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Background: Chronic obstructive pulmonary disease (COPD) is characterized by varying trajectories of decline.
Information regarding the prognostic value of preventing short-term clinically important deterioration (CID) in
lung function, health status, or first moderate/severe exacerbation as a composite endpoint of worsening is needed. We
evaluated post hoc the link between early CID and long-term adverse outcomes.

Methods: CID was defined as 2100 mL decrease in forced expiratory volume in 1 s (FEV;), 24-unit increase in St George's
Respiratory Questionnaire (SGRQ) score from baseline, and/or a moderate/severe exacerbation during enrollment in two
3-year studies. Presence of CID was assessed at 6 months for the principal analysis (TORCH) and 12 months for
the confirmatory analysis (ECLIPSE). Association between presence (+) or absence (-) of CID and long-term
deterioration in FEV,, SGRQ, future risk of exacerbations, and all-cause mortality was assessed.

Results: In total, 2870 (54%; TORCH) and 1442 (73%; ECLIPSE) patients were CID+. At 36 months, in TORCH, CID+
patients (vs CID-) had sustained clinically significant worsening of FEV; (- 117 mL; 95% confidence interval [CI]:
-134, -100 mL; P<0.001) and SGRQ score (+6.42 units; 95% Cl: 540, 7.45;, P<0.001), and had higher risk of
exacerbations (hazard ratio [HR]: 1.61 [95% ClI: 1.50, 1.72]; P<0.001) and all-cause mortality (HR: 141 [95% Cl:
1.15, 1.72]; P<0.001). Similar risks post-CID were observed in ECLIPSE.

Conclusions: A CID within 6-12 months of follow-up was consistently associated with increased long-term risk
of exacerbations and all-cause mortality, and predicted sustained meaningful loss in FEV, and health status
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Introduction

The heterogeneous and progressive nature of chronic ob-
structive pulmonary disease (COPD) has prompted interest
in developing reliable measurements of its progression
beyond mean decline rates in forced expiratory volume in
1 s (FEV;) [1-3]. Improvement in FEV; is regularly
assessed in clinical trials and has been shown to correlate
with improvements in symptoms, health status [4, 5], and
reductions in exacerbation rates [6, 7]. However, FEV;
alone is not sufficient to evaluate the longitudinal changes
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in the severity of COPD at an individual level [8], and other
outcomes are required to monitor disease activity [9].
Recently, a composite measure of deterioration has been
developed, comprising: lung function (=100 mL decline in
FEV)), health status (>4-unit increase in St George’s
Respiratory Questionnaire [SGRQ]), and the incidence of a
moderate/severe exacerbation [10]. The thresholds for
FEV; and SGRQ were chosen as the accepted minimum
clinically important differences (MCID) for these outcomes
[11, 12]. The occurrence of one or more of these events
was considered a clinically important deterioration (CID).
Several short-term COPD studies have employed this
endpoint as an a priori and post hoc measure of instability
[10, 13-18]. In short-term trials, incremental gains in the
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prevention of short-term CID have been shown when
comparing mono- and dual-bronchodilator therapy
with placebo, between dual- and mono-bronchodilator
therapy, and with dual-bronchodilator or triple therapy
versus ICS/LABA therapy [10, 13-18]; however, the rela-
tionship between short-term CID and long-term outcome
is unknown.

Management of COPD has moved towards a patient-cen-
tered approach, with regular monitoring of the adequacy of
care, with the goal of matching appropriate therapy to pa-
tients who will benefit most effectively from them [3]. Un-
derstanding the association between short-term disease
worsening and long-term outcomes would help physicians
to better personalize pharmacological treatment at an early
stage of a patient’s disease.

This post hoc analysis used data from a 3-year inter-
ventional study (TOwards a Revolution in COPD Health
[TORCH]) [19] and a 3-year observational study (Evalu-
ation of COPD Longitudinally to Identify Predictive
Surrogate End-points [ECLIPSE]) [8, 20] to assess
whether worsening of COPD, as measured by the pres-
ence of any component of the composite CID during the
first 6 to 12 months, was a predictor of poor medium-
to long-term outcome after a further 30 to 24 months of
follow-up, respectively. Analysis of the TORCH data
constituted the principal analysis as the presence of CID
could be assessed earlier, at 6 months. In the ECLIPSE
study CID could only be assessed at 12 months, and so
was used as a confirmatory analysis to see if the prog-
nostic findings of the TORCH study could be replicated.

Methods

Study design and treatments

The TORCH study (SCO30003, NCT00268216) was a
double-blind, placebo-controlled, randomized study that
assessed spirometric values, health status, frequency of
exacerbations, and mortality in patients randomized to flu-
ticasone propionate/salmeterol (FP/SAL) 500/50 pg, FP
500 pg, SAL 50 pg, or placebo [19]. The ECLIPSE study
(SCO104960, NCT00292552) was a large, observational,
longitudinal study of patients with moderate-to-very-severe
COPD aimed at defining COPD phenotypes and identifying
biomarkers to help predict disease progression [8, 20].
Detailed methodologies for both studies have been previ-
ously published [8, 19-21]. Both studies were conducted in
accordance with the Declaration of Helsinki and good
clinical practice guidelines, and approved by the rele-
vant ethics review committees. All participants gave
written informed consent.

