endpoint options: 
Measures of lung function – walking distance, step tests, FEV1, 
Patient reported outcomes (respiratory)– AQLQ, ACQ, SGRQ 
Patient reported outcomes (general) - WHO QoL/EuroQol 5D 
Exacerbations 
Corticosteroid usage/reduction 
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Sputum markers: eosinophils, culture, qPCR, mycobiome 
IgE and fungal-specific IgE 
Breath biopsy (exhaled breath condensate) 

Composite endpoint - examples
 



 
Randomised studies of antifungals 


for fungal asthma
 



   

Th~ NEW ENGLAND JOURNAL of MEDICINE. 

DOMIZED TRIAL 0 1F ITRACO AZOLE I ALLERGIC 
BRONCHOPULMO ARY ASPERGILLOSIS 

DAVllD A .. STEVENS, M .D ., HowAAD J . ScHWARlZ,. M .D .•. JEANNETTE Y. LEE,. PIH.ID., BAUCE L MosKOVffZ,. M .. D.,. 
D EN1N1s c. JEROME,. M .1D.,. ANT0N1N10 CATANZARO,. M .D .,. DAv10 M. BAMBERGER,. M .D .. ,. Au..1soN J .. W EBNMANN, M .. B .. , e .. s., 

CARMELITA u. TUAZON, M.ID., MARC A. JUDSON,, M.D.,. THOMAS A.E. ALATTS- M ILLS, M.D.,. PH .. D.,, 
AN[) ARTHUR c. D E GRAFF, JR.' M. D. 

TABLE 3 . DEFINITION Of A R.EsPON E IN THE 
D OUBLE-BLIND TRIAL. * 

Reduction ln the dose of corrkosrerold by SO percent or rnore 
Decr ease ln the tota.1 IgE com.ce1ruration by 25 percem.t or 1.uore 
At [east , ne of the follouring 

Increase ln exercise tolerance by at least 25 percent 
Iniprovernent by 2S percent rn results of at least one of fhre puhuonaly

fUID.cdon te stst 
Resolution of infiltrates present at enrol[ment and attrdbu.taib1e to aUergk 

lbronchopw1.nonal'Y aspel~liosis and m.o subsequent de\·elopm.ent of 
.~nfikrates, or absence of developn1em.t of any ]nfiltrates dutring the 
study .if JII infi[ tra.te s were present at el1r10Un1en t:f: 

*Patients ' vere crn.1sidel'ed to h;;tre fuad a response if they m.et the first 
two cr]ter]a am.d at .teast om.e of the conditiom.s of the third. RespoJIIses Vi ere 
assessed by crn.npadng v-:a[ues at \veek. 0 lVith those at week ] 6 . 

t Tfue foUolving tvere assessed: forced expiratory volun1e in one second, 
f reed vital capacity, forced expiratory flow im. tr.he 1.nidexp]r~uory phase., pea!k 
amv f3.te , and carbom. Enon ride rufl:i'usiJIIg capacity. 

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



   

   

 
  

    

Randomised trial of itraconazole in ABPA
 

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
 

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

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

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 



   

Phase 1
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Phase 2
       4/13 (31%)    8/20 (40%)   N

   

 
  

    

   

Randomised trial of itraconazole in ABPA
 

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

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

Itra Placebo then Itra 

Overall response 

S 

04
 

Overall 17/28 (61%) response rate 

No prior response
 

(n=33)
 

Stevens et al, New Engl J Med 2000; 342:756 
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Randomised trial of itraconazole in ABPA
 

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

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

Itra Placebo then Itra 

Overall response 04 

No prior response S 

Overall 17/28 (61%) response rate 

(n=33)
 
Number needed to treat = 3.58
 

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



   

    

 
  

   

 

  

 
 

Randomised trial of itraconazole in ABPA
 

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

Primary outcome measure – Sputum eosinophil count
 

P < 0.01 

Eo
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Reduced exacerbation rate
 
No change in FEV1 or PEF
 

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



 
 

  

   
  

  
 

  

 
  

  

Antifungal treatment of severe asthma 
with fungal sensitisation (SAFS) 

11 patients with Trichophyton skin test allergy, skin
dermatophyte infection 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
 

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



 

 Itraconazole 200mg BID 

4 months treatment in both arms 

Prednisolone 0.5mg/Kg for 4 
wks then tapered over 3 mths 

Agarwal et al, Chest 2018;153:656 



 

    

 
    

   
  

  
   

  
   

  

Endpoints 
Clinical improvement in cough and dyspnea – 4 point scale
 

Composite response of:
 
1.Improvement in cough and dyspnea (>75%) AND
 
2.Partial clearance of CXR abnormalities (>50%) AND
 
3.Serum IgE fall by >25%
 

ABPA exacerbation =
 
Clinical and/or radiological worsening + serum IgE >2x prior level
 
Asthma exacerbation =
 
Clinical exacerbation without CXR or IgE 2x prior level
 

Exacerbations investigations:
 
