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Introduction: Training in correct inhaler use, ideally in person or by video demonstration,

can minimize errors but is rarely provided in clinics. This open-label, low-intervention study

evaluated critical error rates with dry-powder inhalers (DPIs), before and after training, in

patients with chronic obstructive pulmonary disease.

Methods: Patients prescribed an inhaled corticosteroid (ICS)/long-acting β2-agonist

(LABA) (ELLIPTA, Turbuhaler, or DISKUS), long-acting muscarinic antagonist (LAMA)/

LABA (ELLIPTA or Breezhaler), or LAMA-only DPI (ELLIPTA, HandiHaler, or

Breezhaler) were enrolled. Critical errors were assessed before training (Visit 1 [V1];

primary endpoint) and 6 weeks thereafter (Visit 2 [V2]; secondary endpoint). Logistic

regression models were used to calculate odds ratios (ORs) for between-group comparisons.

Results: The intent-to-treat population comprised 450 patients. At V1, fewer patients made ≥1

critical error with ELLIPTA (10%) versus other ICS/LABA DPIs (Turbuhaler: 40%, OR 4.66,

P=0.005; DISKUS: 26%, OR 2.48, P=0.114) and other LAMA or LAMA/LABA DPIs

(HandiHaler: 34%, OR 3.50, P=0.026; Breezhaler: 33%, OR 3.94, P=0.012). Critical error

rates with the primary ICS/LABA DPI were not significantly different between ELLIPTA

ICS/LABA (10%) and ICS/LABA plus LAMA groups (12–25%). Critical errors with the

primary ICS/LABA DPI occurred less frequently with ELLIPTA ICS/LABA with or without

LAMA (11%) versus Turbuhaler ICS/LABAwith or without LAMA (39%, OR 3.99, P<0.001)

and DISKUS ICS/LABAwith or without LAMA (26%, OR 2.18, P=0.069). Simulating single-

inhaler versus multiple-inhaler triple therapy, critical error rates were lower with ELLIPTA

fluticasone furoate/vilanterol (FF/VI; 10%) versus ELLIPTA FF/VI plus LAMA (22%), con-

sidering errors with either DPI (OR 2.50, P=0.108). At V2, critical error rates decreased for all

DPIs/groups, reaching zero only for ELLIPTA. Between-group comparisons were similar to V1.

Conclusion: Fewer patients made critical errors with ELLIPTA versus other ICS/LABA,

and LAMA or LAMA/LABA DPIs. The effect of “verbal” training highlights its importance

for reducing critical errors with common DPIs.

Keywords: inhaler technique, critical errors, ELLIPTA, inhaled corticosteroid, long-acting

β2-agonist, long-acting muscarinic antagonist

Plain Language Summary
Chronic obstructive pulmonary disease (COPD) is a chronic lung disease that can have

a significant burden on patients’ everyday lives. In order to treat COPD, patients are prescribed

medications in one or more inhalers; however, many different inhalers are available, each one
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with its own unique mechanism of use, and errors in inhaler tech-

nique are common. So-called “critical” errors can reduce the

amount of medication delivered to an extent which may lead to

poorer disease management and outcomes. One way to reduce

errors in inhaler technique is for healthcare professionals to explain

to patients how to use their inhaler(s) properly and then to monitor

their technique over time. In practice, this often does not occur. In

this study, patients with COPD were receiving COPD treatments

from one or two of five different inhalers (ELLIPTA, HandiHaler,

DISKUS, Turbuhaler, or Breezhaler). Correct use of their inhaler(s)

was assessed at two study visits (Visit 1 and Visit 2). Without

receiving any training at Visit 1, fewer patients made critical errors

with the ELLIPTA inhaler versus the other inhalers tested. At Visit 2

(6 weeks later), after training (if required), the number of patients

making critical errors was much lower for all inhalers and no

patients made critical errors using ELLIPTA alone. Overall, this

study demonstrates the existence of poor inhaler technique and the

importance of training to reduce errors with inhalers used for the

treatment of COPD. Inhaler training may lead to improved treat-

ment outcomes for patients with COPD.

Introduction
Inhaled medications, namely licensed inhaled corticoster-

oid (ICS), long-acting β2-agonist (LABA), and long-acting

muscarinic antagonist (LAMA) combinations, represent

the cornerstone of maintenance therapy for chronic

obstructive pulmonary disease (COPD).1 It is widely

acknowledged, however, that patients frequently make

errors when using their prescribed inhaler(s).2 These

errors, particularly critical errors — those that result in

no, or significantly reduced, medication being inhaled —

are associated with a subsequent negative impact on treat-

ment efficacy and also an increase in the economic burden

associated with treatment.3

Both the type and number of inhalers required to deliver

maintenance regimens can impact the frequency of errors

(critical or otherwise) made by patients. COPD treatments

can be delivered via multiple inhaler types, with different

inhalers often requiring the user to learn different inhalation

techniques.4 The ELLIPTA inhaler, a dry-powder inhaler

(DPI) designed to deliver single agents or their combina-

tions in a single inhalation, demonstrated the fewest critical

errors when compared with other commonly used DPIs and

metered-dose inhalers in clinical studies of COPD.5,6 While

studies of errors in technique have been conducted in both

the real world7 and clinical trial settings5,6 for many differ-

ent inhalers, fewer data exist for more recently available

inhalers such as ELLIPTA. Available data for ELLIPTA

have largely been restricted to the trial setting thus far but

the more widespread use of the ELLIPTA inhaler now

provides an opportunity to study errors in technique in

a routine clinical practice setting.

