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Abstract 

Background  Triple therapy is recommended for patients with chronic obstructive pulmonary disease (COPD) who 
remain symptomatic despite dual therapy. The optimal timing of triple therapy following an exacerbation of COPD 
is unknown. The outcomes of prompt (≤ 30 days) vs. delayed (31–180 days) initiation of single-inhaler triple therapy 
with fluticasone furoate, umeclidinium, and vilanterol (FF/UMEC/VI) following an exacerbation of COPD were 
examined.

Methods  This was a retrospective cohort study of linked English primary (Clinical Practice Research Datalink) 
and secondary (Hospital Episode Statistics) care data. Patients aged ≥ 35 years with COPD were indexed on the first 
and/or earliest date of exacerbation between November 15, 2017 and March 31, 2019 with subsequent FF/UMEC/
VI initiation within 180 days. Patients were required to be continuously registered with a general practitioner for ≥ 12 
months prior to and following index. Subsequent exacerbations, direct medical costs, and hospital readmissions were 
compared between prompt and delayed initiators. Inverse probability of treatment weighting was used to adjust 
for measured confounders between cohorts.

Results  Overall, 1599 patients were included (prompt: 393, delayed: 1206). After weighting, prompt initiators had 
numerically lower moderate/severe exacerbations compared with delayed initiators (rate ratio: 0.87, 95% confidence 
interval [CI]: 0.76–1.01, p = 0.0587). Both all-cause and COPD-related 30-day hospital readmissions were significantly 
lower among patients with prompt initiation compared with delayed initiators (all-cause: 23.6% vs. 34.6%, odds ratio 
[95% CI]: 0.58 [0.36–0.95], p = 0.0293; COPD-related: 20.3% vs. 30.6%, odds ratio [95% CI]: 0.58 [0.35–0.96], p = 0.0347). 
Prompt initiators also had numerically lower all-cause total costs and significantly lower COPD-related costs  
per-person-per year compared with delayed initiators (COPD-related: £742 vs. £801, p = 0.0016).
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Conclusion  Prompt initiation of FF/UMEC/VI following a moderate/severe exacerbation was associated with fewer 
subsequent exacerbations, fewer hospital readmissions, and lower COPD-related medical costs compared 
with delayed initiation.

Keywords  Chronic obstructive pulmonary disease, Exacerbation, FF/UMEC/VI, Healthcare cost, SITT

Plain language summary 

Triple therapy with an inhaled corticosteroid (ICS), a long-acting muscarinic antagonist (LAMA), and a long-acting 
β2-agonist (LABA) is recommended for patients with chronic obstructive pulmonary disease (COPD) who still experi-
ence symptoms while taking dual therapy (LABA/LAMA or ICS/LABA). Triple therapy can be taken using single or mul-
tiple inhalers. The best time to start triple therapy for patients who may benefit from it following a short-term wors-
ening (flare-up) of their COPD symptoms is unknown. This study assesses the effect of starting treatment with triple 
therapy sooner compared with later in patients with COPD.

Patients who experienced a flare-up of their COPD symptoms were split into two groups – those who started tak-
ing triple therapy (via a single inhaler) within 30 days of their symptom flare-up and those who started taking triple 
therapy 31–180 days following their symptom flare-up. Over the 12 months following the initial flare-up, patients who 
started triple therapy earlier (within 30 days) had fewer subsequent symptom flare-ups, fewer hospital admissions, 
and lower healthcare costs compared with patients who started triple therapy later (31–180 days). These findings sug-
gest that doctors should consider prescribing triple therapy (via a single inhaler) to their patients with COPD straight 
away if they experience a flare-up of their symptoms.

Introduction
Escalation to triple therapy with an inhaled corticoster-
oid (ICS), a long-acting muscarinic antagonist (LAMA), 
and a long-acting β2-agonist (LABA) is recommended 
for patients with chronic obstructive pulmonary dis-
ease (COPD) who continue to experience exacerbations 
despite dual therapy with LAMA/LABA [1]. Tradition-
ally, triple therapy has required the use of two or three 
separate inhalers (multiple-inhaler triple therapy; MITT); 
however, more recently, single-inhaler triple therapies 
(SITTs) have been developed. SITTs can help facilitate 
greater treatment persistence and adherence by reduc-
ing the burden of the mode of administration. MITT has 
been shown to be associated with an increased risk of 
treatment discontinuation and reduced adherence com-
pared with single-inhaler use [2–4].

Once-daily SITT with fluticasone furoate/umecli-
dinium/vilanterol (FF/UMEC/VI) was approved for the 
long-term maintenance of moderate-to-severe COPD in 
adult patients who are not adequately treated by a com-
bination of ICS/LABA or LABA/LAMA in Europe in 
November 2017 [5]. Previous clinical trials have demon-
strated that patients with COPD initiated on FF/UMEC/
VI experience reduced rates of exacerbations (moderate 
or severe) and lower rates of COPD-related hospitaliza-
tions compared with patients receiving dual therapy with 
ICS/LABA or LABA/LAMA [6].