Patients

Patients with a diagnosis of COPD in the TORCH
study were aged 40—80 years, current or former smokers
with 210 smoking pack-years, had a pre-bronchodilator
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FEV; <60% of predicted value and a pre-bronchodilator
FEV,/forced vital capacity (FVC) ratio <0.70. Exclusion
criteria included a diagnosis of asthma or respiratory dis-
orders other than COPD, lung-volume reduction or lung
transplant surgery, and receiving long-term oral cortico-
steroid therapy.

In the ECLIPSE study patients were aged 40-75 years,
with baseline post-bronchodilator FEV; < 80% of predicted
value, baseline post-bronchodilator FEV;/FVC <0.70,
and > 10 smoking pack-years. Exclusion criteria included
known respiratory disorders other than COPD, history of
other significant inflammatory disease, COPD exacerba-
tion <4 weeks prior to enrollment, and prior lung surgery.

Outcomes and assessments

Assessment of post-bronchodilator FEV;, and SGRQ
score, was performed at 24, 48, 72, 96, 120, and
156 weeks post-treatment in the TORCH study [19]. In
the ECLIPSE study, post-bronchodilator FEV; was
assessed at 3, 6, 12, 18, 24, 30, and 36 months after treat-
ment, COPD-specific version of the SGRQ (SGRQ-C)
was assessed annually, and exacerbations were assessed
throughout the study. All-cause mortality and the fre-
quency of moderate or severe exacerbations were
assessed in both studies.

Composite CID was defined as any one of the follow-
ing component events: (i) decrease of 2100 mL from
baseline in post-bronchodilator FEV; [11]; (ii) increase
of >4 units in SGRQ score from baseline [12]; (iii) inci-
dence of a moderate/severe exacerbation (acute worsen-
ing of COPD requiring oral corticosteroids, antibiotics,
emergency department treatment, or hospitalization).

Patients were categorized into two subgroups: (i)
those who met >1 CID criteria within the first
6 months (TORCH) after enrollment (CID+), and (ii)
those who did not (CID-). In the confirmatory analysis
using ECLIPSE data, patient subgroups with (CID+)
and without (CID-) a composite CID were defined
within the first 12 months of enrollment. CID2+ and
CID3+ patients were individuals with two or all three
CID component deteriorations occurring at the assess-
ment time, respectively.

Outcomes were assessed by CID status (CID+ or CID-)
in a combined analysis, irrespective of which treatment
patients were randomized to in the TORCH study.

Statistical analysis

Since this was an analysis of the effect of changes in
clinical outcomes (irrespective of treatment), analyses
of TORCH study data were performed on the full
intent-to-treat (ITT) population, with all treatment
groups combined. Mean changes from baseline in
post-bronchodilator FEV; or SGRQ scores were com-
pared (CID+ group vs CID- group) using a repeated
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measures model (least squares [LS] mean) including co-
variates of post-bronchodilator FEV; deterioration status
at Week 24, smoking status, geographical region, baseline
FEV; or SGRQ, time in weeks, week-by-baseline, and
week-by-deterioration status at Week 24. Time to first
moderate/severe or severe exacerbation and mortality in
the 130 weeks after Week 24 were analyzed using Cox
proportional hazards model with covariates of deteri-
oration status at Week 24, smoking status at screen-
ing, and geographical region. Hazard ratios (HR) and
confidence intervals (CI) were derived for the CID+
versus CID- group.

All comers were included in the ECLIPSE study data
analysis, irrespective of physician choice of management.
Statistical comparisons in LS mean change from baseline in
post-bronchodilator FEV; or SGRQ score for the CID+ ver-
sus CID- group were obtained from a repeated measures
model including covariates of deterioration status at Month
12, smoking status at screening, geographical region, age,
gender, baseline post-bronchodilator FEV; or SGRQ, week,
week-by-baseline, and week-by-deterioration status at
Month 12. For the composite endpoint, FEV; and SGRQ
data were only used from common time points. Time to
first moderate/severe or severe exacerbation and mortality
in the 24 months after Month 12 were analyzed using Cox
proportional hazards model with covariates of deterioration
status at 12 months, smoking status at screening, geograph-
ical region, sex, and age. HRs and CIs were derived for CID
+ versus CID- group.

In both studies, baseline and demographic data were
generated using descriptive statistics, presented as mean
(standard deviation [SD]) and n values (%).

Results

Patients

In the TORCH study, the ITT population included
2870 patients in the CID+ group and 2422 patients in
the CID- group (Fig. 1). The most and least common
cause of CID in the first 6 months was exacerbation
(33%) and deterioration in SGRQ (17%), respectively
(Fig. 1). Demographics and baseline characteristics were
generally similar in the CID+ and CID- groups, al-
though the proportion of female patients, patients with
>2 previous exacerbations, and patients receiving in-
haled corticosteroids (ICS) in the 12 months prior to
the run-in period was greater in the CID+ compared
with the CID- group (Table 1).

