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ABSTRACT
Objectives: To identify clusters of patients who may
benefit from treatment with an inhaled corticosteroid
(ICS)/long-acting β2 agonist (LABA) versus LABA
alone, in terms of exacerbation reduction, and to
validate previously identified clusters of patients with
chronic obstructive pulmonary disease (COPD) (based
on diuretic use and reversibility).
Design: Post hoc supervised cluster analysis using a
modified recursive partitioning algorithm of two 1-year
randomised, controlled trials of fluticasone furoate
(FF)/vilanterol (VI) versus VI alone, with the primary
end points of the annual rate of moderate-to-severe
exacerbations.
Setting: Global.
Participants: 3255 patients with COPD (intent-to-treat
populations) with a history of exacerbations in the past
year.
Interventions: FF/VI 50/25 µg, 100/25 µg or
200/25 µg, or VI 25 µg; all one time per day.
Outcome measures: Mean annual COPD
exacerbation rate to identify clusters of patients who
benefit from adding an ICS (FF) to VI bronchodilator
therapy.
Results: Three clusters were identified, including two
groups that benefit from FF/VI versus VI: patients with
blood eosinophils >2.4% (RR=0.68, 95% CI 0.58 to
0.79), or blood eosinophils ≤2.4% and smoking
history ≤46 pack-years, experienced a reduced rate of
exacerbations with FF/VI versus VI (RR=0.78, 95% CI
0.63 to 0.96), whereas those with blood eosinophils
≤2.4% and smoking history >46 pack-years were
identified as non-responders (RR=1.22, 95% CI 0.94
to 1.58). Clusters of patients previously identified in
the fluticasone propionate/salmeterol (SAL) versus SAL
trials of similar design were not validated; all clusters
of patients tended to benefit from FF/VI versus VI alone
irrespective of diuretic use and reversibility.
Conclusions: In patients with COPD with a history of
exacerbations, those with greater blood eosinophils or
a lower smoking history may benefit more from ICS/
LABA versus LABA alone as measured by a reduced
rate of exacerbations. In terms of eosinophils, this
finding is consistent with findings from other studies;
however, the validity of the 2.4% cut-off and the
impact of smoking history require further investigation.

Trial registration numbers: NCT01009463;
NCT01017952; Post-results.

INTRODUCTION
Chronic obstructive pulmonary disease
(COPD) is an increasing burden on health-
care systems globally.1 Along with the persist-
ent and progressive airflow limitation that
characterises COPD,2 exacerbations of COPD
significantly impair patients’ lives and further
increase the burden on healthcare services.2 3

Moderate-to-severe exacerbations are signifi-
cant events associated with poor patient
prognosis, including worse quality of life,
more rapid disease progression and, for
severe events, increased mortality.2 3 Addition
of an inhaled corticosteroid (ICS) to broncho-
dilator maintenance therapy has been shown
to decrease exacerbations among patients

Strengths and limitations of this study

▪ A key strength of this study was the availability
of two large, global, randomised study popula-
tions, which allowed patients with chronic
obstructive pulmonary disease to be well charac-
terised such that differential responders to
inhaled corticosteroids (ICS) could be identified
and validated against nearly identical controlled
trials.

▪ This analysis was among the first to identify that
raised blood eosinophil levels may be predictive
of treatment response to ICS, which may inform
disease management and prescribing in clinical
practice.

▪ A limitation of this analysis is that it is hypothesis-
generating and failed to validate previous clusters
identified using similar methodology. New findings
regarding eosinophil levels require further external
validation because this factor was not measured in
the prior studies with an identical design.

Hinds DR, et al. BMJ Open 2016;6:e010099. doi:10.1136/bmjopen-2015-010099 1

Open Access Research

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010099 on 1 June 2016. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjopen-2015-010099
http://dx.doi.org/10.1136/bmjopen-2015-010099
http://dx.doi.org/10.1136/bmjopen-2015-010099
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2015-010099&domain=pdf&date_stamp=2016-05-31
http://bmjopen.bmj.com
http://bmjopen.bmj.com/


with COPD4–10 and, as a result, the current Global
Initiative for Chronic Lung Disease (GOLD) guidelines
recommend a fixed-dose combination therapy of ICS/
long-acting β2 agonist (LABA) for patients at risk of fre-
quent exacerbations (ie, two or more per year).2

