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ABSTRACT Clinically important deterioration (CID) is a novel composite end-point (lung function,
health status, exacerbations) for assessing disease stability in patients with chronic obstructive pulmonary
disease (COPD).

We prospectively analysed CID in the FULFIL study. FULFIL (ClinicalTrials.gov NCT02345161;
randomised, double-blind, double-dummy, multicentre study) compared 24 weeks of once daily, single-
inhaler fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) 100/62.5/25 µg with twice daily
budesonide/formoterol (BUD/FOR) 400/12 μg in patients aged ⩾40 years with symptomatic advanced
COPD (Global Initiative for Chronic Obstructive Lung Disease group D). A subset of patients received
study treatment for up to 52 weeks. Time to first CID event was assessed over 24 and 52 weeks using two
approaches for the health status component: St George’s Respiratory Questionnaire and COPD assessment
test. FF/UMEC/VI significantly reduced the risk of a first CID event by 47–52% versus BUD/FOR in the
24- and 52-week populations using both CID definitions (p<0.001).

The median time to first CID event was ⩾169 days and ⩽31 days with FF/UMEC/VI and BUD/FOR,
respectively. Only stable patients with no CID at 24 weeks demonstrated sustained clinically important
improvements in lung function and health status at 52 weeks versus those who had experienced CID.

Once daily, single-inhaler FF/UMEC/VI significantly reduced the risk of CID versus twice daily BUD/
FOR with a five-fold longer period without deterioration.
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Introduction
Management guidelines for chronic obstructive pulmonary disease (COPD) advocate monitoring patients
for any worsening in lung function, symptoms or exacerbations to determine the adequacy of treatment [1].
In COPD clinical trials, it is standard practise to evaluate the impact of therapies on improving lung
function and patient-reported outcomes. However, there is often little focus on assessing disease stability,
with the possible exception of monitoring for exacerbations. As many patients with COPD can show signs
of acute or sustained disease deterioration over a relatively short time-course, maintaining stability for
longer is likely to become increasingly important in patients with more advanced disease.

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommend a long-acting
muscarinic antagonist (LAMA) plus an inhaled corticosteroid (ICS)/long-acting β2-agonist (LABA) for
patients with advanced COPD with persistent symptoms and future exacerbation risk [1]. Treatment with
a LAMA plus an ICS/LABA has been shown to improve lung function and health status, and reduce
exacerbations in patients with COPD, compared with LAMA monotherapy or ICS/LABA dual therapy
[2–6]. However, there have been relatively few longer term studies that have evaluated the benefit of triple
therapy for COPD [4].

The pivotal phase III Lung FUnction and quality of LiFe assessment in COPD with closed trIpLe therapy
(FULFIL) study demonstrated statistically significant and clinically meaningful improvements in trough
forced expiratory volume in 1 s (FEV1) and St George’s Respiratory Questionnaire (SGRQ) total score
(co-primary end-points), as well as a statistically significant reduction in moderate/severe exacerbation rate,
with once daily, single-inhaler fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI), compared with
twice daily budesonide/formoterol (BUD/FOR), in patients with symptomatic COPD at risk of
exacerbations or with severe airflow limitation [7].

Recently, a novel composite end-point was introduced that aims to evaluate disease stability in patients
with COPD, and includes components that measure time to a first moderate/severe exacerbation and/or
clinically meaningful deterioration in lung function and/or decline in health status [8]. This composite
end-point, referred to as clinically important deterioration (CID), has been assessed retrospectively in
several clinical studies to establish the importance of aiming for maximum bronchodilation in patients
with less advanced COPD [8–10]. However, to our knowledge, no COPD study has used this composite
CID end-point as an a priori efficacy measure.

Here, we report the first results of a prospective analysis of CID in the FULFIL study. We aimed to assess
CID events in patients with advanced COPD over 24 and 52 weeks of follow-up, and the impact of CID
status on future outcomes, by analysing CID at 24 weeks in a subset of the intent-to-treat (ITT)
population who received study treatment for up to 52 weeks. In addition, we evaluated CIDs using two
different methods of assessing the health status component of the composite end-point: SGRQ total score
(as has been used previously [8–10]) and COPD assessment test (CAT) score [11, 12].

