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Blood Eosinophils: A Biomarker of Response to
Extrafine Beclomethasone/Formoterol in Chronic
Obstructive Pulmonary Disease

To the Editor:

Chronic obstructive pulmonary disease (COPD) is
a heterogeneous condition (1). The identification of COPD
phenotypes may allow stratified treatment approaches that
modulate discrete disease mechanisms. Peripheral blood
eosinophilia is both a common and repeatable finding in COPD
(2). In addition, the presence of a blood/sputum eosinophilia is
associated with a significant proportion of COPD exacerbations
(3, 4) and a favorable response to systemic steroids (5). However,
the role of blood eosinophils in stratifying treatment response to
inhaled corticosteroid/long-acting b-agonist combinations is
poorly understood.

The FORWARD (Foster 48-Week Trial to Reduce
Exacerbations in COPD) study was a randomized, double-blind,
parallel group trial that compared 48 weeks of treatment with
extrafine beclomethasone dipropionate plus formoterol fumarate
(BDP/FF), 100/6 mg pressurized metered-dose inhaler, two
inhalations twice a day, versus FF 12 mg pressurized metered-dose
inhaler, one inhalation twice a day, in patients with severe COPD
with a history of exacerbations (clinical trial registered with
www.clinicaltrials.gov [NCT 00929851]). The results of the study
have been reported (6) and showed a significant reduction in
exacerbation rate (28%) and improvement in lung function with
BDP/FF compared with FF treatment.

Here we evaluate the hypothesis that these treatment
differences differ according to the baseline blood eosinophil count
by performing a post hoc analysis on the FORWARD study data.

Methods
The median (quartile 1; quartile 3) baseline blood eosinophil count
was 181.6 (110.4; 279.8), and the distribution of counts is shown in
Figure E1 in the online supplement. The patients (n = 1,184) were

stratified into quartile groups on the basis of the baseline eosinophil
count. The clinical characteristics of the study population across
the quartiles of baseline blood eosinophils are reported in Table E1.
The following endpoints were analyzed: COPD exacerbation rate
over the course of 48 weeks, using a negative binomial model for
adjusted exacerbation rates, Kaplan-Meier analysis, and Cox
proportional hazard model for time to first exacerbation event;
change from baseline in predose morning FEV1 at 48 weeks, using
a linear mixed model for repeated measurements; and change from
baseline in St. George’s Respiratory Questionnaire total score at
48 weeks, using an analysis of covariance model. Further details of
the models are provided in the online supplement. Additional analyses
using percentage eosinophil count thresholds and considering
absolute counts as a continuous variable were also performed.
A predictive model (see online supplement for details) for future
COPD exacerbation rate was estimated, accounting for a variety of
baseline factors that may influence exacerbations (7). The effect
of baseline blood eosinophil count on adverse events, and in
particular pneumonia, was also evaluated.

Results
The adjusted exacerbation rate in patients receiving BDP/FF was
similar across the quartiles, ranging from 0.75 to 0.87 events/patient/
year. However, there was a pattern of increasing exacerbation
frequency with increasing eosinophil count in patients treated with
FF, with 1.39 events/patient/year within the highest quartile
(>279.8/ml); a 46% reduction in adjusted exacerbation rate caused
by BDP/FF was found in this quartile (P , 0.001), with numerically
smaller treatment effects in the other quartiles (Figure 1A). These
results were supported by a similar trend when evaluating the time to
first exacerbation event (Figure E2 and Table E2). Exploratory
predictive modeling supported these observations and suggested that
in patients treated with BDP/FF, the risk for future exacerbations
was not influenced by baseline blood eosinophils, in contrast to in
patients treated with FF alone (Figure E3).

The treatment difference for the adjusted mean change in
predose FEV1 from baseline to 48 weeks within the highest blood
eosinophil quartile was 0.102 L in favor of BDP/FF (P = 0.001)
(Figure 1B). The treatment differences were lower in the other
quartiles and retained in the lowest quartile (0.083 L; P = 0.006).

