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Abstract 

Rationale: The utility of fractional exhaled nitric oxide (FeNO) suppression (FeNOSuppT) 

to identify non-adherence with inhaled corticosteroid (ICS) treatment has previously 

been reported, but whether it can predict clinical outcome remains unclear. 

 

Objectives: We examined the utility of FeNOSuppT in prediction of progression to 

biologic agents or discharge from specialist care. 

 

Methods: FeNOSuppT was measured at home using remote monitoring technology of 

inhaler use alongside daily FeNO measurement over 7 days. Long-term clinical outcome 

in terms of progression to biologic agent or discharge from specialist care were 

compared for non-suppressors and suppressors.  

 

Measurements and Main Results: Of the 162 subjects, 135 successfully completed the 

test with 81 (60%) positive FeNO suppression tests. Subjects with a negative FeNOSuppT 

were more likely to proceed to biologic therapy (39 of 54 patients, 72%) compared to 

those with a positive FeNOSuppT (35 of 81 patients, 43%, p=0.001). In subjects with a 

positive FeNOSuppT, predictors of progression to biologic included higher dose of 

maintenance steroid at initial assessment and prior intensive care unit admission.  These 

subjects had a significant rise in FeNO between post suppression test and follow-up 

(median, 33 [IQR, 25-55] vs. 71 [IQR, 24-114]; p=0.009) which was not explained by 

altered corticosteroid dose. 

 

Conclusions: A negative FeNOSuppT correlates with progression to biologic therapy. A 

positive FeNOSuppT, with subsequent maintenance of ‘optimised’ FeNO, predicts a sub-

group of patients in whom asthma control is preserved with adherence to high dose 

ICS/LABA and can be discharged from specialist care.  
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Take home message 

A positive FeNO suppression test can identify non-adherence. Maintenance of 

‘optimised’ FeNO by sustained adherence with inhaled therapy predicts patients who 

are likely to maintain control with high-dose inhaled therapy without the need for 

biologics. 

 

Introduction  

Severe asthma consumes a disproportionate amount of the healthcare costs 

attributable to asthma and much of this is due to the medication costs, management of 

exacerbations and unscheduled healthcare usage [1, 2]. Suboptimal adherence remains 

a significant barrier to asthma control across the spectrum of asthma severity and 

contributes to an increased risk of exacerbation [3]. Identification of non-adherence can 

be difficult as patient self-report is often over-estimated and collection of prescriptions 

does not always equate with use [4, 5]. 

 

Both fractional exhaled nitric oxide (FeNO) and peripheral blood eosinophil count (PBE) 

are markers of Type 2 (T2) asthma, and elevated FeNO is reported to predict the 

likelihood of response to inhaled corticosteroids (ICS) and risk of future exacerbations 

[6, 7]. The FeNO suppression test (FeNOSuppT) can identify poor background adherence 

to ICS in patients with “difficult to control” asthma [8] and we have previously 

demonstrated its’ utility as a ‘home-based’ test using smart inhaler technology in 

predicting biomarker profile and suitability for biologic therapy when patients are 

adherent with high dose ICS/LABA treatment [9]. The availability of biologic agents 

targeting specific cytokines in the inflammatory cascade has led to improved control and 

reduced corticosteroid exposure in patients with T2-high asthma [10] and small single 

centre cohort studies have suggested that a positive FeNOSuppT is associated with 

lower transition to biologic therapy [11, 12] Biologics are costly and potentially life-long, 



therefore it is important to manage other conditions impacting upon asthma control 

and ensure patients are adherent to inhaled corticosteroids (ICS) prior to committing to 

biologic agents. The purpose of this study was to examine longer term outcomes 

following FeNOSuppT in a multicenter setting and determine whether subjects with a 

positive test experienced an improvement in exacerbation frequency and were less 

likely to proceed to biologic treatment; in essence, could a seven day assessment of 

adherence help predict future outcome in terms of progression to biologic therapy?  

 

Methods 

This was a retrospective analysis of 162 subjects attending the Difficult Asthma Centres 

in Belfast and Glasgow who underwent FeNO suppression testing as part of the UK 

Refractory Asthma Stratification Program (RASP-UK) between September 2014 and 

October 2018  [9]. The Health Research Authority Research UK Ethics Committee and 

the Research Leads of participating centres approved the study as a clinical service 

evaluation in the RASP-UK programme and FeNOSuppT is now embedded in routine 

clinical assessment.  