Methods
Study design
FULFIL was a randomised, double-blind, double-dummy, parallel group, multicentre study (ClinicalTrials.
gov NCT02345161; GSK study CTT116853) [7]. Patients were randomised to receive 24 weeks (ITT
population) of once daily FF/UMEC/VI 100 µg/62.5 µg/25 µg via the ELLIPTA inhaler (GSK) and twice
daily placebo via the Turbuhaler (AstraZeneca), or twice daily BUD/FOR 400 μg/12 μg via the Turbuhaler
and once daily placebo via the ELLIPTA inhaler. The first 430 patients who were enrolled and consented to
longer term treatment received blinded study treatment for up to 52 weeks (extension (EXT) population).

Patients aged ⩾40 years with COPD defined as GOLD group D (according to the 2015 GOLD report; FEV1

<50% and CAT ⩾10 or patients with FEV1 ⩾50% to <80% and CAT ⩾10, and either at least two moderate
exacerbations or at least one severe exacerbation in the past year) were eligible for enrolment. Patients were
required to be receiving daily maintenance treatment for COPD for ⩾3 months prior to screening and to
continue these medications unchanged during the 2-week run-in period. Key exclusion criteria included a
current diagnosis of asthma causing their symptoms, unresolved pneumonia or a severe COPD exacerbation.

The FULFIL protocol was approved by relevant institutional review boards/ethics committees, and the
study was conducted in accordance with International Conference on Harmonisation Good Clinical
Practise guidelines and the Declaration of Helsinki. All patients provided written informed consent prior
to enrolment.

Study assessments
The time to a first composite and individual CID event type was prospectively defined in the FULFIL trial.
The time to a first composite CID event was assessed up to 24 weeks (ITT population) and up to 52 weeks
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(EXT population). Two definitions of the composite CID were used: 1) moderate/severe exacerbation and/
or ⩾4-unit deterioration from baseline in SGRQ total score and/or ⩾100 mL deterioration from baseline in
FEV1 (SGRQ-containing CID); and 2) moderate/severe exacerbation and/or ⩾2-unit deterioration from
baseline in CAT score and/or ⩾100 mL deterioration from baseline in FEV1 (CAT-containing CID). The
occurrence of a CID was also assessed by individual CID component event type and patient subgroups:
post hoc sensitivity analysis; GOLD grade (1/2 versus 3/4); exacerbation history in previous year (0–1
versus ⩾2, including one hospitalisation); sex; baseline CAT score (<20 versus ⩾20); prior treatment with
triple therapy (yes versus no) or ICS (yes versus no); and smoking status (current smoker versus former
smoker).

The impact of CID status at 24 weeks was examined for the combined treatment groups using descriptive
statistics on future exacerbation incidence, trough FEV1, SGRQ total score, CAT and Evaluating
Respiratory Symptoms in COPD (E-RS:COPD) for the EXT population up to 52 weeks (up to 6 months of
post-CID event follow-up). Two subgroups of patients were created based on CID status at 24 weeks: the
CID-negative (CID-) subgroup included patients who had not experienced any CID by 24 weeks; and the
CID-positive (CID+) subgroup included patients who had experienced at least one CID event by 24 weeks.

Potential COPD exacerbations were identified based on patient-reported symptoms in an eDiary and
confirmed by follow-up with the investigator. Spirometry was performed at screening and at each clinic
visit during the treatment period (day 1 (randomisation) and weeks 2, 4, 12 and 24 (and weeks 36 and 52
in the EXT population)) using standardised equipment according to American Thoracic Society/European
Respiratory Society guidelines [13]. The SGRQ and CAT were completed by patients at day 1 and at weeks
4 and 24 (and week 52 in the EXT population) using an eDiary. The E-RS:COPD was completed each
evening using the eDiary (in this article, E-RS:COPD data are only presented for the EXT population
during weeks 25 to 52 for the analyses of the impact of 24-week CID status in follow-up).

