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Background: Eosinophilic airway inflammation in patients with
chronic obstructive pulmonary disease (COPD) is associated
with exacerbations and responsivity to steroids, suggesting
potential shared mechanisms with eosinophilic asthma.
However, there is no consistent blood eosinophil count that has
been used to define the increased exacerbation risk.

Objective: We sought to investigate blood eosinophil counts
associated with exacerbation risk in patients with COPD.
Methods: Blood eosinophil counts and exacerbation risk were
analyzed in patients with moderate-to-severe COPD by using 2
independent studies of former and current smokers with
longitudinal data. The Genetic Epidemiology of COPD
(COPDGene) study was analyzed for discovery (n = 1,553), and
the Evaluation of COPD Longitudinally to Identify Predictive
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Surrogate Endpoints (ECLIPSE) study was analyzed for
validation (n = 1,895). A subset of the ECLIPSE study subjects
were used to assess the stability of blood eosinophil counts over
time.

Results: COPD exacerbation risk increased with higher
eosinophil counts. An eosinophil count threshold of 300 cells/pL
or greater showed adjusted incidence rate ratios for
exacerbations of 1.32 in the COPDGene study (95% CI,
1.10-1.63). The cutoff of 300 cells/pL or greater was validated
for prospective risk of exacerbation in the ECLIPSE study, with
adjusted incidence rate ratios of 1.22 (95% CI, 1.06-1.41) using
3-year follow-up data. Stratified analysis confirmed that the
increased exacerbation risk associated with an eosinophil count
of 300 cells/pL or greater was driven by subjects with a history
of frequent exacerbations in both the COPDGene and ECLIPSE
studies.

Conclusions: Patients with moderate-to-severe COPD and blood
eosinophil counts of 300 cells/pL or greater had an increased
risk exacerbations in the COPDGene study, which was
prospectively validated in the ECLIPSE study. (J Allergy Clin
Immunol 2018;141:2037-47.)

Key words: Chronic obstructive pulmonary disease, asthma, eosinophil,
exacerbation

Chronic obstructive pulmonary disease (COPD) is character-
ized by irreversible airflow limitation and has limited therapeutic
options. Patients with COPD are prone to exacerbations, which
are associated with decreased lung function and increased
morbidity and mortality. In patients with COPD, respiratory tract
inflammation is thought to be driven by lymphocytes and
neutrophils' compared with inflammation in asthmatic patients,
which is mediated by Ty2 cells and eosinophils.” In patients
with asthma, eosinophilic inflammation is associated with an
increased exacerbation risk and loss of disease control on inhaled
corticosteroid (ICS) withdrawal.” Similarly, increasing evidence
suggests that 20% to 40% of patients with stable COPD have
eosinophilic airway inflammation, as measured based on sputum
eosinophil counts,” that is associated with exacerbations™® and
response to steroids.””

Because blood eosinophil counts are more easily assessed
than sputum eosinophil counts, associations between blood
eosinophil counts and COPD phenotypes have been investi-
gated. Prior studies have reported that a blood eosinophil count
of 2% can serve as a surrogate for sputum eosinophilia during a
COPD exacerbation,'® whereas other studies have reported a
lack 011c 1 ]ci)rrelation between sputum and blood eosinophil
counts.
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Abbreviations used
ACO: Asthma-COPD overlap
CBC: Complete blood count
COPD: Chronic obstructive pulmonary disease
COPDGene: Genetic Epidemiology of COPD
CT: Computed tomography
ECLIPSE: Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints
FVC: Forced vital capacity
GERD: Gastroesophageal reflux disease
GOLD: Global Initiative for Chronic Obstructive Lung Disease
ICS: Inhaled corticosteroid
IRR: Incidence rate ratio
ROC: Receiver operating characteristic
SGRQ: Saint George’s Respiratory Questionnaire
WBC: White blood cell

Furthermore, there is conflicting evidence about whether
increased blood eosinophil counts are associated with increased
exacerbations. Some studies reported increased COPD
exacerbation risk, with varying blood eosinophil counts in general
and clinical populations'>™'” and post hoc analyses of clinical
trials,"?' whereas other studies have reported lack of
associations between blood eosinophil counts and COPD
exacerbations,'!'*?%%3 Recently, a clinical trial showed that
mepolizumab, an anti-IL-5 mAb, reduced moderate or severe
exacerbations in patients with COPD with high blood eosinophil
counts,”* demonstrating that blood eosinophil counts are a useful
biomarker to identify eosinophilic inflammation that can be
targeted for therapy.

In this study we aimed to evaluate the relation between
blood eosinophil counts and COPD exacerbation risk in 2
well-phenotyped COPD cohorts: the Genetic Epidemiology of
COPD (COPDGene)*” and Evaluation of COPD Longitudinally
to Identify Predictive Surrogate Endpoints (ECLIPSE)”® studies.
We determined blood eosinophil counts associated with COPD
exacerbations in the COPDGene study and validated the findings
prospectively in the ECLIPSE study.

METHODS

Study populations

The COPDGene and ECLIPSE studies have been described previously.”>*°
Briefly, the COPDGene study is a multicenter observational study that
enrolled 10,192 smokers with and without COPD in phase 1. Complete blood
counts (CBCs) were measured at the phase 2 visit, which was approximately
5 years later. Subjects were clinically stable, with at least 30 days since their
last exacerbation. The current analysis included 1,553 phase 2 subjects with
Global Initiative for Chronic Obstructive Lung Disease (GOLD) spirometry
grade 2 to 4 COPD (postbronchodilator FEV/forced vital capacity [FVC]
ratio <0.7 with FEV, <80% of predicted value)*’ who had available CBC
and clinical data. Of these subjects, 1,113 (71%) participated in a longitudinal
follow-up program to prospectively assess exacerbations after the phase 2
visit.

The ECLIPSE study was a multicenter, multinational, 3-year longitudinal
study that enrolled 3,291 subjects. We analyzed 1,895 subjects with GOLD
spirometry grade 2 to 4 with complete CBC and 3-year follow-up data. Subjects
with an exacerbation within 3 weeks of enrollment were excluded. We also
analyzed 243 smokers as control subjects with repeated CBC measurements to
measure eosinophil stability. Subjects taking oral corticosteroids were excluded
from both the COPDGene and ECLIPSE analyses (see Fig E1 in this article’s
Online Repository at www.jacionline.org).
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Exacerbation ascertainment

In the COPDGene and ECLIPSE studies exacerbations were self-reported
and defined as an episode of increased dyspnea, cough, and/or sputum
production that required antibiotic and/or systemic steroid treatment. Severe
exacerbations were defined as exacerbations requiring emergency department
visits or hospitalization.'**® In the longitudinal follow-up program for
COPDGene study participants, exacerbation information was collected by
means of telephone call or Web-based survey every 6 months.

Statistical analysis

Descriptive analysis was performed with the ¢ test, Fisher exact test, and
Kruskal-Wallis test, as appropriate. Negative binomial multivariate regression
was performed for exacerbation analysis, and incidence rate ratios (IRRs)
were calculated with 95% CIs. Nested models with and without eosinophil
counts were compared by using a likelihood ratio test. Logistic regression
was performed for binary variables (frequent exacerbations and severe
exacerbations). Linear regression was performed for continuous variables,
and the residuals were plotted to check normality assumption. Receiver
operating characteristic (ROC) curves for multivariate models with different
eosinophil counts were plotted for no exacerbations versus 1 or more
exacerbations to evaluate eosinophil cutoffs. Statistical analyses were
performed with R version 3.3.1 software.

RESULTS
Eosinophil count thresholds and exacerbation risk
in a cross-sectional analysis of the COPDGene study

Of the 1,765 COPDGene subjects with GOLD grade 2 to 4
COPD and CBC data, subjects taking chronic oral steroids or with
incomplete information were excluded, leaving 1,553 subjects for
analysis (see Fig E1). Because there is no consensus definition for
eosinophilic COPD, we evaluated a range of thresholds ranging
from 2% to 5% and from 100 to 400 cells/wL for association
with exacerbations. We also included an eosinophil count cutoff
of 340 cells/pL based on a recent publication.'® In negative
binomial regression analysis adjusting for known COPD
exacerbation risk factors, including gastroesophageal reflux
disease (GERD), Saint George’s Respiratory Questionnaire
(SGRQ) total score, baseline smoking status, postbronchodilator
FEV, percent predicted, and white blood cell (WBC) count, we
observed increasing IRRs for exacerbation frequency as the
eosinophil count cutoff increased (Fig 1). Eosinophil counts
showed a consistent linear relationship with exacerbation risk,
which was not clearly seen with eosinophil percentages.
Multivariable logistic regression models using different
eosinophil count cutoffs found that a threshold of 300 cells/wL
produced the maximal area under the ROC curve, with the highest
sensitivity and specificity (see Fig E2 in this article’s Online
Repository at www.jacionline.org). Compared with the nested
model without eosinophil counts, inclusion of an eosinophil count
threshold of 300 cells/wL was statistically significant (P = .006,
likelihood ratio test).

