www.brn.cat PERMANYER BRN Rev. 2016;2:143-58

BRN Reviews REVIEW ARTICLE

Eosinophilia and Chronic Airway Diseases
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ABSTRACT

Asthma has long been associated with an eosinophilic trait. Some early studies have
shown a relationship between circulating eosinophil numbers and bronchial hyperrespon-
siveness. Soon after the use of bronchoscopy and induced sputum as a research tool in
mild-to-moderate asthma, it was shown that airway eosinophilia, demonstrated by
bronchoalveolar lavage, bronchial biopsies, and sputum cell counts, is related to disease
severity. Sputum studies have established the concept of asthma inflammatory phenotypes,
with approximately 50% of patients having significant airway eosinophilia. Airway
eosinophilia is not sufficient to cause asthma, but is a risk factor for poorly controlled
disease. Chronic obstructive pulmonary disease, a disease typically associated with
prominent neutrophilic inflammation, sometimes also exhibits a significant eosinophilic
trait, even if it is less frequent than in asthma and not associated with disease severity.
However, both in asthma and chronic obstructive pulmonary disease, eosinophilic inflam-
mation predicts a good response to inhaled or oral corticoids and to anti-interleukin-5.
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INTRODUCTION

Asthma is a heterogeneous disease, usually
characterized by chronic airway inflamma-
tion. It is defined by a history of respiratory
symptoms such as wheeze, shortness of breath,
chest tightness, and cough that vary over
time and in intensity, together with variable
expiratory airflow limitation!. Eosinophilia
driven by CD4-derived Th2 cytokines has
been considered as a conspicuous trait of al-
lergic asthma as is the case for other atopic
diseases like rhinitis or dermatitis®. The link
between systemic and airway eosinophilia
and clinical expression of asthma, irrespec-
tive of its allergic component, has been es-
tablished over the last two decades. More
recently it has also been highlighted that eo-
sinophilic inflammation may exist in some
patients with chronic obstructive pulmonary
disease (COPD). In both asthma and COPD,
the eosinophilic trait seems to confer sensitiv-
ity to corticoids and may carry some prog-
nostic value regarding disease control. Here
we review the incidence and role of eosino-
philia in the two main chronic airway diseas-
es and how eosinophils may impact the man-
agement of the disease.

ASTHMA

Several facets of eosinophilic
inflammation

BL0OOD EOSINOPHILS

The relationship between peripheral blood
eosinophilia and bronchial hyperrespon-
siveness has been shown in several studies™.
In an allergy study, baseline circulation

eosinophil was found to be inversely cor-
related to methacholine bronchial hyperre-
sponsiveness. After allergenic challenge,
there was a rise in blood eosinophil in those
patients developing late bronchospasm, an
observation absent in those exclusively de-
veloping an early phase®. In another study
including 87 asthmatics, the authors found
bronchial hyper-reactivity related to periph-
eral blood eosinophil counts but not to
total serum immunoglobulin E (IgE) nor
to mite-specific IgE*. The relationship be-
tween blood eosinophil and bronchial hy-
perresponsiveness was found irrespective of
the atopic status®.

BRONCHOALVEOLAR LAVAGE AND BRONCHIAL
BIOPSY EOSINOPHILS

The application of bronchoscopy as a research
tool in mild-to-moderate asthma in the late
1980s confirmed eosinophilic airway infiltra-
tion even in the mildest forms of the disease®.
Wardlaw et al.” demonstrated a relationship
between PC20 methacholine (concentration of
inhaled methacholine causing a 20% fall in
forced expiratory volume in 1 second [FEV,])
and bronchoalveolar lavage (BAL) eosino-
phils and their activation product major basic
protein (MBP). Djukanovic et al.® showed an
increased number of eosinophils in bronchial
biopsies associated with signs of mast cell de-
granulation. Soon after, in a series of 43 asth-
matics, Bousquet et al’ demonstrated that
peripheral blood, BAL, and intraepithelial eo-
sinophils related to asthma severity, though a
bronchial biopsy study showed that some se-
vere asthmatics may be characterized by in-
creased neutrophilic infiltration without evi-
dence of eosinophils'’.
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SPUTUM EOSINOPHILS