Statistical analyses
The ITT population comprised all randomised patients, except those randomised in error. The EXT
population comprised the subset of patients in the ITT population who were enrolled into the 52-week
extension phase. The risk reduction for a first composite CID event was based on time-to-first-event
analysis using a Cox proportional hazards model. Statistical analyses were performed using SAS (version
9.3; SAS Institute Inc, Cary, NC, USA). All data from all visits were used in the CID derivations. A
sensitivity analysis, which excluded spirometry data collected at visits without corresponding information
on health status, was also performed to examine the composite CID outcomes weighted equally for trough
FEV1 and health status.

Results
Patients
A total of 1810 patients were included in the ITT population (FF/UMEC/VI: n=911; BUD/FOR: n=899)
and 430 in the EXT population (FF/UMEC/VI: n=210; BUD/FOR: n=220). Patient demographics and
baseline characteristics are shown in table 1.

Time to a first composite CID event
In both the ITT and EXT populations, a clear separation between the treatment groups was apparent
within 1 month, with a median ⩾5-fold greater period free from deterioration with FF/UMEC/VI
compared with BUD/FOR (figure 1).

In the ITT population, the median time to a first composite CID event using the SGRQ-containing CID
definition was 170 days with FF/UMEC/VI and 30 days with BUD/FOR. Similar results were shown using
the CAT-containing CID definition: 169 and 30 days with FF/UMEC/VI and BUD/FOR, respectively.
Treatment with FF/UMEC/VI significantly reduced the risk of a first composite CID over 24 weeks by 52%
and 51% versus BUD/FOR using the SGRQ- and CAT-containing definitions, respectively (p<0.001)
(figure 1a).

In the EXT population, the median time to a first composite CID event using the SGRQ-containing CID
definition was 170 days with FF/UMEC/VI and 31 days with BUD/FOR. Using the CAT-containing CID
definition, the median time to a first composite CID event was 255 and 31 days with FF/UMEC/VI and
BUD/FOR, respectively. FF/UMEC/VI significantly reduced the risk of a first composite CID over
52 weeks by 48% and 47% versus BUD/FOR using the SGRQ- and CAT-containing definitions,
respectively (p<0.001) (figure 1b).

The results of a sensitivity analysis, which censored deteriorations in FEV1 that were identified at visits
without corresponding information on health status, were in full agreement with the ITT analyses (table 2).
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Occurrence of CID events by individual CID component event type
In the ITT population, treatment with FF/UMEC/VI significantly reduced the risk of a CID in lung function
by 65% (95% CI 60–70; p<0.001), a first moderate/severe exacerbation by 33% (95% CI 12–48; p=0.004)
and a deterioration in health status measured by SGRQ (25% risk reduction (95% CI 12–36; p<0.001)) or
by CAT (22% risk reduction (95% CI 8–33; p=0.003)), compared with BUD/FOR (figure 2a and b).

In the smaller EXT population, FF/UMEC/VI significantly reduced the risk of a CID event in lung
function by 62% (95% CI 49–72; p<0.001) and exacerbations by 46% (95% CI 17–64; p=0.005), compared
with BUD/FOR. For the health status component, there was a numerical reduction in the risk of a CID
with FF/UMEC/VI versus BUD/FOR using both the SGRQ (23% risk reduction (95% CI −2–43; p=0.072))
and CAT (19% risk reduction (95% CI −8–40; p=0.143)) (figure 2c and d).
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FIGURE 1 Time to a first composite clinically important deterioration (CID) event in a) the intent-to-treat
population (24-week study duration, n=1810) and b) the extension population (52-week study duration, n=430).
RR: risk reduction (based on a time-to-first-event analysis using a Cox proportional hazards model); FF:
fluticasone furoate; UMEC: umeclidinium; VI: vilanterol; BUD: budesonide; FOR: formoterol; SGRQ: St
George’s Respiratory Questionnaire; CAT: chronic obstructive pulmonary disease assessment test.