Optimal inhaler use should result in no (or very few)

errors and successful delivery of medication. Training

from healthcare professionals (HCPs) on correct inhaler

use provides the best outcomes for patient technique in the

clinic, and repetition of training or monitoring of ongoing

inhaler technique reduces errors.1,8 Notably, a lack of

instruction on correct inhaler use from HCPs is signifi-

cantly (P<0.001) associated with risk of critical errors in

patients with COPD or asthma.9 Nevertheless, training on

correct inhaler technique is time-consuming to perform,

while prior evidence shows that a significant proportion of

HCPs have inadequate knowledge of and competency in

correct inhaler use.10,11 In addition, assessment of inhaler

technique over time is only conducted in a small percen-

tage of patients8 and approximately half of patients who

initially use their inhaler correctly do not maintain correct

use over time;8 correct technique may decline within 1

month of receipt of training.12

Given the importance of training for correct inhaler

technique, and the wider use of the ELLIPTA inhaler in

routine clinical practice, we designed the current study to

assess the rate of critical errors with ELLIPTA compared

with a number of other DPIs. Due to the widespread use of

multiple-inhaler triple therapies for COPD in practice,

analyses were conducted for single DPIs and DPI combi-

nations, both before and 6 weeks after refresher training (if

required) on correct technique from an HCP.

Methods
Study Design and Patients
This open-label, low-intervention clinical study was carried

out at 13 centers in the Netherlands (n=9; Catharina

Ziekenhuis, Gelre Ziekenhuis Zutphen, Huisartsenmaatschap

MCN, Huisartsenpraktijk Coenen, PreCare T&R, Q Clinical,

Quality Care Research, Westfries Gasthuis, Ziekenhuisgroep

Twente) and the United Kingdom (n=4; Medinova North

London Clinical Studies Centre, Medinova South London

Clinical Studies Centre, Saint George’s University of

London, William Harvey Heart Clinical Research Centre)

from June 2017 to March 2018. Eligible patients were identi-

fied from community pharmacies and clinical sites (hospitals,

primary care sites, and contract research organizations) based

on the patients’ regular inhaler(s) used to receive COPD
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maintenance medication. Expert training in inhaler technique

was provided to staff at each of the study sites.

Enrolled patients were aged ≥40 years, with a physician’s
diagnosis of COPD, and had received DPI treatment for ≥3

months prior to inclusion: the DPI groups included in this

analysis are summarized in Table 1. Patients could have

received ICS/LABAvia ELLIPTA (fluticasone furoate/vilan-

terol [FF/VI]), Turbuhaler (budesonide/formoterol [BUD/

FOR]), or DISKUS (fluticasone propionate/salmeterol [FP/

SAL]), alone or in combination with a LAMA-only DPI

(ELLIPTA umeclidinium [UMEC] or HandiHaler tiotropium

[TIO]), or LAMA monotherapy via ELLIPTA (UMEC),

HandiHaler (TIO), or Breezhaler (glycopyrronium [GLY]),

or LAMA/LABA dual therapy via ELLIPTA (UMEC/VI) or

Breezhaler (indacaterol/GLY [IND/GLY]). Exclusion criteria

included a current diagnosis of asthma and participation in an

inhaler study that involved training within 6 months of study

entry. All patients provided written, informed consent. The

study was conducted in accordance with the ethical princi-

ples outlined in the Declaration of Helsinki. At all participat-

ing sites, the study was approved by the relevant institutional

review board or ethics committee, as required (EastMidlands

REC – Northampton, UK; Saint Antonius Ziekenhuis, the

Netherlands).

All patients were assessed only on the use of their own

maintenance DPI (no change to a newDPI was investigated).

The study comprised three visits: a screening (enrollment)

visit (V0), a subsequent first assessment visit (Visit 1 [V1];

which could occur on the same day as V0), and a second

assessment visit (Visit 2 [V2]) 6 weeks after V1. Patients’

baseline information (demographics, smoking history,

COPD Assessment Test [CAT] score, medical history, time

on each DPI, time since last trained, and educational infor-

mation) was collected at V0 and errors made with their usual

COPD maintenance DPI(s) were assessed at V1 without any

instruction from their HCP. If the patient made errors at this

stage, they received verbal instruction on correct use of their

DPI(s) from the HCP. If the patient made no errors at this

stage, they did not receive training and were simply informed

of their correct use.

Patients returned for V2 6 weeks (±7 days) after V1; this

time period reflects prior evidence showing a decline in

correct inhaler technique within 1 month of training.12 DPI

errors were assessed and noted, and any changes in health or

prescriptions were captured. All patients were discharged

from the study at V2. Patients were referred to their general

practitioner for further training if they continued to demon-

strate incorrect use of their prescribed DPI at V2.

Endpoints and Assessments
The primary endpoint was the percentage of patients making

≥1 critical error at V1. The key secondary endpoint was the

percentage of patients making ≥1 critical error at V2. The

primary comparisons of interest for this study were the

percentage of patients making ≥1 critical error with each

ICS/LABA DPI (ELLIPTA FF/VI vs other ICS/LABA

DPIs) and with each LAMA or LAMA/LABA DPI

(ELLIPTA UMEC or UMEC/VI vs other LAMA or

LAMA/LABA DPIs). Additional comparisons examined

the effect of adding a secondary LAMA DPI to the primary

ICS/LABA inhaler, from the perspective of critical errors

with the primary DPI and with both DPIs combined.

Comparisons were also conducted to evaluate overall errors

(ie, all errors made, whether classified as critical or non-

critical). Furthermore, to simulate a comparison of single-

inhaler triple therapy (SITT) versus multiple-inhaler triple

therapy (MITT), critical error rates with ELLIPTA FF/VI

alone versus ELLIPTA FF/VI plus LAMAwere investigated.

