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RESULTS
Additional clinical information
Prednisolone usage in fluticasone/salmeter ol +I NCA 28-day FeNO suppressors

Nine of the fluticasone/salmeterol+INCA 28-day FeBi@ppressors were taking prednisolone. All
had prednisolone and cortisol levels by HPLC pioathe test. Eight had a suppressed cortisol value
(<82 nmol/L), and 6 had detectable prednisolone, sstyrg that the majority were adherent to this
treatment, and up to 3 partially adherent. It exéifiore unlikely that a change in prednisolone esag
influenced the results of the 28-day test. This iseeping with our previous data showing that the
fluticasone+INCA 7-day test FeENO suppression resarke similar irrespective of whether the

patient is taking prednisolone or haind in keeping with prescription refill data shiogvthat

people with severe asthma adhere better to prddnisthan ICS/LABA.
FeNO non suppressorsnot progressing to biological therapy

There were 8 FeNO non suppressors who remainedjedgdth the clinical service who did not
progress to biological therapy. It can be seen frimengraphs showing the individual patient data

for the non suppressors (the right hand panelsarstib-parts of figures 2 and 3), that there were
some patients who had relatively large improvemanfsCQ and/or FEV1 during monitoring. Six

of the 8 patients were not using prednisolone,vaitid the improved control they reported there

was no indication for biologic therapy. One patiesduced prednisolone from 10 to 3 mg daily,

with further reductions limited by adrenal suppre@ssAsthma control remained good and so there
was no indication for a biologic. The remainingigat was on prednisolone 5 mg daily for both
inflammatory bowel disease and asthma. Asthma cbwais good, but they would not have been

be able to taper or stop the prednisolone dueganftammatory bowel disease, and so there was no

indication for a biologic.
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Table E1: Baseline patient characteristics of the 103 suibjevith FeNO>45ppb included in the
INCA monitoring service evaluation. Data are sh@asmmedian (IQR), mean £ SD or n (%) as

appropriateWhere data are missing, the number of subjectoidged in brackets.

Female - n (%) 56 (54.4)
Age - years 48 (27-59)
BMI - kg/m?* (n=102) 28.4 (25.2-32.9)
Atopic, n (%)® (n=100) 60 (60.0)
Time since asthma diagnosis — years (n=100) 17.5 (9-26)
ACQ-6 2.52+1.38
FeNO - ppb 76 (60-118)
Blood eosinophils - cellsx10°/L (n=79) 0.4 (0.19-0.69)
Inhaled steroid - BDP equivalent pg” 2000 (2000-2000)
On maintenance prednisolone - n (%) 63 (61.2)
Prednisolone dose - mg 10 (6.6-14.4)
FEV; - % predicted (n=90) 77.4+£19.8
FEV1 - L (n=90) 2.35 (1.85-2.99)
FEV./FVC - % 71.7 (64.1-78.6)
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IgE - kU/L (n=101) 193 (64.6-527)

a = atopy defined with immunology test; skin prick or RAST positive to inhaled aeroallergen (cat,
dog, house dust mite, mixed grasses, Aspergillus fumigatus). b = baseline dose of inhaled steroid as
prescribed expressed as equivalent dose of beclomethasone dipropionate (BDP).



51

52

53

54

Figure Legend:

Figure E1: FeNO measurements at baseline, after 28 daysatfrtemt with
fluticasone/salmeterol+INCA in place of usual ICSBA, and then at a median (range) 4.75 (1-14)

months post INCA monitoring.
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ABSTRACT

Background

Non-adherence in difficult-to-control asthma candentified using 7-day FeENO suppression
testing where patients take additional fluticaseaeDiskus™ with an INCA™ acoustic monitoring
device attached, and self-measure FeNO at homeetwthis is inconvenient for patients
attending a tertiary centre and limited by FeNOanatailability. It is not known if this approach
alters clinical outcomes.

Objectives

To examine patient acceptability and the effectagsnof replacing usual combination inhaled
corticosteroid (ICS)/long-acting2-agonist (LABA) therapy with a fluticasone/salnreteDiskus
500+INCA for 28 days as the initial interventioongpared to the 7-day FeNO suppression test.
Secondly, to explore clinical outcomes followingdN monitoring.