Patients with eosinophilic COPD were more likely to be male
and non-Hispanic white and had a greater number of
exacerbations per year. Subjects with eosinophil counts of
300 cells/pL or greater had higher WBC counts with lower
neutrophil percentages. There was no difference in reported ICS
use between patients with eosinophil counts of greater than or less
than 300 cells/p.L (Table ). In multivariable analysis eosinophilic
COPD was associated with higher SGRQ score (total, impact,
and activity) and less emphysema measured by using
quantitative analysis of chest computed tomographic (CT) scans
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FIG 1. Risk of COPD exacerbations with increasing blood eosinophil counts in the COPDGene study.
A, Mean 1-year exacerbation frequency reported at phase 2 visit per blood eosinophil count range in
patients with moderate-to-severe COPD. Error bars indicate SEs. Differences between group means were
determined by using 1-way ANOVA and the Tukey honestly significant difference test. B, Mean 1-year
exacerbation frequency reported at phase 2 visit per blood eosinophil percentage range in patients with
moderate-to-severe COPD. Error bars indicate SEs. Differences between group means were determined
by using 1-way ANOVA and the Tukey honestly significant difference test. C, Adjusted IRRs for COPD
exacerbations with different eosinophil cutoff values. Risk estimates are derived from negative binomial
regression models adjusted for age, sex, race, GERD, SGRQ score, postbronchodilator FEV; percent

predicted, and WBC count. NA, Not available.

(low-attenuation area at —950 Hounsfield units and the 15th
percentile of the lung density histogram; see Table E1l in this
article’s Online Repository at www.jacionline.org). There
was no difference in spirometric measures (FEV,, FVC, and
FEV,/FVC ratio) or 6-minute walk distance.

In a multivariable model exacerbation frequency was
associated significantly with female sex, white race, GERD,
higher SGRQ total score, lower postbronchodilator FEV | percent
predicted, and eosinophil counts of 300 cells/wL. or greater
(Table II). Eosinophil counts of 300 cells/pL or greater had an
IRR of 1.32 (95% CI, 1.10-1.61; Table II). Furthermore,
eosinophilic COPD was associated with frequent exacerbations
(=2 per year) in a logistic regression analysis (odds ratio, 1.58;
95% CI, 1.07-2.30; Table II).

Prospective analysis of the COPDGene study

Of the 1,553 patients in the cross-sectional analysis, 1,113
(71.6%) had at least 1 follow-up contact after the COPDGene
phase 2 visit, for a total of 1,561 person-years (mean, 512 days).
There was no difference in follow-up duration or proportion lost
to follow-up between patients with eosinophilic and those with
noneosinophilic COPD. The same covariates as in the
cross-sectional multivariable model were used, with the addition
of prior exacerbation history. Subjects with eosinophil counts of
300 cells/uL or greater at the phase 2 visit had an increased
prospective exacerbation rate, with a similar risk estimate as the
cross-sectional analysis (IRR, 1.33; 95% CI, 0.91-1.95); however,
eosinophilic COPD was not statistically significant in
multivariable regression (Table II).

When we performed stratified analysis based on exacerbation
frequency in the prior year, we found that the predictive ability of
eosinophilic COPD for future exacerbations was driven by

the subset of subjects with a history of frequent exacerbations
(=2 per year; IRR, 1.96; 95% CI, 1.21-3.21; P =.008). In subjects
with 2 or more exacerbations in the prior year, the annual
exacerbation rate during follow-up was 2.39 in those with
increased eosinophil counts compared with 1.42 in those
without increased eosinophil counts (see Tables E2 and E3 in
this article’s Online Repository at www.jacionline.org). A high
eosinophil count was not significantly associated with future
exacerbations in subjects with a history of 1 or fewer
exacerbation in the previous year (Table III and see Table E2).

Validation in the ECLIPSE study

We prospectively validated the increased exacerbation risk
with increased eosinophil counts in the ECLIPSE study. Among
2,303 subjects with GOLD grade 2 to 4 COPD, 1,895 with
baseline CBC data and complete covariate information were
included in the analysis. There were 133 subjects who
participated in the screening visit but did not have follow-up
visits or had missing laboratory information. There was no
difference in the proportion of eosinophilic and noneosinophilic
COPD among these subjects compared with the overall study
population. Similar to the COPDGene study, those with
eosinophil counts of 300 cells/wL or greater at the screening visit
were more likely to be male. WBC counts were increased, and
neutrophil percentages were decreased (Table I). There was no
difference in quantitative CT measurements of emphysema and
SGRQ scores in the ECLIPSE study in contrast to the COPDGene
study (see Table E1). As in the COPDGene study, there was no
association between eosinophil counts of 300 cells/L or greater
and spirometric measures or 6-minute walk distance.

We calculated exacerbation rates by dividing the total number of
moderate-to-severe exacerbations by observed time at 2 different
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TABLE l. Baseline characteristics of subjects with high versus low blood eosinophil counts
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COPDGene study

ECLIPSE study

Eosinophil count
<300 cells/pL

Eosinophil count

>300 cells/pL

Eosinophil count
<300 cells/pL

Eosinophil count

>300 cells/pL

(n =1,187) (n = 366) P value (n = 1,477) (n = 418) P value
Age (y), mean (SD) 67.88 (8.19) 68.27 (8.29) 43 63.23 (7.1) 63.86 (6.8) A1
Female sex, no. (%) 567 (47.8) 130 (35.5) <.001 542 (36.7) 114 (27.3) <.001
White race, no. (%) 911 (76.7) 305 (83.3) .009 1,446 (97.9) 407 (97.4) .64
Postbronchodilator FEV, (% predicted), mean (SD) 53.11 (17.0) 51.43 (17.2) .10 47.96 (15.5) 48.72 (15.9) .38
GOLD grade, no. (%) 55 77
2 695 (58.6) 204 (55.7) 644 (43.6) 179 (42.8)
3 360 (30.3) 115 (31.4) 631 (42.7) 186 (44.5)
4 132 (11.1) 47 (12.8) 202 (13.7) 53 (12.7)
FEV, decrease (mL/y), mean (SD) NA NA NA 34.12 (45.0) 30.0 (50.0) .18
Drco (mL/min/mmHg)*f 14.70 (6.4) 15.17 (6.4) .26 NA NA NA
CT emphysema (% at —950 HU),T mean (SD) 12.59 (12.8) 11.69 (11.7) 31 17.77 (12.4) 17.43 (11.8) .65
CT lung density 15th percentile,f mean (SD) —936.30 (27.3) —933.32 (29.9) 13 —948.37 (27.07) —949.35 (25.41) .54
SGRQ total score, mean (SD) 35.21 (20.3) 37.41 (21.8) .07 49.97 (20.26) 47.98 (20.23) .08
Six-minute walk distance (m), mean (SD)f 345.9 (128) 340.5 (138) .50 370.9 (120) 372.2 (122.8) .85
Any asthma history, no. (%) 299 (25.2) 101 (27.6) 51 326 (24.0) 102 (26.3) .39
ACO, no. (%) 130 (11.3) 54 (15.3) .06 120 (9.4) 47 (12.7) .09
Bronchodilator reversibility,i no. (%) 189 (15.9) 65 (17.8) 46 318 (21.5) 120 (28.7) .003
Exacerbations/y,§ mean (SD) 0.49 (0.9) 0.69 (1.2) <.001 1.15 (1.3) 1.37 (1.6) .004
Severe exacerbations,|| (%), mean (SD) 190 (16) 69 (18.9) 23 0.27 (0.6) 0.29 (0.7) .55
BMI (kg/m?), mean (SD) 28.06 (6.4) 28.52 (6.4) 22 26.42 (5.7) 26.65 (5.5) 45
Pack-years of smoking, mean (SD) 51.96 (24.3) 51.43 (25.8) 72 47.91 (26.6) 50.53 (28.0) .08
Current smokers, no. (%) 404 (34.0) 116 (31.7) 44 926 (62.7) 266 (63.6) 17
ICS use, no. (%)t 568 (48.4) 187 (51.1) 40 1047 (70.9) 310 (74.2) 21
WBC count, mean (SD) 7.32 (2.2) 8.32 (1.9) <.001 7.70 (2.3) 8.76 (2.4) <.001
Eosinophils (%), mean (SD) 2.01 (1.1) 5.15 (2.3) <.001 2.10 (1.2) 5.56 (2.7) <.001
Neutrophils (%), mean (SD) 62.06 (10.2) 59.61 (9.7) <.001 65.29 (8.9) 62.99 (8.4) <.001
Lymphocytes (%), mean (SD) 27.08 (9.3) 26.30 (8.9) .16 26.06 (8.1) 24.91 (7.3) 009
Monocytes (%), mean (SD) 8.26 (2.5) 8.26 (2.2) 1.00 6.22 (2.3) 6.15 (2.2) 57
Basophils (%), mean (SD) 0.60 (0.6) 0.68 (0.6) .02 0.33 (0.2) 0.38 (0.2) <.001

Statistically significant values are shown in boldface.