Patients’ inhaler technique was assessed against

a correct-use checklist for each relevant DPI by HCPs at

each study site. All assessors purposefully received the

same training in correct technique for each of the individual

Table 1 Single and Combination DPI Groups Enrolled in the Study

Single-Inhaler Treatment Groups Dual Inhaler Treatment Groups

Inhaled Medication Class ICS/LABA LAMA or LAMA/LABA ICS/LABA plus LAMA

Primary DPI ELLIPTA Turbuhaler DISKUS ELLIPTA HandiHaler Breezhaler ELLIPTA Turbuhaler DISKUS

FF/VI BUD/FOR FP/SAL UMEC/VI or UMEC TIO IND/GLY or GLY FF/VI BUD/FOR FP/SAL

(n=50) (n=50) (n=50) (n=51) (n=50) (n=49) (n=50) (n=50) (n=50)

Secondary DPI ELLIPTA UMEC or HandiHaler TIO

Abbreviations: BUD, budesonide; DPI, dry-powder inhaler; FF, fluticasone furoate; FOR, formoterol; FP, fluticasone propionate; GLY, glycopyrronium; ICS, inhaled

corticosteroid; IND, indacaterol; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; SAL, salmeterol; TIO, tiotropium; UMEC, umeclidinium; VI,

vilanterol.
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DPIs examined. No universally agreed checklists that define

critical and non-critical errors for specific inhalers currently

exist. Thus, checklists and critical errors for each individual

DPI were developed based on the steps identified in the

patient information leaflet for each inhaler, review of the

available literature, and further review by external experts.5

These checklists were thus as objective as possible and were

used by all study sites. Complete checklists are provided in

the supplementary appendix (Tables S1–S5).

Critical errors, which were the focus of this study, were

defined as those leading to no, or significantly reduced,

medication being inhaled. Errors not meeting this definition

were considered non-critical errors and were recorded for the

purpose of also evaluating overall errors, ie, all errors made,

whether classified as critical or not. The numbers of possible

critical/overall errors for each DPI examined were: 4/9 for

ELLIPTA; 6/12 for Turbuhaler; 5/9 for DISKUS; 7/13 for

HandiHaler; and 7/12 for Breezhaler. Differences between

the DPIs in the number of critical errors potentially reflect

differences in complexity for correct inhaler use.

Statistical Analyses
A planned total of 50 patients in each DPI group was calcu-

lated to provide >94% power to demonstrate a statistically

significant difference between the critical error rates of each

of the paired DPI comparisons, assuming a true critical error

rate of 5% for ELLIPTA and 30% for each of the other DPIs,

based on previous studies.13,14 A two-sided 5% significance

level was assumed to test the difference between critical error

rates for each comparison of interest.

For the pre-specified analyses, the primary and key

secondary endpoints were analyzed using a logistic regres-

sion model, with DPI group as a fixed effect and adjusting

for the covariate of time on current primary DPI. Odds

ratios (ORs), confidence intervals (CIs), and P-values were

calculated for each comparison.

During development of this study, it became apparent

that patients could have been using a particular DPI for

less time than patients who were using other DPIs; for

example, the majority of patients using ELLIPTA and

Breezhaler DPIs had used these for 2 years or fewer,

while most patients using Turbuhaler, DISKUS and

HandiHaler DPIs had been using these for more than 3

years. As a result, there was a clear non-independent

imbalance between time on DPI and treatment cohort

across the different cohorts. Given the non-randomized

design of the study and the potential confounding of the

covariate, inclusion of the parameter of time on DPI

resulted in the possibility that any treatment effect (in

either direction) would be reduced due to this confounding

by DPI type. We therefore also performed post-hoc sensi-

tivity analyses in which the confounded covariate of time

on DPI was removed from the logistic regression models

to minimize the impact of this imbalance. All pre-specified

and post-hoc sensitivity analyses, including those of

safety, were conducted in the intent-to-treat (ITT) popula-

tion, which comprised all patients who were enrolled and

demonstrated use of their primary DPI. Data are presented

for the pre-specified analyses (main text and tables) and

for the post-hoc sensitivity analyses (tables only).

Results
Study Population
Overall, 461 patients were enrolled and 450 comprised the

ITT population. The mean (standard deviation [SD]) age

was 67.2 (9.75) years and 54% were male (Table 2). At

screening, the majority of patients (58%) reported a COPD

duration of between 1 and 10 years. The mean (SD) CAT

score at screening was 16.6 (7.23). Demographic charac-

teristics were largely similar across DPI groups.

Inhaler Errors
Details of the specific errors (critical and non-critical) that

were made by patients for each DPI are presented in the

supplementary appendix (Figure S1). Almost all patients

correctly opened the cover/removed the cap/removed the

capsule of their DPI and formed a firm seal around the

mouthpiece with their lips prior to inhalation. Among

patients making any error (critical or non-critical), the most

common critical error for the ELLIPTA, DISKUS and

Breezhaler DPIs was exhaling directly into the mouthpiece

(prior to medication inhalation) (18%, 37%, and 44% of

patients, respectively). Not holding the inhaler upright (dur-

ing dose preparation) was the most common critical error

with the Turbuhaler DPI (41% of patients), while for the

HandiHaler DPI it was the capsule not rattling, indicating

failure to empty the capsule of medication (24% of patients).

Percentage of Patients Making ≥1 Critical

Error at V1: ICS/LABA and LAMA or

LAMA/LABA Primary DPIs
Patients using the ELLIPTA DPI demonstrated the lowest

critical error rate across the single ICS/LABA DPIs assessed

at V1 (Figure 1). The number of patients making ≥1 critical

error with ELLIPTA FF/VI, Turbuhaler BUD/FOR, and
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DISKUS FP/SAL was 5/50 (10%), 20/50 (40%), and 13/50

(26%), respectively. The OR for making ≥1 critical error with

Turbuhaler BUD/FOR versus ELLIPTA FF/VI was 4.66

(95% CI 1.58–13.69; P=0.005) (Table 3). For the DISKUS

FP/SAL versus ELLIPTA FF/VI comparison, the OR for

making ≥1 critical error was 2.48 (95% CI 0.80–7.63;

P=0.114) (Table 3).