The identification of patients who may respond more
favourably to one treatment option versus another is an
important consideration for patients and healthcare pro-
viders, allowing for optimal patient management and
evaluation of risks versus benefits when allocating
limited healthcare resources.5 6 11 Cluster analysis is one
method of identifying groups of patients who are more
likely to benefit from one treatment versus another
based on clinical characteristics, and this analysis can be
particularly useful in complex, heterogeneous diseases
such as COPD.12

Cluster analysis has previously been used to identify
patients who had greater exacerbation reduction with an
LABA (salmeterol (SAL)) in combination with an ICS,
fluticasone propionate (SAL/fluticasone combination,
SFC) compared with SAL alone.13 Clusters of patients
receiving diuretics and those not receiving diuretics but
with a baseline bronchodilator reversibility of ≥12%
were found to have significantly greater reductions in
exacerbations when treated with SFC versus SAL, based
on clinical trial data comparing treatment with SFC
versus SAL. No significant differences were found
between the treatments in a third cluster of patients not
receiving diuretics and with baseline bronchodilator
reversibility of <12%.
The present analysis evaluated data from two recent

clinical trials comparing the treatment with an ICS/
LABA versus an LABA alone6 and aimed to identify clus-
ters of patients with COPD who may benefit from the
addition of an ICS to an LABA in terms of exacerbation
reduction, as well as to validate the clusters identified
from the previous analysis of SFC versus SAL.13

METHODS
Clinical study design and patients
The full methodology for the two clinical trials included
in this analysis (NCT01009463 and NCT01017952) has
been previously reported.6 Briefly, these were rando-
mised, double-blind, parallel group, 52-week, multicen-
tre studies. The primary end point of both trials was the
annual rate of moderate-to-severe exacerbations. Eligible
patients were aged ≥40 years and had a history of
COPD, a smoking history of ≥10 pack-years and a forced
expiratory volume in 1 s (FEV1) of ≤70% predicted and
an FEV1/forced vital capacity (FVC) ratio of ≤0.70 after
bronchodilator use; they also had a history of at least
one documented moderate or severe disease exacerba-
tion in the year before screening. Patients with a prior
history of asthma were eligible if they had a current
diagnosis of COPD, but those with a current diagnosis
of asthma were excluded. For 4 weeks prior to random-
isation, patients received an open-label combination of

fluticasone propionate (250 μg) and SAL (50 μg) two
times per day to establish adherence to treatment and a
stable baseline. In both studies, patients were rando-
mised to receive one time per day fluticasone furoate
(FF)/vilanterol (VI) 50/25, 100/25 or 200/25 µg, or one
time per day VI 25 µg monotherapy using the ELLIPTAi

dry powder inhaler.
These clinical trials had identical study designs to the

two trials of SFC versus SAL that were used in the cluster
analysis by DiSantostefano et al,13 with the exception of
study medication, and presented the unique opportunity
to validate the previously identified clusters of patients
who benefited from the addition of an ICS in COPD.
The previously identified cluster modelling was there-
fore applied to the FF/VI versus VI data in an attempt
to validate the findings.

Cluster analysis methodology
This exploratory retrospective analysis was performed
using a modified recursive partitioning algorithm to
carry out supervised cluster analysis that identified new
groups of patients who responded better to an ICS/
LABA combination compared with an LABA alone. The
data-driven algorithm maximised differential responses
to treatment between clusters in terms of exacerbation
reduction (FF/VI vs VI), based on clinical characteristics
from the intent-to-treat populations. For these analyses,
all strengths of FF/VI were collapsed and considered as
one treatment group.

Variables
The baseline characteristics considered to identify clus-
ters of patients are summarised in table 1. In the case of
missing values for continuous variables, the median
value for the full data set was used as an imputed value.
For categorical variables, the value of the most frequent
category was used as an imputed value. Missing values
were generally infrequent and only imputed for vari-
ables in the clustering model. The standard rpart clus-
tering methodology addresses missing values by
including only observations (patients) with non-missing
values. Considering the size of this data set, missing
values for variables in the clustering model were
imputed to optimise the data and to be consistent with
previously conducted cluster analyses.13 To avoid con-
founding by similar variables (eg, membership of a spe-
cific age group such as 65–75 years vs age as a
continuous variable), each variable was assessed for
co-linearity with every other variable using Pearson’s cor-
relation coefficients. Where two similar variables exhib-
ited a Pearson correlation coefficient value of ≥0.7, only
one variable was retained. Baseline information was sum-
marised for each cluster. As cluster analysis requires a
sufficiently large overall sample size (>∼500 patients) to

iELLIPTA is a trademark of the GSK group of companies.
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identify maximum differences in response in a robust
manner, the algorithms were set to allow clusters of no
<100 patients.