BMI, Body mass index; Drco, diffusion capacity of the lung for carbon monoxide; HU, Hounsfield units.

*Adjusted for altitude and hemoglobin level.

TSubsets of subjects with complete information were used as follows: DLco—eosinophil count <300 cells/uL (n = 1,003), eosinophil count >300 cells/pL (n = 304). Chest CT
data—COPDGene study (eosinophil count <300 cells/pL [n = 863], eosinophil count >300 cells/pL [n = 256]), ECLIPSE study (eosinophil count <300 cells/uL [n = 1,263],
eosinophil count >300 cells/pL [n = 347]). Six-minute walk distance—COPDGene study (eosinophil count <300 cells/wL [n = 1,166], eosinophil count >300 cells/pL [n = 355]),
ECLIPSE study (eosinophil count <300 cells/pL [n = 1,457], eosinophil count >300 cells/pL [n = 414]). Asthma—COPDGene study (eosinophil count <300 cells/uL

[n = 1,322], eosinophil count >300 cells/uL [n = 184]), ECLIPSE study (eosinophil count <300 cells/pL [n = 1,170], eosinophil count >300 cells/wL [n = 370]).

{Defined as change in FEV, of at least 200 mL and 12% after bronchodilator. Two subjects from the COPDGene study had missing data.

§Number of exacerbations in the prior year to phase 2 study visit is reported for the COPDGene study, and exacerbation rate during the overall study period is reported for the

ECLIPSE study.

||Severe exacerbations defined by emergency department visits or hospitalizations was a binary variable in the COPDGene study. In the ECLIPSE study the severe exacerbation rate

during the overall study period is reported.

time points: 1-year follow-up and overall study period (4,981
person-years total; mean, 959 days). Models were adjusted for age,
sex, race, and known risk factors for COPD exacerbations (ie, prior
history of exacerbations, GERD, SGRQ total score, baseline
smoking status, postbronchodilator FEV, percent predicted, and
WBC count). There was no difference in risk estimates when we ac-
counted for subjects with a change in smoking status, and therefore
we only included baseline smoking status in the model. An eosin-
ophil count of 300 cells/L or greater at screening was consistently
predictive of future exacerbations (IRR, 1.20 [95% CI, 1.05-1.36] at
1 year; IRR, 1.22 [95% CI, 1.06-1.42] for the overall study period;
Table 1V). Comparable with the COPDGene study, increasing
eosinophil counts were associated with greater risk of exacerbation
(Fig 2). Addition of eosinophil counts was statistically significant
based on the likelihood ratio test (P <.001 for 1-year follow-up

and overall study period). The area under the curve in ROC analyses
did not differ with different eosinophil count cutoffs (see Fig E3 in
this article’s Online Repository at www.jacionline.org). Similar to
the COPDGene longitudinal follow-up study, the exacerbation risk
associated with increased eosinophil counts was driven by the
frequent exacerbators with 2 or more exacerbations before study
entry in the stratified analysis (IRR, 1.40; 95% CI, 1.15-1.70;
P < .001; Table V). Subjects with frequent exacerbation history
and eosinophil counts of 300 cells/uL or greater had a higher
annual exacerbation rate (overall, 2.41 per year) than those with
frequent exacerbation history and lower eosinophil counts
(overall, 1.61 per year; see Table E3). In the longitudinal analysis
patients with eosinophilic and noneosinophilic COPD had
similar changes in FEV, FVC, SGRQ score, and 6-minute walk
distance.
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TABLE Il. Multivariable models of blood eosinophil counts of 300 cells/nL or greater and exacerbation risk in the COPDGene study

COPDGene: Year before visit 2 (cross-sectional)

COPDGene: Longitudinal
follow-up

Exacerbation frequency*
(n = 1,553)

Exacerbation rate*
(n =1,113)

Frequent exacerbationt
(n =1,281)

Factors IRR* (95% CI) P value ORTt (95% CI) P value IRR* (95% CI) P value
Age 0.98 (0.97-1.00) .007 0.96 (0.94-0.99) .003 0.99 (0.97-1.01) 48
Female sex 1.43 (1.20-1.71) <.001 1.83 (1.30-2.58) <.001 0.87 (0.65-1.15) 31
Nonwhite race 0.73 (0.57-0.92) .008 0.63 (0.40-0.99) .05 1.73 (1.19-2.55) .005
SGRQ total score 1.02 (1.02-1.03) <.001 1.04 (1.03-1.05) <.001 1.02 (1.01-1.03) <.001
Postbronchodilator FEV, (% predicted)§ 0.98 (0.98-0.99) <.001 0.97 (0.96-0.98) <.001 0.99 (0.98-1.00) .003
GERD 1.33 (1.11-1.59) .002 1.35 (0.95-1.91) .09 1.08 (0.81-1.45) .57
Current smoking 0.71 (0.57-0.89) .002 0.56 (0.37-0.84) .006 0.63 (0.45-0.90) .01
Previous exacerbations NA NA NA NA 2.51 (1.87-3.37) <.001
WBC count 1.00 (0.96-1.04) 97 1.02 (0.94-1.10) .66 1.03 (0.96-1.10) 44
Eosinophil count >300 cells/wL 1.32 (1.08-1.61) .006 1.58 (1.07-2.30) 019 1.33 (0.92-1.95) 13

Statistically significant values are shown in boldface.
NA, Not available; OR, odds ratio.
*Risk estimate from negative binomial regression.

TOdds ratio from logistic regression comparing subjects with 2 or more exacerbations per year to subjects with less than 1 exacerbation per year.

{Per 1-point increase in score.
§Per percentage point increase in FEV;.

TABLE Illl. Risk of increased blood eosinophil counts on future exacerbations stratified by prior exacerbation history: IRRs
associated with eosinophil counts of 300 cells/pL or greater derived from multivariable analysis for exacerbation rate in the

COPDGene longitudinal follow-up study

COPDGene longitudinal follow-up stratified analysis

No exacerbations in the prior

year (666 vs 98)

Two or more exacerbations
in the prior year (125 vs 31)

One exacerbation in the prior
year (165 vs 28)

Noneosinophilic vs eosinophilic IRR (95% ClI)

P value

IRR (95% Cl) P value IRR (95% Cl) P value

Eosinophil count >300 cells/nL at phase 2 visit 1.12 (0.57-2.28)

73

1.02 (0.48-2.20) 97 1.96 (1.21-3.21) .008

Multivariable model adjusted for age, sex, race, SGRQ score, GERD, current smoking, and WBC count. Statistically significant values are shown in boldface.

We also analyzed the subset of subjects (1,839 patients with
COPD and 243 control subjects) with repeated eosinophil
measurements over the course of the ECLIPSE study. Eosinophil
counts were relatively stable over time, with an interclass correlation
coefficient of 0.57. There was no significant difference in interclass
correlation coefficient between patients with COPD and control
subjects (0.57 and 0.56, respectively). For a subset of 1,345 (71%)
patients with COPD with 4 CBC measurements over the study (0, 1,
2, and 3 years), 90 (6.7%) had persistently increased eosinophil
counts of greater than 300/wL. The majority (784 [58%]) had
eosinophil counts of less than 300/pL for the entire study. The
exacerbation risk in patients with persistently increased eosinophil
counts was greater compared with that in patients with persistently
low eosinophil counts and those with fluctuating eosinophil counts
(see Table E4 in this article’s Online Repository at www.jacionline.
org), suggesting that although baseline eosinophil count was
predictive of exacerbation risk up to 3 years, patients with persistent
eosinophilia are at the greatest risk of exacerbation.

Sensitivity analysis

To evaluate for confounding by ICS use, we included use of
ICSs as a covariate in the multivariable model. The association
between eosinophilic COPD and exacerbations in the COPDGene
and ECLIPSE studies remained (COPDGene IRR, 1.34 [95% CI,
1.01-1.63]; ECLIPSE 1-year follow-up IRR, 1.18, [95%
CI, 1.04-1.34]; and overall study period IRR, 1.21 [95%

CI, 1.05-1.39]). In addition, we performed a sensitivity analysis
focusing on the subgroup of subjects not taking ICSs. Although
increasing eosinophil counts were associated with increased
exacerbation risk, the cutoff of 300 cells/uL. was no longer
statistically significant. This 1is likely related to the
reduced sample size (see Fig E4 in this article’s Online Repository
at www.jacionline.org) because previously validated risk
factors for COPD exacerbations, including GERD and WBC,14
were no longer significant in the subgroup analysis (data not
shown).

