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Abstract
Background: COPD is a heterogeneous disease and patients may respond differently to therapies depending on
baseline symptom burden.
Methods: This post-hoc analysis from the 52-week FLAME study investigated the impact of baseline symptom
burden in terms of health status, dyspnoea, bronchitis status, eosinophil levels and smoking status on the
subsequent risk of moderate or severe exacerbations. Health status was measured by St. George’s Respiratory
Questionnaire (SGRQ) score (higher ≥46.6 and lower < 46.6) and COPD Assessment Test (CAT) score (higher ≥17
and lower < 17); dyspnoea and bronchitis were assessed via an electronic diary (eDiary). Differential response to
once-daily indacaterol/glycopyrronium (IND/GLY) 110/50 μg versus twice-daily salmeterol/fluticasone (SFC) 50/
500 μg was assessed.
Results: Data from 3354 patients was analysed. The risk of exacerbations was lower in patients who had less severe
health impairment (rate ratio [RR] [95% CI]): SGRQ-C, (0.88 [0.78, 0.99]); CAT, 0.85 [0.75, 0.96]) and lower dyspnoea
(0.79 [0.69, 0.90]) at baseline versus those with more severe health impairment and higher dyspnoea, respectively.
Compared with SFC, IND/GLY led to better prevention of moderate-to-severe exacerbations in the majority of
groups studied.
Conclusion: Patients with more severe health status impairment and greater symptom burden at baseline
subsequently experienced more exacerbations in the FLAME study. IND/GLY was overall more effective in
preventing exacerbations versus SFC, regardless of baseline symptom burden. Our results suggest that future
studies on novel exacerbation therapies should consider targeting patients with higher symptom burden at
baseline.
Clinical trial identifier: NCT01782326.
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Background
Chronic obstructive pulmonary disease (COPD) is heterogeneous and characterised by persistent airflow limitation and worsening of symptoms. Current treatment
goals include reducing symptom burden, improving
quality of life and lowering the risk of future exacerbations [1]. Previous reports suggest that impairments in
health status are associated with increased risk of
exacerbation-related morbidity [1].
In clinical trials, health status of a COPD patient is
assessed using validated questionnaires such as the St.
George’s Respiratory Questionnaire for COPD (SGRQC) and COPD Assessment Test (CAT) [2, 3]. Patients
with elevated CAT [4] and SGRQ-C [5] scores experience greater exacerbation frequency than patients with
lower CAT and SGRQ scores. While all COPD symptoms can predict long-term treatment response, breathlessness (dyspnoea) is one of the best predictors [6].
Dyspnoea is a cardinal feature and the key symptom of
COPD, causing distress that contributes significantly to
the disease burden [7–9]. Dyspnoea grade is closely
linked to exacerbation risk [9], and severity of dyspnoea
is also a significant predictor of mortality [7]. Consequently, as dyspnoea severity increases, so do the healthcare costs of managing patients with COPD [8, 10].
The presence of bronchitis is common in patients with
COPD, which is characterised by chronic cough and excessive sputum production leading to a higher symptom
burden [11, 12]. Higher symptom burden and chronic
mucus hypersecretion are also associated with a higher
risk of accelerated decline in lung function, exacerbations and hospitalisations [13–15]. An electronic diary
(eDiary) enables the evaluation of individual and collective symptoms, including dyspnoea and bronchitis symptoms. Recent reports have indicated that daily symptoms
captured by an eDiary may predict long-term response
to bronchodilators [16, 17].
Earlier reports showed positive associations between
blood eosinophil levels and the risk of exacerbation. Patients with high blood eosinophil levels (≥300 cells/μL)
experience increased rates of exacerbations compared
with patients with low eosinophil levels (< 300 cells/μL)
[18]. However, eosinophil levels fluctuate over time [19]
and their role as a biomarker for treatment decisions in
COPD needs to be further refined. Smoking is one of
the major factors that accelerate the deterioration of
health status in patients with COPD. Studies have shown
that smoking is associated with higher rates of exacerbations in patients with COPD leading to higher healthcare
resource utilization [20–22].
Although, previous reports suggest an association between symptom burden in terms of health status impairment, dyspnoea, bronchitis, blood eosinophil levels and
smoking status on the future risk of exacerbation, data
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from clinical trials on this association are scarce. Furthermore, differences in treatment response to dual
bronchodilation therapy by baseline health status, symptom, disease and clinical characteristics along with
smoking status would support the appropriate targeting
of different patient phenotypes and enable personalised
therapy. In this post hoc analysis from the landmark
FLAME study [23], we investigated the impact of baseline health status, symptom severity, key clinical characteristics, including dyspnoea and bronchitis, eosinophil
levels and smoking status on the risk of exacerbations
and response to treatment in COPD patients.