Methods
A service evaluation of FeNO suppression testingjimcal practice.
Results

21/23 subjects offered replacement of their usO&/LABA with fluticasone/salmeterol+INCA as
the initial intervention accepted and completeaidgs of monitoring. Fourteen (66.6%) patients
reduced their FeNO by >42% (FeNO suppressors) naganied by improvements in FEV1, ACQ
and blood eosinophils, similar to the 7-day test7é). 22/62 (35.5%) FeNO suppressors
progressed to biologic therapy, compared to 2472370%6) non suppressors (p=0.0006). FeNO
suppressors taking maintenance prednisolone (n&#i8)did not receive biological therapy
reduced the median baseline dose from 10 to 3 ntly fuwrther reductions limited by adrenal
suppression.

Conclusion

Replacing existing inhaled therapy with fluticastsaémeterol+INCA for 28 days is acceptable to
the majority of people with difficult-to-control #sna, and identifies prior medication non-
adherence. INCA monitoring coupled with clinicapport potentially improves patient adherence
and asthma control, preventing unnecessary pragregsbiological therapy.
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HIGHLIGHTSBOX

What is already known about thistopic?

7-day FeNO suppression testing with fluticasone+ACelectronic monitoring added to usual
therapy, coupled with home FeNO monitoring ideaifmedication non-adherence in difficult-to-

control asthma. Long term clinical outcomes arekmatwn.

What doesthisarticle add to our knowledge?
A simplified approach where usual ICS/LABA is reggd with fluticasone/salmeterol+INCA™ for
28 days with repeat assessments in clinic pro\saesar results to the 7-day test. Clinical

outcomes improved for many previously non adhepatients.

How does this study impact current management guidelines
Use of the 28 day fluticasone/salmeterol+INCA pcotas a pre-step/stratification tool for
biological therapy in patients with a high baseli@NO may reduce unnecessary biologic

prescribing and OCS exposure, whilst optimisingtireent with ICS/LABA therapy.

KEY WORDS
Asthma, difficult-to-control asthma, severe asthadherence, biologic therapy, electronic inhaler

monitoring, FeNO, FeNO suppression testing

ABBREVIATIONS

ACQ — asthma control questionnaire

INCA — inhaler compliance assessment

ICS - inhaled corticosteroid

LABA — long-actingp,-agonist

ppb — parts per billion
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INTRODUCTION

Non-adherence with inhaled corticosteroids (ICSJifficult-to-control “severe” asthma is
commort 2 Identifying non-adherence is important as itdsaxiated with poorer asthma
outcome$ 2 and potentially inappropriate treatment escatetiohigh cost therapies. Changing
long term adherence behaviour remains challengrthere are multiple factors underlying this
and whilst interventions consistently improve aéinee, translating this into better clinical

outcomes has been inconsistént

Directly observed ICS treatment over 7 days in pewofth asthma who have a FeN@5 parts per
billion (ppb) identifies non adherent patients wdifficult-to-control asthma who are responsive to
ICS’. Monitoring of both inhaler use and techniqueasgble using the Inhaler Compliance
Assessment (INCR") device. This device attaches to the DisKugiccuhalef™) dry powder
inhaler and records audio from inhaler priming tlgle the exhalation, inhalation and breath hold
sequence of inhaler use. Analysis of the digitai@wecordings from the INCA provides
information on both the time of use and the qualftinhaler technigue We demonstrated that
monitoring of ICS use and inhalation technique gsire INCA™ device attached to a fluticasone
Diskus™ (Accuhalef™) dry powder inhaler (fluticasone+INCA), in additito the patient’s usual
medication, coupled with patient home FeNO measengsn similarly identifies an ICS-responsive
non adherent group of asthma patifrBubsequent replacement of the patients usual KESX

with fluticasone/salmeterol Diskus+INCA (fluticasgsalmeterol+INCA) for 28 days maintained
the fall in FeNO, and was accompanied by significgamprovements in lung function, ACQ, and

blood eosinophil counts

While identifying ICS non-adherence in FeNO-higlople with asthma over 7 days is now
achievable, for people travelling long distancea tertiary centre this is inconvenient as theytmus
return to clinic after 7 days, and the cost andlaliity of home FeNO meters may create a

bottleneck when planning assessments. In vieweofdgistical issues of performing the 7-day

5
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FeNO suppression test and home FeNO monitorindyave explored the feasibility of foregoing
this, by offering difficult-to-control asthma paties replacement of their usual daily ICS/LABA
combination therapy with fluticasone/salmeterol+MW@vith objective measurements repeated in
the clinic after 28 days, without home FeNO measar@s. Patients were then offered monitoring
for a further 2 months, with objective clinic meesments at monthly intervals. We have compared
the outcome of this approach with the 7-day FeN@peession test and assessed the long term
clinical outcomes at >6 months for all patientsenging 7-day or 28-day monitoring, to
understand whether asthma control has improvedethver the patients have progressed to

biological therapies.