Although previous studies have demonstrated that 
prompt vs. delayed initiation of MITT following an exac-
erbation of COPD reduces subsequent exacerbations 

and medical costs [7, 8], there is limited real-world evi-
dence of the consequences of delaying initiation of SITT 
when indicated. A recent retrospective study in the US 
reported that prompt initiation (within 30 days of an 
exacerbation) of SITT with FF/UMEC/VI following a 
moderate or severe COPD exacerbation was associated 
with significantly fewer subsequent exacerbations and 
lower healthcare costs compared with delayed initiation 
of FF/UMEC/VI (within 31–180 days of an exacerba-
tion) [9]. However, these findings may be specific to this 
healthcare system, and the effects of delayed initiation 
have not been assessed for patients in England.

The aim of this study was to assess the outcomes of 
prompt (0–30 days following an exacerbation) vs. delayed 
(31–180 days following an exacerbation) initiation of 
SITT with FF/UMEC/VI among a general practice cohort 
of patients with COPD in England.

Material and methods
Study design and data source
This was a new user, retrospective, weighted cohort study 
of English patients with COPD using UK primary care 
electronic health records (Clinical Practice Research 
Datalink [CPRD] Aurum) and linked secondary care data 
(Hospital Episode Statistics [HES] Admitted Patient Care 
and Accident and Emergency [A&E] datasets).

CPRD Aurum is a longitudinal, anonymized, elec-
tronic health record database of primary care interac-
tions for all patients registered with a participating 
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general practitioner (GP) practice in the UK [10]. Data 
captured include demographic information (age, sex, 
weight); records of clinical events (medical diagno-
ses); immunization records; diagnostic testing; lifestyle 
information (e.g., smoking status and alcohol status); 
and all other types of care administered as part of rou-
tine GP practice. Linkage to HES is possible for a sub-
set of patients registered at GP practices throughout 
England. HES is a database containing details of all sec-
ondary episodes of care (e.g., inpatient admissions, day 
cases, outpatient appointments, and A&E attendances).

Patients were indexed on the first and/or earliest date 
of exacerbation of COPD (moderate or severe) between 
November 15, 2017 (approval date of FF/UMEC/VI in 
Europe) and March 31, 2019 (Fig. 1).

COPD exacerbations were identified from CPRD and 
HES based on a validated algorithm [11, 12]. Exacer-
bations resulting in hospitalization (i.e., recorded in 
HES) were considered severe, while exacerbations man-
aged only in primary care (i.e., only recorded in CPRD) 
were considered moderate. The baseline period was 
defined as the 12 months prior to index; the minimum 
follow-up (from and including the index date) was 12 
months. The follow-up period spanned from the index 
date until either the end of the study period on March 
31, 2020, the end of data availability (the date that the 
patient left the GP practice or the last data collection 
date of the practice), or patient death, whichever was 
earliest. Of note, the entire study period was prior to 
the emergence of COVID-19 in the UK; COPD patient 

management was found to differ during the pandemic 
and the change in healthcare service was not under 
study [13].

Two mutually exclusive cohorts were defined. Patients 
were classified as prompt initiators if FF/UMEC/VI 
therapy was initiated within 0‒30 days of the index date, 
and delayed initiators if FF/UMEC/VI therapy was initi-
ated within 31‒180 days of the index date. A pragmatic 
approach was adopted, whereby patients who discontin-
ued FF/UMEC/VI within the follow-up period were still 
observed and continued to be assessed until the end of 
follow-up. This pragmatic approach allowed us to assess 
the research question of the impact of a policy of prompt 
initiation of FF/UMEC/VI. As an additional analysis, ini-
tiation of FF/UMEC/VI within 0–14 days of the index 
exacerbation was considered prompt, and initiation of 
FF/UMEC/VI within 15–180 days of the index exacerba-
tion was considered delayed. Inverse probability of treat-
ment weighting (IPTW) based on propensity scores (PSs) 
was used to adjust for measured confounders between 
cohorts. Different PSs were used for the assessment of 
each outcome. Covariates included in the PS model are 
outlined in Additional file 1: Table S1.