The ECLIPSE study comprised 1442 patients in the
CID+ group and 531 patients in the CID- group
(Additional file 1: Figure S1; online data supplement).
Demographics and baseline characteristics were generally
similar in the CID+ and CID- groups, with the differences
following the same pattern as for the TORCH study
(Additional file 2: Table S1; online data supplement).
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Fig. 1 Proportions of patients experiencing CIDs in the TORCH study.
CID, clinically important deterioration; CID+, presence of a CID within
6 months of enroliment into the study; CID-, absence of a CID within
6 months of enrollment into the study; COPD, chronic obstructive
pulmonary disease; FEV;, forced expiratory volume in 1 s; SGRQ, St
George's Respiratory Questionnaire; TORCH, TOwards a Revolution in
COPD Health

Changes in lung function and health status over time
based on CID status (TORCH study)

Post-bronchodilator FEV; decreased in both CID groups
at a similar rate from Week 24 to the end of follow up
(Fig. 2a). Patients free of all CID events (CID- group) had
an improvement in FEV; at 24 weeks that returned to
baseline at 156 weeks (Fig. 2a). By contrast, patients in the
CID+ group showed a modest mean deterioration in FEV;
at Week 24, which was clinically important at 156 weeks
(between-group difference: - 117 mL, 95% CI: -134, - 100;
P <0.001; Fig. 2a). At the 3-year time point, the odds of a
deficit in lung function of >100 mL or>200 mL from
baseline were approximately two-fold higher in the CID+
compared with the CID- group (Table 2).

Patients in the CID- group had clear improvement in
health status at Week 24, with a decrease in SGRQ score
from baseline of approximately 8 units; Fig. 2b. In the
CID+ group, patients showed an increase from baseline
in SGRQ score of 1.33 units (representing a worsening
health status) at Week 24 (Fig. 2b). At study end, the dif-
ference in SGRQ score in the CID+ versus CID- group
remained above the MCID (+ 6.42 units, 95% CI: 5.40,
7.45; P <0.001; Fig. 2b). Patients in the CID+ group had
greater odds of having a > 4-unit and > 8-unit worsening
in SGRQ score from baseline at 36 months compared
with those in the CID- group (Table 2).
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Table 1 Patient demographics and baseline characteristics (TORCH study; ITT population)

CID+ population CID- population Total
(N=2870) (N=2422) (N=5292)
Age (years), mean (SD) 64.7 (8.2) 65.1 (84) 64.9 (8.3)
Male, n (%) 2151 (75) 1895 (78) 4046 (76)
BMI, kg/mz, mean (SD) 253 (5.3) 255 (5.2) 254 (5.2)
Current smoker at screening, n (%) 1277 (44) 1072 (44) 2349 (44)
Post-bronchodilator % predicted FEV,, mean (SD) 447 (13.8) 448 (12.8) 447 (134)
Patients receiving ICS in the 12 months prior to the 1455 (51) 1037 (43) 2492 (47)
run-in period, n (%)
Previous exacerbations, n (%)
0 1122 (39) 1164 (48) 2286 (43)
1 711 (25) 617 (25) 1328 (25)
22 1037 (36) 641 (26) 1678 (32)

BMI body mass index, CID clinically important deterioration, CID+ presence of a CID within 6 months of enrollment into the study, CID- absence of a CID within
6 months of enrollment into the study, ICS inhaled corticosteroid, ITT intent-to-treat, SD standard deviation, TORCH TOwards a Revolution in COPD Health

Future risk of exacerbations and all-cause mortality based
on CID status (TORCH study)

Patients in the CID+ group had a significantly higher risk
of exacerbations compared with patients in the CID-
group. This pattern was observed for both moderate/se-
vere exacerbations (HR [CID+ vs CID-]: 1.61; 95% CI:
1.50, 1.72; P < 0.001; Fig. 3a) and severe exacerbations re-
quiring hospitalization (HR [CID+ vs CID-]: 1.55; 95% CI:
1.38, 1.73; P < 0.001; Fig. 3b). Median time to first moder-
ate-to-severe exacerbation in the CID- group was
520 days compared with 265 days in the CID+ group.
Patients in the CID+ group had a 41% increased risk
of all-cause mortality compared with those in the
CID- group (HR [CID+ vs CID-]: 1.41; 95% CI: 1.15,
1.72%; P <0.001; Fig. 3c; Table 2).

Comparison of CID type and frequency with all-cause
mortality (TORCH study)

Worsening of each component of the CID was associ-
ated with increased mortality risk by a broadly similar
magnitude (19-29%) compared with absence of that
CID event type; however, this was only statistically
significant for the exacerbations and SGRQ compo-
nents (Fig. 4). Freedom from all CIDs was associated
with lower mortality risk than freedom from just one
CID component alone (SGRQ or exacerbations or
FEV)), indicating that each CID component contrib-
uted to the overall mortality risk. However, as so few
patients had multiple types of CID events in the first
6-months, there remains some uncertainty in defining
a CID-dose effect (Fig. 4).
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Table 2 Odds/Risk of long-term adverse outcomes based on CIDs in the first 6 months of the TORCH study (ITT population)

CID- population (N =2422) CID+ vs CID-, OR (95% Cl)

Qutcome CID+ population (N =2870)
2100 mL decrease in FEV4%, n (%) 2004 (70)

>200 mL decrease in FEV,?, n (%) 1696 (59)

>4-unit increase in SGRQ?, n (%) 1516 (67)