For the LAMAor LAMA/LABADPIs, the ELLIPTADPI

again showed the lowest critical error rate. The number of

patients making ≥1 critical error was 5/51 (10%) with

ELLIPTA UMEC/VI or UMEC, 17/50 (34%) with

HandiHaler TIO, and 16/49 (33%) with Breezhaler IND/

GLY or GLY (Figure 1). This corresponded to an OR for

making ≥1 critical error with HandiHaler TIO versus

ELLIPTA UMEC/VI or UMEC of 3.49 (95% CI 1.16–10.55;

P=0.026), and an OR for making ≥1 critical error with

Breezhaler IND/GLYor GLYversus ELLIPTA UMEC/VI or

UMEC of 3.94 (95% CI 1.35–11.53; P=0.012) (Table 3).

Results of the post-hoc sensitivity analyses excluding

the covariate of time on primary DPI (which was con-

founded with DPI type) mirrored the findings of the pre-

specified analyses, but with slightly higher odds ratios for

almost all comparators (vs ELLIPTA); this pattern was

evident also for the comparisons described below.

Percentage of Patients Making ≥1 Critical

Error at V1: ICS/LABA Plus LAMA Groups
Addition of a LAMA DPI had a minimal effect on critical

error rates with the primary ICS/LABA DPI at V1. The

number of patients making ≥1 critical error was 6/50 (12%)

with ELLIPTA FF/VI, 19/50 (38%) with Turbuhaler BUD/

FOR, and 13/50 (26%) with DISKUS FP/SAL (Figure 1).

≥

Figure 1 Percentage of patients making ≥1 critical error with the primary DPI at V1. LAMA represents ELLIPTA UMEC or HandiHaler TIO.

Abbreviations: BUD, budesonide; DPI, dry-powder inhaler; FF, fluticasone furoate; FOR, formoterol; FP, fluticasone propionate; GLY, glycopyrronium; IND, indacaterol;

LAMA, long-acting muscarinic antagonist; SAL, salmeterol; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol; V1, Visit 1.
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Table 3 Percentage of Patients Making ≥1 Critical Error with their Prescribed DPI(s) at V1

DPI Group Patients Making ≥1

Critical Error, n (%)

Patients Making No

Critical Errors,

n (%)

OR vs ELLIPTA (95% CI; P-value)

Pre-Specified

Analysesa
Post-Hoc Sensitivity

Analysesb

ICS/LABA

ELLIPTA FF/VI (n=50) 5 (10) 45 (90) ‒ ‒

Turbuhaler BUD/FOR (n=50) 20 (40) 30 (60) 4.66 (1.58–13.69; 0.005) 5.56 (1.93–16.01; 0.001)

DISKUS FP/SAL (n=50) 13 (26) 37 (74) 2.48 (0.80–7.63; 0.114) 2.98 (1.00c–8.88; 0.050)

LAMA/LABA or LAMA only

ELLIPTA UMEC or UMEC/VI (n=51) 5 (10) 46 (90) ‒ ‒

HandiHaler TIO (n=50) 17 (34) 33 (66) 3.49 (1.16–10.55; 0.026) 4.42 (1.52–12.83; 0.006)

Breezhaler IND/GLY or GLY (n=49) 16 (33) 33 (67) 3.94 (1.35–11.53; 0.012) 4.17 (1.42–12.18; 0.009)

ELLIPTA FF/VI alone vs ELLIPTA FF/VI plus LAMA (errors in primary DPI)

ELLIPTA FF/VI (n=50) 5 (10) 45 (90) ‒ ‒

ELLIPTA FF/VI plus LAMA (n=50) 6 (12) 44 (88) 1.22 (0.36–4.15; 0.746) 1.21 (0.36–4.10; 0.761)

ELLIPTA FF/VI alone vs ELLIPTA FF/VI plus LAMA (errors in both DPIs considered)

ELLIPTA FF/VI (n=50) 5 (10) 45 (90) ‒ ‒

ELLIPTA FF/VI plus LAMA (n=50) 11 (22) 39 (78) 2.50 (0.82–7.66; 0.108) 2.41 (0.79–7.33; 0.122)

ELLIPTA FF/VI alone vs any ICS/LABA plus LAMA combination (errors in primary DPI)

ELLIPTA FF/VI (n=50) 5 (10) 45 (90) ‒ ‒

ELLIPTA FF/VI plus LAMA, and Turbuhaler BUD/FOR

plus LAMA, and DISKUS FP/SAL plus LAMA (n=150)

38 (25) 112 (75) 2.29 (0.85–6.16; 0.100) 2.64 (0.99–7.02; 0.051)

Turbuhaler BUD/FOR plus Handihaler TIO, and

DISKUS FP/SAL plus Handihaler TIO (n=99)

32 (32) 67 (68) 3.19 (1.13–9.00; 0.028) 3.96 (1.47–10.65; 0.006)

ELLIPTA FF/VI alone vs any ICS/LABA plus LAMA combination (errors in both DPIs considered)

ELLIPTA FF/VI (n=50) 5 (10) 45 (90) ‒ –

ELLIPTA FF/VI plus LAMA, and Turbuhaler BUD/FOR

plus LAMA, and DISKUS FP/SAL plus LAMA (n=150)

61 (41) 89 (59) 4.89 (1.85–12.90; 0.001) 5.48 (2.11–14.28; <0.001)

Turbuhaler BUD/FOR plus Handihaler TIO, and

DISKUS FP/SAL plus Handihaler TIO (n=99)

50 (51) 49 (49) 7.01 (2.51–19.54; <0.001) 8.43 (3.17–22.39; <0.001)

ELLIPTA FF/VI alone or plus LAMA vs other ICS/LABA DPIs alone or plus LAMA (errors in primary DPI)

ELLIPTA FF/VI, and ELLIPTA FF/VI plus LAMA (n=100) 11 (11) 89 (89) ‒ ‒

Turbuhaler BUD/FOR, and Turbuhaler BUD/FOR plus

LAMA (n=100)