124 METHODS

125  This was a prospective service evaluation of fagane+INCA and fluticasone/salmeterol+INCA
126 use in patients attending the NHS England-commssidGlenfield Hospital Difficult Asthma

127  Clinic (DAC), Leicester, UK. The asthma servicedeand Leicester National Research Ethics

128  Committee - East Midlands approved the study dm&al service evaluation. Data were analysed
129  for patients receiving these interventions fromuday 2015 to October 2019, with outcome data

130 analysed up to March 2020.

131 The inhaler monitoring technology used was the IN€Aevice, designed to work with the
132 Diskus™ (also known as Accuhaler™) inh&ldtis acoustic monitoring technology provides a
133  time-stamped sound file that can be analysed wsingutomated validated algorithm providing

134  information on the timing and the technique of iehaisag@

135  Patients attending the Glenfield DAC were considdoe INCA monitoring if they presented with
136 a FeNO of45 ppb. Patients undertook either of the following:-day fluticasone+INCA

137 monitoring in addition to their usual ICS/LABA medition as described previou§lfollowed in

138  some patients by replacement of their usual ICS/AABth fluticasone/salmeterol 500

139  (Seretide™) Diskus+INCA, one inhalation twice day ii) replacement of their usual ICS/LABA
140  with fluticasone/salmeterol 500 (Seretide™) DiskDEFA, one inhalation twice daily as the initial
141  intervention. Before starting, specialist nursesoaded the patient about their asthma and inhaled
142  medication, and inhaler technique was assessdterd was any concern about inhaler technique
143 orinhaler use due to a lack of understandingtigbewas delayed. If at next review FeNO remained
144  elevated, INCA monitoring was commenced. Subje@mevirained to use the Diskus and they were
145 informed that the INCA device would record bothihmhand quality of inhalation. Baseline

146  measurements of FeNO, FE\and ACQ6 were made, and these were repeatednoostioring.

147  Blood eosinophil measurements from up to 3 montls o monitoring, and up to 3 months post

148  monitoring, were also assessed. Patients who ssggmtéheir FeNO following 7-days

7



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

fluticasone+INCA or 28-days fluticasone/salmeteldi2A were offered further

fluticasone/salmeterol+INCA monitoring.

On return to the clinic after 7 or 28 days, resfrltsn the INCA™ device were uploaded to a server
using the Vitalograph IC Data Compression Utilippacation and analysed using the embedded
sound analysis algoritimGood adherence during INCA monitoring for 7 ord28's was defined
as>80% adherence based on outcomes identified prdyietislying prescription refilfs A fall in
FeNO withAlog;oFeNO value 0£0.24 was accepted as a positive test and an iodicht

intentional or non intentional non-adherence to #8%lescribed previoudly This equates to an
approximate>42% fall in FeNO between the start of monitoring #me post monitoring valdieFor
those undergoing extended monitoring, at the erehoh month, repeat measurements were made
in the clinic for FEM, ACQ6, FeNO, and blood eosinophils. At each appoemt, the specialist
nurse would review these results with the patientase the graphs produced from the INCA
analysis to discuss adherence and technique isgitegation about ICS use and technique was
provided at each appointment specific to the ptiereeds. Motivation for change was also
assessed and lifestyle discussed in order to helpdtient identify how behaviour could be

modified to improve inhaler adherence.

The relationship between the fall in FeNO and Itergh outcome in terms of asthma control and
progression to biological therapy was analysedguie latest clinical data available up to March

2020.

Statistical analysis

Data were link-anonymised and collected in a syatenmanner to allow reporting of the utility of
the testing in routine clinical care. Normally dilstited variables were presented using the riean
standard deviation, and unpaired/paired t-testse@pelated measures ANOVA were used to
compare across groups. Non-normally distributethbées were presented using the median and
interquartile range, and the Friedman, Mann-WhitdeyVilcoxon signed-rank and tests were used

8
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to compare across groups. Chi-squared tests wetktadest for differences between groups for
categorical variables. All statistical analyseseveerformed using GraphPad Prism v7 (GraphPad

Software, San Diego, California)
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RESULTS

The pathway of assessment for all patients anddih@ber in each arm in this service evaluation is
summarised ifigure 1. The demographic details of the patients with FeN4B ppb are

summarised i able E1.