 

All subjects had ‘difficult-to-control’ asthma inadequately controlled on GINA Step 4 or 

already prescribed Step 5 treatment [13], and were referred for specialist assessment 

and potential biologic therapy. All patients had detailed systematic assessment by a 

difficult asthma specialist multi-disciplinary team.  As part of this assessment, patients 

with a FeNO≥ 45 ppb proceeded to FeNOSuppT as originally described [8, 9]. 

 

FeNOSUppT using remote monitoring was performed using the Vitalograph INCATM 

device attached to the DiskusTM inhaler [14] (see online supplement for further detail). 

In brief, this device has been previously described and utilises time- and date-stamped 

acoustic monitoring technology (sound file) of inhaler technique, alongside daily FeNO 

measurement using the Niox VERO machine [14]. Use of the DiskusTM and FeNO 

machine was demonstrated to subjects by appropriately trained staff within the clinic 



setting. Subjects were asked to measure their FeNO each day, followed by inhalation of 

high-dose inhaled corticosteroid (fluticasone 1000µg daily) via the Flixotide ‘500’ 

DiskusTM with an INCATM device attached for 7 days alongside their ‘usual’ ICS/long 

acting B2 agonist (LABA) inhaler as previously described [8]. Subjects returned to the 

clinic on Day 7 and data from the INCA device was uploaded and analysed via the 

Vitalograph IC Data Compression Utility server (with additional input of FeNO readings, 

eosinophils and ACQ result) and an overall adherence measure obtained. The output 

included information on doses received, technique errors, percentage adherence and 

baseline versus day 7 FeNO, ACQ and eosinophils. As previously described, a positive 

test was defined as at least a 42% fall in FeNO between Day 0/ Day 1 and the Day 4/ Day 

5 mean FeNO values [8]. 

 

The key clinical outcomes were progression to biologic therapy and discharge from 

specialty care. In the UK, biologic access is determined by the National Institute for 

Health and Care Excellence (NICE) and is defined by use of maintenance oral 

corticosteroids or frequent exacerbations (≥ 3 per year) in severe eosinophilic asthma 

[15–17]. For all subjects, demographic, clinical and biomarker data was obtained at 

initial clinical attendance and following FeNOSuppT; in subjects who progressed to 

biologics, clinical and biomarker data at initiation of the biologic was obtained and in 

subjects did not progress to biologics, data from their last clinical review was obtained 

as available.  

 

Statistical analysis 

Normally distributed variables are presented as mean and standard deviation and 

independent t tests were used to compare between groups. Non-normally distributed 

variables are presented as median and inter-quartile, and Mann Whitney U tests were 

used to compare between groups. Chi squared analysis was used to perform hypothesis 

tests among categorical variables. Within-person changes in T2-biomarkers and 

corticosteroids between the FeNOSuppT and end of follow-up were compared using 



paired t-tests and McNemars test. Mixed-effect linear and logistic regression models 

were used to contrast the differences in the within-person changes between patients 

progressing to biologic therapy and those who did not. In these models the primary 

parameter of interest was the interaction term between time period (post-suppression 

test vs. follow-up) and biologic progression status. In all models FeNO and blood 

eosinophils where analysed on the log scale due to their positive skew, hence effect 

estimates were presented as ratios. Multivariable logistic regression modelling was used 

to determine predictors of progressing to biologic therapy. 

 

Results 

Patient characteristics 

Patient disposition and baseline demographic characteristics are shown in Figure 1 and 

Table 1. Of the original 162 subjects, 27 (17%) subjects were unable to perform a 

suppression test (10 - no daily FeNO, 17 - inadequate ICS dose during 7-day 

FeNOSuppT). Of the 135 subjects who successfully performed a FeNO suppression test, 

81 (60%) were positive and 54 (40%) were negative. There were more females (67% vs. 

44%, p=0.010), younger subjects (mean age: 41 years vs. 49 years, p=0.002), with a 

higher prevalence of eczema (23% vs. 7%, p=0.017) and greater symptom burden (ACQ-

5: 3.1 vs. 2.4, p=0.004) in the positive group (Table 1). There was no significant 

difference in the proportion on maintenance prednisolone (56% vs. 62%, p=0.441), 

rescue prednisolone courses in the prior twelve months (3 or more courses: 54% vs. 

57%, p=0.917) or T2-biomarkers; blood eosinophils (cells 109/L) median: 0.42 vs. 0.38, 

p=0.967; FeNO (ppb) median: 87 vs. 83, p=0.420) between subjects with a positive and 

negative FeNOSuppT (Table 1).  