Modelling
For this analysis, a data-driven, modified, recursive parti-
tioning technique14 was employed in a similar manner
to that used previously for a similar study.13

Computations were performed using the rpart package
(T Therneau, B Atkinson, B Ripley. RPART: Recursive
Partitioning. R package version 4.0-1. 2012. http://cran.
r-project.org/web/packages/rpart/index.html (accessed
6 Jan 2014)) for the statistical software R (R Core Team.
R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical
Computing, 2016. http://www.R-project.org (accessed

26 Apr 2016)). In brief, the frequency of each variable
was examined for sparse values prior to inclusion into
the tree with the minimal subgroup set at 100 patients.
The best split of the tree was determined by maximising
the treatment differences between clusters, and cluster
membership was assigned to patients based on the
selected tree. Splits in the clustering tree (including the
value on which the tree splits for continuous variables)
are determined by the clustering algorithm. The
primary model for the FF/VI versus VI studies was used
in maximising treatment differences between clusters.
The primary model from the trials was a negative bino-
mial model of the number of moderate and severe
exacerbations adjusted for smoking status at screening,
geographical region, FEV1% predicted at randomisation
and Study 1 versus Study 2 indicator variable, with log

Table 1 Variables considered for the initial cluster analysis

Variables

Demography and medical

history

Age (years)

Sex

Race

Ethnicity

Body mass index (kg/m2)

Pneumococcal vaccination status (baseline)

Influenza vaccination status (baseline)

COPD and exacerbation

history

Duration of COPD, bronchitis/emphysema, moderate and severe exacerbation variables at

baseline, smoking status/history

Outcome data: mean annual moderate/severe exacerbation data to reproduce primary end

point modelling

Concomitant medication

assessment

Medications at run-in/prior medications (including ATC codes and flags to identify prior period

if needed)

Outcome/efficacy

assessments

Annual rate of moderate/severe COPD exacerbations as defined in the two clinical trials.

Moderate: worsening symptoms of COPD that required treatment with oral corticosteroids

and/or antibiotics; severe: worsening symptoms of COPD that required treatment with

in-patient hospitalisation

Screening and baseline

spirometry

Pre-bronchodilator FEV1 (L)

Post-bronchodilator FEV1 (L)

Per cent predicted post-bronchodilator FEV1 (%)

Post-bronchodilator FEV1/FVC (%)

Per cent reversibility FEV1 (%)

FEV1 reversibility (mL)

Reversibility at screening

Baseline FEV1 (L)

Physical examination Screening/baseline medical conditions page: (body system level yes/no) with exception of

cardiac disorders where each condition is listed explicitly from screening/baseline medical

conditions page:

▸ Cardiac disorders: congestive heart failure, coronary disease, myocardial infarction and

arrhythmia

▸ Eye disorders

▸ Metabolism and nutrition disorders

▸ Vascular disorders

▸ Infections and infestations: pneumonia

▸ Endocrine disorders

Laboratory assessments/

ECG

Baseline lymphocytes, WBC, eosinophils, neutrophils, BUN/urea, RBC, haemoglobin, ECG

(p-wave dispersion)

ATC, anatomical therapeutic chemical; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; RBC, red blood cells; WBC, white blood cell counts.
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time on treatment per patient as an offset. Imbalances
in baseline characteristics by treatment within each
cluster were also evaluated and added to the final
model (p<0.05).
Rate ratios (RRs) and 95% CIs were used to estimate

the differences in annual mean exacerbation rates for
each cluster. Internal validation was performed using a
split sample, so that a random sample of 50% of the
patients was selected to create the tree and the remain-
ing half was used for the computation of RRs and CIs to
test statistical significance. Baseline variables within each
cluster are presented as proportions for categorical vari-
ables and medians (interquartile range) for continuous
variables. Differences between variables in clusters were
assessed using χ2 for categorical variables and the
Wilcoxon rank-sum test for continuous variables.