Patients receiving BDP/FF within the highest blood eosinophil
quartile demonstrated an adjusted mean change in St. George’s
Respiratory Questionnaire total score from baseline to 48 weeks
of 25.6 units compared with 10.3 units in the FF-only group;
D = 5.9 units in favor of BDP/FF (P, 0.001) (Figure 1C). Smaller
differences were seen in the other quartiles.

Analyses of these outcomes according to percentage baseline
eosinophils and eosinophils as a continuous variable identified
a similar trend (see Tables E3–E5 and online supplement).

No significant differences were observed between BDP/FF and
FF alone in adverse events, including pneumonia, across the blood
eosinophil quartiles (Table E6).

Discussion
Greater treatment differences in the FORWARD study were
observed in patients with eosinophil counts> 279.8/ml compared
with lower eosinophil counts. Patients in the highest eosinophil
quartile experienced the highest exacerbation rate with FF
treatment, and the benefit of additional inhaled corticosteroid
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Figure 1. (A) Adjusted chronic obstructive pulmonary disease (COPD) exacerbation rate (events/patient/year) with beclomethasone dipropionate plus
formoterol fumarate (BDP/FF) (black) and FF (gray) stratified by baseline blood eosinophil (EOS) quartile. (B) Adjusted mean difference from baseline to
48 weeks with BDP/FF (black) and FF (gray) in predose morning FEV1 (L) at 48 weeks stratified by baseline blood EOS quartile. (C) Adjusted mean
difference from baseline to 48 weeks with BDP/FF (black) and FF (gray) in total St. George’s Respiratory Questionnaire (SGRQ) at 48 weeks, stratified by
baseline blood EOS quartile.
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therapy was most evident in these patients. For both
prebronchodilator FEV1 and St. George’s Respiratory
Questionnaire, the lack of inhaled corticosteroid treatment in the
highest quartile led to a worsening, and consequently a much larger
treatment difference, compared with other quartiles.

The FORWARD study was not powered for the post hoc
analyses reported here. Our approach was to look for overall trends
in the analyses, and we saw a consistent pattern for the largest
treatment effects in patients with the highest blood eosinophils,
whether defined by eosinophil percentage or absolute counts.

Peripheral blood eosinophilia in COPD may identify patients
with a particularly favorable response to inhaled corticosteroid/
long-acting b-agonist therapy, perhaps because of the profile of
inflammation that responds well to inhaled corticosteroid
treatment. Prospective studies are required to evaluate the role of
blood eosinophils as a biomarker of inhaled therapy response in
COPD. n
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A Step toward an Optimized Rifampin
Dose Completed

To the Editor:

In the May 1 issue of the Journal, there was an editorial by
Menzies (1) commenting on our article published in the same
issue (2). We are grateful for the author’s complimentary
comments about the study and its relevance to modern practice.
However, the author criticized that we did not report final
treatment efficacy outcomes, noting that we had been asked by
a reviewer to do so.

We agree that the ultimate aim of our work is to improve long-
term treatment outcome for patients with tuberculosis, but we were
clear that the purpose of our protocol was a simple one: to complete
a long-overdue maximum tolerated dose study for rifampin. This
type of study had not been performed previously, with the effect that
physicians still do not know the correct dose of this important
regimen component. Thus, we consider our study an important step
toward this aim by optimizing the dose of rifampin to be carried
forward into phase III clinical trials.

In the editorial, the author claims that long-term outcome
results were mandated by the protocol. This is not correct. The
protocol prescribed bacteriological results during the first 14 days of
the study, during which high-dose rifampin was applied. Follow-up
visits captured safety-related events and ensured that the National
TB Control Program had started participants on a full course of
antituberculosis treatment. At the study sites, the transfer of study
participants between research institutions and public health clinics
is well established. The relevant authorities reviewed and approved
study protocols, and mechanisms are in place to ensure that study
participants receive proper treatment after transfer back to the
clinics from which they were recruited.

From a scientific perspective, it is unlikely that meaningfully
different long-term bacteriological outcomes can be detected after
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