Epidemiologic relationship between eosinophilic
COPD and asthma-COPD overlap

We analyzed the relationship between eosinophilic COPD,
asthma-COPD overlap (ACO), and exacerbation risk. ACO has
been shown previously to be associated with increased
exacerbation risk in the COPDGene””"" and ECLIPSE”' studies.
Patients with COPD with eosinophil counts of 300 cells/pwL or
greater were more likely to have ACO by using the COPDGene
study’s definition of self-report of a doctor’s diagnosis of asthma
before age 40 years (odds ratio, 1.51 for the COPDGene study and
1.69 for the ECLIPSE study; see Table ES5 in this article’s Online
Repository at www.jacionline.org).’*** However, the overall
concordance between eosinophilic COPD and asthma was low
(n = 54 in the COPDGene study and n = 47 in the ECLIPSE
study, Fig 3). In negative binomial regression ACO and
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TABLE IV. Multivariable models of blood eosinophil counts of 300 cells/pL or greater and exacerbation risk in the ECLIPSE study

ECLIPSE study

1y Overall study period
Factors associated with exacerbation rate IRR (95% Cl) P value IRR (95% CI) P value
Age 1.01 (1.00-1.02) .008 1.01 (1.00-1.02) .01
Female sex 1.23 (1.10-1.38) <.001 1.31 (1.15-1.49) <.001
Nonwhite race 0.82 (0.56-1.18) 29 0.71 (0.45-1.08) 12
SGRQ total score* 1.01 (1.01-1.01) <.001 1.01 (1.01-1.01) <.001
Postbronchodilator FEV, (% predicted) 0.99 (0.98-0.99) <.001 0.98 (0.97-0.98) <.001
GERD 1.39 (1.24-1.56) <.001 1.36 (1.19-1.56) <.001
Current smoking 1.10 (0.98-1.24) A1 1.21 (1.06-1.39) 005
previous exacerbations 2.45 (2.18-2.74) <.001 2.87 (2.51-3.29) <.001
WBC count 1.04 (1.01-1.06) 001 1.04 (1.02-1.07) <.001
Eosinophil count >300 cells/pL at screening 1.20 (1.05-1.36) 005 1.22 (1.06-1.42) .006
Risk estimates from negative binomial regression are shown. Statistically significant values are shown in boldface.
*Per 1-point increase in score.
fPer percentage point increase in FEV.
Au ] p <0.05 c
§ p<0.05 1 < =
T Eosinophil Cutoff n n IRR 95% Cl
==
- - continuous cells/uL NA 1895 1.46 1.09-1.93 —_—
100 cells/uL 368 1527 11 0.96-1.26 T
200 cells/uL 1032 863 11 0.99-1.23 —a—
§ 300 cells/uL 1477 418 1.2 1.05-1.36 ——
340 cells/uL 1584 311 1.22 1.06-1.40 ——
B N 400 cells/ul 1668 227 127  1.08-1.48 —
1 N.S.
g IT I continuous % NA 1895 1.03  1.01-1.06 ]
: aC T S T JT_ 2% 720 1175 1.12 1.00-1.25 ——
: * = T
3 3% 1178 717 1.11 0.99-1.24 —a—
i 4% 1476 419 145 1.01-1.31 ——
5% 1660 235 1.21 1.03-1.42 —

Eosinophil Percents

FIG 2. Risk of prospective COPD exacerbations with increasing blood eosinophil counts in the ECLIPSE
study. A, Mean exacerbation rate during the overall study period per blood eosinophil count range in
patients with moderate-to-severe COPD. Error bars indicate SEs. Differences between group means were
determined by using 1-way ANOVA and the Tukey honestly significant difference test. B, Mean exacerbation
rate during the overall study period per blood eosinophil percentage range in patients with moderate-to-
severe COPD. Error bars indicate SEs. Differences between group means were determined by using
1-way ANOVA and the Tukey honestly significant difference test. C, Adjusted IRRs for COPD exacerbations
with different eosinophil cutoffs. Risk estimates are derived from negative binomial regression models
adjusted for age, sex, race, previous exacerbations, GERD, SGRQ score, postbronchodilator FEV,; percent

predicted, and WBC count.

eosinophilic COPD were associated independently with
exacerbation risk in the COPDGene and ECLIPSE studies
(Table VI).

DISCUSSION

In this study of 2 multicenter longitudinal cohorts of patients
with moderate-to-severe COPD, we found that exacerbation risk
increased linearly with greater blood eosinophil counts. We
identified a threshold blood eosinophil count of 300 cells/uL or
greater to be associated with exacerbations and then validated this
cutoff as a predictor of future exacerbations using prospective
data from the ECLIPSE study. We showed further that the
increased COPD exacerbation risk associated with increased

eosinophil counts was driven by subjects in both studies with a
history of frequent exacerbations, which was defined as 2 or more
exacerbations per year.

The most commonly used cutoff to define eosinophilic COPD
is 2%, which originates from a sentinel study describing
increased exacerbation risk with blood eosinophil counts of
2% or greater that was predictive of sputum eosinophilia (>3%)
at the time of exacerbation.'” A previous analysis in the
ECLIPSE study showed 88% concordance between blood
eosinophil count thresholds of 2% and 150 cells/wL.”* Many
subsequent studies have used these lower thresholds.''*** In
our study we found that higher baseline eosinophil counts
were associated with future exacerbation risk up to 3 years
and that absolute eosinophil counts were consistently
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TABLE V. Risk of increased blood eosinophil counts on future exacerbations stratified by prior exacerbation history: IRRs
associated with eosinophil counts of 300 cells/pL or greater derived from multivariable analysis for exacerbation rate in the

ECLIPSE overall study period

ECLIPSE stratified analysis on overall study period

No exacerbations
in the prior year
(788 vs 223)

Two or more
exacerbations in the
prior year (316 vs 96)

One exacerbation
in the prior year
(373 vs 99)

Noneosinophilic vs eosinophilic

IRR (95% CI)

P value IRR (95% Cl) P value IRR (95% ClI) P value

Eosinophil count >300 cells/pL at screening

1.03 (0.85-1.24)

77 1.15 (0.87-1.51) .33 1.40 (1.15-1.70) <.001

Multivariable model adjusted for age, sex, race, SGRQ score, GERD, current smoking, and WBC count. Statistically significant values are shown in boldface.

COPDGene
COPD
Eosinophil 2 A%OO
300/uL 54
300
COPD
Eosinophil <300/ pL
1022

ECLIPSE
COPD
Eosinophil 2 Afgo
300/puL 47
323
COPD
Eosinophil <300/ uL
1150

FIG 3. Venn diagrams of the number of subjects with ACO (defined by asthma diagnosis before the age of

40 years)*°

and ECLIPSE studies.

and patients with COPD with blood eosinophil counts of 300 cells/p.L or greater in the COPDGene

TABLE VI. ACO, which was defined by asthma diagnosis before age 40 years, and increased eosinophil counts (=300 cells/pL)

independently predict exacerbations

COPDGene study

ECLIPSE study

Cross-sectional exacerba-
tion frequency

Prospective exacerbation rate

1y Overall study period

Factors IRR (95% CI) P value IRR (95% Cl) P value IRR (95% CI) P value
Age 0.99 (0.97-1.00) .02 1.01 (1.00-1.02) .006 1.01 (1.00-1.02) .009
Nonwhite race 0.69 (0.54-0.88) .003 0.83 (0.54-1.25) 37 0.69 (0.41-1.12) 15
Female sex 1.39 (1.16-1.66) <.001 1.20 (1.06-1.36) .004 1.29 (1.11-1.49) <.001
SGRQ score* 1.02 (1.02 -1.03) <.001 1.01 (1.01-1.01) <.001 1.01 (1.01-1.01) <.001
Postbronchodilator FEV, (% predicted)t 0.98 (0.98-0.99) <.001 0.99 (0.98-0.99) <.001 0.98 (0.98-0.99) <.001
GERD 1.37 (1.14-1.64) <.001 1.40 (1.23-1.59) <.001 1.39 (1.20-1.61) <.001
Current smoking 0.73 (0.58-0.90) 004 1.10 (0.97-1.25) 12 1.25 (1.08-1.44) .003
Previous exacerbations NA NA 2.35 (2.08- 2.65) <.001 2.77 (2.40-3.21) <.001
WBC count 1.01 (0.97-1.05) .70 1.03 (1.01-1.06) .006 1.04 (1.01-1.07) .004
ACO 1.33 (1.04-1.71) .02 1.29 (1.08-1.54) .005 1.33 (1.08-1.63) .006
Eosinophil count >300 cells/pL 1.26 (1.03-1.54) 02 1.21 (1.06-1.39) .005 1.22 (1.04-1.42) .01

Results from negative binomial regression analysis are shown. Statistically significant values are shown in boldface.