Validation
To validate the clusters from the previous analysis of SFC
versus SAL,13 the same negative binomial model and
final clusters from the recursive partitioning tree from
that analysis were evaluated using the FF/VI versus VI
data. The SFC versus SAL model was adjusted for base-
line FEV1% predicted, reversibility status (yes/no for
≥12% and ≥200 mL improvement) and investigator
region as a random effect, with log time on treatment
per patient as an offset. The prior clusters were consid-
ered validated if the resulting RRs were in the same dir-
ection, and the p value for the overall treatment by
cluster interaction was <0.05 utilising the FF/VI versus
VI data. The clusters were also considered conceptually
validated if the new clusters identified from the FF/VI
versus VI data were defined by similar characteristics as
the SFC versus SAL clusters (reversibility and/or diuretic
use). For the new clusters identified in the FF/VI versus
VI analysis, external validation using the SFC versus SAL
data was considered, using the same RR and p value cri-
teria described above.

RESULTS
A total of 3255 patients were included from the
intent-to-treat populations of the FF/VI clinical trials,
with ∼800 patients included in each of the four treat-
ment arms. The median age of patients was 63.6 years,
and most were men and of Caucasian ethnicity. Further
baseline demographics have been previously presented.6

Identification of clusters
Three clusters of patients were identified from the FF/
VI versus VI data. The clusters were defined by blood
eosinophil levels (as a percentage of white cell counts)
and smoking history (in pack-years). Using the primary
trial model, cluster 1 included patients with blood eosi-
nophils >2.4% (RR=0.66, 95% CI 0.57 to 0.78), cluster 2
included patients with blood eosinophils ≤2.4% and a
smoking history of ≤46 pack-years (RR=0.76, 95% CI
0.62 to 0.94) and cluster 3 included patients with blood

eosinophils ≤2.4% and a smoking history of >46 pack-
years (RR=1.23, 95% CI 0.95 to 1.60). Patients in clusters
1 and 2 exhibited statistically significant reductions in
mean annual exacerbation rate, whereas no reduction
was observed for those in cluster 3.
Within clusters, the number of hospitalisations due to

exacerbations, number of steroid/antibiotic-treated
exacerbations, COPD type (bronchitis and emphysema),
ethnicity and reversibility subgroup at baseline were
imbalanced (p<0.05) by treatment (see online
supplementary table S1). These variables were therefore
added to the model of moderate-to-severe exacerbations
for the final model used in this analysis. After control-
ling for explanatory variables from the original clinical
trial model and imbalances within clusters, treatment
with FF/VI reduced the rate of annual moderate and
severe exacerbations by 22% (RR=0.78, 95% CI 0.70 to
0.88) compared with VI alone (figure 1). Statistically sig-
nificant reductions in mean annual exacerbations were
observed in cluster 1, patients with blood eosinophils
>2.4% (RR=0.68, 95% CI 0.58 to 0.79), and cluster 2,
patients with blood eosinophils ≤2.4% and smoking
history of ≤46 pack-years (RR=0.78, 95% CI 0.63 to
0.96), no reduction was observed in cluster 3, patients
with blood eosinophils ≤2.4% and smoking history of
>46 pack-years (RR=1.22, 95% CI 0.94 to 1.58). The per-
centage of eosinophils was the primary determinant of
exacerbation reduction in the clustering tree.
The baseline patient characteristics for the three clus-

ters, including specific COPD characteristics (as deter-
mined by each patient’s clinician) and laboratory values,
are presented in table 2. Cluster 2 tended to differ from
clusters 1 and 3 and had more women, fewer comorbid-
ities and less medication use, less emphysematic COPD
and less reversibility. Clusters 1 and 3 were generally
similar, although cluster 1 had more bronchitic COPD
relative to emphysematic, whereas cluster 3 had similar
frequencies of the two COPD types.