Study population
Patients were required to have at least one diagno-
sis of COPD at ≥ 35 years of age (in line with guidance 
from the National Institute for Health and Care Excel-
lence [14]); ≥ 1 moderate or severe exacerbation within 
the indexing period (November 15, 2017 to March 31, 

COPD exacerbations and 
HCRU/cost recorded

Mar 31,
2020

Nov 15, 
2017

Study period

Nov 15, 
2016

Mar 31,
2019Index date:

Moderate/severe COPD exacerbation

Baseline period
(12 months minimum)

Variable follow-up
(12 months minimum)

Indexing period

Prompt DelayedNo prior moderate/severe COPD exacerbation

No prior prescriptions of SITT

Day 0 Day 30 Day 180
FF/UMEC/VI

Readmissions recorded

Individual 
patient 
example

Fig. 1  Study design. COPD chronic obstructive pulmonary disease, SITT single-inhaler triple therapy, FF/UMEC/VI fluticasone furoate/umeclidinium/
vilanterol, HCRU​ healthcare resource utilization
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2019); ≥ 1 prescription for FF/UMEC/VI on or within  
180 days of the index date; most recent smoking status 
prior to index of “current smoker” or “former smoker”; 
records linked to HES; and be continuously registered 
with a GP practice for ≥ 12 months prior to the index 
date and ≥ 12 months following index.

Patients were excluded if they had ≥ 1 exacerbation 
(moderate or severe) during the baseline period; ≥ 1 
prescription for FF/UMEC/VI or SITT beclomethasone 
dipropionate/formoterol fumarate/glycopyrronium bro-
mide (BDP/FOR/GLY) prior to the index date; ≥ 1 pre-
scription for BDP/FOR/GLY between the index date and 
FF/UMEC/VI initiation; or ≥ 1 diagnostic code for any 
medical condition incompatible with a COPD diagnosis 
at any time in their medical history prior to indexing.

Study outcomes
Primary objective
The primary objective was to compare the rate of subse-
quent moderate/severe exacerbations among prompt vs. 
delayed initiators of FF/UMEC/VI. Exacerbations were 
identified using a validated algorithm [11, 12]. For fur-
ther details please see Additional file 1. Unweighted and 
weighted rates of exacerbations (frequency of events per 
person-year) were calculated as the number of events 
observed divided by person-years of observation. Rates 
were reported as overall (moderate and severe exacer-
bations) and separately by severity, and were compared 
between cohorts using IPTW-weighted rate ratios (RRs), 
95% confidence intervals (CIs), and p-values obtained 
from negative binomial regression. The rate of subse-
quent exacerbations, when stratified by severity of index 
exacerbation, was also calculated. An additional post-hoc 
analysis, censoring patients at initiation of FF/UMEC/VI 
for the delayed cohort, was conducted to investigate how 
much of the impact of prompt initiation was due to the 
efficacy of FF/UMEC/VI vs. therapy at the time of exacer-
bation rather than due to prompt initiation.

Secondary objectives
The secondary objectives were to compare time-to-first 
subsequent exacerbation, hospital readmissions, health-
care resource utilization (HCRU), and direct medical costs 
among prompt vs. delayed initiators of FF/UMEC/VI.

Time‑to‑first subsequent exacerbation  Exacerbations 
were identified as per the algorithm and definitions used 
for the primary objective. Time-to-first exacerbation was 
measured from initiation of FF/UMEC/VI and compared 
between cohorts. Time-to-first exacerbation was assessed 
using Kaplan–Meier (KM) survival analysis. Unweighted 
and weighted KM survival curves were produced, and 
time-to-first exacerbation was compared between cohorts 

using IPTW-weighted hazard ratios (HRs), 95% CIs, and 
p-values from Cox proportional hazards regression.

Hospital readmissions  The absolute proportion of hos-
pital readmissions for prompt and delayed initiators was 
derived in the 30, 60, and 90 days following the index 
date for the subset of patients who were indexed on a 
severe exacerbation (i.e., requiring hospital admission), 
based on the presence of an inpatient date of readmis-
sion. Readmissions were defined as COPD-related or all-
cause based on the presence of a primary or secondary 
diagnosis of COPD (using International Classification of 
Disease, 10th Revision, codes). Time-to-first hospital read-
mission was also measured from the index date and com-
pared between cohorts using KM survival analysis. The 
unweighted and weighted proportion of hospital readmis-
sions was evaluated. Comparisons between cohorts were 
performed using HRs, 95% CIs, and p-values from IPTW-
weighted univariable logistic regression.

HCRU and  costs  All-cause and COPD-related HCRU 
and direct medical costs following initiation of FF/UMEC/
VI were calculated and compared between the prompt and 
delayed cohorts. HCRU was reported as rates (frequency 
of events per person-year) and costs were reported as 
per-person-per-year to account for the variable follow-up 
across patients. HCRU was compared between cohorts 
using weighted RRs, 95% CIs, and p-values obtained from 
negative binomial regression. Costs were derived using the 
most recent source document at the time of analysis (up to 
2020 in line with the study period end). For prescriptions 
written in primary care, direct healthcare costs were cal-
culated via the application of cost-per-unit from the April 
2019–March 2020 NHS Drug Tariff [15]. For primary care 
consultations and interactions in a hospital setting (i.e., 
inpatient admissions, outpatient appointments, and A&E 
visits), direct healthcare costs were calculated via applica-
tion of unit costs from the 2020 Personal Social Service 
Resource Unit [16] and via application of national tariffs 
to healthcare resource groups, respectively [17, 18]. Costs 
were compared between cohorts using weighted expo-
nentiated coefficients, 95% CIs, and p-values obtained 
from generalized linear model with log link and gamma 
distribution.