Methods
Study design and patients

Data from the FLAME study were used to perform this
analysis. In the FLAME study, patients with ≥1 exacerbation in the past year were randomised to indacaterol/glycopyrronium (IND/GLY) 110/50 μg once daily or
salmeterol/fluticasone (SFC) 50/500 μg twice daily [23]
for 52 weeks (ClinicalTrials.gov number, NCT01782326).
Patients included were aged ≥40 years, with symptomatic COPD (modified Medical Research Council
[mMRC] scale ≥2), a post-bronchodilator forced expiratory volume in 1 s (FEV1) of ≥25 to < 60% of the predicted value, and a post-bronchodilator FEV1/forced
vital capacity < 0.70.
Patients were excluded if they had exacerbations requiring treatment with antibiotics and/or systemic corticosteroids and/or hospitalisation in the 6 weeks prior to
screening. Patients with any history of asthma or a blood
eosinophil count > 600/mm3 at the start of the run-in
period were also excluded. The majority of the patients
included in the FLAME study were from group D according to global initiative for chronic obstructive lung
disease (GOLD) 2016 criteria [23, 24]. The study design
was presented in the primary publication [23] and in
Supplementary Figure S1.
The FLAME study protocol and all amendments were
reviewed by an Independent Ethics Committee or Institutional Review Board. The study was conducted based
on the Declaration of Helsinki and Good Clinical Practice guidelines. Permission was obtained for use of
SGRQ-C and the questionnaire was used without modification. The SGRQ-C permission document can be
found in Supplementary section S1.
Assessments

In this post hoc analysis, regardless of treatment, patients from the full analysis set of the FLAME study
were divided into groups based on baseline symptoms,
presence of disease, clinical characteristics and smoking
status.
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CAT and SGRQ were used to measure health status;
patients were divided into higher or lower health status
impairment groups with split at median based on CAT
and SGRQ levels obtained at Day 1. Lower scores denoted better health status and vice versa (lower scores,
CAT < 17 and SGRQ < 46.6; higher scores, CAT ≥17
and SGRQ ≥46.6). Higher and lower dyspnoea burden at
baseline were measured via eDiary: “During what activities did you first feel breathless in the last 24 hours?” on
a scale of 0 to 3 (0 = Never or only when running; 1 =
When walking uphill or upstairs; 2 = When walking on
flat ground; 3 = At rest). Patients were divided into
higher or lower dyspnoea groups with split at median
based on daily highest dyspnoea scores averaged over
the run-in period (approximately 28 days), including the
morning assessments at Day 1.
Bronchitis was evaluated based on patients’ response
to a specific question in the Exacerbations and Symptoms in COPD (ESCO) eDiary: “How much sputum did
you produce in the past 12 hours?” on a scale of 0 to 3
(0 = none; 1 = < 5 mL/1 teaspoon [tsp]; 2 = 5–25 mL/1–5
tsp; 3 = > 25 mL/5 tsp). Bronchitis and non-bronchitis
patients were defined as those with daily highest sputum
volume score of ≥1 (bronchitis) or < 1 (non-bronchitis),
for ≥50% of the time during the run-in period including
Day 1.
Patients were further stratified into lower (< 300 cells/
μL) and higher (≥300 cells/μL) blood eosinophil groups.
The impact of the blood eosinophil levels on the future
rate of exacerbations was evaluated in patients with
higher or lower eosinophil levels.
At baseline patients were grouped based on their
smoking status (current smoker vs ex-smokers). The risk
of moderate or severe exacerbations were estimated in
smokers compared with ex-smokers.
Further, differential response to IND/GLY and SFC in
terms of future risk of moderate or severe exacerbation
was measured based on patients’ baseline health status,
dyspnoea, bronchitis status, blood eosinophil levels and
smoking status.
Exacerbations were defined symptomatically using the
eDiary data according to the criteria of Anthonisen et al.
[25] and based on healthcare resource utilisation [26]. In
brief, COPD exacerbations were defined as a worsening
of ≥2 major symptoms (dyspnoea, sputum purulence or
sputum volume) or as a worsening of any one major
symptom and a minor symptom (sore throat, colds
[nasal discharge and/or nasal congestion], fever without
other cause, cough or wheeze) for at least 2 consecutive
days. Only moderate or severe healthcare resource utilisation events were included in this analysis. If an exacerbation required treatment with oral corticosteroids
and/or antibiotics, it was considered as moderate,
whereas, an exacerbation leading to hospitalisation
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within 7 days from the onset was considered as severe.
Hypothetical total symptom burden (measured using the
eDiary data) at the onset and during an exacerbation is
graphically represented in Supplementary Figure S2.
Statistical analyses