Sensitivity analyses
Sensitivity analyses were conducted to understand better
the primary split in the clustering tree of percentage
eosinophils. The relationship between blood eosinophil
level and treatment effect was generally linear
(figure 2); therefore, the split in clusters at a blood
eosinophil cut-off of 2.4% was driven by the cluster ana-
lysis methodology. In creating the clusters, the algorithm
split the clusters near the median value of eosinophils
(2.6%).
Sensitivity analyses were also conducted to examine

the effect of imputing missing values for the 77 patients
with missing values for blood eosinophils. The missing
values for these patients were imputed with the median
eosinophil value for the data set (ie, they were assigned
to cluster 1, which included patients with eosinophils
>2.4%). In sensitivity analyses where these patients were
removed from the analysis and forced to the other side
of the eosinophil split, the results did not appreciably
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change. The patients were further classified into clusters
2 or 3 depending on their smoking history.

Validation
The clusters of patients identified from the FF/VI versus
VI trials could not be validated with the SFC versus SAL
trial data that were used in the previous cluster analysis
by DiSantostefano et al.13 Eosinophils as a percentage of
white cell counts were not captured in the SFC versus
SAL trials, so the clustering model could not be used
with these data.
Additionally, the FF/VI trial data did not validate the

clusters identified in the prior analysis of SFC versus
SAL13 (figure 3). Within each of the clusters defined by
the SFC versus SAL analysis, patients receiving FF/VI
had lower exacerbation rates compared with those who
received VI alone. These findings are consistent with the
previous analysis, except for the cluster of patients who
were not receiving diuretics and were not reversible
(<12%) and who were previously identified as a group
of non-responders.13

Despite the identical methods, the SFC versus SAL
and FF/VI versus VI trial populations differed. This may
have been related to the SFC versus SAL trials being
conducted in the USA and Canada, whereas the FF/VI
versus VI studies included a global population. Patients
in the FF/VI versus VI trials appeared to have less severe
disease than those in the SFC versus SAL trials with less
severe airflow limitation (FEV1% predicted), fewer
exacerbations during baseline and less medication use
for comorbid disease. A sensitivity analysis restricting the
FF/VI data to North American data only was conducted.
This analysis did not validate the previously identified
clusters, but it did attenuate many of the imbalances
between the patient populations.

DISCUSSION
This analysis was performed to identify clusters of
patients with COPD who might benefit from an ICS
added to bronchodilator therapy, as measured by a
reduced rate of moderate and/or severe exacerbations,
and to validate the clusters previously identified by
DiSantostefano et al.13 Three clusters were identified
from the FF/VI versus VI data. The blood eosinophil
level was the primary driver of treatment response, with
a greater treatment effect observed in patients with
blood eosinophil levels >2.4% when treated with FF/VI
versus VI alone. The treatment effect was generally linear,
with the mean exacerbation rate decreasing as eosinophil
levels increased. Patients with blood eosinophils ≤2.4%
were further differentiated by smoking history. Patients
with a shorter smoking history (≤46 pack-years)
responded well to the combined treatment, but those
with longer smoking history did not respond.
This analysis was unable to validate the previously

identified clusters from the analysis of SFC versus SAL,
where patients using diuretics and those who were
reversible (>12%) but not using diuretics showed a sig-
nificant reduction in exacerbation when treated with
SFC versus SAL. Patients who were not using diuretics
and who were not reversible did not show a treatment
benefit of SFC versus SAL, but they did show a treatment
benefit with FF/VI versus VI. The inability of this ana-
lysis to validate the clusters previously identified in the
analysis of SFC versus SAL13 is potentially due to differ-
ences between the patient populations. Besides different
treatments across studies, one of the biggest differences
was that the SFC versus SAL studies were primarily con-
ducted in the USA and Canada, whereas the FF/VI
versus VI studies included a global patient population.
Other differences that may explain the inconsistent

Figure 1 Clusters maximising treatment differences in the FF/VI versus VI population (independent clustering solution, fully

adjusted model). The model adjusted for investigator region, FEV1% predicted at randomisation, number of hospitalised

exacerbations, number of steroid/antibiotic-treated exacerbations, COPD type—bronchitis, COPD type—emphysema, study ID,

smoking status, ethnicity and reversibility subgroup. Numbers in parentheses are 95% CIs. COPD, chronic obstructive pulmonary

disease; FEV1: forced expiratory volume in 1 s; FF, fluticasone furoate; RR, rate ratio; VI, vilanterol.
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Table 2 Patient characteristics of the three clusters identified in the final model