Exploratory objective
The exploratory objective was to evaluate the association 
between rate of subsequent exacerbations of COPD fol-
lowing index exacerbation and time-to-initiation of FF/
UMEC/VI as a continuous variable. The impact of time-
to-initiation of FF/UMEC/VI on the rate of subsequent 
exacerbations was evaluated using unweighted RRs, 
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95% CIs, and p-values obtained from negative binomial 
regression, adjusting for covariates.

Results
Baseline demographics
A total of 1599 patients met the eligibility criteria and 
were included in the study (Fig. 2).

Overall, 393 patients (24.6%) had prompt (≤ 30 days 
from index) initiation of FF/UMEC/VI and 1206 patients 
(75.4%) had delayed (31–180 days from index) initiation. 
Of the 393 patients in the prompt cohort, 87 patients 
(22.1%) initiated FF/UMEC/VI within the first 3 days fol-
lowing the index exacerbation (Additional file 1: Fig. S1). 
In the additional analysis (when initiation of FF/UMEC/
VI within 0–14 days of the index exacerbation was con-
sidered prompt), 223 patients (13.9%) were categorized 
as prompt initiators and 1376 patients (86.1%) were cat-
egorized as delayed initiators.

Baseline demographics were similar between the 
prompt and the delayed cohorts, including forced expira-
tory volume in 1 s percent predicted and distribution of 
Medical Research Council Dyspnea Scale score (Table 1).

The proportion of current smokers was slightly 
higher in the prompt cohort compared with the delayed 
cohort (55.0% vs. 49.3%). The mean number of medica-
tion classes/treatment strategies received within the 
12-month baseline period was approximately  three for 
both cohorts (Table 2).

Immediately prior to index (i.e., the last regimen pre-
scribed before index), the most common maintenance 
treatments were MITT (prompt: 42.8%, delayed: 46.7%), 
ICS/LABA (prompt: 18.3%, delayed: 20.9%), and LABA/
LAMA (prompt: 23.2%, delayed: 13.8%). Specific treat-
ment regimens prescribed immediately prior to index are 
reported in Additional file  1: Table  S2. The most com-
mon treatment regimens were FF/VI + UMEC (11.9%), 
UMEC + vilanterol trifenatate (9.7%), and fluticasone 
propionate/salmeterol xinafoate + tiotropium bromide 
(8.8%).

In the 12 months prior to the index date, patients in 
the prompt cohort had a mean of 11.0 all-cause and 2.7 
COPD-related consultations; patients in the delayed 
cohort had a mean of 12.5 all-cause and 2.7 COPD-
related consultations. Total costs were similar between 
cohorts in the 12 months prior to the index date (all-
cause: £1600 for prompt vs. £1704 for delayed; COPD-
related: £657 for prompt vs. £631 for delayed).

Baseline demographics, clinical characteristics, respira-
tory medication use, HCRU, and costs are also described 
for the additional analysis (when patients were catego-
rized using the alternate definition of prompt initiation 
[i.e., initiation ≤ 14 days from index]) (Additional file  1: 
Tables S3 and S4).

Rate of subsequent exacerbations following FF/UMEC/VI 
initiation
Results for the primary and secondary outcomes are 
presented for the weighted analyses (unless otherwise 
stated); the results from the unweighted analyses are 
included in the Supplementary appendix  (Additional 
file  1: Tables S5–S10). Although absolute standardized 
mean differences (SMDs) of > 10% were observed for a 
number of variables in the unweighted data, the weighted 
data were adequately balanced (SMD < 10%) for most 
comparisons, except for “year of indexing 2017” where 
there were fewer patients in the prompt cohort when 
evaluating moderate/severe or moderate exacerbations. 
This imbalance was anticipated due to low patient num-
bers in 2017 as the index period start date was November 
2017.

Prompt initiators had numerically lower moderate/
severe exacerbations compared with delayed initiators 
(incidence rate prompt: 0.0021, incidence rate delayed: 
0.0024; RR: 0.87, 95% CI: 0.76–1.01, p = 0.0587; Fig. 3).