NA, Not available.
*Per 1-point increase in score.
fPer percentage point increase in FEV;.

associated with increased exacerbations, whereas the eosinophil
percentage did not show a linear relationship in either the
COPDGene or ECLIPSE study. The absolute eosinophil count
might be more relevant biologically because WBC counts can
vary widely and single percentage values might not capture
the entire range of blood eosinophils. In contrast, a percentage
cutoff has been used for sputum because the sputum differential
count is typically based on counting a fixed number of cells
(400-600 cells) on a cytospin slide.'>**?

Our finding is in line with the recently published Copenhagen
General Population Study, in which an eosinophil cutoff of

340 cells/uL was associated with COPD exacerbations.'> Two
studies based on health care use data also demonstrated increased
exacerbation risk with blood eosinophil counts of 300 cells/pL or
greater'” and 450 cells/pL or greater.'® In common with our
study, these studies included large numbers of patients with
moderate-to-severe COPD (FEV; <80% or GOLD classification
C and D) and applied higher eosinophil count cutoffs defined
by absolute counts. Other studies reporting a lack of association
between blood eosinophil counts and COPD exacerbations had
differences compared with our study. Most of these
studies were smaller.'""'>?*** Acute Exacerbation and
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Respiratory InfectionS in COPD (AERIS),] ! Initiatives BPCO,**
and a recent meta-analysis used only percentage cutoffs for eosin-
ophil counts.”® The importance of a higher count-based eosino-
phil cutoff is demonstrated by the lack of association between
an eosinophil cutoff of 2% and exacerbation risk in a subset of
the ECLIPSE study.”” No association was found in Subpopula-
tions and Intermediate Outcome Measures in COPD Study (SPI-
ROMICS), which included GOLD 0 subjects (37% of the study
population), whereas 22% of the subjects had moderate-to-
severe COPD."” Because low lung function is a risk factor for
COPD exacerbations, selection of patients with moderate-to-
severe COPD can enrich for subjects prone to exacerbations.
These observations suggest that patient population, disease
severity, and eosinophil count cutoffs all matter in understanding
the significance of eosinophils in patients with COPD.

Our findings highlight the utility of measuring eosinophil
counts in patients with frequent exacerbations because
eosinophilic COPD is a significant risk factor for future
exacerbations in this subgroup. In the prospective follow-up in
both the COPDGene and ECLIPSE studies, frequent exacerbators
with eosinophil counts of 300 cells/wL or greater had an average
of 1 additional exacerbation episode per year compared with
frequent exacerbators with lower eosinophil counts. Although the
most significant predictive factor for future exacerbation is a prior
history of exacerbation in patients with COPD,'* we showed that
measurement of eosinophil counts in a high-risk group can serve
as a biomarker for additional risk stratification. Measurements of
eosinophil counts might not have much utility in patients
with COPD with few exacerbations. Furthermore, eosinophil
measurements in patients with frequent exacerbations might
identify subjects who can be treated with antieosinophilic therapy
based on recent mepolizumab trials.”* METREX and METREO
were phase 3, randomized, placebo-controlled, double-blind trials
that enrolled patients with 2 or more moderate exacerbations or 1
or more severe exacerbations receiving triple inhaled therapy.24
The eosinophilic COPD phenotype based on blood eosinophil
counts was part of the enrollment criteria in METREO but not
for METREX.”* In line with our study, these parallel trials also
showed that exacerbation risk can be further stratified based on
blood eosinophil counts, even in patients with a significant prior
exacerbation history.24

Subjects with a history of 2 or more exacerbations in the past
year included 14% of patients with moderate-to-severe COPD in
the COPDGene study and 22% in the ECLIPSE study. Based on
the current guidelines, frequent exacerbators receiving maximal
inhaled therapy would be considered for long-term azithromycin
or roflumilast to prevent future exacerbations.*>** Eosinophilic
frequent exacerbators comprised 2.8% of patients with
moderate-to-severe COPD in the COPDGene study and 5% of
patients in the ECLIPSE study, corresponding to 20% of the
frequent exacerbator group. Further studies are required to
determine the effects of anti-inflammatory therapy versus
antieosinophilic therapy in eosinophilic and noneosinophilic
exacerbation—prone subjects.

At a single time point, both the COPDGene and ECLIPSE
studies had approximately 20% of patients with moderate-to-
severe COPD with eosinophil counts of 300 cells/uL or greater.
However, in the ECLIPSE study only 6.7% had persistently
increased eosinophil counts of greater than 300 cells/pL, which
carried the greatest risk of exacerbation. A recent study of the UK
Clinical Practice Research Datalink showed that blood eosinophil
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counts are more variable in patients with COPD, particularly for
patients with higher baseline eosinophil counts.*> Although we
did not observe differences in eosinophil stability between
patients with COPD and control subjects, we found that about
60% of patients with COPD never had eosinophil counts of
300 cells/wL or greater.

In the COPDGene study eosinophilic COPD was associated with
an approximately 30% increased risk of exacerbations in both
cross-sectional and prospective data. However, eosinophil counts
were not statistically significant in the prospective analysis. Data
collection for the longitudinal follow-up program was different
than for the main COPDGene study because exacerbations were
assessed every 6 months with a Web- and telephone-based
telecommunication system.® It is possible that the longitudinal
follow-up data might not represent the same type of exacerbation
information collected in person at the study visits.

We have also found differences between the COPDGene and
ECLIPSE studies. For example, current smoking was negatively
associated with exacerbation frequency in the COPDGene study,
whereas it was associated with an increased exacerbation rate in
the ECLIPSE study. This likely reflects indication bias in the
COPDGene population; subjects with more severe disease might
preferentially quit smoking.”’ Subjects in the ECLIPSE study had
a higher proportion of bronchodilator reversibility, which might
be due to withdrawal of bronchodilators before assessment, which
was not performed in the COPDGene study. Patients with COPD
and blood eosinophil counts of 300 cells/uL or greater had higher
SGRQ scores in the COPDGene study but not in the ECLIPSE
study.

Because eosinophilic inflammation is classically regarded as
a feature of allergic asthma,*® we examined the relationship
between eosinophilic COPD and asthma. Neither the COPDG-
ene study nor the ECLIPSE study excluded patients with an
asthma history. In univariate analysis there were no significant
associations between eosinophilic COPD and ACO, which was
defined as an asthma diagnosis before the age of 40 years in
the COPDGene study.”’ The limited concordance between
eosinophilic COPD and asthma could be due to the incomplete
definition of ACO because we relied on patient report of a
diagnosis of asthma or because of the heterogeneous nature of
ACO itself. ACO can include asthmatic patients with fixed
obstruction or smokers with COPD and features of asthma or a
Ty2 immune response that can develop independent of
asthma.*’

A count-response relation between blood eosinophil counts
and asthma-related outcomes has well been described in patients
with asthma; blood eosinophil counts of 290 to 400 cells/p.L have
been associated with increased asthma exacerbations.”’ ™’
However, patients with eosinophilic COPD in our study had an
average smoking history of 50 pack-years, whereas studies of
eosinophilic asthma typically exclude smokers with a greater
than 10 pack-year history or patients with COPD. Therefore,
even if a subset of patients with COPD had prior asthma that
progressed to COPD in our cohorts, these subjects still had
significant cigarette smoke exposure that is much greater than
that seen in populations in asthma studies. Despite the differences
in smoking exposure, patients with eosinophilic asthma and those
with eosinophilic COPD have similar relationships between
blood eosinophil counts and frequent exacerbations, which points
to a shared role of eosinophilic inflammation. This is in line with a
recently published study demonstrating asthma-like airway
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remodeling and inflammation in patients with eosinophilic COPD
without allergies or asthma history.”*

Response to therapeutics in patients with eosinophilic COPD
also provides clues to a potential shared mechanism with
eosinophilic asthma. Previous studies have shown that increased
blood eosinophil counts in patients with COPD predict a favorable
response to oral corticosteroids™>® and ICSs, ®2%57 which have
been cornerstones for asthma therapy. In a recent trial benralizu-
mab (an anti-IL-5 receptor « mAb) reduced exacerbations in pa-
tients with COPD with blood eosinophil counts of greater than
300 cells/wL.”® As mentioned above, mepolizumab reduced exac-
erbations in patients with COPD with increased blood eosinophil
counts.”* The blood eosinophil count threshold for targeting inter-
vention requires additional investigation and is an effort in the
COPD Biomarker Qualification Consortium.”’