 

Outcome following FeNOSuppT 

A positive FeNOSuppT was associated with greater likelihood of discharge from 

specialist care (25 of 81 [31%] positive FeNOSuppT vs. 4 of 54 [7%] negative FeNOSuppT, 

p=0.001) (Figure 1). Discharge would indicate improved asthma control not requiring 



intervention with biologics or other specialist input. For those that were discharged, this 

happened much more quickly among those with a positive FeNOSuppT than negative 

FeNOSuppT (median: 343 vs. 808 days, p<0.010). In contrast, a negative FeNOSuppT was 

significantly associated with progressing to biologics (35 of 81 [43%] positive 

FeNOSuppT vs. 39 of 54 [72%] negative FeNOSuppT, p=0.001) (Figure 1). There was no 

significant difference between the median time taken to progress to biologics between 

subjects who had a positive or negative suppression test (median, 588 days vs. 455 days; 

p=0.658). 

 

Biomarker and steroid treatment – post suppression test to follow-up 

To further characterise subjects in both groups who progressed to biologic therapy, we 

compared biomarker and steroid treatment post suppression test to their pre-biologic 

data (or follow-up data for those who did not progress to biologics) (Table 3).  

 

Positive FeNOSuppT 

In those subjects with a positive FeNOSuppT who progressed to biologics, predictors of 

progression were maintenance prednisolone at baseline (Table 2, 27 of 35 (80%) vs 18 

of 46 (39%), p<0.001) and a higher dose (12.5 mg [10, 20] vs. 8.75 mg [5, 10], p=0.014) 

than those who did not progress, however there was little difference in prednisolone 

rescue courses in the prior 12 months (Table 2). Interestingly these subjects with a 

positive FeNOSuppT who progressed to biologic treatment had a significant rise in FeNO 

between post-suppression test and follow-up (median, 33 [25, 55] vs. 71 [24, 114]; 

p=0.009) which was not explained by altered steroid dose (Table 3, difference in 

differences analysis), but little change in PBE (Figure 2). However, in subjects with a 

positive FeNOSuppT who did not progress to biologic therapy, FeNO and blood 

eosinophil count remained relatively unchanged with inhaled steroid optimisation 

despite a substantial reduction in the proportion on oral steroids (from n=14 to 4 in 

whom data available) (Figure 2). In the four subjects with a positive FeNOSuppT 

remaining on maintenance prednisolone who did not proceed to biologics, two had 



significant hypothalamic pituitary adrenal (HPA) axis suppression and remained on 5mg 

prednisolone replacement dose with stable asthma and no prednisolone boosts, one 

developed giant cell arteritis requiring maintenance prednisolone and sarilumab and 

one patient did not wish to consider biologic therapy.  

 

Negative FeNOSuppT 

In those with a negative suppression test, there was little change in biomarker profile 

post suppression or asthma control at follow-up despite inhaled steroid optimisation 

and little reduction in the proportion on oral steroids (Table 3). In the 15 subjects who 

did not progress to biologics, eight remained biomarker high but fell short of UK 

prescribing criteria for biologic therapy (which dictates more than 3 – 4 courses of 

rescue prednisolone per year, or the need for maintenance prednisolone), one did not 

wish to progress immediately to biologic therapy and six remained on maintenance 

prednisolone. Of these six, one patient was diagnosed with HLA B27 negative axial 

inflammatory spondyloarthropathy and started on Secukinumab (anti IL-17) and 

prednisolone, three had HPA axis suppression therefore could not withdraw 

prednisolone (and asthma remained stable), and two did not wish to initiate biologic 

therapy.  

 

Predictors of progression to biologics 

To explore predictors of progression to biologic therapy, multivariable analysis was 

performed using the following variables (age, gender, suppression test [positive or 

negative], exacerbation rate [0, 1-2, ≥3], maintenance prednisolone [y/n], ICU [y/n], 

ACQ [<0.75, 0.75 – 1.5, >1.5], FeNO <84, ≥84ppb (median value), FEV1/FVC%). At initial 

assessment, only a negative suppression test (OR=6.9, 95%CI=2.1-22.1; p<0.001) and 

being on maintenance prednisolone (OR=3.7, 95%CI=1.4-10.1; p=0.010), predicted 

progression to biologic therapy. There was no difference in predictive variables and 

progression to biologic therapy between clinical centres. 