Similar results were observed when examining rates 
of moderate and severe exacerbations separately (mod-
erate: incidence rate prompt: 0.0013, incidence rate 
delayed: 0.0015; RR: 0.87, 95% CI: 0.73–1.03, p = 0.1142; 
severe: incidence rate prompt: 0.0007, incidence rate 
delayed: 0.0008; RR: 0.87, 95% CI: 0.69–1.10, p = 0.2397). 
In the additional analysis, when ≤ 14 days was used as  
the cut-off point for prompt initiation, prompt ini-
tiators had significantly lower moderate/severe exac-
erbations compared with delayed initiators (RR: 0.81,  
95% CI: 0.68–0.96, p = 0.0128; Fig. 3). Of note, the results 
from the unweighted analysis were very similar, suggest-
ing limited potential for residual confounding (Addi-
tional file  1: Table  S5). When patients were censored at 
the time of initiation of FF/UMEC/VI, the RR (95% CI) 
for prompt initiation was 0.69 (0.59–0.81, p < 0.0001). 
This is suggestive of a 31% reduction in risk of exacerba-
tion due to direct benefits of FF/UMEC/VI itself vs. prior 
therapy, rather than the benefits of prompt initiation of 
FF/UMEC/VI. Time-to-first subsequent exacerbation did 
not differ significantly according to the timing of treat-
ment initiation, though a slight trend towards longer 
median time-to-first moderate exacerbation could be 
observed among prompt vs. delayed initiators (Fig. 4).

A similar trend was observed when examining the rate 
of subsequent moderate/severe exacerbations, strati-
fied by severity of index exacerbation (Additional file  1: 
Table  S11). Prompt initiators had a numerically lower 
rate of combined (moderate and severe), moderate, and 
severe exacerbations compared with delayed initiators 
for both the moderate and severe index exacerbation 
weighted analyses, though these were not statistically 
significant.
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FF/UMEC/VI users with a record of COPD in their medical history
(N = 28,917) 

≥ 1 COPD diagnosis at age ≥ 35 years
(N = 28,641) 

≥ 1 moderate or severe exacerbation between Nov 15, 2017 and Mar 31, 2019
(N = 14,998) 

≥1 prescription for FF/UMEC/VI on or within 180 days following index
(N = 4373) 

Most recent smoking status of “current” or “former” smoker at any point prior to index
(N = 4281) 

Continuously registered with a primary care practice for ≥ 12 months following index 
(N = 3913) 

Eligible for linkage to HES
(N = 3019)

No moderate or severe exacerbations in the 12 months prior to index
(N = 2414)

No prescriptions for SITT (FF/UMEC/VI or BDP/FOR/GLY) at any point in their medical 
history

(N = 1758)

No prescriptions for BDP/FOR/GLY between the index date and FF/UMEC/VI initiation
(N = 1727)

No diagnosis of any medical conditions incompatible with a COPD diagnosis at any time 
in their medical history prior to the index date

(N = 1599)

Prompt FF/UMEC/VI initiation 
(0–30 days)

N = 393

Delayed FF/UMEC/VI initiation 
(31–180 days)

N = 1206

Continuously registered with a primary care practice for ≥ 12 months prior to index 
(N = 3458) 

Fig. 2  Patient attrition. FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, COPD chronic obstructive pulmonary disease, HES Hospital Episode 
Statistics, SITT single-inhaler triple therapy, BDP/FOR/GLY beclomethasone dipropionate/formoterol fumarate/glycopyrronium bromide
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Hospital readmission following FF/UMEC/VI initiation
Both all-cause and COPD-related hospital readmissions 
were significantly lower among patients with prompt ini-
tiation compared with delayed initiation at the 30-, 60-, 
and 90-day time points (Fig. 5).

The proportion of patients with an all-cause 30-day 
readmission was 23.6% for prompt initiators and 34.6% 

for delayed initiators (odds ratio [95% CI]: 0.58 [0.36–
0.95], p = 0.0293); the proportion of patients with a 
COPD-related 30-day readmission was 20.3% for prompt 
initiators and 30.6% for delayed initiators (odds ratio 
[95% CI]: 0.58 [0.35–0.96], p = 0.0347). Time-to-first 
all-cause and COPD-related hospital readmission were 
numerically longer among prompt initiators compared 

Table 1  Baseline demographics of patients overall, and stratified by prompt or delayed initiation of FF/UMEC/VI

FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, SD standard deviation, BMI body mass index, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, 
MRC Medical Research Council, SNOMED-CT Systematized Nomenclature of Medicine Clinical Terms, ICD-10 International Classification of Disease, 10th Revision
*The presence of specific comorbidities prior to the index date was reported for all patients based on the presence of diagnosis codes (SNOMED-CT and ICD-10) in the 
patient’s entire medical history

Total
(N = 1599)

Prompt 
(0–30 days)
(N = 393)

Delayed 
(31–180 days)
(N = 1206)

Age at index (years)

 Mean (SD) 69.8 (10.3) 69.5 (9.8) 69.9 (10.5)

Sex, n (%)

 Male 847 (53.0) 218 (55.5) 629 (52.2)

Ethnicity, n (%)

 White 1520 (95.1) 376 (95.7) 1144 (94.9)

 Other 22 (1.4) 5 (1.3) 17 (1.4)