CXR
 
Total IgE
 
Sputum for AFB and bacterial culture
 

Agarwal et al, Chest 2018;153:656 



 

Prednisolone Group Itraconazole Group Estimated Difference 
Outcome (n = 63) (n = 68) (95% CI) PVa lue 

Primary outcomes 

Subjects with response foll owing 6 wk of 63 {100°/o) 60 (88.2°/o) - 11.8 (- 21.5 to - 3 .7) .007 
treatment8 

Subjects with response foll owing 3 mo of 63 {100°/o) 60 {100°/o) O ( - 0.06 to 0 .06) 
treatment 

Percentage decline in IgE fol lowing 6 wk of 54.5 (48 .9 -60.1) 51.8 ( 42 . 9 -60. 8) - 2 .7 ( - 7 .6 to 13.4) .87 
treatment (n = 123) 

Percentage decline in IgE following 3 mo of 66. 9 (62 .0-71.8) 65.6 (59 .1-72. l) - 1.3 (- 6 .7 to 9.3) .80 
treatment (n = 123) 

No. of subjects experiencing exacerbation 6 (9 .5°/o) 7 {11.7°/o) - 2 .1 ( - 13.8 to 9 .2) .93 
fo llowing l y of treatment (n = 123) 

No. of subjects experiencing exacerbation 14 (22 .2°/o) 17 (28.3°/o) - 6.l ( - 21.3 to 9.2) .44 
following 2 y of treatment (n = 123) 

Primary outcomes
 

Agarwal et al, Chest 2018;153:656
 



 

 IgE levels over time
 

Prednisolone 
itraconazole 

Agarwal et al, Chest 2018;153:656 



 

Prednisolone Group Itraconazole Group Estimated Difference 
Outcome (n = 63) (n = 68) (95% CI) PValue 

Secondary outcomes 

Time to first exacerbation {n = 123) 437 {307-567) 442 {369-521) 8 {- 76 to 61) .91 

Difference in FEV1 following 6 wk of 0 .33 {0.26-0.41) 0 .30 {0.22-0 .37) 0 .03 {- 0.07 to 0.13) .20 
treatment {n = 123) 

Difference in FVC followingi 6 wk of 0 .37 {0.19-0 .54) 0.37 {0.26-0.49) 0 .08 {- 0.06 to 0.22) .42 
treatment {n = 123) 

Subjects with exacerbation f ollowing 6 mo 6 {9.5°/o) 6 {10.0°/o) 0 .01 {- 0.11 to 0.12) .93 
of treatment 

Total No. of ABPA exacerbations 0 .57 {0.32-0.82) 0.83 {0.48-1.18) - 0.26 {- 0.69 to 0 .17) .32 

Total No. of asthma exacerbations 0.48 {0.28-0 .67) 0.62 {0.36-0.87) - 0.14 {- 0 .46 to 0 .18) .45 

Primary outcomes
 

Agarwal et al, Chest 2018;153:656
 



 

  4 months of therapy and then
 
observation
 

Agarwal et al, Chest 2018;153:656 



   

 
     

   

 

Enrolment criteria 
• Severe asthma (BTS level 4 or 5)
 
• Sensitisation to any fungus 
• IgE < 1,000 
• Negative Aspergillus IgG antibody
 

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



   

   

Proof of concept RCT of antifungal Rx in 

SAFS – AQLQ change
 

Treatment stopped 

P= 0.014 

Primary endpoint 

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



   

 

   

      

 

    

   

  

Patients enrolled & randomised N = 58 Itraconazole 200mg BID 
8 months 

Active (itraconazole)  N = 29 Placebo N = 29 

Active N= 3 Placebo N=1 (p=0.60) 

Withdrawal in <4 weeks 

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

MITT analysis set (active) N =26 MITT analysis set (placebo) N =28 

Placebo N=5 (p=0.25) Active N= 8 

Withdrawal 4-32 weeks 

Per protocol analysis set (active) 
N= 18 

Per protocol analysis set (placebo) 
N=23 

P=0.014 
AQLQ ∆ = 0.82 

P=0.002 
AQLQ ∆ = 1.18 



   
    

  

 
   

 
  

 
   

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

Steroids improvement in 
AQLQ ∆ = ~0.6
	

Omalizumab improvement 
in AQLQ ∆ = ~0.4
	

Itraconazole improvement 
in AQLQ ∆ = ~0.8-1.2 

Buhl et al Eur Resp J 2002;20:1088 

placebo 

omalizumab 



   
  

   

  

  
  

   
 

  
 

  
 

 
 

 

Proof of concept RCT of antifungal Rx in 

SAFS – outcomes at 32 weeks MITT
 

Change in AQLQ score
 

Improvement in AQLQ score of 
>0.75 
Percentage change in total IgE -27% +12% 0.001 
(IU/L) (-14%, -38%) (-5%, +31%) 
Change in FEV1 (L/min) -0.22 -0.02 NS 