 



 

Discussion 

Non adherence, whether intentional or non-intentional, is common in all severities of 

asthma and assessment and management of poor adherence is integral to good asthma 

care in asthma clinical guidelines [13, 18]. At present there is no standardized approach 

to identifying non-adherence and identification varies from patient-reported adherence 

which is known to substantially over-estimate adherence [4], prescription records [5] to 

more sophisticated means such as the use of monitored inhaler devices aligned with 

biomarker profiling [9, 14]. The original description of FeNOSuppT identified that in 

patients on maximal high dose ICS with multiple other controllers and with a baseline 

FeNO of >45ppb, following directly observed treatment with additional inhaled 

corticosteroid identified non-adherence (see supplement for details) [8]. In the current 

study, 60% of subjects referred to the severe asthma centres for consideration of 

biologics had a positive FeNOSuppT suggesting that suboptimal adherence remains a 

major issue and is consistent with prior descriptions of the problem in this clinical 

population [5, 9, 19]. The identification of non-adherence is particularly important prior 

to commitment to complex long-term treatments such as biologic therapies. In a US 

prescribing database study looking at 7,658 prevalent and 3,399 incident omalizumab 

users, 48.6% had very low adherence (medication possession ratio for ICS and/or ICS-

LABA ≤ 50%) in the 12 months prior to omalizumab initiation [20] suggesting that 

biologic therapy is used to manage non-adherence with inhaled treatment where it is 

not identified before biologic initiation. 

 

This study looked at long-term clinical outcome defined as progression to biologic 

therapy or discharge from specialist care and demonstrated that FeNOSuppT identified 

patients more likely to proceed to biologic therapy or to be discharged from specialist 

care controlled with optimized inhaled treatment (Figure 1). At baseline patients 

presented similarly- biomarker high with a high prevalence of concomitant maintenance 

prednisolone and frequent exacerbations; however these patients can be 

‘dichotomised’ with FeNOSuppT into those for whom early consideration to biologics 



should be given if appropriate, and those who require a further period of assessment as 

to the appropriate clinical course (Figure 1).  

 

Corticosteroid stewardship is a major focus for healthcare providers and this study 

suggests that poor adherence to inhaled therapies is often managed with inappropriate 

oral corticosteroid prescription. Of particular note, 10 of 14 patients with a positive 

FeNOSuppT, who were prescribed maintenance prednisolone at point of initial specialist 

asthma assessment and did not progress to biologics, managed to withdraw 

prednisolone simply with optimized inhaled treatment and in the remaining four, three 

required prednisolone for another condition and one did not wish to proceed to biologic 

therapy. Therefore in all but one patient in this group who did not progress to biologic 

therapy, their underlying asthma did not dictate an ongoing need for maintenance 

prednisolone; additionally the one remaining patient would have proceeded to biologic 

with their consent. This data builds on the report of Faruqi et al [11] who described six 

month outcome in 46 patients who fulfilled UK prescribing criteria for biologic therapy; 

following FeNOSuppT, 19 of 46 (40%) were identified as non-adherent and 14 did not 

progress to biologic therapy during the six month follow-up. Notably, in this cohort, 

none were on maintenance oral corticosteroid at initial assessment, whereas in our 

cohort over 50% were prescribed maintenance prednisolone, which is typical of patients 

referred to specialist care in the UK [21]. Boddy et al described an analysis of patients 

who underwent either FeNOSuppT (n=42) or remote monitoring over a 28 day period 

and again fewer patients who ‘suppressed’ their FeNO proceeded to biologic therapy 

compared with non-suppressors (35.5% versus 72.7%) [12].  

 

It is important to note that FeNOSuppT is a phenotyping exercise to identify non-

adherence, and specifically patients who are likely to be responsive to high dose ICS. It is 

not a suggested intervention to maintain adherence and notably in those with a positive 

FeNOSuppT who eventually progressed to biologic therapy, there was a significant rise 

in FeNO at pre-biologic start date compared to the value on completion of the 7-day 



FeNOSuppT, which was not explained by change in corticosteroid prescription (oral 

prednisolone or ICS) (Figure 2). We have previously shown that this Day 7 value is 

closely related to the “optimised” value when adherent with high dose ICS/LABA [9] and 

notably this increase in FeNO was not seen in those with a positive FeNOSuppT who did 

not progress to biologic therapy, despite significant reduction in maintenance 

prednisolone exposure. Taken together, this suggests that there is a reversion to 

previous suboptimal adherence to high dose ICS in those with positive FeNOSuppT who 

progress to biologic therapy, and whether this could be prevented with an adherence 

support system e.g. a connected inhaler system with real-time feedback is an area for 

future research [22].  There is evidence that suboptimal adherence to inhaled 

maintenance treatment is common at time of initiation of biologic therapy [20] and 

additionally is associated with biologic failure [23]. Data from these studies was based 

upon prescription collection but this is a less accurate way to assess adherence when 

compared to objective FeNOSuppT [8]. 