 Unknown 57 (3.6) 12 (3.1) 45 (3.7)

Smoking status, n (%)

 Current smoker 811 (50.7) 216 (55.0) 595 (49.3)

 Former smoker 788 (49.3) 177 (45.0) 611 (50.7)

BMI (kg/m2) n = 1429 n = 354 n = 1075

 Mean (SD) 27.3 (6.3) 27.2 (6.4) 27.40 (6.3)

FEV1/FVC ratio n = 973 n = 251 n = 722

 Mean (SD) 56.3 (14.5) 55.1 (13.7) 56.72 (14.8)

FEV1% predicted n = 1289 n = 326 n = 963

 Mean (SD) 55.7 (19.5) 53.5 (18.7) 56.41 (19.7)

MRC Dyspnea Scale score, n (%)

 Grade 1 114 (7.1) 26 (6.6) 88 (7.3)

 Grade 2 447 (28.0) 110 (28.0) 337 (27.9)

 Grade 3 491 (30.7) 118 (30.0) 373 (30.9)

 Grade 4 322 (20.1) 97 (24.7) 225 (18.7)

 Grade 5 66 (4.1) 15 (3.8) 51 (4.2)

 Unknown 159 (9.9) 27 (6.9) 132 (11.0)

Comorbidities*, n (%)

 Depression 738 (46.2) 190 (48.4) 548 (45.4)

 Rheumatoid/osteo arthritis 612 (38.3) 136 (34.6) 476 (39.5)

 Anxiety 505 (31.6) 115 (29.3) 390 (32.3)

 Gastroesophageal reflux disease 450 (28.1) 114 (29.0) 336 (27.9)

 Diabetes 359 (22.5) 88 (22.4) 271 (22.5)

 Stroke 194 (12.1) 42 (10.7) 152 (12.6)

 Acute myocardial infarction 186 (11.6) 45 (11.5) 141 (11.7)

 Congestive heart failure 172 (10.8) 52 (13.2) 120 (10.0)

 Dementia/cognitive impairment 170 (10.6) 39 (9.9) 131 (10.9)

 Bronchiectasis 113 (7.1) 30 (7.6) 83 (6.9)

 Lung cancer 23 (1.4) 5 (1.3) 18 (1.5)
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with delayed initiators (Fig. 6). All-cause readmission HR 
(95% CI) was 0.79 (0.61–1.03) and COPD-related read-
mission HR (95% CI) was 0.78 (0.58–1.05).

HCRU and costs following FF/UMEC/VI initiation
All-cause and COPD-related HCRU rates per person-
year were numerically lower among prompt initiators 
compared with delayed initiators (Fig. 7).

Prompt initiators had numerically lower all-cause 
total costs and significantly lower COPD-related costs 
per-person-per-year compared with delayed initiators 
(Fig. 8; COPD-related costs: prompt £742, delayed £801, 
p = 0.0016). COPD-related prescription costs were sig-
nificantly lower among prompt initiators compared with 
delayed initiators (Fig.  8; prompt: £574, delayed: £607, 
p = 0.0086).

Table 2  Treatment patterns at baseline for all patients and stratified by prompt or delayed FF/UMEC/VI initiation

FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, SD standard deviation, SABA short-acting β2-agonist, MITT multiple-inhaler triple therapy, ICS inhaled 
corticosteroid, LABA long-acting β2-agonist, LAMA long-acting muscarinic antagonist, SAMA short-acting muscarinic antagonist, PDE4 phosphodiesterase 4. *In the 12 
months prior to indexing; therapy classes are not mutually exclusive. ICS, LABA, SAMA, SAMA/SABA, and PDE4 classes are not reported due to low patient numbers, 
†Last therapy prior to indexing; regimens are mutually exclusive

Total
(N = 1599)

Prompt 
(0–30 days)
(N = 393)

Delayed 
(31–180 days)
(N = 1206)

Number of respiratory therapy classes at baseline

 Mean (SD) 3.0 (1.22) 3.1 (1.14) 3.0 (1.24)

Class of respiratory therapy at baseline*, n (%)

 SABA 1426 (89.2) 358 (91.1) 1068 (88.6)

 MITT 1005 (62.9) 259 (65.9) 746 (61.9)

 ICS/LABA 952 (59.5) 233 (59.3) 719 (59.6)

 LAMA 814 (50.9) 197 (50.1) 617 (51.2)

 LABA/LAMA 313 (19.6) 101 (25.7) 212 (17.6)

 Methylxanthine 98 (6.1) 27 (6.9) 71 (5.9)

 ICS/SABA 73 (4.6) 14 (3.6) 59 (4.9)

Inhaled therapy regimen immediately prior to index†, n (%)

 MITT 731 (45.7) 168 (42.8) 563 (46.7)

 ICS, LABA, or ICS/LABA 352 (22.0) 75 (19.1) 277 (23.0)