(-0.56, 0.11) (-0.16, 0.11) 
Change in FEV1 (% predicted)
 

Change in average PEFR (am)
 

Change in average PEFR (pm)
 

Mean (95% CI) or % (n)
 
Active
 

+0.85 
(0.28, 1.41) 
54% (14)
 

-3.66 

(-9.39, 2.08)
 

20.8 
(3.5, 38.1) 

16.8 

(1.5, 35.2)
 

Placebo
 

-0.01 
(-0.43, 0.42) 

18% (5)
 

0.13 

(-3.67, 3.93)
 

-5.5 
(-21.6, 10.7) 

8.9 

(-33.9, 51.8)
 

P-value 


0.014
 

0.013
 

NS
 

0.028
 

NS
 

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



 

 

 
 

Enrolment criteria 
• Asthma 
• A. fumigatus sensitisation 
• 2+ exacerbations in prior year
 

Agbetile et al, J Allerg Clin Imunol 2014;134:33 



 

Primary endpoint 
Treatment stopped
 

Agbetile et al, J Allerg Clin Imunol 2014;134:33 



 Agbetile et al, J Allerg Clin Imunol 2014;134:33 

Treatment stopped Primary endpoint 



 

Current Medical Mycology 
2019, 5(4): 1-7 

Long-term effect of antifung,al ther,apy for the treatment of 
severe resistant asthma: an active c1omparator clini1cal trial 

Majid Mirsadraee1* SanalZ Debghan2
, Sbadi Ghaffari3 Niloofar Mirsacbaee4 

Predniselont 
Itraconazole ltraconamle 

After I month After 4 months 
Become wer:s"t 8 (20%) l (2.5%) 1 (3.6%) 
wt better but not complete 22 (55%) 24.(585%)1 7 (25o/o)t 
Cooqllete feeling of healthy rn (25%) 16 (40%)t 20 (71 .4%)t 
Lost during study 11 (22%) rn (20%) 3 (2%) 
~1f f,ds to long term continue 3 {6%) 241 {60%) 
Sitle effects-not disrontinned 6(12%) 0(0%) 0 (0%) 
Side tft'ects-diseontiooed 6 ( ~.2%) 2 (51.7%) 1 (4%) 
" i' ll tolerance 36 (76%) 33 {94J%) 24 {96%) 

Mirsadraee et al, Curr Med Mycol 2019;5:1-7
 



 

Current Medical Mycology 
2019, 5(4): 1-7 

Long-term effect of antifung,al ther,apy for the treatment of 
severe resistant asthma: an active c1omparator clini1cal trial 

Majid Mirsadraee1* SanalZ Debghan2
, Sbadi Ghaffari3 Niloofar Mirsacbaee4 

Befort trial After one month After 4 months 
Itraronazole Predniwlonr ltraconazGl.r Predniwlonr 

FVC(L) l.6±0.912 1.8±0.7 2J±0.8.7tt l .!69±0.68 
FYC percent 55.2±22.23 60.3±16.65 71.8±18.Stt 57.7±21.8 
FEVI (L) 13±0.73 1.14±0.45 l.9±0.&ft l.l±01 
FEYI perc:ent 50.16±22.7 4.8.2±15i.4 71.5±21.St t 47.8±17.9 
FEVlJFVC 72 .. 8±12.61 72.1±1539 79.1±12Jtt 64.7±10.3 
FENO(PPlf) 36.8±29.2 28.16±25.2 34.6±26,5 35.2±22.1 
Lukocyte ronnt 9129±337RB 9900±3093 8900±2524 9000±1414 
Eosinopbilt count 446±699.9 703±676.] 682±773 180±28 
E1osinophile percent 5J ±7Jl 10±125 8.1±9.4 2±0 .. 4 
StrumlgE 482±670 323±88 424±442 332±882 

=Significant diffeien.ce between cue and control group after a one-month tre..atment wiifh itraconazole 
= Si mficant d~e11ence ailer the trial in the Ltraconarzole ou .· , aired t-te..st 

ltraconazolr 
3.1±1.84t 
79±39! 

2.4±1.51t 
82.5±30.4t 
89'.S±OJ t 
29±17.9 

8397±1596 
1016±203 
5J±7.5 
571±116 

Mirsadraee et al, Curr Med Mycol 2019;5:1-7
 



     
 

    
  

   
  

 
 

  
  

  

Clinical studies of systemic therapy of
 
antifungal therapy of fungal asthma -

thoughts
 
Precisely who is enrolled is important – active ongoing 

disease is a key factor, not prevention of exacerbations 
Improvement in breathing and reduced coughing with 

reduction in corticosteroid dosage is what patients want 
Modest changes in lung function 
Significant changes in total IgE 
Longer treatment duration better 
Exacerbations may be ABPA and/or asthma and/or 

bacterial exacerbations of bronchiectasis and are 
generally infrequent 
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