>8-unit increase in SGRQ?, n (%) 1342 (59)
Moderate-to-severe COPD exacerbation®, n (%) 2082 (73)

Hospitalization events®, n (%) 797 (28)

Risk (HR) of all-cause mortalityb, n (%) 237 (8)

1296 (54) 2.00 (1.78, 2.24)*
1018 (42) 197 (1.77, 2.20)*
930 (53) 1.82 (1.60, 2.07)*
827 (47) 1.65 (145, 1.88)%
1450 (60) 1.61°(1.50, 1.72)*%
491 (20) 1.55°(1.38,1.73)*
160 (7) 141°(1.15,1.72)

*P <0.001, ?risk of deterioration at 36-months assessed from the pre-randomization period; °risk of a new exacerbation or all-cause death assessed from Week 24;

“data report HR (95% Cl)

CID clinically important deterioration, CID+ presence of a CID within 6 months of enroliment into the study, CID- absence of a CID within 6 months of enroliment
into the study, FEV; forced expiratory volume in 1 s, HR hazard ratio, ITT intent-to-treat, OR odds ratio, SGRQ St George’s Respiratory Questionnaire, TORCH

TOwards a Revolution in COPD Health

Predictions of long-term outcomes based on individual
component deteriorations (TORCH study)
Individual CID event types within the first 6 months were
associated with a greater risk of deterioration in that out-
come at 3 years. For example, the change from baseline in
FEV; after 36 months was - 193 mL (95% CI: -213, - 172)
for patients who had an FEV; CID event in the first
6 months, compared with - 51 mL (95% CI: -74, - 27) and -
38 mL (95% CI: -57, - 20) for patients with a SGRQ and
exacerbation CID event in the first 6 months, respectively
(Additional file 2: Table S2; online data supplement). Simi-
larly, SGRQ and exacerbation CID events led to the great-
est risk of future deteriorations in health status and
exacerbations, respectively (Additional file 2: Table S2;
online data supplement).

FEV; CID events or exacerbation CID events by
6 months had similar long-term impacts on health status
at 36 months (+3.56 units [95% CI: 2.31, 4.80] and +
3.70 units [95% CI: 2.56, 4.83], respectively; Additional
file 2: Table S2; online data supplement).

Analysis of the ECLIPSE study data

In the ECLIPSE study, changes in FEV; and SGRQ be-
tween the CID+ and CID- groups were similar to
those observed in the TORCH study (Fig. 5a and
Fig. 5b, respectively). At study end, the difference in
mean change from baseline in FEV; was -115 mL
(95% CI: -141, -89; P<0.001) and the difference in
mean change from baseline SGRQ was +4.67 units
(95% CI: 3.32, 6.02; P < 0.001).

Compared with patients in the CID- group, those in
the CID+ group had a significantly higher risk of
moderate/severe exacerbations (HR: 2.54; 95% CI: 2.20,
2.93; P<0.001; Table 3; Fig. 6a), exacerbations requiring
hospitalization (HR: 2.81; 95% CL 2.17, 3.63; P<0.001;
Table 3; Fig. 6b), and all-cause mortality (HR: 1.59; 95%
CIL: 1.04, 2.41; P=0.031; Table 3; Fig. 6¢).

Discussion
This exploratory analysis evaluated whether CID status
(a composite measure of early deterioration in COPD),
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Fig. 3 Time to first (a) moderate/severe exacerbation, (b) exacerbation requiring hospitalization, and (c) all-cause mortality, based on CID status
(TORCH study; ITT population). Cl, confidence interval; CID, clinically important deterioration; CID+, presence of a CID within 6 months of
enrollment into the study; CID-, absence of a CID within 6 months of enroliment into the study; ITT, intent-to-treat; TORCH, TOwards a Revolution
in COPD Health
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Fig. 4 All-cause mortality hazard ratios of single CID events and composite CID events for CID+ patients versus CID- patients (TORCH study; ITT
population). *Proportion of patients with the specified CID in the first 6 months. Cl, confidence interval; CID, clinically important deterioration; CID+,
presence of a CID within 6 months of enroliment into the study; CID-, absence of a CID within 6 months of enrollment into the study; COPD, chronic
obstructive pulmonary disease; FEV,, forced expiratory volume in 1 s; ITT, intent-to-treat; SGRQ, St George's Respiratory Questionnaire; TORCH, TOwards
a Revolution in COPD Health

assessed after the first 6 months of observation, could be
used to predict a range of medium- to long-term patient
outcomes after 3 years of follow-up. Patients who expe-
rienced a CID event in the first 6-12 months were
found, in two separate 3-year studies (TORCH and
ECLIPSE), to have consistently worse long-term out-
comes, including sustained and important loss of FEV;
and health status, and a greater risk of exacerbation and
mortality, compared with more stable patients free of
short-term CID events [11, 12].

Disease progression in COPD is not confined to
decline in FEV;. Medium-term deterioration in patients

with COPD has been reported in terms of SGRQ score
[22], six-minute walking distance [23] and daily physical
activity [24]. The correlation between changes in these
different measures of severity is not strong, as reported,
for example, between FEV; and SGRQ [4, 25], exacerba-
tions and FEV; [26] and physical activity, FEV; and
SGRQ [24]. As no single measure appears to capture all
aspects of worsening COPD reliably in all patients, there
is a strong argument for a new composite measure.