 LABA/LAMA 257 (16.1) 91 (23.2) 166 (13.8)

 LAMA 181 (11.3) 49 (12.5) 132 (11.0)

 None of the above regimens 78 (4.9) 10 (2.5) 68 (5.6)

0 0.2 0.4 0.6 0.8 1 1.2 1.4

≤14 days 

≤30 days 

Prompt initiation better Delayed initiation better
Rate ratio

0.87

0.81

95% CI: 0.76–1.01

95% CI: 0.68–0.96

p = 0.0587

p = 0.0128

Fig. 3  Rate of subsequent exacerbations following FF/UMEC/VI initiation. FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, CI confidence 
interval. ≤ 14 days was performed as an additional analysis. p-values in bold text indicate statistical significance
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Association between rate of subsequent exacerbations 
and time to FF/UMEC/VI initiation
When the association between rate of subsequent exac-
erbations and time-to-initiation of FF/UMEC/VI was 
examined as a continuous variable, significant asso-
ciations were observed for moderate/severe exacerba-
tions (RR per day of delayed initiation [95% CI]: 1.0018 
[1.0005–1.0031], p = 0.0080) and moderate exacerba-
tions (RR per day of delayed initiation [95% CI]: 1.0026 
[1.0011–1.0041], p = 0.0010) (Table 3). Although the daily 
RRs were small, for moderate/severe exacerbations this 
would equate to an RR of 1.0127 per week of delayed ini-
tiation of FF/UMEC/VI.

Discussion
This study aimed to assess the outcomes of prompt vs. 
delayed initiation of SITT with FF/UMEC/VI among a 
cohort of patients with COPD in England. Initiation of 
FF/UMEC/VI within 0–30 days of an exacerbation was 
associated with numerically lower subsequent exacerba-
tions compared with delayed initiation, though statistical 
significance was not reached. Low sample size, the ratio 
of prompt to delayed patients (1:3), or unknown/unmeas-
ured variables not included in the model may have led to 
the study being underpowered, or otherwise impaired 
the ability to detect significant differences between the 
cohorts. When ≤ 14 days was used as the cut-off to define 
prompt initiation, prompt initiators had a significantly 
lower rate of subsequent exacerbations compared with 
delayed initiators. This implies that very prompt initia-
tion may have a clinical benefit and that treatment should 
be started within 14 days of an exacerbation where pos-
sible. Of note, patients were not followed-up for the 

primary outcome until they initiated FF/UMEC/VI, pre-
venting any time bias. In the main analysis, subsequent 
exacerbations were only assessed from the point of FF/
UMEC/VI initiation (i.e., exacerbations occurring prior 
to initiation of FF/UMEC/VI were permitted but were 
not included in the outcome). The result of the additional 
analyses, censoring patients at initiation of FF/UMEC/
VI, suggests that the benefit of prompt initiation is due to 
both efficacy of FF/UMEC/VI vs. prior therapy as well as 
benefit of prompt initiation of new therapy following an 
exacerbation.

Prompt initiation of FF/UMEC/VI following the index 
exacerbation was also associated with fewer all-cause and 
COPD-related hospital readmissions at all time points 
assessed, as well as lower COPD-related total costs 
and COPD-related prescription costs compared with 
delayed initiation. A significant association was observed 
between time-to-treatment initiation (as a continuous 
variable) and rate of subsequent exacerbations. This indi-
cates that timing of treatment has a bearing on clinical 
outcome and prognosis, suggesting that the rate of subse-
quent exacerbations may increase for each day of delayed 
initiation of FF/UMEC/VI following an exacerbation. 
This study included patients following the first exacerba-
tion during the observation period (i.e., the first exacer-
bation in the previous 12 months). The findings suggest 
that physicians should consider a change of therapy after 
a single breakthrough exacerbation on prior maintenance 
therapy, rather than delaying change of therapy until after 
a patient has had several exacerbation events. The pro-
portion of patients receiving each class of maintenance 
therapy immediately prior to index was similar among 
the prompt and the delayed cohorts for most regimens; 

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Severe

Moderate

Overall (moderate/severe)

Prompt initiation better Delayed initiation better

Hazard ratio

0.94

0.89

0.98

p = 0.4814

p = 0.2077

p = 0.875

95% CI: 0.81–1.11

95% CI: 0.74–1.06

95% CI: 0.78–1.23

Fig. 4  Time-to-first exacerbation following FF/UMEC/VI initiation. FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, CI confidence interval
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however, there were more patients in the prompt cohort 
receiving LABA/LAMA immediately prior to index com-
pared with the delayed cohort. Of note, around half of the 
included patients were using MITT immediately prior to 
their index exacerbation. Therefore, some patients receiv-
ing MITT remain uncontrolled and may benefit from an 
earlier switch to SITT.