The acceptability and clinical response to 28 daysreplacement of usual care |CS/LABA with

fluticasone/salmeter ol+1NCA

Of 23 patients with FeNG45 ppb offered fluticasone/salmeterol+INCA as daepment for their
usual ICS/LABA inhaler, 22 (95.6%) accepted. Onevéner did not engage with the process. In
those who completed 28 days monitoring, 14/21 @#6.6f patients demonstrated a fall in the
Alogi1o)FENO>0.24 (described from here as FeNO suppressorsgatnge of prior intentional or
unintentional non-adherencéi@.2A). The number of patients taking <80% of the pribsct doses
was 2/21 (9.5%); both were in the suppressor grobpre were significant improvements in REV
and ACQ6 in the FeNO suppressor group (n=14) buth@non suppressor group (n=F)ds.2B
and C). Blood eosinophils measured up to 3 months preclisone/salmeterol+INCA and up to 3
months post fluticasone/salmeterol+INCA also fejhdicantly in the FENO suppressor group
(Fig.2D). FeNO levels at a median 4.75 months post mangdrange 1-14 months) were not
significantly different to the 28-day valuBigure E1), although it is evident that 2 patients had

notable relapses.

Nine FeNO suppressors were using prednisolonewatitef details are provided in the online

repository under “Additional clinical information”.

Theclinical responseto 28 daysreplacement of usual care |CS/LABA with

fluticasone/salmeter ol+1 NCA following the 7-day FENO suppression test

There were 80 patients who underwent 7-day FeN@rsgpion testing where fluticasone 1000 pg

+ INCA was added to existing ICS/LABA treatmentescribed previousfy A subset of these
10
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219

220

221

222

223

224

225

data from the first 30 patients undergoing the yftlgicasone+INCA FeNO suppression test have
been published previoudlySix patients were excluded from analysis duailarfe to engage in the
process (n=2), inability to use the FeNO machin€ror technical faults with the INCA device (n-
2), leaving 74 patients for analysis. There waallari AlogiocFENO>0.24 in 48/74 (64.9%) patients
(FeNO suppressor$)ig.3A). There was also a smaller but statistically sigant fall in FeNO in

the group defined as FENO non suppresstmy((FENO <0.24)Fig.3A), and small but significant

improvements in ACQ(6) in both groudsi§.3B).

Twenty five of the 48 patients who suppressed theMO during the 7-day fluticasone+INCA test
were offered monitoring for a further 28 days udingicasone/salmeterol+INCA in place of the
usual ICS/LABA (23 patients were not offered thexause we did not commence 28-day
monitoring for 12 months after starting 7-day Febl@ppression testing, and INCA supplies were
also limited for a period). Three did not engagthwie process, leaving 22 for analysis. Of note,
when there was a period of a week or more befdvemag to start treatment with
fluticasone/salmeterol+INCA after the 7-day flusoae+INCA test (18 patients), the FeNO had
relapsed to the baseline value in 14/18 patientgesting that non adherent behaviour is rarely
altered by the 7-day test alorféd.4A). After 28 days of treatment with
fluticasone/salmeterol+INCA, FeENO had again faliewalues similar to those observed at the end
of the 7-day testHig.4B), demonstrating that the FeNO response to “obsémES treatment is
reproducible, and also, not just the result of addixtra ICS to maintenance treatment during the 7-
day test. There were also significant improvemantEV; (data for n=18) and ACQ-6 (data for
n=15) in the FeNO suppressor group after the tisome/salmeterol+INCA perio#ig.4C and D).
Blood eosinophils (data for n=21) measured up teoBths pre the 7-day fluticasone test and then
up to 3 months post the period of fluticasone/stnoetINCA monitoring, also fell significantly

(Fig.4E).
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FeNO remains suppressed and adher ence remains >80% with 3-months

fluticasone/salmeter ol+INCA monitoring

There were 16 FeNO suppressors from the initighy @hd 28-day monitoring periods, who
continued the use of fluticasone/salmeterol+INGfatment for 3 months. During this time,
adherence was >80% of prescribed doses at montlal216 patients, and remained >80% in 14/16
(87.5%) of patients at month 3. The FeNO levelae®d suppresseéig.5A). There were further

improvements in ACQ between month 1 and month 8(daailable for n=13)Hig.5B).