The strength of our study is the inclusion of 2 large cohorts
of well-characterized patients with COPD who were prospectively
analyzed as discovery and validation populations to identify an
eosinophil threshold count increasing exacerbation risk.

We are also aware of the limitations of this study. We measured
blood eosinophil counts and not sputum or lung tissue eosinophil
counts, which might be more closely related to the disease process.
We excluded patients taking oral steroids; however,
approximately 50% of the COPDGene subjects and 70% of the
ECLIPSE subjects were using ICSs. Although ICS use has a
minimal effect on blood eosinophil counts,” patients with
eosinophilic COPD are known to be more responsive to ICS
therapy and have less exacerbations on ICSs, which might reduce
the effect of the exacerbation risk. The analysis restricted to
nonusers of ICSs showed increasing eosinophil counts were
associated with increased risk of exacerbation, but the cutoff of
300 cells/wL. was no longer significant, likely because of the
reduced number of subjects. In the COPDGene study CBC data
were obtained only at the phase 2 visit, and therefore we could
not assess changes in eosinophil counts over time or use the full
longitudinal data from phase 1 to phase 2. Self-report of
exacerbation history might be a limitation, although this definition
has been used in multiple prior studies in both the COPDGene”*
and ECLIPSE'" studies. Finally, because patients with
asthma history were enrolled in the cohorts, there could be
misclassification between patients with eosinophilic COPD and
those with asthma. We did not have skin test results or IgE
measurements to independently assess the allergic component.
However, because there is no gold standard definition of ACO,
we aimed to assess the relationship of ACO and eosinophilic
asthma using this data set.

In conclusion, we showed that blood eosinophil counts of
300 cells/uL or greater were associated with increased
exacerbation frequency in 2 large COPD studies. This threshold
identified an eosinophilic subgroup of 20% of patients with
moderate-to-severe COPD and 20% of patients with frequent
exacerbations in whom blood eosinophils could further stratify
exacerbation risk.
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Key messages

e Patients with moderate-to-severe COPD and increased
blood eosinophil counts have increased exacerbation
risk compared with those with blood eosinophil counts

of less than 300 cells/pL.

e Our study supports measurement of eosinophil counts in
patients with frequent COPD exacerbations, which might
have utility in identifying a population for treatments
targeting eosinophilic inflammation.

2.

10.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

J ALLERGY CLIN IMMUNOL
JUNE 2018

REFERENCES
1.

O’Donnell R, Breen D, Wilson S, Djukanovic R. Inflammatory cells in the
airways in COPD. Thorax 2006;61:448-54.

Barnes PJ. Immunology of asthma and chronic obstructive pulmonary disease.
Nat Rev Immunol 2008;8:183-92.

. Aleman F, Lim HF, Nair P. Eosinophilic endotype of asthma. Immunol Allergy

Clin North Am 2016;36:559-68.

. Saha S, Brightling CE. Eosinophilic airway inflammation in COPD. Int J Chron

Obstruct Pulmon Dis 2006;1:39-47.

. Siva R, Green RH, Brightling CE, Shelley M, Hargadon B, McKenna S, et al.

Eosinophilic airway inflammation and exacerbations of COPD: A randomised
controlled trial. Eur Respir J 2007;29:906-13.

. Liesker JJW, Bathoorn E, Postma DS, Vonk JM, Timens W, Kerstjens HAM.

Sputum inflammation predicts exacerbations after cessation of inhaled

corticosteroids in COPD. Respir Med 2011;105:1853-60.

. Brightling CE, Monteiro W, Ward R, Parker D, Morgan MD, Wardlaw AJ, et al.

Sputum eosinophilia and short-term response to prednisolone in chronic
obstructive pulmonary disease: a randomised controlled trial. Lancet 2000;356:
1480-5.

. Pizzichini E, Pizzichini MMM, Gibsn P, Parameswaran K, Gleich GJ, Berman L,

et al. Sputum eosinophilia predicts benefit from prednisone in smokers with
chronic obstructive bronchitis. Am J Respir Crit Care Med 1998;158:1511-7.

. Brightling CE, McKenna S, Hargadon B, Birring S, Green R, Siva R, et al.

Sputum eosinophilia and the short term response to inhaled mometasone in
chronic obstructive pulmonary disease. Thorax 2005;60:193-8.

Bafadhel M, McKenna S, Terry S, Mistry V, Reid C, Haldar P, et al. Acute
exacerbations of chronic obstructive pulmonary disease: identification of
biologic clusters and their biomarkers. Am J Respir Crit Care Med 2011;184:
662-71.

. Kim VL, Coombs NA, Staples KJ, Ostridge KK, Williams NP, Wootton SA, et al.

Impact and associations of eosinophilic inflammation in COPD: analysis of the
AERIS cohort. Eur Respir J 2017;50.

Casanova C, Celli BR, de-Torres JP, Martinez-Gonzalez C, Cosio BG, Pinto-Plata
V, et al. Prevalence of persistent blood eosinophilia: relation to outcomes in
patients with COPD. Eur Respir J 2017;50:1701162.

Hastie AT, Martinez FJ, Curtis JL, Doerschuk CM, Hansel NN, Christenson S,
et al. Association of sputum and blood eosinophil concentrations with clinical
measures of COPD severity: an analysis of the SPIROMICS cohort. Lancet
Respir Med 2017;5:956-67.

Hurst JR, Vestbo J, Anzueto A, Locantore N, Mullerova H, Tal-Singer R, et al.
Susceptibility to exacerbation in chronic obstructive pulmonary disease. N Engl
J Med 2010;363:1128-38.

Vedel-Krogh S, Nielsen SF, Lange P, Vestbo J, Nordestgaard BG. Blood
eosinophils and exacerbations in chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2016;193:965-74.

Kerkhof M, Sonnappa S, Postma DS, Brusselle G, Agusti A, Anzueto A, et al.
Blood eosinophil count and exacerbation risk in patients with COPD. Eur Respir
J2017;50:10-3.

Zeiger RS, Tran TN, Butler RK, Schatz M, Li Q, Khatry DB, et al. Relationship
of blood eosinophil count to exacerbations in chronic obstructive pulmonary
disease. J Allergy Clin Immunol Pract 2017 [Epub ahead of print].

. Pascoe S, Locantore N, Dransfield MT, Barnes NC, Pavord ID. Blood eosinophil

counts, exacerbations, and response to the addition of inhaled fluticasone furoate
to vilanterol in patients with chronic obstructive pulmonary disease: a secondary
analysis of data from two parallel randomised controlled trials. Lancet Respir
Med 2015;3:435-42.

Siddiqui SH, Guasconi A, Vestbo J, Jones P, Agusti A, Paggiaro P, et al. Blood
eosinophils: a biomarker of response to extrafine beclomethasone/formoterol in
chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2015;192:
523-5.

Watz H, Tetzlaff K, Wouters EFM, Kirsten A, Magnussen H, Rodriguez-Roisin R,
et al. Blood eosinophil count and exacerbations in severe chronic obstructive
pulmonary disease after withdrawal of inhaled corticosteroids: a post-hoc analysis
of the WISDOM trial. Lancet Respir Med 2016;4:390-8.

Barnes NC, Sharma R, Lettis S, Calverley PMA. Blood eosinophils as a marker of
response to inhaled corticosteroids in COPD. Eur Respir J 2016;47.

Zysman M, Deslee G, Caillaud D, Chanez P, Escamilla R, Court-fortune 1, et al.
Relationship between blood eosinophils, clinical characteristics, and mortality in
patients with COPD. Int J Chron Obstruct Pulmon Dis 2017;12:1819-24.
Turato G, Semenzato U, Bazzan E, Biondini D, Tiné M, Torrecilla N, et al. Blood
eosinophilia does not reflect tissue eosinophils nor worsen clinical outcomes in
COPD. Am J Respir Crit Care Med 2017 [Epub ahead of print].


http://refhub.elsevier.com/S0091-6749(18)30622-5/sref1
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref1
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref2
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref2
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref3
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref3
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref4
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref4
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref5
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref5
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref5
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref6
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref6
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref6
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref7
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref7
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref7
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref7
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref8
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref8
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref8
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref9
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref9
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref9
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref10
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref10
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref10
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref10
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref11
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref11
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref11
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref12
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref12
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref12
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref12
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref13
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref13
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref13
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref13
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref14
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref14
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref14
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref15
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref15
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref15
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref16
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref16
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref16
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref16
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref17
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref17
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref17
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref18
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref18
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref18
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref18
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref18
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref19
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref19
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref19
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref19
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref20
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref20
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref20
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref20
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref21
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref21
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref22
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref22
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref22
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref23
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref23
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref23
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref23

J ALLERGY CLIN IMMUNOL
VOLUME 141, NUMBER 6

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pavord ID, Chanez P, Criner GJ, Kerstjens HAM, Korn S, Lugogo N, et al.
Mepolizumab for eosinophilic chronic obstructive pulmonary disease. N Engl J
Med 2017;377:1613-29.