TABLE 1 Patient characteristics at baseline

Characteristic ITT population 24 weeks EXT population 52 weeks

FF/UMEC/VI
100/62.5/25 µg

BUD/FOR
400/12 µg

FF/UMEC/VI
100/62.5/25 µg

BUD/FOR
400/12 µg

Subjects n 911 899 210 220
Age years 64.2±8.6 63.7±8.7 63.7±7.8 63.3±8.4
Female 233 (26) 236 (26) 53 (25) 58 (26)
Current smokers 400 (44) 394 (44) 95 (45) 97 (44)
Smoking pack-years 39.5±21.9 39.2±22.2 39.8±19.9 39.6±23.1
Cardiovascular risk factors# 599 (66) 602 (67) 144 (69) 152 (69)
Moderate/severe COPD exacerbation in previous 12 months
0 313 (34) 317 (35) 62 (30) 72 (33)
1 252 (28) 253 (28) 77 (37) 79 (36)
⩾2 346 (38) 329 (37) 71 (34) 69 (31)

History of pneumonia 87 (10) 99 (11) 18 (9) 20 (9)
Absolute FEV1 mL 1349±460 1339±480 1425±500 1368±510
FEV1 % pred 45.5±13.0 45.1±13.6 47.1±13.3 45.4±14.9
SGRQ total score 51.8±16.3 50.8±16.7 53.0±16.1 50.8±15.5
E-RS:COPD 13.20±5.83 12.97±5.93 13.54±5.44 13.00±5.58

Data are presented as mean±SD or n (%), unless otherwise stated. ITT: intent-to-treat; EXT: extension; FF: fluticasone furoate; UMEC:
umeclidinium; VI: vilanterol; BUD: budesonide; FOR: formoterol; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume
in 1 s; SGRQ: St George’s Respiratory Questionnaire; E-RS:COPD: Evaluating Respiratory Symptoms in COPD. #: cardiovascular risk factors
included, but were not limited to, hypertension, hypercholesterolemia, coronary heart disease and diabetes mellitus.
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Time to a first composite CID event in different patient subgroups
Sensitivity analyses of the time to a first composite CID event in ITT patient subgroups for both CID
definitions, segmented by baseline severity of airway obstruction, health status impact, exacerbation
history, sex and prior ICS and triple therapy at screening, showed concordant results to the overall ITT
analysis (figure 3a and b). However, we identified a significant interaction by smoking status
(pinteraction=0.006 and pinteraction=0.030, using the SGRQ- and CAT-containing CID definitions,
respectively), indicating that the efficacy benefit in favour of FF/UMEC/VI was blunted in patients who
continue to smoke.

Impact of 24-week CID status on 52-week outcomes in the EXT population
Across both treatment arms, the CID- subgroup (i.e. patients who had not experienced a CID event by
24 weeks) demonstrated sustained clinically important improvements from baseline in trough FEV1, SGRQ
total score, CAT and E-RS:COPD at 52 weeks, in contrast to the CID+ subgroup. The incidence of
moderate/severe exacerbations was similarly low in both subgroups in the 24–52-week follow-up
assessment (CID-: n=19 (13%); CID+: n=38 (15%)) (table 3).

Discussion
As lung function, health status and exacerbations all contribute to the long-term prognosis in patients with
COPD, management guidelines recommend that these parameters are considered when assessing disease
progression and severity [1]. Previous studies have retrospectively evaluated the concept of CID to provide
clinically relevant thresholds and quantify what proportion of patients with COPD achieve shorter term
disease stability on standard-of-care mono- and dual therapy [8–10]. In this first prospective CID analysis
in the FULFIL study, we have examined this concept with triple therapy versus ICS/LABA dual therapy in
patients with symptomatic advanced COPD. Treatment with FF/UMEC/VI significantly reduced the risk
of a first composite CID event by 47–52% and prolonged the median time to a first CID event by at least
five-fold, compared with BUD/FOR. The increase in shorter term stability with FF/UMEC/VI versus BUD/
FOR provides additional insight on the overall treatment benefit of optimising lung function with a once
daily, single-inhaler triple therapy compared with a twice daily ICS/LABA, in addition to the mean
improvements in lung function and health status that have been previously reported [7].