 

In parallel, this data demonstrates that negative FeNOSuppT was predictive of 

progression to biologics, suggesting this test is useful in quickly discriminating refractory 

T2-high patients likely to require these more advanced therapies (Figure 1). Patients 

with a negative suppression test who did not progress to biologics remained biomarker 

high despite high dose ICS treatment and/or maintenance oral prednisolone, and there 

were other reasons for not proceeding to biologic therapy, such as falling short of UK 

prescribing access criteria, or the inability to wean steroids due to HPA axis suppression.  

 

We have previously described the demographic features of patients with a positive 

FeNOSuppT [8] and this cohort again demonstrated the association of a positive 

FeNOSuppT with younger female patients and a greater prevalence of eczema; 

importantly maintenance corticosteroid use, yearly prednisolone boosts and biomarker 

profile were not different to those with a negative FeNOSuppT. However, this data also 

identified within the group with a positive FeNOSuppT, potential predictors at initial 



presentation of likely progression to biologic treatment including being on maintenance 

prednisolone at higher dose (median 12.5mg versus 8.75mg, with a higher proportion 

having had a previous ICU admission. At the time of progression to biologic therapy, 

patients with a positive FeNOSuppT were more likely to continue maintenance 

prednisolone and remained exacerbation prone as evidenced by prednisolone boosts, 

which is consistent with the UK access criteria to biologic therapy. It is important to 

note, as discussed above, potential slippage in adherence to ICS is likely to contribute to 

failure to withdraw prednisolone. 

 

Patients with a positive FeNOSuppT were more likely to be discharged from clinic and in 

a shorter time frame. Consistently ‘optimised’ FeNO levels post suppression testing in 

this subgroup are consistent with ongoing good adherence to high dose ICS treatment 

and is consistent with withdrawal of maintenance prednisolone and exacerbation 

reduction (58% had no exacerbations requiring prednisolone boost in the 12 months 

prior to their follow-up data collection). This suggests that not only is FeNOSuppT useful 

in predicting biologic need, it can support the clinician in an adherence intervention and 

corticosteroid stewardship in a proportion of patients. The time to commence a biologic 

in this study was long and in part reflects the timing of clinical assessment (including 

FeNOSuppT) and NICE approval of access to suitable biologic agents with many patients, 

whether positive or negative FeNOSuppT, on a wait list pending NICE approval in the UK. 

 

The strength of this data includes a ‘real world’ multi-centre approach and a 

standardized assessment of adherence at the outset, and outcomes were entirely 

consistent between the two centres. Although patients were able to demonstrate 

effective use of the DiskusTM inhaler at the initiation of FeNOSuppT, 17 (10%) had 

ineffective dosing during the test in keeping with previous observations [8], however 

FeNOSuppT is deliverable in routine clinic care for the majority of patients. There are 

also a number of limitations to the data. The result of the FeNOSuppT was not “blinded” 

to the clinical team and may have impacted clinical decision making to progress to 



biologic therapy. However, the fact that a proportion of patients with a positive 

FeNOSuppT did progress to biologic therapy suggests that this was not a specific barrier. 

Asthma control measured by ACQ was available for all patients at time of FeNOSuppT, 

and in all those progressing to biologic therapy, however there was inconsistent data for 

long term follow up in those who did not progress to biologics or were discharged as 

symptom control was determined by clinical assessment rather than formal ACQ.  

 

In summary, this study suggests that FeNOSuppT is a valuable step in the assessment of 

the exacerbation-prone difficult-to-control asthmatic presenting with a high FeNO 

(FeNO≥45 ppb). It facilitates short-term profiling of biomarker responses to ICS to 

identify those who are likely to respond better to high-dose ICS/LABA therapy when 

used regularly (‘positive’ suppressors) and those who, despite good adherence with 

inhaled treatment, are likely to require additional treatment with biologic agents 

(‘negative suppressors’). Future studies should explore if adherence support tools, such 

as connected inhaler devices, will further reduce progression to biologic therapy and 

should include health economic analyses of this approach to help streamline approach 

to assessment of this population. 
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Table 1. Demographic characteristics at baseline assessment of the 135 subjects with 
FeNO>45 ppb who successfully performed a FeNOsuppT. Data are shown as median 
(interquartile range), mean (SD), or n (%) as appropriate. 