39 (39) 61 (61) 3.99 (1.81–8.83; <0.001) 4.86 (2.34–10.08; <0.001)

DISKUS FP/SAL, and DISKUS FP/SAL plus LAMA

(n=100)

26 (26) 74 (74) 2.18 (0.94–5.06; 0.069) 2.71 (1.27–5.76; 0.010)

ELLIPTA FF/VI alone or plus LAMA vs other ICS/LABA DPIs alone or plus LAMA (errors in both DPIs considered)

ELLIPTA FF/VI, and ELLIPTA FF/VI plus LAMA (n=100) 16 (16) 84 (84) ‒ ‒

Turbuhaler BUD/FOR, and Turbuhaler BUD/FOR plus

LAMA (n=100)

47 (47) 53 (53) 3.94 (1.86–8.34; <0.001) 4.73 (2.39–9.36; <0.001)

DISKUS FP/SAL, and DISKUS FP/SAL plus LAMA

(n=100)

36 (36) 64 (64) 2.39 (1.09–5.26; 0.030) 2.96 (1.47–5.94; 0.002)

Notes: aPre-specified analyses were performed with the covariate of time on primary DPI included in the logistic regression model; bPost-hoc sensitivity analyses excluded

the covariate of time on primary DPI from the model due to confounding with DPI type (ELLIPTA and Breezhaler users were more likely to have used their inhaler for

a shorter time than Turbuhaler, DISKUS and HandiHaler users); cRounded from 0.999.

Abbreviations: BUD, budesonide; CI, confidence interval; DPI, dry-powder inhaler; FF, fluticasone furoate; FOR, formoterol; FP, fluticasone propionate; GLY, glycopyrronium;

ICS, inhaled corticosteroid; IND, indacaterol; LABA, long acting β2-agonist; LAMA, long-acting muscarinic antagonist; OR, odds ratio; SAL, salmeterol; TIO, tiotropium; UMEC,

umeclidinium; VI, vilanterol; V1, Visit 1.
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Percentage of Patients Making ≥1 Critical

Error at V1: ELLIPTA FF/VI Alone versus

ICS/LABA DPIs Plus LAMA
The comparison of ELLIPTA FF/VI alone versus ICS/LABA

DPIs plus LAMADPIs effectively simulates the comparison

of ELLIPTA SITT versus MITT (although in this investiga-

tion, ELLIPTAwas not used by any patients to deliver a triple

therapy regimen). When considering only errors with the

primary ICS/LABA DPI, the number of patients making ≥1

critical error was 5/50 (10%) with ELLIPTA FF/VI and 6/50

(12%) with ELLIPTA FF/VI plus LAMA (Table 3).

Compared with ELLIPTA FF/VI alone, the OR for patients

making ≥1 critical error was 1.22 (95% CI 0.36–4.15;

P=0.746) with ELLIPTA FF/VI plus LAMA, but when con-

sidering errors in either the primary or LAMA DPI, the

number of patients making ≥1 critical error increased to 11/

50 (22%) with ELLIPTA FF/VI plus LAMA, corresponding

to an OR of 2.50 (95% CI 0.82–7.66; P=0.108) (Table 3).

When considering errors with the primary DPI for patients

using any ICS/LABA plus LAMA combination (ie, ELLIPTA

FF/VI, Turbuhaler BUD/FOR, or DISKUS FP/SAL, respec-

tively, plus Handihaler TIO or ELLIPTA UMEC, respec-

tively), ≥1 critical error was made by 38/150 (25%) patients.

This corresponded to an OR of 2.29 (95% CI 0.85–6.16;

P=0.100) versus ELLIPTA FF/VI alone. Including errors in

either the primary or LAMA DPI, the number of patients

making ≥1 critical error increased to 61/150 (41%). This

corresponded to an OR of 4.89 (95% CI 1.85–12.90;

P=0.001) versus ELLIPTA FF/VI alone.

A further post-hoc analysis comparing ELLIPTA FF/VI

alone (n=50) with ICS/LABA plus LAMA combinations not

using ELLIPTA (ie, Turbuhaler BUD/FOR and DISKUS FP/

SAL each plus Handihaler TIO; n=99) found that signifi-

cantly more patients using ICS/LABA plus LAMAmade ≥1

critical error with the primary ICS/LABADPI (10% vs 32%,

OR 3.19, 95% CI 1.13–9.00; P=0.028) or with either DPI

(10% vs 51%, OR 7.01, 95% CI 2.51–19.54; P<0.001).

Percentage of Patients Making ≥1 Critical

Error at V1: ELLIPTA FF/VI Alone or Plus

LAMA versus Other ICS/LABA DPIs

Alone or Plus LAMA
For patients prescribed an ICS/LABA DPI, considering

both those using it alone and those using it together with

a LAMA, the number making ≥1 critical error with the

primary ICS/LABA DPI was 11/100 (11%) with ELLIPTA

FF/VI, 39/100 (39%) with Turbuhaler BUD/FOR, and 26/

100 (26%) with DISKUS FP/SAL (Table 3). Compared

with ELLIPTA FF/VI, the OR for patients making ≥1
critical error with the primary DPI was 3.99 (95% CI

1.81–8.83; P<0.001) with Turbuhaler BUD/FOR, and

2.18 (95% CI 0.94–5.06; P=0.069) with DISKUS FP/

SAL (Table 3). When these comparisons considered criti-

cal errors made with either the primary or LAMA DPI, the

number of patients making ≥1 critical error increased and

was 16/100 (16%) for ELLIPTA FF/VI plus LAMA, 47/

100 (47%) for Turbuhaler BUD/FOR plus LAMA, and 36/

100 (36%) for DISKUS FP/SAL plus LAMA. Compared

with ELLIPTA FF/VI plus LAMA, the OR for patients

making ≥1 critical error with the primary ICS/LABA DPI

and/or LAMA DPI was 3.94 (95% CI 1.86–8.34; P<0.001)

with Turbuhaler BUD/FOR plus LAMA, and 2.39 (95%

CI 1.09–5.26; P=0.030) with DISKUS FP/SAL plus

LAMA (Table 3).