Effects of fluticasone/salmeter ol+INCA in patients with low baseline FeNO

Fluticasone/salmeterol+INCA was also offered te6gle with a baseline FENO of <45 ppb where
a degree of non-adherence was volunteered by tlenpduring clinic consultations. Interestingly,
there was still a statistically significant fall leNO after 28 days of treatment, from a mediab 27.
ppb to 13.5 ppbKig.5C) and a significant improvement in AC®i¢.5D), but no change in FEV1

(Fig.5E).

6+ month clinical outcomes following INCA adherence monitoring

Outcomes at 6+ months after INCA monitoring weralgsed in the all patients defined as FeNO
suppressors (non adherent) versus non suppressihisrént), taking the fluticasone+INCA 7-day-
only group, fluticasone+INCA followed by flutcasdsalmeterol INCA group, and
fluticasone/salmeterol+INCA alone groups togetRatients were managed using standard clinical
care, including multi-disciplinary team discussregarding treatment approaches and progression
to biological therapies, with the results of INCAnitoring available to inform treatment decisions.

Their clinical characteristics are summarisethinie 1.

At the time of analysis, data were available fop@&ents. One out of 33 FeNO non suppressors
was non adherent and not engaged with the cliseadice. 24/33 (72.7%) of the FeNO non

suppressors were adherent had been started orr@iawaiting treatment with biological therapy,
12
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269

compared to 22/62 (35.5%) of the FeNO suppresge®.0006). Eight out of 33 (24.2%) FeNO
non suppressors had improved asthma control andadideed treatment with biologics compared
to 31/62 (50.0%) patients in the FeNO suppressmunm(p=0.0172). Further clinical information
explaining why some FeNO non suppressors did ragrpss to biologic therapy is provided in the

online repository under “additional clinical infoation”.

The baseline maintenance oral steroid dose wadisagrtly higher in FeNO suppressors who
progressed to biologic therapy (median 10 mg vebsug) respectively, p=0.001big.6A). There
were 13 FeNO suppressors who were receiving oeglnisolone at baseline and who did not
receive biologic therapy. Overall, the prednisoldose in this group was reduced from a median
baseline dose of 10 mg to 3 mg (p=0.08®)(6B) with standard care. The predominant reason for
not stopping prednisolone completely was adrengpassion. One of the 13 patients in this group,
who was receiving 10 mg maintenance prednisoloas,unable to reduce the dose due to arthritis.
In the FeNO suppressors who received biologic herd8 were receiving maintenance
prednisolone, but only one patient managed to mthis by >50% before starting biologic therapy

(p<0.0001 compared to those who did not receiviogio therapy).

We also treated 6 patients with fluticasone/salnétéNCA whose baseline FeNO was <45 ppb.
Their FeNO and ACQ fell significantly, but FEV1 waschanged after 28 days of treatment. One
of these patients subsequently stopped mainteriaaneinolone treatment, but the other 5

progressed to biological therapy.
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DISCUSSION

In this service evaluation we have shown that ed@at monitoring of inhaler use and technique is
acceptable to >90% of people attending a specsdigtre asthma clinic. We have demonstrated
that replacing usual ICS/LABA treatment with fliggone/salmeterol+INCA for 28 days identifies
a similar proportion of patients who suppress theiNO as the previously described 7-day test
where fluticasone is added to existing treatmetgntification of intentional or non intentional ron
adherence through this approach is associatedmtoved clinical outcomes without the need to

progress to biological therapies.

The 7-day FeNO suppression test we described prelyicnvolves adding 1000 g once daily of
fluticasone delivered via Diskus (Accuhaler) to gatient’s usual treatment, and the provision of a
portable FeNO meter so that the patient can reitmid FeNO at honfe An INCA device attached
to the Diskus records both the time of inhalatiohddso the quality of inhalation from priming the
device, exhalation, inhalation and breath holdari/mbedded microphdh& he patient then needs
to re-attend the clinic for the FeNO data and IN@#4a to be downloaded, and to return the FeNO
meter so that other patients can be tested. Weeshpveviously that approximately 65% of
patients with a baseline FEN€5ppb were classified as non adherent due to aqubat fall in
FeNO with aAlog;oFENO value 0f>0.24 FeNO. On subsequent replacement of their tisaedpy
with fluticasone/salmeterol Diskus 500+INCA, we derstrated that the improvement in FeNO
was maintained, and therefore not just a refleatiotme excess fluticasone delivered during the 7-
day test. In our extended Leicester cohort revieharé, data from 74 patients undergoing the 7-
day fluticasone+INCA test showed that 64.9% of peepth severe asthma achieved a fall in
FeNO with aAlog;oFENO value 0£0.24, in keeping with our previous study from nyulki