A generalised linear model with negative binomial
distribution was used to compare the rate of moderate or severe exacerbations based on the health status impairment, dyspnoea, blood eosinophil levels,
bronchitis and smoking status. Rate of exacerbations
were also analyzed within these groups with respect
to treatments, IND/GLY and SFC. The offset variable log exposure time (in years) was used in the
model which included fixed effects of treatment,
baseline total symptom score, baseline COPD exacerbation history during the past 12 months of the
study, smoking status (except for the comparison
between current and ex-smokers where smoking status was considered as a subgroup and not a fixed
effect), inhaled corticosteroid use, airflow limitation,
age, sex and region for analysing within higher or
lower symptom groups. The symptom groups considered were: bronchitis or non-bronchitis, higher or
lower dyspnoea, higher or lower SGRQ and CAT
scores, higher or lower blood eosinophil levels and
with or without smoking. For overall comparisons
between the two symptom groups, irrespective of
the treatment received, the groups (high or low
health status impairments/bronchitis or nonbronchitis) were considered as fixed effects instead
of the treatments. Moderate or severe COPD exacerbations starting between the first dose and 1 day
after last treatment dose were included. COPD exacerbations occurring within 7 days of each other were
collapsed as one event. A linear mixed ANCOVA
model was used to analyse the peak symptom score
for each patient based on eDiary symptoms (except
rescue medications) averaged over the period of
moderate or severe exacerbations, using the above
mentioned variables with the exception of not including COPD exacerbation history as a covariate
and assuming a random effect of center nested
within region.

Results
Baseline characteristics

In total, 3354 patients were evaluated in this analysis. In
brief, the mean age of the overall population was approximately 65 years and 75% of patients belonged to
GOLD (2016) group D [23, 24]. Patients’ baseline demographics and clinical characteristics are presented in
Table 1.
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Table 1 Baseline demographics and clinical characteristics (full analysis set)
Characteristic

IND/GLY
N = 1675

SFC
N = 1679

Total
N = 3354

Age, years

64.6 ± 7.89

64.5 ± 7.70

64.6 ± 7.79

Men, n (%)

1295 (77.3)

1255 (74.7)

2550 (76.0)

Current smoker, n (%)

660 (39.4)

667 (39.7)

1327 (39.6)

Duration of COPD, years

7.2 ± 5.32

7.3 ± 5.44

7.3 ± 5.38

0

1 (0.1)

1 (0.1)

2 (0.1)

1

1350 (80.6)

1352 (80.5)

2702 (80.6)

≥2

324 (19.3)

325 (19.4)

649 (19.4)