Percentage of Patients Making ≥1 Critical

Error with their Prescribed DPI at V2
At V2, the percentage of patients making ≥1 critical error

was reduced compared to V1 across all single DPIs and

combinations tested (Figure 2; Table 4).

It was again notable that the ELLIPTA DPI, as either

a single ICS/LABA DPI or single LAMA/LABA DPI, had

the lowest critical error rate. The number of patients mak-

ing ≥1 critical error with ELLIPTA FF/VI at V2 was 0/50

(0%), compared with 4/48 (8%) with Turbuhaler BUD/

FOR (OR 7.35, 95% CI 0.41–132.14; P=0.176) and 5/45

(11%) with DISKUS FP/SAL (OR 9.30, 95% CI 0.53–-

164.47; P=0.128).

For LAMA or LAMA/LABA single-inhaler compari-

sons, 0% of patients (0/50) made ≥1 critical error with

ELLIPTA UMEC/VI or UMEC, compared with 10/47

(21%) with HandiHaler TIO (OR 20.45, 95% CI 1.19–-

351.61; P=0.038) and 8/47 (17%) with Breezhaler IND/

GLY or GLY (OR 18.78, 95% CI 1.13–311.67; P=0.041)

(Figure 2; Table 4).

Percentage of Patients Making ≥1 Overall

Error with their Prescribed DPI
The correct-use checklists recorded all errors, referred to

as overall errors (critical errors and non-critical errors).

This enabled additional planned analyses of overall errors

to be conducted. Comparisons were analogous to those

reported above for critical errors.
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Consistent with the data for critical errors, overall errors

were made least often with the ELLIPTA DPI, as either

a single ICS/LABA DPI or single LAMA/LABA DPI. The

number of patients making ≥1 overall error with ELLIPTA

FF/VI at V1 was 17/50 (34%), compared with 32/50 (64%)

with Turbuhaler BUD/FOR (OR 2.40, 95% CI 1.02–5.68;

P=0.045) and 30/50 (60%) with DISKUS FP/SAL (OR 1.82,

95% CI 0.77–4.32; P=0.172) (Table S6). For LAMA or

LAMA/LABA single-inhaler comparisons, 19/51 (37%)

patients made ≥1 overall error with ELLIPTA UMEC/VI or

UMEC, compared with 37/50 (74%) with HandiHaler TIO

(OR 2.99, 95% CI 1.23–7.27; P=0.016) and 27/49 (55%)

with Breezhaler IND/GLYor GLY (OR 1.75, 95% CI 0.77–-

3.94; P=0.179) (Table S6).

In comparisons of ELLIPTA FF/VI alone versus ICS/

LABA DPIs plus LAMA, addition of a LAMA DPI to

ELLIPTA FF/VI had no effect on the number of patients

making ≥1 overall error with the primary DPI (17/50, 34%);

however, the number increased when errors with either DPI

were considered (23/50, 46%; OR 1.93, 95% CI 0.84–4.43;

P=0.120). Similarly, more patients made ≥1 overall error

with any ICS/LABA plus LAMA compared with ELLIPTA

FF/VI alone, and with any ICS/LABA alone or plus a LAMA

compared with ELLIPTA FF/VI alone or plus a LAMA; this

was true when considering errors with the primary DPI, or

errors with either DPI (Table S6).

Similar patterns were observed at V2 (Table S7), where

again the overall error rate was reduced compared to V1

across all single DPIs and combinations tested. The

ELLIPTA DPI demonstrated the lowest overall error rate

(FF/VI: 6/50, 12%; UMEC or UMEC/VI: 4/50, 8%) com-

pared with equivalent ICS/LABA DPIs (Turbuhaler BUD/
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Figure 2 Percentage of patients making ≥1 critical error with the primary DPI at V2, 6 weeks after training. LAMA represents ELLIPTA UMEC or HandiHaler TIO.

Abbreviations: BUD, budesonide; DPI, dry-powder inhaler; FF, fluticasone furoate; FOR, formoterol; FP, fluticasone propionate; GLY, glycopyrronium; IND, indacaterol;

LAMA, long-acting muscarinic antagonist; SAL, salmeterol; TIO, tiotropium; UMEC, umeclidinium; VI, vilanterol; V2, Visit 2.
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Table 4 Percentage of Patients Making ≥1 Critical Error with their Prescribed DPI(s) at V2

DPI Group Patients Making

≥1 Critical Error,

n (%)

Patients Making

No Critical Errors,

n (%)

OR vs ELLIPTA (95% CI; P-value)

Pre-Specified

Analysesa
Post-Hoc Sensitivity

Analysesb

ICS/LABA

ELLIPTA FF/VI (n=50) 0 50 (100) ‒ ‒

Turbuhaler BUD/FOR (n=48) 4 (8) 44 (92) 7.35 (0.41–132.14; 0.176) 10.21 (0.52–200.90; 0.126)

DISKUS FP/SAL (n=45) 5 (11) 40 (89) 9.30 (0.53–164.47; 0.128) 13.72 (0.72–263.13; 0.082)

LAMA/LABA or LAMA only

ELLIPTA UMEC or UMEC/VI (n=50) 0 50 (100) ‒ ‒

HandiHaler TIO (n=47) 10 (21) 37 (79) 20.45 (1.19–351.61; 0.038) 28.28 (1.56–512.53; 0.024)

Breezhaler IND/GLY or GLY (n=47) 8 (17) 39 (83) 18.78 (1.13–311.67; 0.041) 21.74 (1.18–399.54; 0.038)

ELLIPTA FF/VI alone vs ELLIPTA FF/VI plus LAMA (errors in primary DPI)