centred This is also remarkably similar to the 65% noherence rate identified previously from

prescription refills where non-adherence was defae <80% prescription collection

14



294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

When patients had an unmonitored period betweeshfimg the 7-day fluticasone+INCA test and
returning to replace their usual ICS/LABA with ficasone/salmeterol+INCA, in 14 of 18 cases the
FeNO value had relapsed. This suggests that kngelefithe results of the 7-day test alone may
improve non adherent behaviour in approximately 20%eople with difficult-to-control asthma.

In the patients where the FeNO had relapsed dfter{day test, replacement of their usual
treatment with fluticasone/salmeterol+INCA redué&iNO again to levels similar to those post the

7-day test, demonstrating that the FeNO respons®totored ICS is reproducible and consistent.

The 7-day test is resource intensive, and the @ity of FeNO meters was limiting the rate at
which we could assess patients, leading to a lcaigng list. Furthermore, for people who were
tertiary referrals living out of area, attending ttlinic twice within 7-days was often difficult. &V
were also aware that the 7 day test alone didltextadherence behaviour in approximately 80% of
patients. We therefore explored the utility of fgoeng the 7-day fluticasone+INCA FeNO
suppression test by simply replacing existing IGEBRA treatment with fluticasone/salmeterol
Diskus 500 + INCA as the initial intervention, witte patient then returning to clinic
approximately 28 days later for repeat measurenwrfisNO, ACQ, and spirometry. This
management approach was acceptable to 21/23 gati@mt data show that 14/21 (66.6%) of these
patients demonstrated a fall in the FeNO level wittiog; (FENO value 0f>0.24, an almost
identical rate to that observed with the 7-day. f€kts fall in FeNO was accompanied by significant
improvements in FEVand ACQ, and many patients asked to continue théh
fluticasone/salmeterol Diskus. Overall adherencs »&0% in 91.3% of patients during this

monthly monitoring.

From the perspective of service delivery, movirrgight to fluticasone/salmeterol+INCA
monitoring in place of the 7-day test with home BeiMonitoring involved less nurse input as
patients did not require training on home FeNO rawimg, and patients who could not measure

their own FeNO were also eligible. This approado @liminated the bottleneck created by the
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319 availability of home FeNO meters. Furthermore, aisvielt that 28 days of adherence monitoring
320 gave more useful information on patient adheremcki@haler technique over time, allowing a

321 more informed discussion with the patient whenda& were next reviewed.

322 The group of patients who did not achieve a faF&NO with aAlog;oFeNO value 0f>0.24 during
323 the 7-day fluticasone+INCA test or the 28-day ftasone/salmeterol+INCA test nevertheless
324 demonstrated a significant fall in FeNO, and imgments in ACQ and FEYalbeit less marked
325 than the changes in FeNO suppressors. Whilegso)FENO>0.24 is a good discriminator of non-
326 adherence supported by prescription refill Gaadherence is clearly a continuous rather than a
327 categorical variable. These data suggest that thelso an element of suboptimal adherence to
328 ICS/LABA in some people with severe asthma andsedaFeNO, who do not reach the

329  Alog;oFeNO>0.24 threshold with electronically monitored therap

330 A key question that we have examined for the firse is whether knowledge of adherence through
331 electronic monitoring alters longer term clinicattcomes. We assessed the outcomes for patients
332 from 6 months after a period of electronic monitgriwith data for some patients available up to
333  4.75 years. Patients were managed through a sastmma multi-disciplinary team with knowledge
334  of the outcome of INCA adherence monitoring. Deni@ti®n of good adherence is one of the

335 requirements for progression to biological therapgl subsequent re-imbursement for the costs in
336 the UK National Health Service. It is therefore sotprising that we found a significantly higher
337  proportion of people who were FeNO non suppressmic thus deemed adherent, progressed to
338 biological therapy than FeNO suppressors who weesned non adherent. Nevertheless, FeNO
339  suppressors in about 35% of cases still progressklogical therapy, often because they