  

Positive FeNO 

suppression (N=81) 

Baseline data 

Negative FeNO 

suppression (N=54) 

 

P value 

Female, n (%) 54 (67%) 24 (44%) 0.010 

Age (years) 41 (15.4) 49 (13.1) 0.002 

Smoking status n (%)    

Never 58 (72%) 38 (72%) 0.503 

Ex-smoker 21 (26%) 15 (28%) 

Current smoker 2 (2%) 0 (0%) 

*Atopic, n (%) 50 (63%) 31 (58%) 0.643 

ACQ-5  3.1 (1.3) 2.4 (1.3) 0.004 

FENO, ppb 87 (65, 128) 83 (60, 111) 0.420 

Blood eosinophils, cells 10
9
/L  0.42 (0.20, 0.62) 0.38 (0.25, 0.63) 0.967 

Inhaled steroid (BDP equivalent µg) 2000 (1600, 2000) 2000 (1600, 2000) 0.626 

Maintenance prednisolone, n (%) 45 (56%) 33 (62%) 0.441 

Prednisolone dose, mg  10 (7.5, 15) 10 (8.75, 13.75)  0.678 

Prednisolone boost (past 12 months), n (%)    

      0 19 (24%) 11 (21%) 0.917 

     1-2 18 (23%) 12 (23%)  

     3 or more 43 (54%) 30 (57%)  

Hospital admission past 12 months, n (%) 28 (35%) 12 (23%) 0.140 

Ever in ICU, n (%) 7 (9%) 6 (11%) 0.608 

Eczema, n (%) 19 (23%) 4 (7%) 0.017 

**Chronic rhinosinusitis with nasal polyps, n (%) 25 (31%) 18 (34%) 0.743 

FEV1% predicted 76.0 (19.8) 72.5 (17.6) 0.301 

FVC% predicted 93.2 (17.2) 87.9 (16.9) 0.084 

FEV1/FVC% 67.0 (11.7) 65.9 (11.1) 0.580 

IgE (IU/L) 197 (60, 731) 147 (85, 274) 0.252 

Definition abbreviations: ACQ = Asthma Control Questionnaire; ICU = intensive care unit; FEV1 = forced expiratory 
volume in 1 second; FVC = forced vital capacity; IgE = immunoglobulin E. 
*Atopy defined with immunology test; skin prick or RAST positive to inhaled allergen (cat, dog, house dust mite, 
mixed grasses)**Chronic Rhinosinusitis with Nasal Polyps (CRSwNP) diagnosed after specialist otolaryngology 
assessment 

  



 

Table 2. Demographic characteristics for subjects who had a positive suppression result, 
categorised by whether they progressed to biologics or not. 

` Patients with positive FeNOSuppT 
 

 

 Progressed to 
biologics (n=35) 

 Did not progress to 
biologics (n=46) 

P value 

Female, n (%) 22 (63%)  32 (70%) 0.526 

Age (years (SD) 42.4 (13.7)  40.0 (16.7) 0.491 

Smoking status n (%)     

Never 25 (71%)  33 (72%) 0. 981 

Ex-smoker 9 (26%)  12 (26%) 

Current smoker 1 (3%)  1 (2%) 

*Atopic, n (%) 21 (62%)  29 (63%) 0.901 

Ever in ICU, n (%) 7 (20%)  0 (0%) 0.002 

Eczema, n (%) 8 (23%)  11 (24%) 0.912 

**Chronic rhinosinusitis with nasal polyps, n (%) 13 (38%)  12 (26%) 0.247 

IgE (IU/L) 177 (43,801)  197 (64,592) 0.960 

Baseline assessment at initial clinic visit     

ACQ-5 (baseline) 3.07 (1.26)  3.09 (1.35) 0.959 

FeNO, ppb (baseline) 91 (65, 111)  83 (63, 130) 0.958 

Blood eosinophils cells 10
9
/L 0.33 (0.18, 0.62)  0.43 (0.21, 0.62) 0.412 

Inhaled steroid (BDP equivalent µg) 2000 (1600,2000)  2000 (1200,2000) 0. 170 

Maintenance prednisolone, n (%) 27 (80%)  18 (39%) <0.001 

Prednisolone dose, mg 12.5 (10,20)  8.75 (5,10) 0.014 

Prednisolone boost past 12 months, n (%)     

     0 9 (26%)  10 (22%) 0. 706 

     1-2 9 (26%)  9 (20%) 