A composite CID assessment of multifactorial de-
terioration within 6 months of randomization in the
TORCH study was shown to predict an increase in the
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Fig. 5 LS mean change from baseline in (a) FEV; (mL) and (b) SGRQ score over time based on CID status (ECLIPSE study). Cl, confidence interval; CID,
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Table 3 Risk of long-term adverse outcomes based on CIDs in the first 12 months of the ECLIPSE study

Outcome within 130 weeks of follow-up

CID+ population (N = 1442)

CID- population (N=531) CID+ vs CID-, HR (95% Cl)

Moderate/severe COPD exacerbation, n (%) 1082 (75)
Hospitalization events, n (%) 454 (31)
Risk (HR) of all-cause mortality, n (%) 121 (8)

232 (44) 254 (2.20, 2.93)*
66 (12) 281 (217, 3.63)*
27 (5) 1.59 (1.04, 241)t

*P <0.001; 1P=0.031

CID clinically important deterioration, CID+ presence of a CID within 6 months of enroliment into the study, CID- absence of a CID within 6 months of enrollment
into the study, ECLIPSE Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points, FEV; forced expiratory volume in 1 s, HR hazard ratio, ITT

intent-to-treat, SGRQ St George’s Respiratory Questionnaire

risk of mortality to a greater extent than any single
component of deterioration (eg, exacerbations). Pa-
tients free of any CID component within the first
6 months of the TORCH study had the lowest mortal-
ity risk, even compared with those experiencing only
one CID component. Therefore, it would appear
short-term deterioration assessed by a composite CID
may predict all-cause mortality, long term. This has
also been shown in a post hoc analysis of the Under-
standing Potential Long-Term Impacts on Function
with Tiotropium (UPLIFT; NCT00144339) study,
which used the same definition of CID as that
presented here [27]. Furthermore, a recent analysis
focused on the subgroup of patients who received the
most intensified treatment in the TORCH study (FP/
SAL 500/50 pg) showed similar levels of sustained loss
in lung function and health status, and similarly
increased risk of exacerbation and all-cause mortality
in CID+ versus CID- patients compared with those
presented here [28], indicating that the predictive
power of on-treatment CID is not influenced by that
same treatment after the CID event. Additionally, the
presence of a composite CID was able to predict an
increased risk of deterioration in all of the three CID
domains at 3 years, supporting our rationale for using
a combined measure of short-term deterioration,

rather than a single measure. The predictive power of
CID status in each study was evident (at 6 months in
TORCH and 12 months in the ECLIPSE study). In
both studies, after 36 months, the difference in change
from baseline between the CID+ and CID- groups for
both FEV; and SGRQ score was statistically significant
and exceeded the MCID for those outcome measures
[11, 12]. Importantly, CID status also predicted
all-cause mortality in both studies; an outcome that
did not form part of the composite measure.

Although the cumulative 3-year outcomes were worse
for the CID+ than the CID- group, the subsequent rate
of further decline in the CID measures, beyond the as-
sessment period (6 months for TORCH and 12 months
for ECLIPSE), was similar for the two groups. Minimal
recovery was observed following an initial CID, indicat-
ing that these events could signify permanent loss in
health status and lung function.

Guidelines advocate regular monitoring of the ad-
equacy of COPD care in individual patients looking at
exacerbations, symptom and lung function to prevent
disease progression [3]. However, no formal framework
for such monitoring has been advocated. We believe in-
dicators of increased disease activity based on a lack of
favorable treatment response across the CID event types
may have utility and prognostic value. The composite
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CID presented in this exploratory analysis appears to be
a potential tool to identify increased disease activity and
predict poor long-term outcome in patients with COPD
based on short-term deterioration on treatment [10, 16].
While other researchers have suggested that a lack of
stability in lung function or health status could predict
increased future risk in COPD [6, 29], to our knowledge,
the use of a prognostic composite endpoint of treatment
response containing lung function, health status, and ex-
acerbation frequency, has not previously been reported.
This composite CID captures the heterogeneous nature
of COPD by incorporating relatively short-term clinical
measures of these three different COPD outcomes.
Using a three-component composite measure of deterior-
ation in COPD ensures that variability in a patient’s
response to therapy and potential for deterioration is fully
captured. In concordance with this view, a recent compos-
ite CID analysis, highlighted little or no statistical con-
cordance between the different component measures of
deterioration, utilized in a 1-year exacerbation study [13].

Limitations of this analysis included its post hoc nature
and the greater number of patients in the CID+ group
versus the CID- group with a baseline history of exacerba-
tions and who received ICS prior to the study in both
trials, which could influence their likelihood of having an
exacerbation CID. This difference did not impact long-term
outcomes post-CID in this study, with prognostic findings
in previous analyses of TORCH also demonstrating similar
results across all treatment arms [28, 30, 31]. The CID con-
cept developed here is in some respects opportunistic as it
utilizes outcome measures available in existing clinical trial
data sets. However, it includes three domains of COPD
progression that can be measured relatively easily in large
numbers of patients, unlike exercise capacity and daily
physical activity which are more difficult to measure. An-
other potential limitation concerns two of the measures
that form the composite CID endpoint. The complexity of
post-bronchodilator rather than pre-bronchodilator FEV;
measurement, and use of the long and complicated SGRQ
rather than the simpler COPD Assessment Test (CAT),
which also has an MCID [32, 33], will restrict their use to
clinical trials. However, whilst the TORCH study focused
on post-bronchodilator FEV;, our analysis of the ECLIPSE
study data used both post- and pre-bronchodilator FEV;
values in the CID assessment, providing concordant find-
ings (data not shown). Furthermore, this analysis was a test
of principle and prospective studies will confirm the use of
these measurements and test whether use of other out-
comes, like CAT, might be more applicable to routine prac-
tice, or may replace SGRQ in assessing deterioration in
health status [17, 34, 35].