340 demonstrated poor asthma control or failure to cedhral steroids with further

341 fluticasone/salmeterol+INCA monitoring coupled withproved adherence, of if they were

342  considered high risk from asthma. However, a sutstl proportion of FeNO suppressors

343  demonstrated improved asthma control followingglagod of INCA monitoring. This was
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manifest in particular by the demonstration th&7af FeNO suppressors were able to
substantially reduce the dose of maintenance oealngsolone, with failure to stop completely
usually due to adrenal suppression rather thanoioasthma control. Prior to this, these patients
were under consideration for biological therapycdmtrast, meaningful prednisolone reduction was

rarely achieved in those FeNO suppressors who @ssgd to biological therapy.

With our experience using this INCA technologyisibur opinion that this greatly informs the
identification and management of medication noneaelhce in difficult-to-control asthma. The
INCA monitoring of ICS/LABA is not the only fact@t play, because patients also receive monthly
appointments with the nurse specialist team wheigeoeducation and support to help the patient
understand the impact of ICS non-adherence on dséima symptoms and control. However, in
our view, the data from the INCA technology witmé@amation that the ICS/LABA has been

inhaled regularly and correctly rather than theickeprimed but not used or used incorrectly,
coupled with objective measurements of FeNO thafed back directly to the patients, greatly
facilitates an informed and objective discussidmsThelps to identify both intentional and non
intentional non-adherence. With this in place, \aeeéobserved improved asthma control for many
in the longer term, with avoidance of progressmbiblogical therapy with the potential costs, side
effects and inconvenience that entails. We haveindértaken a formal cost-effectiveness analysis,
but if one nurse was employed full time to supentCA monitoring, in the UK we would only

need to prevent 4 people progressing to biologieiapy to fund this salary annually.

It has been argued by some that non adherent fsm#ehigh risk of asthma death should be started
on biological therapies as a priority to reduc&’i8Vhether this is an effective strategy is unknown
as there is no evidence that biological therapdsice asthma deaths. We agree that this should be
considered, but suggest that tackling non-adheren&S use remains mandatory in this situation
as ICS are the only drugs clearly associated witkeption from asthma dedthFurthermore,

phase 3 trials of biological therapies in sevetbraa have only included patients using ICS, and it
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cannot be assumed that biologics are effective wiemtequate doses of ICS are taken. In fact,
there is emerging evidence that patients receibialpgical therapies who are non adherent to ICS
do poorly*. Thus, monitoring adherence through FeNO monitpaind with an electronic device
such as INCA that confirms that the drug has bekaled, may help identify and tackle non-

adherence in patients responding poorly to biokgirerapy.

In summary, our experience suggests that a pefiadrse-led electronic monitoring of ICS/LABA
using a device that records when and how a das&es, can identify non adherent patients with
difficult-to-control asthma, and with nurse suppcen modify patient behaviour leading to

improved clinical outcomes without need to progtessiological therapies.
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382 Tablel. Baseline patient characteristics of the 95 subjits baseline FeN@45 ppb included in
383 the analysis of clinical outcomes who completeday-iluticasone+INCA or 28-day

384 fluticasone/salmeterol+INCA monitored treatmenthditomised by alog10 FeNO reduction at 7-
385 days or 28 days respectively afor <0.24 compared to baseline. Data are showneasam (IQR),

386 mean £ SD or n (%) as appropriate

387

Alog10 FeNO
Alog10 FeNO reduced 20.24
reduced <0.24 (FeNO

(FeNO suppressors) P value
non suppressors)
(n=62)
(n=33)
Female - n (%) 36 (58.1) 16 (48.5) 0.395
Age - years 45 (23.8-56.5) 51 (31.0-60.0) 0.181
BMI - kg/m2 28.4 (25.0-32.2) 28.4 (25.1-33.8) 0.778
Atopic — n (%)*
35 (56.4) 21 (63.6) 0.521

(n=59 suppressors)
Time since asthma diagnosis — years

18 (9.0-24.8) 18 (8-30) 0.653
(N=60 suppressors)
ACQ-6 2.54+1.27 2.48 £ 1.65 0.846
FeNO - ppb 82 (66-121.3) 69 (55.5-98.0) 0.045