ELLIPTA FF/VI (n=50) 0 50 (100) ‒ ‒

ELLIPTA FF/VI plus LAMA (n=49) 3 (6) 46 (94) 8.87 (0.48–162.78; 0.141) 7.60 (0.37–155.76; 0.188)

ELLIPTA FF/VI alone vs ELLIPTA FF/VI plus LAMA (errors in both DPIs considered)

ELLIPTA FF/VI (n=50) 0 50 (100) ‒ ‒

ELLIPTA FF/VI plus LAMA (n=49) 4 (8) 45 (92) 12.15 (0.68–216.82; 0.090) 9.99 (0.51–196.44; 0.130)

ELLIPTA FF/VI alone vs any ICS/LABA plus LAMA combination (errors in primary DPI)

ELLIPTA FF/VI (n=50) 0 50 (100) ‒ ‒

ELLIPTA FF/VI plus LAMA, and Turbuhaler BUD/FOR

plus LAMA, and DISKUS FP/SAL plus LAMA (n=144)

12 (8) 132 (92) 7.78 (0.49–124.12; 0.147) 9.79 (0.55–173.30; 0.120)

Turbuhaler BUD/FOR plus Handihaler TIO, and

DISKUS FP/SAL plus Handihaler TIO (n=94)

8 (9) 86 (91) 6.16 (0.37–103.65; 0.207) 10.21 (0.56–185.88; 0.117)

ELLIPTA FF/VI alone vs any ICS/LABA plus LAMA combination (errors both DPIs considered)

ELLIPTA FF/VI (n=50) 0 50 (100) ‒ ‒

ELLIPTA FF/VI plus LAMA, and Turbuhaler BUD/FOR

plus LAMA, and DISKUS FP/SAL plus LAMA (n=144)

18 (13) 126 (88) 11.91 (0.75–188.21; 0.079) 15.06 (0.87–262.04; 0.063)

Turbuhaler BUD/FOR plus Handihaler TIO, and

DISKUS FP/SAL plus Handihaler TIO (n=94)

13 (14) 81 (86) 10.21 (0.62–167.57; 0.104) 17.21 (0.97–304.03; 0.052)

ELLIPTA FF/VI alone or plus LAMA vs other ICS/LABA DPIs alone or plus LAMA (errors in primary DPI)

ELLIPTA FF/VI, and ELLIPTA FF/VI plus LAMA

(n=99)

3 (3) 96 (97) ‒ ‒

Turbuhaler BUD/FOR, and Turbuhaler BUD/FOR

plus LAMA (n=97)

7 (7) 90 (93) 2.09 (0.38–11.39; 0.395) 3.20 (0.60–17.14; 0.175)

DISKUS FP/SAL, and DISKUS FP/SAL plus LAMA

(n=91)

11 (12) 80 (88) 3.25 (0.61–17.24; 0.166) 5.41 (1.06–27.61; 0.042)

ELLIPTA FF/VI alone or plus LAMA vs other ICS/LABA DPIs alone or plus LAMA (errors in both DPIs considered)

ELLIPTA FF/VI and ELLIPTA FF/VI plus LAMA (n=99) 4 (4) 95 (96) ‒ ‒

Turbuhaler BUD/FOR and Turbuhaler BUD/FOR

plus LAMA (n=97)

11 (11) 86 (89) 2.67 (0.52–13.69; 0.239) 4.27 (0.85–21.49; 0.078)

DISKUS FP/SAL and DISKUS FP/SAL plus LAMA

(n=91)

12 (13) 79 (87) 2.93 (0.57–15.13; 0.200) 5.13 (1.03–25.55; 0.046)

Notes: aPre-specified analyses were performed with the covariate of time on primary DPI included in the logistic regression model; bPost-hoc sensitivity analyses excluded

the covariate of time on primary DPI from the model due to confounding with DPI type (ELLIPTA and Breezhaler users were more likely to have used their inhaler for

a shorter time than Turbuhaler, DISKUS and HandiHaler users).

Abbreviations: BUD, budesonide; CI, confidence interval; DPI, dry-powder inhaler; FF, fluticasone furoate; FOR, formoterol; FP, fluticasone propionate; GLY, glycopyrronium;

ICS, inhaled corticosteroid; IND, indacaterol; LABA, long acting β2-agonist; LAMA, long-acting muscarinic antagonist; OR, odds ratio; SAL, salmeterol; TIO, tiotropium; UMEC,

umeclidinium; VI, vilanterol; V2, Visit 2.
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FOR: 17/48, 35%, OR 3.48, 95% CI 1.22–9.96; P=0.020;

DISKUS FP/SAL: 12/45, 27%, OR 2.28, 95% CI 0.76–6.90;

P=0.143) and LAMA or LAMA/LABA DPIs (HandiHaler

TIO: 17/47, 36%, OR 5.27, 95% CI 1.62–17.19; P=0.006;

Breezhaler IND/GLYor GLY: 15/47, 32%, OR 4.66, 95% CI

1.48–14.67; P=0.009).

Discussion
Errors in inhaler technique remain an ever-present issue in

COPD maintenance therapy, and the association between

these errors, particularly critical errors, and reduced treat-

ment efficacy is widely acknowledged.3 As such, the opti-

mization of inhaler technique through training represents

an important route by which the efficacy of maintenance

therapy may be improved.15

This study was designed to assess the ability of patients

with COPD to correctly use their prescribed DPI in a low-

intervention setting. Here, the notion that inhaler training

reduces the percentage of patients making critical (and

overall) errors is clearly demonstrated by the comparison

of results between V1 and V2, despite an interval of 6

weeks. Our findings also reveal differences in ease of use

for each inhaler, exemplified by large differences in criti-

cal and overall error rates in the absence of training.