Regan EA, Hokanson JE, Murphy JR, Make B, Lynch DA, Beaty TH, et al. Genetic
Epidemiology of COPD (COPDGene) study design. COPD 2011;7:32-43.

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.

Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al.
Global strategy for the diagnosis, management, and prevention of chronic
obstructive lung disease 2017 report. GOLD executive summary. Am J Respir
Crit Care Med 2017;195:557-82.

Wells JM, Washko GR, Han MK, Abbas N, Nath H, Mamary J, et al. Pulmonary
arterial enlargement and acute exacerbations of COPD. N Engl J Med 2012;367:
913-21.

Hardin M, Silverman EK, Barr RG, Hansel NN, Schroeder JD, Make BJ, et al.
The clinical features of the overlap between COPD and asthma. Respir Res
2011;12:127.

Hardin M, Cho M, McDonald M-L, Beaty T, Ramsdell J, Bhatt S, et al. The
clinical and genetic features of COPD-asthma overlap syndrome. Eur Respir J
2014;44:341-50.

Wurst KE, Rheault TR, Edwards L, Tal-Singer R, Agusti A, Vestbo J. A
comparison of COPD patients with and without ACOS in the ECLIPSE study.
Eur Respir J 2016;47:1559-62.

Sin DD, Miravitlles M, Mannino DM, Soriano JB, Price D, Celli BR, et al. What
is asthma—COPD overlap syndrome? Towards a consensus definition from a
round table discussion. Eur Respir J 2016;48:664-73.

Singh D, Kolsum U, Brightling CE, Locantore N, Agusti A. Eosinophilic
inflammation in COPD: prevalence and clinical characteristics. Eur Respir J
2014;44:1697-700.

Bafadhel M, Greening NJ, Harvey-Dunstan TC, Williams JEA, Morgan MD,
Brightling CE, et al. Blood eosinophils and outcomes in severe hospitalised
exacerbations of COPD. Chest 2016;150:320-8.

Pavord ID, Lettis S, Anzueto A, Barnes N. Blood eosinophil count and
pneumonia risk in patients with chronic obstructive pulmonary disease:
a patient-level meta-analysis. Lancet Respir Med 2016:4:731-41.

Brightling CE, George L. Is the eosinophil a leading villain in lung function
decline? Chest 2015;148:844-6.

Couillard S, Larivée P, Courteau J, Vanasse A. Eosinophils in chronic obstructive
pulmonary disease exacerbations are associated with increased readmissions.
Chest 2016;151:366-73.

Ho J, He W, Chan MTYV, Tse G, Liu T, Wong SH, et al. Eosinophilia and clinical
outcome of chronic obstructive pulmonary disease: a meta-analysis. Sci Rep
2017;7:13451.

Pizzichini E, Pizzichini MM, Efthimiadis A, Evans S, Morris MM, Squillace D,
et al. Indices of airway inflammation in induced sputum: reproducibility and
validity of cell and fluid-phase measurements. Am J Respir Crit Care Med
1996;154:308-17.

Brightling CE, Monterio W, Green RH, Parker D, Morgan MD, Wardlaw AlJ,
et al. Induced sputum and other outcome measures in chronic obstructive
pulmonary disease: safety and repeatability. Respir Med 2001;95:999-1002.
Singh D, Edwards L, Tal-Singer R, Rennard S. Sputum neutrophils as
a biomarker in COPD: findings from the ECLIPSE study. Respir Res 2010;11:77.
Pavord ID, Pizzichini MM, Pizzichini E, Hargreave FE. The use of induced
sputum to investigate airway inflammation. Thorax 1997;52:498-501.

Global Initiative for Chronic Obstructive Lung Disease. Available at: http:/
goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-
Nov_WMS.pdf. Accessed February 25, 2018.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

YUN ET AL 2047

Wedzicha JA, Miravitlles M, Hurst JR, Calverley PMA, Albert RK, Anzueto A,
Management of COPD exacerbations: A European Respiratory
Society/American Thoracic Society guideline. Eur Respir J 2017;50.
Oshagbemi OA, Burden AM, Bracken DCW, Henskens Y, Wouters EFM,
Driessen JHM, et al. Stability of blood eosinophils in patients with chronic
obstructive pulmonary disease and in control subjects, and the impact of
sex, age, smoking, and baseline counts. Am J Respir Crit Care Med 2017;
195:1402-4.

Stewart JI, Moyle S, Criner GJ, Wilson C, Tanner R, Bowler RP, et al.
Automated telecommunication to obtain longitudinal follow-up in a multicenter
cross-sectional COPD study. COPD 2012;9:466-72.

Au DH, Bryson CL, Chien JW, Sun H, Udris EM, Evans LE, et al. The effects of
smoking cessation on the risk of chronic obstructive pulmonary disease
exacerbations. J Gen Intern Med 2009;24:457-63.

George L, Brightling CE. Eosinophilic airway inflammation: role in asthma
and chronic obstructive pulmonary disease. Ther Adv Chronic Dis 2016;7:
34-51.

Woodruff PG, van den Berge M, Boucher RC, Brightling C, Burchard
EG, Christenson SA, et al. American Thoracic Society/National Heart,
Lung, and Blood Institute Asthma—Chronic Obstructive Pulmonary Dis-
ease Overlap Workshop Report. Am J Respir Crit Care Med 2017,
196:375-81.

Zeiger RS, Schatz M, Li Q, Chen W, Khatry DB, Gossage D, et al. High blood
eosinophil count is a risk factor for future asthma exacerbations in adult persistent
asthma. J Allergy Clin Immunol Pract 2014;2:741-50.e4.

Tran TN, Khatry DB, Ke X, Ward CK, Gossage D. High blood eosinophil count is
associated with more frequent asthma attacks in asthma patients. Ann Allergy
Asthma Immunol 2014;113:19-24.

Price DB, Rigazio A, Campbell JD, Bleecker ER, Corrigan CJ, Thomas M, et al.
Blood eosinophil count and prospective annual asthma disease burden: a UK
cohort study. Lancet Respir Med 2015;3:849-58.

Vedel-Krogh S, Nielsen SF, Lange P, Vestbo J, Nordestgaard BG. Associa-
tion of blood eosinophil and blood neutrophil counts with asthma exacerba-
tions in the Copenhagen General Population study. Clin Chem 2017;63:
823-32.

Kolsum U, Damera G, Pham T-H, Southworth T, Mason S, Karur P, et al.
Pulmonary inflammation in COPD patients with higher blood eosinophil counts.
J Allergy Clin Immunol 2017;140:1181-4.e7.

Bafadhel M, McKenna S, Terry S, Mistry V, Pancholi M, Venge P, et al. Blood
eosinophils to direct corticosteroid treatment of exacerbations of chronic
obstructive pulmonary disease: a randomized placebo-controlled trial. Am J
Respir Crit Care Med 2012;186:48-55.

Bafadhel M, Davies L, Calverley PMA, Aaron SD, Brightling CE, Pavord ID.
Blood eosinophil guided prednisolone therapy for exacerbations of COPD:
a further analysis. Eur Respir J 2014;44:789-91.

Pavord ID, Lettis S, Locantore N, Pascoe S, Jones PW, Wedzicha JA, et al. Blood
eosinophils and inhaled corticosteroid/long-acting 3-2 agonist efficacy in COPD.
Thorax 2016;71:118-25.

Brightling CE, Bleecker ER, Panettieri RA, Bafadhel M, She D, Ward CK, et al.
Benralizumab for chronic obstructive pulmonary disease and sputum
eosinophilia: a randomised, double-blind, placebo-controlled, phase 2a study.
Lancet Respir Med 2014;2:891-901.

Casaburi R, Celli B, Crapo J, Criner G, Croxton T, Gaw A, et al. The
COPD Biomarker Qualification Consortium (CBQC). COPD 2013;10:
367-77.