In the early 1990s the technique of induced
sputum was shown to be a non-invasive al-
ternative to bronchoscopy for investigating
airway inflammation!. Sputum eosinophils
were shown to correlate reasonably well with
bronchial biopsy and BAL eosinophils'?. The
technique rapidly became popular in several
centres and allowed sampling larger series
of patients than previously done with bron-
choscopy. In keeping with what had been
shown with blood and BAL eosinophils,
bronchial hyperresponsiveness was found to
correlate with sputum eosinophils. In series
of 118 mild-to-moderate corticosteroid-naive
asthmatics, sputum eosinophils accounted for
16% of the variation in the concentration of
methacholine, causing a fall in FEV, of 20%
(PC20M)!3. The relationship was shown to be
even more convincing with indirect constrict-
ing agents, such as adenosine, than with di-
rect agents like methacholine!*. The asthma
severity assessed by a composite of symp-
toms and lung function appeared to be relat-
ed to massive airway infiltration with both
eosinophils and/or neutrophils, thereby con-
firming biopsy studies®!®. In a very large co-
hort of asthmatics, we found that sputum
eosinophilia was specifically associated with
a low FEV,/FVC ratio (forced expiratory vol-
ume in 1 second/forced vital capacity), while
sputum neutrophil was related to high func-
tional residual capacity'.

Taking into account eosinophilic
inflammation in diagnosis of asthma

Using sputum eosinophil count > 1% as an
aid to diagnose asthma in mild-to-moderate

patients with normal baseline lung function
was shown to have excellent performance,
classifying just second to methacholine chal-
lenge with a diagnostic accuracy of 74%!. In-
duced sputum, which requires local technical
expertise, cannot, however, be applied on a
large scale, which would be necessary for
a diagnostic tool of a common disease such
as asthma. Fractional exhaled nitric oxide
(FeNO), a totally non-invasive and user-friend-
ly technique, was shown to reflect the extent
of airway eosinophilic inflammation in asth-
ma'®. Not surprisingly, FeNO and sputum
eosinophils were shown to perform equally
to diagnose asthma in mild-to-moderate pa-
tients with preserved baseline airway calibre.
In a group of corticoid-naive patients com-
plaining of chronic respiratory symptoms,
sputum eosinophils and FeNO were shown
to be superior to the recording of peak expi-
ratory variability or the response to inhaled
b2 agonists to confirm asthma diagnosis. In
these circumstances, the best threshold val-
ues seem to be 3% for sputum eosinophils
and 20 parts per billion (ppb) for FeNO, with
both thresholds having a 92% negative pre-
dictive value®. In steroid-naive patients with
preserved baseline lung function and not
showing significant reversibility to [, ago-
nist, we have found that a threshold of 34 ppb
FeNO had an 88% positive predictive value to
diagnose asthma based on a positive metha-
choline challenge (PC20 < 16 mg/ml)*.

Emergence of the concept of asthma
inflammatory phenotype

Green et al.?? found that approximately 50%
of asthmatics encountered in daily practice
in a secondary care centre in the UK had a
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sputum eosinophil count > 1.9%, irrespective
of their treatment. We found that that 69% of
mild atopic corticosteroid-naive patients dis-
played sputum eosinophils > 2.4%!". Gibson
et al.?® drew attention to the fact that rather,
some asthmatics show prominent neutrophil-
ic inflammation. Induced sputum has been
pivotal in gaining insight in the concept of
asthma inflammatory phenotypes. Thanks to
large series of healthy subjects, it has been
possible to determine reference normal val-
ues for sputum cell counts**?>. In a seminal
paper, Simpson et al.? proposed to classify
the asthmatics according to the type of gran-
ulocyte in the sputum. They distinguished
four categories of asthmatics: (i) eosinophilic,
(ii) neutrophilic, (iii) mixed granulocytic, and
(iv) pauci-granulocytic asthma. Based on stud-
ies conducted in healthy subjects, there is a
general agreement to state that an abnormal
sputum eosinophil count is a count > 1-3%.
Choosing a cut-off at 3% had the advantage of
being outside the “grey zone”. Several large
cohort studies including more than 100 pa-
tients have reported the proportion of eosin-
ophilic asthmatics. Though differences may
appear between the studies based on the dis-
ease severity, treatment with inhaled cortico-
steroids (ICS), and the proportion of atopic
patients in the different asthma cohorts, it is
reasonable to conclude that eosinophilic asth-
ma represents approximately half of the pa-
tients and that this figure is possibly increasing
with disease severity!317222733 (Table 1). There
is more controversy regarding the neutrophil-
ic threshold that defines a neutrophilic asth-
ma phenotype. Thresholds ranging from 49 to
93% have been proposed by different research
groups. What is well established is that neu-
trophil count, in contrast to eosinophil count,
increases with age* and cumulative smoking