The use of a composite CID end-point in the FULFIL trial to assess disease stability in patients with
COPD is in line with the 2017 GOLD strategy. However, a potential limitation of this composite end-point
approach is the lack of transparency in defining which individual CID event type was prevented.
Importantly, in our study, the risk of each individual CID component event type was also reduced with
FF/UMEC/VI versus BUD/FOR in the ITT population when using both CID definitions (SGRQ- and
CAT-containing). The largest risk reduction in favour of FF/UMEC/VI for a single CID component event
type was observed for FEV1, followed by exacerbations and, to a lesser degree, health status. As health
status was monitored less frequently than FEV1, we also conducted a sensitivity analysis that censored
deteriorations in FEV1 at visits where health status was not assessed. This sensitivity analysis showed

TABLE 2 Results of the sensitivity analysis, excluding spirometry data, collected at visits without corresponding health status

ITT population 24 weeks EXT population 52 weeks

FF/UMEC/VI
100/62.5/25 µg

BUD/FOR
400/12 µg

FF/UMEC/VI
100/62.5/25 µg

BUD/FOR
400/12 µg

Subjects 911 899 210 220
SGRQ-containing CID definition
Patients with a CID event 416 (46) 594 (66) 122 (58) 168 (76)

FF/UMEC/VI versus BUD/FOR
HR (95% CI) 0.53 (0.47–0.61) 0.59 (0.46–0.74)
p-value <0.001 <0.001

CAT-containing CID definition
Patients with a CID event 419 (46) 593 (66) 127 (60) 164 (75)

FF/UMEC/VI versus BUD/FOR
HR (95% CI) 0.55 (0.48–0.62) 0.58 (0.45–0.73)
p-value <0.001 <0.001

Data are presented as n or n (%), unless otherwise stated. ITT: intent-to-treat; EXT: extension; FF: fluticasone furoate; UMEC: umeclidinium;
VI: vilanterol; BUD: budesonide; FOR: formoterol; SGRQ: St George’s Respiratory Questionnaire; CID: clinically important deterioration; CAT:
chronic obstructive pulmonary disease assessment test.
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similar findings to the ITT CID analyses with a significant reduction in the risk of a first composite CID
event of 41–47% with FF/UMEC/VI compared with BUD/FOR.

The observed benefits with FF/UMEC/VI in the ITT 24-week assessment are similar to the results of a
previous 3-month post hoc analysis of UMEC versus placebo when added to concurrent ICS/LABA
therapy, which showed comparable significant benefits on lung function and exacerbation risk, and a
smaller impact on health status, particularly in patients with a prior exacerbation history [14]. Taken
together, these findings demonstrate the disease stabilising effect of aiming for maximal bronchodilation
with single-inhaler FF/UMEC/VI or ICS/LABA plus UMEC using multiple inhalers, and highlight that
these benefits occur early in patients with COPD.

Sensitivity analyses of the time to a first composite CID event in different patient subgroups confirmed the
findings in the overall ITT population and were consistent across most of the subgroups (segmented by
baseline severity of airway obstruction, health status impact, exacerbation history, sex and prior ICS and
triple therapy at screening). We did, however, identify a significant interaction by smoking status,
demonstrating a greater efficacy benefit in favour of FF/UMEC/VI for former smokers compared with
current smokers. We propose that, in a non-smoking population, the efficacy of all components in the
triple therapy, particularly the ICS, are likely to be optimal, thereby allowing for greater differentiation of
the once daily combination versus twice daily BUD/FOR. Nevertheless, the finding that FF/UMEC/VI
significantly reduced the risk of a first composite CID event in all subgroups tested demonstrates that no
single subgroup drove the overall study findings, including those patients who stepped down from triple
therapy at randomisation. Indeed, patients with moderate airflow limitation (GOLD grade 2), moderate
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health status impact (CAT <20) and lower exacerbation risk (⩽1 event per year) all obtained similar or
greater levels of risk reduction in time to a first composite CID event with FF/UMEC/VI versus BUD/FOR
to the overall ITT population. This implies that optimisation of lung function may be an important first
treatment goal in all symptomatic patients with COPD (i.e. GOLD groups B and D).