44.0 ± 9.47

44.1 ± 9.43

44.1 ± 9.45

Number of COPD exacerbations in the previous year, n (%)

Post-bronchodilator FEV1, % predicted
SGRQ-C total score

47.3 ± 15.83

47.2 ± 15.86

47.3 ± 15.84

CAT score

16.9 ± 7.06

16.6 ± 6.97

16.7 ± 7.02

eDiary total score

6.6 ± 2.93

6.5 ± 2.87

6.6 ± 2.90

Data presented as mean ± SD unless otherwise specified
CAT, COPD assessment test; eDiary, electronic diary; FEV1, forced expiratory volume in 1 s; IND/GLY, indacaterol/glycopyrronium 110/50 μg once daily; SFC,
salmeterol/fluticasone 50/500 μg twice daily; SGRQ-C, St. George’s Respiratory Questionnaire for COPD.

Impact of baseline health status measured via CAT and
SGRQ-C scores on moderate/severe exacerbation rate

Impact of baseline bronchitis status on the rates and
characteristics of moderate/severe exacerbations

Patients with lower baseline CAT (< 17) and SGRQ-C
(< 46.6) scores had lower exacerbation rates (rate ratio
[RR] for CAT: 0.85; P = 0.011 and SGRQ-C: 0.88; P =
0.037), regardless of treatment received. Patients treated
with IND/GLY and who had lower CAT score, experienced fewer exacerbations than those receiving SFC.
However, both IND/GLY and SFC showed comparable
efficacy in patients with higher CAT score. When baseline symptoms were measured via SGRQ-C scores, IND/
GLY showed greater reduction in exacerbations vs SFC
in both patients with higher and lower baseline symptom
burden (Fig. 1a and b). Patients with less severe health
status impairment at baseline had a lower mean percentage of days on exacerbation. Symptom severity during
exacerbations (measured by eDiary) was lower in patients with lower baseline SGRQ scores; however, severity was comparable when we measured baseline health
status via CAT scores (data presented in Supplementary
Figures S3a and S3b).

Of the 3354 patients included in the FLAME study (full
analysis set), 76% with available information met the criteria for bronchitis. Patients with bronchitis experienced
a lower rate of exacerbations (RR, 0.77; P < 0.002), regardless of treatment received. Patients with bronchitis
treated with IND/GLY had a lower annualised exacerbation rate than patients who received SFC (Fig. 3). In patients with bronchitis who experienced exacerbations,
there was no difference in terms of intensity of symptoms during exacerbation between treatment groups;
however, IND/GLY lowered mean percentage of days on
exacerbation versus SFC. Further, both treatments had a
comparable effect on symptom burden during exacerbation, regardless of bronchitis status (data are presented
in Supplementary Figures S5a and S5b).

Impact of baseline dyspnoea on the rates and
characteristics of moderate or severe exacerbations

Patients with lower baseline dyspnoea had a lower annualised exacerbation rate than those with higher dyspnoea (RR,
0.79; P < 0.001). In patients with lower dyspnoea scores, reduction of exacerbation frequency was greater with IND/
GLY versus SFC. However, in patients with higher dyspnoea
scores, efficacy of IND/GLY was comparable with SFC
(Fig. 2). Peak symptom severity and exacerbation duration
(measured by percentage of days on exacerbation) were
lower in patients with lower baseline dyspnoea (data presented in Supplementary Figures S4a and S4b).

Impact of other baseline symptoms on the rates and
characteristics of moderate/severe exacerbations

Other individual baseline symptoms had no impact on
the rate of exacerbations. Results for annualised rate of
COPD exacerbations by baseline total symptom burden
measured via eDiary are presented in the Supplementary
Figure S6, mean percentage of days on exacerbation in
Figure S7a and mean peak symptom scores during exacerbations in Figure S7b.
Impact of baseline eosinophil levels on the rates and
characteristics of moderate/severe exacerbations