20



388

389
390
391
392

393

Eosinophils — cells x 10°/L

(N=51 suppressors, N=22 non

suppressors)

Inhaled steroid -BDP equivalent pgb

On maintenance prednisolone® - n (%)

Prednisolone dose® - mg

FEV; — L (N=58 suppressors, N=27 non

suppressors)

FEV; - % predicted

FEV./FVC - %

IgE - kU/L

0.47 (0.2-0.79)

2000 (2000-2000)

36 (58.1)

10 (7.5-15)

2.51(1.84-3.23)

78.1+19.4

200.5 (64.0-528.0)

0.36 (0.15-0.64)

2000 (2000-2000)

23 (69.7)

10 (5.0-15)

2.25(1.89-2.69)

7831213

180 (68.4-535.5)

0.319

0.788

0.375

0.637

0.385

0.966

0.843

a = atopy defined with immunology test; skin prick or RAST positive to inhaled aeroallergen (cat,
dog, house dust mite, mixed grasses, Aspergillus fumigatus). b = baseline dose of inhaled steroid as
prescribed expressed as equivalent dose of beclomethasone dipropionate (BDP). ¢ = one patient on
maintenance intramuscular triamcinolone, allocated as 10 mg oral prednisolone daily
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FIGURE LEGENDS

FIGURE 1.

A summary of the patient assessments and outcdrikesther 28-day monitoring was not
undertaken in n=23 7-day FeNO suppressors as weotlidommence this for 12 months after

starting 7-day FeNO suppression testing, and INQ#pbes were limited for a period.

FIGURE 2.

Clinical responses in FeNO-high patients with difft-to-control asthma when usual ICS/LABA
therapy is replaced with fluticasone/salmeterol+MN&lectronic monitoringA) FeNO,B) FEV4,

C) ACQ6,D) blood eosinophils. FeNO suppressors are showmeiteft panel of each figure,

FeNO non suppressors on the right panel of eacinefigHorizontal bars represent medians (FeNO,

blood eosinophils), or means (FEVACQ6).

FIGURE 3.

Changes in FeNQX) and ACQ6 B) in FeNO-high patients undergoing the 7-day FeNO
suppression test with fluticasone+INCA added tcaligwerapy. FeNO suppressors are shown in the
left panel of each figure, FeNO non suppressorhemight panel of each figure. Horizontal bars

represent medians (FeENO) or means (ACQ6).

FIGURE 4.

Clinical responses in FeNO-suppressors identifiechfthe 7-day fluticasone+INCA suppression
test, subsequently treated with fluticasone/salmEtENCA in place of usual ICS/LABA treatment.
A) In the majority of patients returning to starttitasone/salmeterol+INCA after a previous 7-day
suppression test, the FeNO had relapsed to theymeression test levéd-D) With replacement of

usual ICS/LABA with fluticasone/salameterol+INCB) FeNO falls again, to similar levels
22



418  observed after the 7-day fluticasone suppressgin(iteedian [IQR])C) FEV; increases, an)
419  ACQE6 falls.E) Blood eosinophils numbers recorded up to 3 moattes

420 fluticasone/salmeterol+INCA were significantly lomtban the values recorded up to 3 months
421  before the 7-day fluticasone suppression test.Zzdatal bars represent medians (FeNO, blood

422  eosinophils), or means (FEVACQG6)

423  FIGURE 5.

424  A-B) The clinical response is sustained with prolonfyaticasone+INCA useA) FeNO remains
425  suppresed with 3 months of fluticasone/salmeteMGA treatment (n=16, median [IQRB) ACQ
426  improves further from 28 days to month 3 with exieh fluticasone/salmeterol+INCA treatment.
427  C-E) Clinical responses in patients with FeNO <45 pphted with fluticasone/salmeterol+INCA
428 in place of usual ICS/LABAC) FeNO,D) ACQ, E) FEV;. Horizontal bars represent medians

429 (FeNO), or means (FEYACQ®).

430 FIGURE 6.

431  A) Baseline oral steroid use in FeNO suppressorspaigressed to biological therapy versus those
432 who continued to receive standard c&gOral steroid dose reduction in the 13 FeNO sugorss

433  taking orals steroids who received standard cane. iatient receiving monthly intramuscular

434  triamcinolone was allocated a 10 mg equivalent adseal prednisolone at baseline. Horizontal

435  bars represent medians.
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