Patient characteristics

Cluster 1
eosinophils >2.4%
(N=1777)

Cluster 2
Eosinophils ≤2.4%,
pack-years ≤46
(N=891)

Cluster 3
eosinophils ≤2.4%,
pack-years >46
(N=587) p Value

Age, years 65 (58–70) 62 (55–69) 65 (60–71) <0.0001

Female 693 (39.0) 480 (53.9) 212 (36.1) <0.0001

Hispanic or Latino 298 (16.8) 192 (21.5) 94 (16.0) 0.0041

Current smoker 714 (40.2) 443 (49.7) 282 (48.0) <0.0001

Number of pack-years 40 (28–58) 30 (20–39) 61 (51–80) <0.0001

History of

Cardiovascular disease 1108 (62.4) 519 (58.2) 382 (65.1) 0.0219

Cardiac disorders 306 (17.2) 113 (12.7) 107 (18.2) 0.0036

Coronary artery disease 186 (10.5) 65 (7.3) 73 (12.4) 0.0031

Myocardial infarction 104 (5.9) 26 (2.9) 35 (6.0) 0.0027

Eye disorders 225 (12.7) 87 (9.8) 95 (16.2) 0.0012

Metabolism disorders 729 (41.0) 321 (36.0) 244 (41.6) 0.0277

Medication use

Antithrombotic agents 486 (27.3) 178 (20.0) 167 (28.4) <0.0001

Antihypertensives 87 (4.9) 27 (3.0) 35 (6.0) 0.0195

Lipid-modifying agents 517 (29.1) 187 (21.0) 177 (30.2) <0.0001

Anti-inflammatory and antirheumatic

products

643 (36.2) 242 (27.2) 209 (35.6) <0.0001

Antihistamines for systemic use 216 (12.2) 73 (8.2) 54 (9.2) 0.0036

Exacerbations treated with steroid/antibiotics in the 12 months before screening visit

0 129 (7.3) 67 (7.5) 54 (9.2) 0.47

1 1104 (62.4) 547 (61.4) 341 (58.1) .

2 363 (20.4) 194 (21.8) 136 (23.2) .

≥3 181 (10.2) 83 (9.3) 56 (9.5) .

Number of hospitalised exacerbations in the 12 months before screening visit

0 1428 (80.4) 696 (78.1) 469 (79.9) 0.1044

1 291 (16.4) 152 (17.1) 104 (17.7) .

≥2 58 (3.3) 43 (4.8) 14 (2.4) .

COPD type

Bronchitis 1156 (65.4) 634 (71.2) 366 (62.8) 0.0012

Emphysema 1021 (57.8) 426 (47.9) 362 (62.1) <0.0001

Baseline WBC, GI/L 6.90 (5.80–8.10) 7.20 (6.10–8.60) 7.40 (6.20–8.90) <0.0001

Baseline lymphocytes, % 27.30 (22.30–33.00) 25.80 (21.10–31.30) 25.30 (19.70–30.10) <0.0001

Baseline eosinophils, GI/L 0.28 (0.21–0.39) 0.11 (0.07–0.14) 0.11 (0.07–0.15) <0.0001

Baseline eosinophils, % 4.00 (3.10–5.60) 1.50 (1.00–2.00) 1.50 (1.00–2.00) <0.0001

Baseline eosinophils ≥2% 1700 (100) 233 (26.2) 158 (26.9) <0.0001

Baseline neutrophils, % 61.10 (55.10–66.70) 66.40 (60.60–71.50) 67.10 (62.10–72.70) <0.0001

Baseline neutrophils, GI/L 4.19 (3.37–5.11) 4.81 (3.81–5.98) 4.99 (3.85–6.27) <0.0001

Baseline haemoglobin, G/L 145.0 (136.0–153.0) 145.0 (136.0–154.0) 147.0 (138.0–156.0) 0.0025

Baseline urea/BUN, mmol/L 5.50 (4.50–7.00) 5.20 (4.20–6.50) 5.45 (4.50–6.50) 0.0024

Lung function at screening

Pre-bronchodilator FEV1, L 1.10 (0.81–1.41) 1.12 (0.81–1.42) 1.02 (0.75–1.40) 0.0457

Pre-bronchodilator % predicted FEV1 39.90 (30.00–50.00) 41.70 (31.10–51.60) 38.00 (28.20–50.30) 0.0015