Kreindler JL, Watkins ML, Lettis S, Tal-Singer R, Locantore N. Effect of inhaled
corticosteroids on blood eosinophil count in steroid-naive patients with COPD.
BMJ Open Respir Res 2016;3:¢000151.

et al


http://refhub.elsevier.com/S0091-6749(18)30622-5/sref24
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref24
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref24
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref25
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref25
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref26
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref26
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref26
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref27
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref27
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref27
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref27
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref28
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref28
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref28
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref29
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref29
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref29
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref30
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref30
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref30
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref31
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref31
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref31
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref32
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref32
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref32
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref32
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref33
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref33
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref33
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref34
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref34
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref34
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref35
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref35
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref35
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref36
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref36
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref37
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref37
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref37
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref37
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref38
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref38
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref38
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref39
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref39
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref39
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref39
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref40
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref40
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref40
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref41
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref41
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref42
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref42
http://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf
http://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf
http://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref44
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref44
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref44
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref45
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref45
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref45
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref45
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref45
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref46
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref46
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref46
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref47
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref47
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref47
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref48
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref48
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref48
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref49
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref49
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref49
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref49
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref49
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref50
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref50
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref50
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref51
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref51
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref51
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref52
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref52
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref52
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref53
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref53
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref53
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref53
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref54
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref54
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref54
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref55
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref55
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref55
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref55
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref56
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref56
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref56
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref57
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref57
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref57
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref58
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref58
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref58
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref58
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref59
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref59
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref59
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref60
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref60
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref60
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref60

2047.e1 YUN ET AL J ALLERGY CLIN IMMUNOL
JUNE 2018

REFERENCE
El. Hardin M, Cho M, McDonald M-L, Beaty T, Ramsdell J, Bhatt S, et al. The
clinical and genetic features of COPD-asthma overlap syndrome. Eur Respir
1 2014;44:341-50.


http://refhub.elsevier.com/S0091-6749(18)30622-5/sref61
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref61
http://refhub.elsevier.com/S0091-6749(18)30622-5/sref61

J ALLERGY CLIN IMMUNOL
VOLUME 141, NUMBER 6

YUN ET AL 2047.e2

Discovery Cohort Validation Cohort
COPD Gene ECLIPSE
5000 participants TP ———rs 3291 participants

72 GOLD NA

566 GOLD unclassified
2083 Control smokers
455 GOLD 1

59 nonsmoker

values
65 oral steroid users
43 without steroid use
information
3 without smoking
information

1553 COPD cases
for cross sectional analysis

1113 COPD cases
with follow up
exacerbation data
for prospective analysis

matching

243 smoker 1895 COPD cases

controls with
repeat CBC

Yearly follow up

for 3 years

FIG E1. Study design and populations. NA, Not available.
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FIG E2. ROC curve for eosinophil cutoff of 300 cells/pL in the COPDGene study. ROC analysis was based on
logistic regression models (0 vs any exacerbation history) adjusted for age, sex, race, GERD, SGRQ score,
current smoking, postbronchodilator FEV, percent predicted (pp), WBC count, and eosinophil count ranging
from 100 to 400 cells/pL. PV+, Predictive value for a positive result; PV—, predictive value for a negative
value; Sens, sensitivity; Spec, specificity.
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FIG E3. ROC curve for eosinophil cutoff of 300 cells/pL in the ECLIPSE study. ROC analysis was based on
logistic regression models (exacerbation rate >1 during overall study period vs <1) adjusted for age, sex,
race, previous exacerbation, GERD, SGRQ score, current smoking, postbronchodilator FEV; (pp), WBC
count, and eosinophil count ranging from 100 to 400 cells/pL. PV+, Predictive value for a positive result;
PV—, predictive value for a negative value; Sens, sensitivity; Spec, specificity.
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FIG E4. Eosinophil count cutoffs in patients with COPD not using ICSs. Risk estimates are derived from
negative binomial regression models adjusted for age, sex, race, GERD, SGRQ score, current smoking,
postbronchodilator FEV, percent predicted, and WBC count.
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TABLE E1. Quantitative chest CT emphysema results and SGRQ total scores in patients with COPD with eosinophil counts of

300 cells/pL or greater

COPDGene study

ECLIPSE study

Factor Coefficient (95% Cl) P value Coefficient (95% Cl) P value
log(LAA950) —0.26 (—0.43 to —0.08) .005 —0.07 (=0.17 to —0.03) .19
Percl5 4.68 (1.53 to 7.82) .004 1.55 (—1.22 to 4.32) 27
SGRQ 3.00 (0.61 to 5.38) 014 —1.99 (—4.19 to 0.21) .07

For log(LAA950) and Percl5, a subset of subjects with quantitative CT data were analyzed (COPDGene study, n = 1,119; ECLIPSE study, n = 1,610). Linear regression models
are adjusted for age, sex, race, smoking status, body mass index, CT scanner model, and WBC. For SGRQ scores, linear regression models are adjusted for age, sex, race, and

pack-years smoking history. Statistically significant values are shown in boldface.

LAA950, Low-attenuation area at less than 950 Hounsfield units; Percl5, 15th percentile of the lung density histogram.
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TABLE E2. Annual exacerbation rate in subgroups stratified by
prior exacerbation frequency and blood eosinophil count:
COPDGene longitudinal follow-up study

Annual exacerbation rate

No. of during longitudinal follow-up
exacerbations Eosinophil count Eosinophil count
in prior year <300 cells/pL >300 cells/pL
0 0.29 0.35

1 0.81 0.79

>2 1.42 2.39

J ALLERGY CLIN IMMUNOL
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TABLE E3. Annual exacerbation rate in subgroups stratified by prior exacerbation frequency and blood eosinophil count: ECLIPSE
1-year and overall study period

Annual exacerbation rate

1y Overall study period
Eosinophil count Eosinophil count Eosinophil count Eosinophil count
No. of exacerbations in prior year <300 cells/pL >300 cells/pL <300 cells/pL >300 cells/pL
0 0.62 0.63 0.40 0.38
1 1.40 1.51 1.00 1.12

>2 2.05 2.97 1.61 241
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TABLE E4. Persistent eosinophilia and exacerbation risk in the ECLIPSE study

J ALLERGY CLIN IMMUNOL
JUNE 2018

ECLIPSE overall study period

Persistently increased vs low
eosinophil counts (n = 90 vs n = 784)

Persistently increased vs fluctuating
eosinophil counts (n = 90 vs n = 471)

Factors associated with exacerbation rate IRR (95% Cl) P value IRR (95% CI) P value
Age 1.00 (0.99-1.02) 75 1.00 (0.99-1.02) .89
Nonwhite race 0.76 (0.41-1.34) .36 0.90 (0.36-1.90) .80
Female sex 1.29 (1.06-1.57) 009 1.38 (1.10-1.73) 004
SGRQ total score* 1.01 (1.01-1.02) <.001 1.01 (1.00-1.01) .02
Postbronchodilator FEV; (% predicted) 0.98 (0.97-0.98) <.001 0.99 (0.98-0.99) <.001
GERD 1.32 (1.07-1.62) .008 1.43 (1.14-1.79) .002
Current smoking 1.10 (0.89-1.35) .39 1.19 (0.94-1.52) .16
Previous exacerbations 2.77 (2.27-3.39) <.001 3.00 (2.38-3.82) <.001
WBC count 1.00 (0.95-1.05) .99 1.04 (0.99-1.09) N
Persistent eosinophil count >300 cells/p.L 1.48 (1.11-1.96) 007 1.39 (1.07-1.80) .01

Risk of exacerbation in subjects with persistently increased eosinophil counts compared with persistently low eosinophil counts and in subjects with persistently increased

eosinophil counts compared with fluctuating eosinophil counts. Statistically significant values are shown in boldface.
*Per 1-point increase in score.
fPer percentage point increase in FEV;.
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TABLE E5. Association between ACO and eosinophilic COPD defined as a blood eosinophil count of 300 cells/pL or greater

COPDGene study ECLIPSE study

Factor Odds ratio (95% Cl) P value Odds ratio (95% Cl) P value
Age 0.95 (0.93-0.97) <.001 0.94 (0.92-0.96) <.001
Female sex 1.68 (1.22-2.32) .001 2.16 (1.54-3.03) <.001
Nonwhite race 1.37 (0.93-1.99) 11 2.69 (1.10-6.08) .02
BMI 1.03 (1.00-1.05) .03 1.04 (1.01-1.07) 007
Smoking (pack-years) 0.99 (0.98-0.99) .01 0.99 (0.98-0.99) .03
Eosinophil count >300 cells/pL 1.51 (1.04-2.18) .03 1.69 (1.15-2.48) .007

0dds ratios were derived from logistic regression. ACO was defined based on a doctor’s diagnosis of asthma before age 40 years.”' Statistically significant values are shown in
boldface.
BMI, Body mass index.
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