Another aspect of this analysis determined by the
primary trial datasets was the time and frequency at which
data for all three components was available. The earliest
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assessment of a CID was dictated by the availability of data
at 6 and 12 months in the TORCH and ECLIPSE studies,
respectively. It remains unclear whether short-term assess-
ment of a CID could be made earlier than assessed in either
of these studies. It is possible that using more frequent CID
assessments of FEV; and health status, rather than a single
time point assessment as employed here, can provide more
accurate prognostic assessments of mortality risk for each
of these individual component event types, as suggested in
a recent post hoc analysis of the UPLIFT trial [36]. As prog-
nostic assessments in several landmark studies have identi-
fied concordant increased risk of exacerbations requiring
hospitalization and mortality post CID in populations not
enriched for exacerbation risk [27, 36, 37], we propose
future prospective studies designed to monitor CID events
in a broader symptomatic patient cohort with regular 3
monthly visits could have similar or greater predictive abil-
ity. This will be of importance to test whether less severely
affected patients who are at high risk of poor medium-term
outcomes can be identified and more optimally treated.
These questions are being investigated prospectively in
ongoing studies.

This analysis tested the predictive validity of the CID,
an event-based, categorical measure of a patient’s state.
Previous analyses have tested the utility of CID as a
measure of treatment efficacy and the benefit of escal-
ation in therapy from mono- to dual-bronchodilation,
dual-bronchodilation compared with ICS/LABA and
triple therapy versus ICS/LABA therapy [10, 13-18]. All
three components of the CID may find application in
clinical trials, however perhaps its greatest potential may
lie in predicting long-term response to treatment. Cur-
rently this requires the use of trials that are typically of
3 years’ duration that may introduce bias due to differ-
ential dropout of patients with more severe disease [38].
A validated surrogate marker of medium-term outcome,
such as CID status, may allow shorter term trials to test
disease modification or more reliably identify candidate
treatments for long-term trials.

Conclusions

The results of this retrospective analysis of two 3-year
COPD studies demonstrate that short-term deterior-
ation assessed using a composite CID endpoint had
prognostic value in identifying patients with increased
future risk of a sustained loss of lung function and
health status, and importantly increased incidence of
exacerbations requiring hospitalization and all-cause mor-
tality. This concept of evaluating short-term changes
across multiple endpoints may be a useful tool for physi-
cians in identifying patients at greater risk of worsening of
COPD and in designing trials to test treatments that may
mitigate that risk.



Naya et al. Respiratory Research (2018) 19:222

Additional files

Additional file 1: Figure S1. Proportions of patients experiencing CIDs
in the ECLIPSE study. (EPS 1962 kb)

Additional file 2: Table S1. Patient demographics and baseline
characteristics (ECLIPSE study). Table S2. Long-term outcomes based on single-
component short-term CIDs (TORCH study; ITT population). (DOCX 110 kb)

Abbreviations

BMI: Body mass index; CAT: COPD Assessment Test; Cl: Confidence intervals;
CID: Clinically important deterioration; COPD: Chronic obstructive pulmonary
disease; ECLIPSE: Evaluation of COPD Longitudinally to Identify Predictive
Surrogate End-points; FEV,: Forced expiratory volume in 1 s; FP: Fluticasone
propionate; FVC: Forced vital capacity; HR: Hazard ratio; ICS: Inhaled
corticosteroids; ITT: Intent-to-treat; LABA: Long-acting {3 adrenoceptor
agonists; LS: Least squares; MCID: Minimum clinically important difference;
OR: Odds ratio; SAL: Salmeterol; SD: Standard deviation; SGRQ: St George's
respiratory questionnaire; TORCH: Towards a Revolution in COPD Health;
UPLIFT: Understanding Potential Long-Term Impacts on Function with
Tiotropium

Acknowledgements

Editorial support in the form of preparation of the first draft based on input
from all authors, and collation and incorporation of author feedback to
develop subsequent drafts was provided by Matthew Robinson, DPhil, of
Fishawack Indicia Ltd., UK, and was funded by GSK.

Funding

This study was funded by GlaxoSmithKline (GSK) SCO30003 [NCT00268216]
and SCO104960 [NCT00292552]). The funders of the study had a role in
study design, data analysis, data interpretation, and writing of the report.

Patient consent
Not applicable.

Data sharing
Anonymized individual participant data and study documents can be
requested for further research from www.clinicalstudydatarequest.com.