There was no impact of baseline blood eosinophil levels
on the rate of exacerbation (RR, 1.03 [0.91 to 1.18]; P =
0.624) and total symptom burden (Supplementary Figure
S8 and Figure S9). In patients with lower blood
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Fig. 1 Annualised rate of COPD exacerbations by baseline. (a) CAT and (b) SGRQ-C total scores. n, number of patients assessed in this analysis.
CAT, COPD Assessment Test; CI, confidence interval; IND/GLY, indacaterol/glycopyrronium 110/50 μg once daily; SFC, salmeterol/fluticasone 50/
500 μg twice daily; SGRQ-C, St. George’s Respiratory Questionnaire for COPD

eosinophil levels (< 300 cells/μL) IND/GLY provided
better protection against future exacerbations compared
with SFC. However, in patients with higher blood eosinophil levels (≥300 cells/μL), the efficacy of IND/GLY
was comparable with SFC.

Impact of smoking status on the rates of moderate/
severe exacerbations

Baseline smoking status had no impact on the rate of exacerbation (RR, 1.03 [0.92 to 1.16]; P = 0.603). However,
in both current and ex-smokers, IND/GLY showed better efficacy in terms of reducing the rates of exacerbations compared with SFC (Supplementary Figure S10).

Discussion
The results of this analysis demonstrated that greater
baseline symptom burden, in terms of higher CAT and
SGRQ scores and higher dyspnoea, is associated with
higher risk of exacerbations. However, patients who had
concurrent bronchitis experienced lower rates of exacerbation. Treatment differences observed between IND/
GLY and SFC were in line with the overall results of the
FLAME study in the majority of groups studied.
Poor symptomatic control is associated with acute exacerbations, and this is a major challenge for physicians
treating COPD patients. Exacerbations severely impair
health status [5] and reduce life expectancy [1]. Previous
reports suggest that patients with higher health status
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Fig. 2 Annualised rate of COPD exacerbations by baseline dyspnoea level measured via eDiary. n, number of patients assessed in this analysis.
Dyspnoea was measured via eDiary based on median split of daily highest dyspnoea scores averaged over the run-in period. CI, confidence
interval; COPD, chronic obstructive pulmonary disease; eDiary, electronic diary; IND/GLY, indacaterol/glycopyrronium 110/50 μg once daily; SFC,
salmeterol/fluticasone 50/500 μg twice daily

impairment, measured using CAT and SGRQ-C, are
prone to exacerbations leading to death [27–29]. Outcomes of our analysis complement previous findings by
confirming that patients with higher health status impairment, demonstrated by higher baseline SGRQ and
CAT scores, had higher subsequent exacerbation frequency regardless of treatment received. Dyspnoea

perception may also be an important factor in reporting
of exacerbations and influencing exacerbation treatment
[30, 31]. Prior studies have shown that increasing dyspnoea levels, as measured using the mMRC scale, are associated with increased risk of hospital readmission and
mortality [32]; therefore, baseline mMRC score can be a
good predictor of mortality [33].