     3 or more 17 (49%)  26 (58%) 

Hospital admission past 12 months n (%)  14 (40%)  14 (30%) 0.370 

FEV1% predicted 71.1 (19.4)  79.6 (19.5) 0.056 

FVC% predicted  88.2 (17.0)  96.9 (16.6) 0.024 

FEV1/FVC% 64.4 (12.4)  68.9  (10.8) 0.090 

Follow-up (pre-biologic assessment)     

Time to follow-up (days)  538 (403)   445 (562) 0.475 

Maintenance prednisolone, n (%) 

     Data not available n=12 

28 (82%)  4 (11%) <0.001 

Prednisolone dose (mg) 10 (10, 15)  10 (5, 15)  0.040 

Prednisolone boost [past 12 months] 

    Data not available n=18 

    

     0 3 (10%)  19 (58%) <0.001 

     1-2 8 (27%)  12 (36%) 

     3 or more 19 (63%)  2 (6%) 

Inhaled steroid (BDP equivalent µg)  2000 (2000, 2000)  2000 (2000, 2000) 0.023 



Hospital admission [past 12 months], n (%)  7 (20%)  4 (11%) 0.276 

Definition abbreviations: ACQ = Asthma Control Questionnaire; ICU = intensive care unit; FEV1 = forced expiratory 
volume in 1 second; FVC = forced vital capacity; IgE = immunoglobulin E. 
Data are shown as median (interquartile range), mean (SD), or n (%) as appropriate. *Atopy defined with immunology 
test; skin prick or RAST positive to inhaled allergen (cat, dog, house dust mite, mixed grasses). 
**Chronic Rhinosinusitis with Nasal Polyps (CRSwNP) diagnosed after specialist otolaryngology assessment 

 

 

 



Table 3. Comparison of FeNO, blood eosinophils, ICS dose and proportion on maintenance OCS for positive and negative FeNO suppressors. 
  Progressed to biologics   Did not progress to biologics    

 N Post 
suppression 

test 

Follow-up P value  N Post 
suppression 

test 

Follow-up P value  Difference in 
differences analysis 

Est. (95% CIs; P value) 

Difference in 
differences 

analysis adjusted 
for maintenance 
prednisolone at 

baseline 
Est. (95% CIs; P 

value) 

Positive              

 FeNO, ppb  N=34 33 (25,55) 
 

71 (24,114) 
 

0.009  N=33 25 (19,37) 
 

32 (23,42) 
 

0.215  29.9 (11.1, 48.7; 
p=0.002) 

28.3 (8.8, 47.6; 
p=0.004) 

Blood     eosinophils, cells 
10

9
/L  

N=27 0.32 (0.19, 
0.49) 

 

0.24 (0.05, 
0.50) 

 

0.122  N=19 0.45 (0.14, 
0.71) 

 

0.38 (0.11, 
0.62) 

 

0.359  -.08 (-0.3 , 0.14; 
p=0.480) 

-0.05 (-0.28, 0.18; 
p=0.664) 

ICS dose, (BDP equivalent 
µg)  

N=35 2000 
 (1600-
2000) 

 

2000 
(2000-
2000) 

 

0.146  N=36 1600 (800-
2000) 

 

2000 
(2000-
2000) 

 

0.007  75.2 (-295.5, 446; 
p=0.691) 

-- 

Maintenance OCS  N=34 27 (80%) 
 

28 (82%) 0.655  N=35 14 (40%) 
 

4 (11%) 0.002  OR=62.4 (2.4, 1613.2;  
P=0.015) 

-- 

Negative              

FeNO, ppb N=38 53 (37,75) 
 

68 (43,104) 
 

0.143  N=13 39 (33,52) 
 

50 (27,65) 
 

0.388  12.96 (-21.62, 47.55; 
p=0.463) 

11.37 (-24.05, 
46.80; p=0.529) 

Blood eosinophils, cells 
10

9
/L  

N=28 0.34 (0.16, 
0.74) 

 

0.19 (0.09, 
0.56) 

 

1.000  N=8 0.24 (0.12, 
0.41) 

 

0.37 (0.24, 
0.50) 

 

0.289  -0.22(-0.61, 0.15; 
p=0.251) 

-0.21 (-0.25, 0.14; 
p=0.249) 

ICS dose, (BDP equivalent 
µg)  

N=37 2000 (1600, 
2000) 

 

2000 (2000, 
2000) 

 

<0.001  N=14 1800 (1200, 
2000) 

 