Authors’ contributions

IPN, LT, and HM contributed to the study concept and design and were
involved in data analysis and interpretation. CC and PWJ were involved in data
analysis and interpretation. All authors were involved in preparation and review
of the manuscript and approved the final version to be submitted. All authors
agree to be accountable for all aspects of the work.

Ethics approval and consent to participate
Not applicable.

Competing interests
IPN, HM, CC, and PWJ are employees of GSK and hold GSK stocks/shares. LT
is a contingent worker at GSK.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Respiratory Medicine, GSK, Brentford, Middlesex, UK. %Precise Approach Ltd,
Contingent worker on assignment at GSK, Uxbridge, Middlesex, UK.

Received: 31 August 2018 Accepted: 1 November 2018
Published online: 20 November 2018

References

1. Casanova C, Aguirre-Jaime A, de Torres JP, Pinto-Plata V, Baz R, Marin JM, et
al. Longitudinal assessment in COPD patients: multidimensional variability
and outcomes. Eur Respir J. 2014;43:745-53.

20.

21.

22.

23.

Page 9 of 10

Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez RA,

et al. The body-mass index, airflow obstruction, dyspnea, and exercise
capacity index in chronic obstructive pulmonary disease. N Engl J Med.
2004;350:1005-12.

GOLD. Global strategy for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease. Updated 2018. http://goldcopd.org.
Accessed 21 May 2018.

Jones PW, Donohue JF, Nedelman J, Pascoe S, Pinault G, Lassen C.
Correlating changes in lung function with patient outcomes in chronic
obstructive pulmonary disease: a pooled analysis. Respir Res. 2011;12:161.
Westwood M, Bourbeau J, Jones PW, Cerulli A, Capkun-Niggli G, Worthy G.
Relationship between FEV1 change and patient-reported outcomes in
randomised trials of inhaled bronchodilators for stable COPD: a systematic
review. Respir Res. 2011;12:40.

Calverley PM, Postma DS, Anzueto AR, Make BJ, Eriksson G, Peterson S, et al.
Early response to inhaled bronchodilators and corticosteroids as a predictor
of 12-month treatment responder status and COPD exacerbations. Int J
Chron Obstruct Pulmon Dis. 2016;11:381-90.

Martin AL, Marvel J, Fahrbach K, Cadarette SM, Wilcox TK, Donohue JF. The
association of lung function and St. George's respiratory questionnaire with
exacerbations in COPD: a systematic literature review and regression
analysis. Respir Res. 2016;17:40.

Agusti A, Calverley PM, Celli B, Coxson HO, Edwards LD, Lomas DA, et al.
Characterisation of COPD heterogeneity in the ECLIPSE cohort. Respir Res.
2010;11:122.

Oga T, Tsukino M, Hajiro T, Ikeda A, Koyama H, Mishima M, et al.
Multidimensional analyses of long-term clinical courses of asthma and
chronic obstructive pulmonary disease. Allergol Int. 2010,59:257-65.

Singh D, Maleki-Yazdi MR, Tombs L, Igbal A, Fahy WA, Naya I. Prevention of
clinically important deteriorations in COPD with umeclidinium/vilanterol. Int
J Chron Obstruct Pulmon Dis. 2016;11:1413-24.

Donohue JF. Minimal clinically important differences in COPD lung function.
COPD. 2005;2:111-24.

Jones PW. St. George’s respiratory questionnaire: MCID. COPD. 2005;2:75-9.
Anzueto AR, Kostikas K, Mezzi K, Shen S, Larbig M, Patalano F, et al.
Indacaterol/glycopyrronium versus salmeterol/fluticasone in the prevention
of clinically important deterioration in COPD: results from the FLAME study.
Respir Res. 2018;19:121.

Anzueto AR, Vogelmeier CF, Kostikas K, Mezzi K, Fucile S, Bader G, et al. The
effect of indacaterol/glycopyrronium versus tiotropium or salmeterol/
fluticasone on the prevention of clinically important deterioration in COPD.
Int J Chron Obstruct Pulmon Dis. 2017;12:1325-37.

Buhl R, McGarvey L, Korn S, Ferguson GT, Gronke L, Hallmann C, et al.
Benefits of tiotropium + olodaterol over tiotropium at delaying clinically
significant events in patients with COPD classified as GOLD B. Am J Respir
Crit Care Med. 2016;193:A6779.

Maleki-Yazdi MR, Singh D, Anzueto A, Tombs L, Fahy WA, Naya I. Assessing
short-term deterioration in maintenance-naive patients with COPD
receiving umeclidinium/vilanterol and tiotropium: a pooled analysis of three
randomized trials. Adv Ther. 2016;33(12):2188-99.

Naya I, Compton C, Ismaila A, Birk R, Brealey N, Tabberer M, et al. Preventing
clinically important deterioration with single-inhaler triple therapy in COPD.
ERJ Open Res. 2018; In press.

Naya I, Tombs L, Lipson D, Compton C. Preventing clinically important
deterioration of COPD with addition of umeclidinium to inhaled
corticosteroid/long-acting p2-agonist therapy:an integrated post hoc
analysis. Adv Ther. 2018; In press.

Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins C, Jones PW, et al.
Salmeterol and fluticasone propionate and survival in chronic obstructive
pulmonary disease. N Engl J Med. 2007;356:775-89.