Post-bronchodilator FEV1, L 1.24 (0.96–1.57) 1.22 (0.94–1.55) 1.17 (0.89–1.57) 0.0603

Post-bronchodilator % predicted FEV1 45.70 (35.45–56.00) 46.50 (36.50–56.70) 44.00 (32.60–54.95) 0.0160

Post-bronchodilator FEV1/FVC 45.10 (36.80–53.90) 46.80 (37.80–55.40) 43.20 (35.35–52.50) 0.0002

Reversibility at screening

Reversibility, % 13.00 (5.10–23.20) 10.80 (3.20–19.40) 12.70 (5.20–22.70) <0.0001

Reversibility, mL 140.00 (50.00–230.0) 120.00 (30.00–200.0) 130.00 (50.00–220.0) <0.0001

Reversibility subgroup (≥12% and

≥200 mL increase)

578 (33.0) 224 (25.5) 170 (29.2) 0.0004

Lung function at baseline

Post-bronchodilator FEV1, L 1.17 (0.86–1.53) 1.17 (0.88–1.49) 1.10 (0.82–1.48) 0.0222

Post-bronchodilator % predicted FEV1 42.70 (32.00–53.95) 44.10 (33.50–53.80) 41.20 (29.85–52.65) 0.0075

Data are n (%) or median (IQR) unless otherwise stated. Data presented include characteristics statistically significantly different (p<0.05)
between clusters or imbalanced by treatment (p<0.05) within clusters (see online supplementary table S1).
BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
WBC, white cell count.
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results were that patients in the SFC versus SAL studies
tended to have greater airflow limitation, fewer exacer-
bations at baseline and less medication use.6 13 Limiting
the FF/VI analysis to North America still did not validate
the prior findings, suggesting that other factors contrib-
ute to differences between the trial populations. Most
notably, guidelines for COPD management and diagno-
sis of COPD evolved during the time between the
studies and may have resulted in differences in the
populations recruited into the two sets of clinical trials.
A key strength of this analysis is that it was conducted

using data from two large, global clinical trials,6 and the
results have therefore been generated from a robust
data set of controlled trials with thorough data collec-
tion. On the other hand, the limitations of these clinical
trials are also limitations of our analysis and, in particu-
lar, the generalisability of our findings is limited to
patients with a history of exacerbations, as per the study
inclusion criteria. Although cluster analysis is a useful
tool to provide important information about differential
treatment response among some clusters of patients who

may not respond in a manner similar to the total clinical
trial population, the standard limitations of any cluster
analysis apply.12 These analyses are hypothesis-
generating using a data-driven algorithm and depend
on the baseline patient data collected, and the results
may or may not be clinically meaningful. For example,
history of asthma was not collected in the trial and,
therefore, could not be described by a cluster.
Eosinophils are established as a measure of inflamma-
tion in asthma phenotypes;15 therefore, similar to the
previous cluster analysis,13 patients with asthma–COPD
overlap could be a potential explanation for some of the
observed treatment effect. Although history of asthma
was not collected, the clustering algorithm did not split
on reversibility variables and similar percentages of each
cluster exhibited ≥12% reversibility and ≥200 mL
improvement in FEV1. In addition, the discrimination of
asthma from COPD in clinical practice for some patients
is difficult, particularly for patients presenting with
smoking-related COPD. The analysis also relied on the
baseline data collected regarding the variables in the
clustering model; 77 patients had missing eosinophil per
cent data, no patients had missing data on smoking
pack-years and small numbers of patients (0–44) had
missing data for one of the variables included in the
model. Owing to the size of the data set, these missing
values were imputed, but the results did not appreciably
change in sensitivity analyses where values were not
imputed. Other limitations to cluster analysis include
that the algorithm cannot adjust for multiple compari-
sons, which could yield spurious results. We were unable
to externally validate the clusters defined by eosinophils
and smoking history using the SFC versus SAL data
because baseline eosinophil levels were not collected in
the SFC versus SAL studies. This is an important limita-
tion in light of the fact that the findings from the previ-
ous cluster analysis of SFC versus SAL were not able to
be externally validated within the present analysis.
Eosinophil levels are becoming established as a clinic-

ally relevant biomarker of oral corticosteroid and ICS
response in COPD16–23 and also in asthma.24–26 Earlier
work focused on sputum eosinophils, but blood eosino-
phils are now being accepted as an alternative

Figure 2 Treatment effect by blood eosinophil percentage.