For the single DPIs (ICS/LABA, and LAMA or

LAMA/LABA), the ELLIPTA DPI was associated with

the lowest percentage of patients making ≥1 critical error

at V1, providing agreement with previous, similar

studies.6,14 This difference was statistically significant for

all but one of the single-DPI comparisons at V1; only the

comparison between ELLIPTA FF/VI and DISKUS FP/

SAL did not reach statistical significance (P=0.114).

Findings from the pre-specified analyses were confirmed

in the additional post-hoc sensitivity analyses, in which the

covariate of time on primary DPI was excluded due to

confounding with type of DPI used.

Recent findings from a randomized, open-label, pla-

cebo-inhaler crossover study, including ELLIPTA, indi-

cated that patients with COPD make fewer critical errors

with single-inhaler regimens compared with multiple-

inhaler regimens.5 This idea of improved technique when

using fewer inhalers is also supported here by comparing

ELLIPTA FF/VI with ICS/LABA DPIs plus LAMA,

which demonstrated relatively high ORs for ≥1 critical

error in favor of ELLIPTA at both V1 and V2. The

smaller, non-significant differences in critical errors

observed between ELLIPTA FF/VI and ELLIPTA FF/VI

plus LAMA likely reflect the proportion of patients (23/

50) already using an ELLIPTA DPI for the secondary

LAMA.

The comparison of ELLIPTA FF/VI versus the ICS/

LABA plus LAMA combination group is essentially equiva-

lent to simulating SITTwith ELLIPTAversusMITTwith any

DPIs. In additional post-hoc analyses, patients using

ELLIPTA ICS/LABA (simulated SITT) demonstrated sig-

nificantly fewer critical errors at V1 compared with an ICS/

LABA plus LAMA comparator group that excluded the

ELLIPTADPIs (ie, non-ELLIPTAMITT); a similar but non-

significant trend was observed at V2.

Incorrect inhaler technique is common and has been

well documented in the literature.2,7,16 A systematic litera-

ture review of studies evaluating incorrect use of DPIs by

patients with asthma or COPD found that 4–94% of

patients (depending on the type of DPI and method of

assessment) did not use their inhalers correctly, while up

to 25% had never received verbal instruction on inhaler

technique.16 Physical demonstration and verbal instruction

have been shown to markedly reduce critical errors with

DPIs, including ELLIPTA and Breezhaler.17 Our findings

also clearly show that verbal instruction substantially

reduces the number of critical and overall inhaler errors

with these, and other, DPIs. Considering five different

DPIs, we found that ≥1 critical error occurred in 10–40%

of patients at V1, least often with the ELLIPTA DPI and

most often with the Turbuhaler DPI. Error rates were

reduced after training for all five DPIs at V2 (0–21%);

this is comparable with previous studies and meta-analyses

demonstrating a reduction in errors after visual demonstra-

tion or additional training.6,17,18 In this study, exhaling into

the inhaler mouthpiece prior to inhalation was the most

common critical error with the ELLIPTA FF/VI, DISKUS

FP/SAL and Breezhaler IND/GLYor GLY DPIs. This may

introduce moisture into the mouthpiece, causing clumping

of the medication.19

The enrollment of patients on their prescribed DPIs is

a notable strength of this study, adding an element of real-

world design to the protocol and meaning results more

accurately reflect error rates in the clinic. The incorpora-

tion of minimal study visits also mimics real-world sce-

narios, allowing patients to feel less constrained by the

schedule of clinical trial protocol visits.

However, the results of this study may not be widely

comparable with those of similar, existing studies because

patients were enrolled on their currently prescribed DPI.

Previous studies have tended to use inhaler-naïve patients

and, as such, the critical error rates reported in this study
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may be lower than generally expected based on existing

data. Moreover, this study was open-label and non-

randomized, though baseline and demographic character-

istics were broadly similar across all treatment groups and

much of this potential bias was thus reduced. Additionally,

participating sites did not recruit an equal number of

participants using each of the DPIs tested but all site

staff assessing participants for errors in correct use

received the same training on all DPIs, to limit the effect

of this.

A further limitation of this study is that conclusions

regarding the relationship between inhaler errors and treat-

ment outcomes cannot be drawn, as clinical outcomes

were not assessed. Previous studies and reviews have,

however, highlighted a positive correlation between inha-

ler technique and treatment outcomes7,15 and critical errors

may have an adverse impact on patient outcomes.20

In this study, the retention of inhaler training knowledge

was assessed over 6 weeks. Longer-term studies are needed

to further understand the retention of inhaler training over

time periods when patients would not typically receive

further guidance in clinical settings. Future studies in this

area may also make use of additional inhalers not considered

here to provide a more comprehensive overview of inhalers

available in clinical practice, and should also consider patient

compliance and satisfaction, to better understand how these

factors may impact clinical outcomes.21

The observed differences between visits in this low-

intervention study clearly show the value and importance

of verbal instruction on correct inhaler use by HCPs. In

a recent review of 39 studies of inhalation technique

education for both asthma and COPD, 89% involved

a physical or video demonstration of inhaler technique,

and 90% of the same studies reported a significant

improvement in inhaler technique, indicating a strong rela-

tionship between training and improved technique.15

Physical or video demonstration of correct inhaler techni-

que may be ideal in most cases, the latter being an

approach that might easily be adopted by most practices

(eg, during patient waiting times).

Conclusion
Patients with COPD can make critical inhaler errors fre-

quently, though rates differ according to inhaler type.

Critical error rates were lower after verbal refresher training,

demonstrating the importance of HCP instruction on inhaler

technique for commonly used DPIs. In this study, the

ELLIPTA DPI resulted in fewer critical errors compared

with other ICS/LABA, and LAMA or LAMA/LABA DPIs

assessed in a low-intervention clinical setting in patients with

COPD. Our findings will help HCPs and patients make

informed decisions regarding the choice of, training with

and use of DPIs as an integral part of COPD maintenance

therapy regimens.
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