Vestbo J, Anderson W, Coxson HO, Crim C, Dawber F, Edwards L, et al.
Evaluation of COPD longitudinally to identify predictive surrogate end-
points (ECLIPSE). Eur Respir J. 2008;31:869-73.

Vestbo J. The TORCH (towards a revolution in COPD health) survival study
protocol. Eur Respir J. 2004;24:206-10.

Spencer S, Calverley PM, Sherwood Burge P, Jones PW, Disease ISGISIOL.
Health status deterioration in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2001;163:122-8.

Oga T, Nishimura K, Tsukino M, Sato S, Hajiro T, Mishima M. Exercise
capacity deterioration in patients with COPD: longitudinal evaluation over 5
years. Chest. 2005;128:62-9.


https://doi.org/10.1186/s12931-018-0928-3
https://doi.org/10.1186/s12931-018-0928-3
http://www.clinicalstudydatarequest.com
http://goldcopd.org

Naya et al. Respiratory Research (2018) 19:222 Page 10 of 10

24, Waschki B, Kirsten AM, Holz O, Mueller KC, Schaper M, Sack AL, et al. Disease
progression and changes in physical activity in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med. 2015;192:295-306.

25.  Nagai K, Makita H, Suzuki M, Shimizu K, Konno S, Ito YM, et al. Differential
changes in quality of life components over 5 years in chronic obstructive
pulmonary disease patients. Int J Chron Obstruct Pulmon Dis. 2015;10:745-57.

26. Celli BR, Thomas NE, Anderson JA, Ferguson GT, Jenkins CR, Jones PW, et al.
Effect of pharmacotherapy on rate of decline of lung function in chronic
obstructive pulmonary disease: results from the TORCH study. Am J Respir
Crit Care Med. 2008;178:332-8.

27. Han MK, Halpin DMG, Martinez FJ, Miravitlles M, Singh D, de la Hoz A, et al.
A composite endpoint of clinically important deterioration in chronic
obstructive pulmonary disease and its association with increased mortality:
a post hoc analysis of the UPLIFT study. Am J Respir Crit Care Med. 2018;
197:A4245.

28. Naya |, Driessen MT, Paly V, Gunsoy N, Risebrough N, Briggs A, et al. Long-
term consequences of clinically important deterioration in patients with
chronic obstructive pulmonary disease treated with twice-daily inhaled
corticosteroid/long-acting 32-agonist therapy: results from the TORCH
study. Am J Respir Crit Care Med. 2018;197:A3042.

29. Wilke S, Jones PW, Mullerova H, Vestbo J, Tal-Singer R, Franssen FM, et al.
One-year change in health status and subsequent outcomes in COPD.
Thorax. 2015;70:420-5.

30. Naya |, Tombs L, Jones P. Short-term clinically important deterioration
predicts long-term clinical outcome in COPD patients: a post-hoc analysis of
the TORCH trial. Thorax. 2015;70:A34-5.

31. Naya |, Tombs L, Jones P. Combination therapy with inhaled salmeterol plus
fluticasone propionate is more effective than salmeterol alone in reducing
the risk of clinically important deterioration in COPD: a post-hoc analysis of
the TORCH trial. Thorax. 2015;70:A136-A37.

32. Jones PW, Harding G, Berry P, Wiklund |, Chen WH, Kline Leidy N.
Development and first validation of the COPD assessment test. Eur Respir J.
2009;34:648-54.

33. Kon SS, Canavan JL, Jones SE, Nolan CM, Clark AL, Dickson MJ, et al.
Minimum clinically important difference for the COPD assessment test: a
prospective analysis. Lancet Respir Med. 2014;2:195-203.

34. Lipson DA, Barnacle H, Birk R, Brealey N, Locantore N, Lomas DA, et al.
FULFIL trial: once-daily triple therapy for patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2017;196:438-46.

35. Lipson DA, Barnhart F, Brealey N, Brooks J, Criner GJ, Day NC, et al. Once-
daily single-inhaler triple versus dual therapy in patients with COPD. N Engl
J Med. 2018;378:1671-80.

36. Rabe KF, Halpin D, Martinez F, Singh D, Han MK, Zehendner CM, et al.
Relative timing of clinically important deterioration and related long-term
outcomes in copd: a post hoc analysis of the uplift study. Pneumologie.
2018;72:86-7.

37. Naya |, Tombs L, Mullerova H, Compton C, Jones P. Long-term outcome
following first clinically important deterioration in COPD. Eur Respir J. 2016;
48:PA304.

38. Vestbo J, Anderson JA, Calverley PM, Celli B, Ferguson GT, Jenkins C, et al.
Bias due to withdrawal in long-term randomised trials in COPD: evidence
from the TORCH study. Clin Respir J. 2011;5:44-9.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Introduction
	Methods
	Study design and treatments
	Patients
	Outcomes and assessments
	Statistical analysis

	Results
	Patients
	Changes in lung function and health status over time based on CID status (TORCH study)
	Future risk of exacerbations and all-cause mortality based on CID status (TORCH study)
	Comparison of CID type and frequency with all-cause mortality (TORCH study)
	Predictions of long-term outcomes based on individual component deteriorations (TORCH study)
	Analysis of the ECLIPSE study data

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Patient consent
	Data sharing
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