Each value represents the average treatment effect for each

20% of individuals ordered by eosinophil level, against the

median of eosinophil within the group. The model adjusted for

investigator region, study ID, forced expiratory volume in 1 s

% predicted at randomisation and smoking status (model from

the source clinical trials). p Value for linear trend of treatment

effect: p=0.0081.

Figure 3 Validation test of

clusters maximising treatment

differences based on the SAL/

fluticasone combination cluster

analysis model (total fluticasone

furoate/vilanterol trial population).

The model adjusted for baseline

forced expiratory volume in 1 s %

predicted, reversibility status (yes/

no for ≥12% improvement and

≥200 mL) and investigator region

as a random effect. Numbers in

parentheses are 95% CIs. RR,

rate ratio.
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measurement that is more practical to use in a clinical
setting.27 28 The clinical relevance of the 2.4% cut-off in
blood eosinophil levels requires additional exploration;
however, it lies between the 3% value commonly used to
define sputum eosinophilia8 22 29 and the 2% value that
was identified as a relevant cut-off point in patients with
COPD based on an analysis of the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate End
points (ECLIPSE) cohort.30 No minimal clinically
important difference has yet been defined for eosino-
philia in COPD,29 but clinically meaningful differences
have been found in other studies and analyses based on
either a 2% or 2.5% cut-off.3 16 20 23 In particular, this
work complements the post hoc subgroup analysis of the
same clinical trials of FF/VI versus VI that was con-
ducted by Pascoe et al23 That analysis found that patients
with COPD with blood eosinophils ≥2% at baseline
experienced a reduction in exacerbation rates of 29%
(p<0.001) when treated with FF/VI (all strengths) versus
VI alone; the corresponding reduction in patients with
eosinophils <2% was 10% (p=0.283). This analysis add-
itionally found progressively greater exacerbation reduc-
tion when eosinophils were stratified into <2%, 2% to
<4%, 4% to <6% and ≥6%, which is consistent with the
generally linear trend that we have observed. The results
from the present analysis confirm these findings while
using a different and data-driven methodology, reinfor-
cing eosinophil levels as an important biomarker of ICS
treatment response. Owing to the generally linear rela-
tionship between eosinophils and treatment, the recur-
sive partitioning algorithm split for the data around the
median, which may not be a true inflection point in the
data; although the split chosen in the data is consistent
with the existing literature on eosinophils. Also of note,
due to the cluster analysis methodology and the correl-
ation between eosinophil per cent and eosinophil count
in the data set, eosinophil per cent was kept as a variable
on which the algorithm could split the tree rather than
count. Eosinophil per cent was kept based on fewer
missing values relative to count23 and use in previous
analyses.3 16 21 23 As a sensitivity analysis, eosinophils
were added as an explanatory variable in the base mod-
elling and the tree was not allowed to split on them. The
resulting tree was based on smoking history, with the
split at 46 pack-years (data not shown). The group of
non-responders from this analysis (ie, patients with lower
eosinophil levels and a smoking history of >46 pack-
years) has been previously identified.30 Further investiga-
tion of patients with lower eosinophils and variable
smoking history is needed.
If these findings regarding blood eosinophils being

predictive of ICS treatment response can be validated
externally, they may provide important information on
disease phenotypes that benefit most from the addition
of ICS to LABA therapy and inform on the benefit–risk
profile of ICS-containing regimens. Sputum eosino-
philia has been identified in 20–40% of patients with
COPD,8 and a simple blood test may allow for

straightforward identification of ICS responders in clin-
ical practice.
To be useful in clinical practice, external validation of

these results, potentially through clinical trials, is
required along with further investigations to identify the
relevant cut-off points for blood eosinophil levels. In
addition, the relevance of smoking history also warrants
further investigation. Within asthma, the identification
of blood eosinophils has provided a step forward for the
identification of patients who benefit from the use of
anti-IL-5 monoclonal antibody treatments, potentially
opening the door to a new treatment option within
asthma.8 Such advances within COPD, particularly with
regard to minimising exacerbations, may also contribute
to more optimised disease management.
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