To further assess the prognostic benefit of shorter term disease stability in the FULFIL trial, we segmented
patients who had or had not experienced a CID by 24 weeks in the EXT population. Stable patients (i.e.
those who had not experienced a CID at 24 weeks) had similar baseline characteristics to those with a CID

GOLD grade

a)

b)

  1/2
  3/4
Prior exacerbation history
  ≤1exacerbation prior year
  ≥2exacerbations prior year

  ≥20

Sex
  Male
  Female
Baseline CAT scores

Triple therapy use at screening

ICS use at screening

Smoking status
  Current
  Former

  Yes
  No

  Yes
  No

  <20

n
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FF/UMEC/VI

152 (51) 223 (76) 0.44 (0.36–0.54)***

150 (50) 228 (78) 0.43 (0.35–0.53)***
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142 (42) 210 (63) 0.50 (0.40–0.62)***
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157 (51) 228 (77) 0.47 (0.38–0.57)***

224 (56) 289 (73) 0.57 (0.48–0.68)***

242 (47) 372 (74) 0.44 (0.37–0.51)***

0.50 (0.43–0.58)***
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0.48 (0.40–0.58)***
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FIGURE 3 Forest plot of hazard ratios for time to first composite clinically important deterioration (CID) event segmented by baseline disease
severity, exacerbation history, sex, health status and prior treatment at screening using a) the St George’s Respiratory Questionnaire-containing
and b) the chronic obstructive pulmonary disease assessment test (CAT)-containing CID definitions (intent-to-treat population). Hazard ratios and
95% CIs are from a Cox proportional hazards model with covariates of treatment group, smoking status at screening and geographical region,
plus the specified factor and specified factor by treatment group interaction. GOLD: Global Initiative for Chronic Obstructive Lung Disease; ICS:
inhaled corticosteroid; FF: fluticasone furoate; UMEC: umeclidinium; VI: vilanterol; BUD: budesonide; FOR: formoterol. ***: p<0.001 (post hoc
sensitivity analysis).
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by 24 weeks; however, the CID- subgroup had sustained clinically important improvements in lung
function, health status and overall symptoms at 52 weeks, in contrast to the CID+ subgroup. This indicates
that early monitoring of disease stability may be a useful predictor of future prognosis with sustained
clinically important benefits only seen in patients who do not experience an early CID event.

This structured monitoring of disease stability may also provide additional insight on future exacerbation
risk. This was not supported by our shorter term descriptive analysis of exacerbation incidence in the
CID- and CID+ subgroups in the small EXT population during weeks 24–52 of follow-up; however, three
previous retrospective analyses showed an association between the shorter term occurrence of a CID event
and an increased risk of future exacerbations and all-cause mortality in the next 6–42 months of follow-up
[15–17]. In an integrated post hoc CID analysis of the TORCH study population, conducted across all four
treatment arms, patients experiencing a composite CID event in the first 6 months experienced sustained
deterioration in FEV1 and health status, with an increased risk of exacerbations and mortality over the
next 30 months [15]. Similarly, a more recent analysis of TORCH showed that patients on the best
treatment arm in the trial, i.e. ICS/LABA therapy, with a CID in the first 6 months also showed very
similar increased risk of exacerbations requiring hospitalisations and all-cause mortality compared with
patients without a CID event [16]. In these analyses, the greatest survival was seen in patients free of all
CID types [17]. Post hoc analyses from the UPLIFT and ECLIPSE trials also confirmed the prognostic
value of composite CID events at 6 and 12 months, respectively, in identifying patients at increased risk of
mortality [17, 18]. In UPLIFT, the predictive value of individual CID components differed according to
the type of long-term outcome and the timing of the CID event [18, 19]. When patients with CID events
in UPLIFT were compared to those without a single event at both 6 and 12 months, CID events predicted
a 21% and 31% increase in all-cause mortality, respectively. However, using a time-varying covariate to
predict death with a CID event at any time-point was associated with a 69% significant increase in
mortality [19]. SGRQ as a CID event was the strongest individual predictor of future mortality in TORCH [17]
and, in ECLIPSE, patients with a 1-year deterioration in health status measured by SGRQ at the CID level were
also the most likely to have increased risk of hospitalisations and mortality [20]. Surprisingly, an
improvement in SGRQ had no bearing on future exacerbation risk or mortality [20]. With regard to