2000 
(2000, 
2000) 

 

0.289  142.3 (-216.7, 501.4; 
p=0.437) 

-- 

Maintenance OCS N=38 25 (66%) 
 

28 (74%) 
 

0.180  N=14 8 (57%) 
 

6 (43%) 
 

0.414  OR=5.8 (0.39, 86.5) 
P=0.195 

-- 

 Values shown are median (IQR), mean (SD) or N (%). FeNO, blood eosinophil and ICS dose values are compared using paired sample sign tests. McNemar’s test was used for within 
group comparison of people on maintenance prednisolone. Difference-in-differences analysis compares the change among those who progressed to biologics to those who did not 
progress and is derived from mixed effects  linear regression (FeNO, blood eosinophils and ICS dose) or logistic regression (maintenance prednisolone use) models.



 
 
Figure 1. Flow chart showing the disposition of participant's assessed by severe asthma services 
in Belfast and Glasgow (n=162) with a FeNO of >45ppb despite treatment at Step 4 or 5 of the 
BTS/SIGN guidelines. Participants were asked to measure their FeNo each day for seven days 
followed by inhalation of high-dose inhaled corticosteroid (fluticasone 1000µg daily) via the 
DiskusTM with an INCATM device. A positive suppression test was categorized as at least a 45% 
decrease in FeNo between Day 0/ Day 1 and the Day 4/ Day 5 mean FeNO values. In those with a 
positive FeNO suppression test, 21 subjects (26%) remained in specialist care but not on 
biologics, whereas this was 11 subjects (20%) in those with a negative suppression test 
remained in specialist care but not on biologics. 
 

 

 

 

 
 



 

   
Figure 2. Fractional exhaled nitric oxide (FeNO) suppression curves (shown as median values, interquartile range) for subjects with initial FeNO>45 ppb 

and a positive suppression test (A, n=81) and a negative suppression test (B, n=54). There was a significant increase in post-suppression and follow-up 

FeNO values for patients with a positive suppression test who progressed to biologics (p=0.009).  
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Online supplement 
 
Supplementary Methods 
 
Approach to FeNO suppression 

 Identify appropriate patient- referred to Difficult Asthma Clinic, uncontrolled 
despite Step 4 or already requiring Step 5 treatment as per GINA guidelines. 

 Consider FeNO suppression if FeNO≥45ppb.  

 Review of subject’s inhaler technique with currently prescribed device 
undertaken. Subject advised to continue with this treatment as prescribed for 
the duration of the week’s monitoring. 

 Demonstration of measurement of FeNO using Niox VERO machine 

 Subject asked to perform FeNO each morning and note the reading on the 
provided table. 

 Preparation of INCA™ device on Flixotide ‘500’ Diskus device 

 Subject shown how to use Diskus device, and advised to take 2 inhalations in the 
morning for 7 consecutive days after they have measured their FeNO, and tick on 
provided table when taken. 

 Appointment made for 7 days later to collect data, and upload INCA™ device 
data to Vitalograph IC Data Compression Utility server (with additional input of 
FeNO readings, eosinophils and ACQ result) and an overall adherence measure 
obtained.  

 
Acoustic Monitoring Technology 
The INCA™ device is used with the Diskus device. When the device is opened the 
microphone is activated and recording begins, but automatically stops after 90 seconds 
if the device is left open. The recording stops when the device is closed.  
 
Sound files are subsequently analysed by the INCA™ Analysis software and assess if the 
inhalation has been taken appropriately (figure 1); “technique errors” could be reviewed 
and manually over-read by the clinical team. Feedback was generated into graphical 
form regarding technique and usage alongside FeNO (figure 2). 
 
Positive FeNO suppression test 
As previously discussed [8], a positive FeNO suppression test was defined as Lg10ΔFeNO 
greater than or equal to 0.24 where Lg10ΔFeNO was calculated as {mean (Lg10 FeNO Day0, 
Lg10FeNODay 1)} - {mean(Lg10 FeNO Day 4, Lg10 FeNO Day 5)}. A fall in FeNO of 43% or 
greater between the Day 0/ Day 1 and Day 4/ Day 5 mean values indicates a positive test.  
 
  



 
Figure 1. Example of sound file and semi-automated analysis 

 
 
Figure 2. Example data from the Vitalograph server. Figure 2a depicts percentage change in 
FeNO from baseline on the y1-axis, and doses taken per day along the y2-axis. Figure 2b 
depicts technique analysis.  
Figure 2a 

 
 

Figure 2b 

 