The findings of this analysis are similar to previous stud-
ies. A retrospective study of over 10,000 patients with 
COPD in the US assessed the effects of prompt (≤ 30 days 
following index) vs. delayed (31–180 days following index) 
initiation of MITT following an exacerbation [7]. Total and 
severe exacerbation rates were 28.2% and 64.7% higher, 
respectively, in the delayed cohort compared with the 
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prompt cohort (p < 0.0001). Total, medical, and prescription 
all-cause costs were 18.7%, 22.8%, and 8.8% higher, respec-
tively, in the delayed cohort compared with the prompt 
cohort. Another retrospective study (using a similar design 
to the current study) of over 1000 patients with COPD in 
the US assessing the effect of prompt (≤ 30 days following 
index) vs. delayed (31–180 days following index) initiation 
of FF/UMEC/VI following an exacerbation reported that 
prompt patients had significantly lower rates of moderate/
severe (RR [95% CI]: 0.79 [0.65–0.94], p = 0.004), moder-
ate (RR [95% CI]: 0.84 [0.69–0.99], p = 0.038), and severe 
(RR [95% CI]: 0.57 [0.37–0.79], p = 0.002) exacerbations [9]. 
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COPD-related
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0.79
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95% CI: 0.61–1.03

95% CI: 0.58–1.05

p = 0.0802

p = 0.1031

Fig. 6  Time-to-first hospital readmission following initiation of  
FF/UMEC/VI. FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol, 
CI confidence interval, COPD chronic obstructive pulmonary disease

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

A&E attendances

Inpatient stays

GP/nurse consultations

Prompt initiation better Delayed initiation better

Rate ratio

0.93

95% CI: 0.87–1.02

95% CI: 0.60–1.20

95% CI: 0.69–1.04

0.85

0.85

p = 0.1210

p = 0.3583

p = 0.1112

A) All-cause

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

A&E attendances

Inpatient stays

GP/nurse consultations

Prompt initiation better Delayed initiation better

Rate ratio

0.93

0.93

0.75

95% CI: 0.85–1.02

95% CI: 0.72–1.20

95% CI: 0.52–1.10

p = 0.1112

p = 0.6086

p = 0.1416

B) COPD-related

Fig. 7  HCRU following FF/UMEC/VI initiation. HCRU​ healthcare resource utilization, FF/UMEC/VI fluticasone furoate/umeclidinium/vilanterol,  
GP general practitioner, CI confidence interval, A&E Accident and Emergency, COPD chronic obstructive pulmonary disease
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Mean all-cause and COPD-related total costs were also sig-
nificantly lower among prompt initiators compared with 
delayed initiators.

Once-daily SITT with FF/UMEC/VI has previously 
been shown to be associated with a lower rate of mod-
erate/severe exacerbations vs. dual therapy (FF/VI or 
UMEC/VI) [6] and significant improvements in lung 
function and health status vs. MITT [19]. FF/UMEC/

VI has also been found to be a cost-effective treatment 
option compared with dual therapies and MITT [20–23]. 
The evidence from the current study may be useful in 
informing clinical guidance on the optimum manage-
ment strategy for patients with COPD, particularly those 
hospitalized due to a severe exacerbation. It also high-
lights the lost potential for improved outcomes for the 
majority of patients in the study (75%) who were delayed 
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initiators. Future studies may wish to prospectively inves-
tigate the effectiveness of prompt initiation of SITT upon 
discharge on reduction of future exacerbations and re-
hospitalization. The data suggest that earlier initiation of 
FF/UMEC/VI could lessen the overall costs of interven-
tion from healthcare professionals and pharmacological 
therapies used to manage the condition.

Although it is possible that similar findings may be 
observed for other SITTs, it should be noted that these 
data relate to FF/UMEC/VI only and may not be general-
izable due to differences in constituent molecules, inhaler 
devices, and/or dosing frequency; therefore, caution 
should be taken when interpreting these findings in the 
context of other SITTs.

This study has a few potential limitations, which 
should be considered. Linkage to HES limits the sample 
to patients registered at a GP practice in England only; 
however, patient care/management is expected to be sim-
ilar across the rest of the UK. Patients who died within 
12 months of the index exacerbation have been excluded 
from the analysis, introducing the possibility of survi-
vorship bias. Also, only medications prescribed in the 
primary care setting will have been captured; medica-
tions initiated in hospital and continued by the GP may 
have led to the incorrect classification of “delayed initia-
tors” for some patients. However, this would be expected 
to result in a conservative estimate, thus reducing the 
observed effect of prompt initiation and biasing towards 
the null hypothesis.

Conclusions
Compared with delayed initiation, prompt initiation of 
FF/UMEC/VI following a moderate/severe exacerbation 
was associated with fewer subsequent exacerbations, 
fewer hospital readmissions, and lower COPD-related 
medical costs. These benefits lasted for at least 12 
months.
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