history?®. Our threshold value for sputum
neutrophil counts based on large series of
healthy subjects, whose mean age is around
40 years, is as high as 76%. In a very large
cohort of asthmatics seen at a university hos-
pital, we found that eosinophilic and pau-
ci-granulocytic were the two most frequent
categories accounting for 42 and 40% of the
patients, respectively'”. Building further on
the eosinophilic inflammation, we have re-
cently proposed a new classification of asth-
ma based on the concordant versus discor-
dant presence of raised eosinophils in blood
versus sputum. Setting abnormal threshold
values of sputum and blood eosinophils at 3%
and 400 blood eosinophils/ul, respectively,
we have distinguished four classes of asth-
matics in patients seen in daily practice. The
tirst class comprises the patients with < 3%
sputum eosinophil and < 400 blood eosino-
phils/ul and accounts for 49% of the patients.
The second class comprises patients with
raised sputum eosinophil counts but normal
blood eosinophil counts and represents 25%
of the patients. The third class represents a
small group of patients with high blood eo-
sinophil counts but sputum eosinophil counts
< 3%, while the fourth class features those
patients who combine high sputum and blood
eosinophil counts and accounts for 19% of the
patients. The patients from the latter group
are clearly the most severe with the greatest
lung function impairments and the highest
exacerbation rate®.

The stability of inflammatory phenotype re-
mains a key issue when it comes to mounting
a treatment strategy based on a one time-
point assessment of airway inflammation.
Repeating sputum induction within one week
has shown good reproducibility in sputum
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TaBLE 1. Proportion of eosinophilic asthma in large cohort of adult asthmatics (n > 100) with varying disease severity

Louis R et al."™
Allergy. 2002

Green R et al.2
Thorax. 2002

D’silva et al.?
Can Respir J.
2006

Hastie A et al.??
J Allergy Clin
Immunol. 2010

Heaney L et al.®
Thorax. 2010

Mc Grath et al.?'

Am J Respir Crit
Care Med. 2012

Schleich F et al."”
BMC Pulm Med.
2013

Zhang X et al.3
Clin Exp Allergy.
2014

Wagener A et al. 2
Thorax. 2015

Shaw D et al.¥®
Eur Respir J. 2015

Demarche S
et al.8

BMC Pulm Med.
2016

18

259

664
175

175

123

350

645

508

164

110

28
53

833

464
344

None

41% treated
114
145

Yes

Yes

ND

All

None

All

70% treated
Yes
No

All

All

All

62% treated

FEV,
(% pred)

Mean (SD)
95 (12)

Mean (SE)
86 (1.4)
86 (1.6)

Mean (SD)
88 (19)
Mean (SD)
58 (17)

ND

Mean (SD)
65 (24)

Mean (SD)
84 (13)
Mean (SD)
83 (15)

Mean (SD)
84 (19)

Mean (SD)
74 (20)

Mean (SD)
101 (17)

Mean (SEM)
67 (1)

ND

Asthma severity

Mild-to-moderate
essentially
atopic

Mild-to-moderate
Atopic
Non-atopic

Mild-to-moderate

Severe

All disease
severity

Severe

Mild-to-moderate

Mild-to-moderate

All disease
severity

All disease
severity

Mild-to-moderate

Severe non-smoking
Severe smoking or

ex-smoking

All disease
severity

Atopic

Non-atopic

Sputum eos
(%)

Median (range)
4.8 (0-75)

Median (IQR)
25(7)
2 (13)

ND

ND
ND

Median (IQR)
3(0.25-11.25)

ND

ND

Median (range)
2 (0-94)

ND

Median (IQR)
0.6 (0.1-3.6)

Median (IQR)
2.7 (0-19)
4.1(1-14)

Median (IQR)

2.8(0.2-13.8)
1.6 (1.4-4)