TABLE 3 Impact of 24-week CID status on 52-week outcomes (EXT population)

Outcome measure CID- subgroup CID+ subgroup

Subjects n 152 260
Trough FEV1 mL
Baseline 129 223
Mean±SD 1421±536 1356±575

Change from baseline at week 52 129 223
Mean±SD 169±242 −31±245

SGRQ total score#

Baseline n 152 259
Mean±SD 55.4±15.9 49.8±15.2

Change from baseline at week 52 n 130 223
Mean±SD −10.1±14.1 1.2±14.1

CAT#

Baseline 151 258
Mean±SD 19.1±6.6 17.2±5.5

Change from baseline at week 52 129 222
Mean±SD −3.6±6.4 −0.2±5.8

E-RS:COPD#

Baseline n 151 258
Mean±SD 14.20±5.55 12.88±5.46

Change from baseline at week 52 130 223
Mean±SD −3.14±5.65 −0.83±5.17

Incidence of moderate/severe COPD exacerbations¶ 19 (13) 38 (15)

Data are presented as n or n (%), unless otherwise stated. CID: clinically important deterioration; EXT:
extension; FEV1: forced expiratory volume in 1 s; SGRQ: St George’s Respiratory Questionnaire; COPD:
chronic obstructive pulmonary disease; CAT: COPD assessment test; E-RS:COPD: Evaluating Respiratory
Symptoms in COPD. #: a decrease in score represents an improvement in symptoms. ¶: incidence
assessed post-CID assessment during weeks 25 to 52. The CID- subgroup included patients who had not
experienced a CID at 24 weeks; the CID+ subgroup included patients who had experienced a CID at
24 weeks.
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deterioration in FEV1, lung function variability is known to be an important predictor of hospitalisation
risk and mortality at the population level, although the importance of considering symptoms and
exacerbation history alongside FEV1 is recognised when considering individualised patient care [1, 21].
Together, this evidence suggests that the composite CID end-point may be an effective tool for predicting
longer term outcomes in patients with COPD.

The generalisability of the CID concept in this first prospective analysis was potentially enhanced by
replacing the SGRQ component of the composite CID end-point with deterioration in CAT score, which
provided similar results. This is an important finding as the CAT instrument is easier to administer and
interpret in the context of clinical practise than the SGRQ, and may facilitate the assessment of health status
deterioration when using CID outside of a research setting. Indeed, our analysis suggests that, in the future,
the CAT score could replace the SGRQ total score as the measure of health status in the CID end-point.

A potential limitation of this analysis was that the comparator group in the FULFIL trial received ICS/
LABA therapy and the study lacked an additional LAMA/LABA combination arm. Therefore, we were
unable to address the question of how the ICS component contributed to the observed beneficial effect of
FF/UMEC/VI on CID. However, this question will be addressed in the forthcoming IMPACT trial, which
compared FF/UMEC/VI with both FF/VI and UMEC/VI [22]. Another potential study limitation was that
health status assessments had unequal weighting to the contribution made by trough FEV1 in the
composite CID. To mitigate for this, we performed a sensitivity analysis that censored additional FEV1

data collected at visits where health status was not assessed, which showed similar findings to the ITT
analyses. Nevertheless, more frequent health status assessments would be a preferred solution in future
trials. Finally, the small EXT population used to assess the prognostic link between shorter term stability
and longer term outcomes experienced too few exacerbations to provide firm conclusions regarding the
occurrence of shorter term CID and future exacerbation risk. Therefore, we remain reliant on previous
retrospective analyses to substantiate this link [15–17].

Conclusions
This first prospective CID analysis in the FULFIL study showed that once daily, single-inhaler triple therapy
with FF/UMEC/VI significantly reduced the risk of CID in patients with COPD, compared with twice daily
BUD/FOR. Our results support the concept of using CID as a prospective end-point in COPD clinical studies
and highlight the importance of maximising lung function at an early stage of treatment in patients with
advanced disease. These findings also support management guidelines on the need for regular monitoring of
potential disease progression in COPD across multiple end-points, particularly the wider adoption of the
CAT score as a measure of health status in addition to assessing lung function and exacerbations.
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