Fig. 3 Annualised rate of COPD exacerbations by baseline bronchitis status measured via eDiary. n, number of patients assessed in this analysis.
Bronchitis was evaluated based on patients’ response to a specific question in the eDiary. Bronchitis and non-bronchitis patients were defined as
those with daily highest sputum volume score of ≥1 (bronchitis) or < 1 (non-bronchitis) for ≥50% of the time during the run-in period. CI,
confidence interval; COPD, chronic obstructive pulmonary disease; eDiary, electronic diary; IND/GLY, indacaterol/glycopyrronium 110/50 μg once
daily; SFC, salmeterol/fluticasone 50/500 μg twice daily
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Our findings expand on prior knowledge on dyspnoea
and its impact on exacerbation risk, through interrogation of detailed eDiary symptom data. The detailed exacerbation symptom characteristics captured by the
eDiary enabled us to show that patients with lower baseline dyspnoea levels experienced exacerbations of reduced symptom severity and duration compared with
patients with higher levels of dyspnoea. Therefore, our
results reinforce that patient-reported dyspnoea levels
are a predictor of subsequent exacerbation frequency. It
should be acknowledged however that in the FLAME
trial patients were included with mMRC≥2. Therefore
our findings may not be generalisable to patients with
lower dyspnoea burden.
Bronchitis is common in COPD, and is associated with
increased risk of exacerbation and hospitalisation [14].
In the present analysis, it was surprising that patients
without bronchitis had increased exacerbation frequency
compared with patients with bronchitis. No significant
differences were seen in exacerbation symptom severity
between patients with bronchitis and without bronchitis.
The relatively small number of patients in the nonbronchitis group may have reduced the power of this
analysis and thus contributed to this anomaly. Response
to the eDiary questionnaire was used for the determination of bronchitis, in contrast to the classical definition
of chronic bronchitis consisting of chronic cough and
sputum production for 3 months a year for 2 consecutive
years [34]. Furthermore, the vast majority of patients
(76%) were classified as having bronchitis, most likely
due to the FLAME inclusion criteria resulting in enrichment with patients with a history of exacerbations.
Given these factors, this result must be treated with caution. Nonetheless, in keeping with the main FLAME results, patients with bronchitis symptoms treated with
IND/GLY had lower exacerbation frequency compared
with those receiving SFC.
Unlike previous reports, our results did not show any
impact of blood eosinophil on the future risks of exacerbations. This may be due to the smaller number of patients in higher blood eosinophil group, as well as the
potential effect of the two treatment arms [21, 22, 35].
We did not observe any association between smoking
status (current and ex-smokers) and the efficacy of the
two treatments on the risk of exacerbations [20, 35].
Despite the evidence supporting reduced steroid responsiveness in current smokers with asthma, the efficacy of
ICS in current smokers with COPD is still rather controversial. Our data suggest that a long-acting β2-agonist/
long-acting muscarinic antagonist is superior to a longacting β2-agonist/inhaled corticosteroid combination on
exacerbation prevention irrespective of smoking status
in COPD and these findings warrant further analyses
that may support treatment decisions.
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Results of our analysis also support the superiority
of IND/GLY compared with SFC observed in the
FLAME study by confirming that patients receiving
IND/GLY had lower exacerbation frequency than
those treated with SFC in both lower and higher
health status impairment groups measured by
SGRQ-C scores. Bronchodilators are associated with
reduced exacerbation frequency, likely in part, due
to improvements in symptom tolerance [36] and
this work reinforces that reduction of hyperinflation
and improvement of breathlessness are key goals in
reducing the burden (both frequency and symptomatic intensity) of COPD exacerbations. Indeed, aside
from lower baseline dyspnoea being associated with
milder exacerbation severity, no relationship was
seen between baseline individual symptom severity
and exacerbation symptom burden. This was not the
case for the group of patients without bronchitis or
patients with high blood eosinophil levels, but this
may well be related to the lack of power due to the
very small size of this group. In both current and
ex-smokers, IND/GLY showed better protection
from exacerbation compared with SFC. Therefore,
whilst the present analysis has reaffirmed both the
strong relationship between disease severity and exacerbation frequency, and the importance of dyspnoea in COPD patients, it appears that the
intensity of other stable state symptoms is not a key
driver of exacerbation symptom severity. This may
be because exacerbation severity is largely driven by
exacerbation triggers such as respiratory viruses and
bacteria [37].
As is inherent in all post hoc analyses, the present
analysis has certain limitations. The group sizes are
smaller (e.g. the number of patients with bronchitis
was markedly larger than the patients without bronchitis) and, hence, all between-treatment results of
this analysis should be interpreted with caution. However, the careful daily reporting of symptoms during
the run-in period via an eDiary increases the reliability of symptom evaluation. Moreover, these analyses
were performed on clinical trial data from a controlled setting, so there are advantages in data collection that eliminates the problem of missing data
versus previous studies.

Conclusions
COPD patients with higher levels of dyspnoea at baseline as well as those with greater impairment in health
status experience increased exacerbation frequency. Our
results suggest that future studies on novel exacerbation
therapies should consider targeting patients with higher
symptom burden at baseline in addition to a history of
previous exacerbations.
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