Sputum
eosinophil
threshold to

define
eosinophilic
phenotype

2%

1.9%

1.1%

1.1%

2%

3%

2%

2%

3%

3%

3%

1.9%
1.9%

3%
1%

Proportion
of asthmatics
with raised sputum
eosinophil

69%

52% for the whole group

42%

45%
35%

50%

36%

17%

44% for the whole group
4%
45%

43%

21%

58%
60%

46% (for the whole group)
58% (for the whole group)

* Eos: eosinophils; FEV,: forced expiratory volume in 1 second; ICS: inhaled corticosteroid; IQR: interquartile range; ND: no data; pred: predicted; SD: standard deviation;

SE: standard error; SEM: standard error of the mean.

eosinophil and neutrophil count, though the
latter may show an increase at the second
induction when repeated within 24 hours af-
ter the first. However, the long-term stability
of inflammatory phenotype over time has not

been extensively studied. There is one report
from the Netherlands of patients with prom-
inent sputum eosinophilia sampled five years
apart®*. Another study from USA, including
asthmatics engaged in a drug trial, showed a
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slight majority of patients displaying persistent
non-eosinophilic phenotype, while there are
patients in whom sputum eosinophilia may
be fluctuating over time3.

Approaching the eosinophilic
phenotype

There have been several attempts to approach
the eosinophilic phenotype with a user-friend-
ly biomarker. To date both FeNO and blood
eosinophil counts have proved to be the most
satisfactory biomarkers in that respect!”32. More
recently, several studies have measured volatile
organic compounds in the exhaled breath¥.
This approach has the potential to identify
and discriminate between eosinophilic and
neutrophilic inflammation both in vitro®® and in
vivo¥, a separation not possible using FeNO
or blood markers. To date, however, no clear
breath prints specific of different phenotypes
have been established due to limited series
and poor reproducibility?”.

Mechanisms leading to airway
eosinophilia in asthma

Mechanisms leading to airway eosinophilia
are numerous and complex (Fig. 1). There is
convincing evidence from the literature that
mast cell activation upon allergen exposure
in sensitized asthmatics results in an eosino-
philic influx in the airways. The model of
bronchial allergenic challenge has provided
much information in this respect®. A dramat-
ic increase in BAL or sputum eosinophils oc-
curs 4-6 hours after allergen exposure, which
is concomitant of late bronchospasm. This is
thought to be linked to the release of Th2

cytokines from CD4 lymphocytes, epithelial
cells, and mast cells following IgE receptor
cross linking at cell surface. We showed a
sharp increase in interleukin (IL)-4 from spu-
tum cell culture supernatant six hours after
allergen exposure, highlighting the amplifica-
tion of the Th2 response following allergen
exposure in sensitised subjects*!. In stable
asthmatics, a relationship between sputum
tryptase level, a biomarker of mast cell de-
granulation, and sputum eosinophils was
demonstrated*?. Further supporting the link
between IgE-mediated pathway and eosino-
philia, we found that asthmatics in whom
sputum IgE was detectable had greater spu-
tum eosinophil counts compared to those
without detectable sputum IgE®. Cysteinyl-
leucotrienes, which are released upon IgE
mast cell activation, contribute to sputum eo-
sinophil chemotactic activity in asthmatics*.
In a large cohort of more than 500 patients,
we found that total serum IgE, FeNO, and
blood eosinophils were independently associ-
ated with sputum eosinophils'. The IgE-medi-
ated sensitisation to animal dander has recent-
ly been shown to be particularly associated
with the eosinophilic phenotype. However,
sputum eosinophilia may be present in asth-
ma irrespective of the atopic status®. Though
it has been shown that non-atopic asthmatics
may sometimes have airway IgE production
directed towards some aeroallergens®, there
is currently great interest in epithelial cells
and innate lymphoid cells as key players in
driving eosinophilic inflammation in non-
atopic subjects*. Epithelial cells may release
IL-8, which, once bound to IgA, has chemo-
tactic activity for eosinophils. The amounts of
IL-8/IgA were found to be correlated with
sputum eosinophils in asthmatics?”. Epithe-
lial cells may also release thymic stromal
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- *F““
Alarmin derived
bronchial epithelial cells
IgE mediated airway IL-B/ W ILC2
mast cell activacion IgA
IL-5
CysTLT
IL-5 Airway eosinophils
‘ -—

k. Eosinophil blood supply
- by bone marrow

Poor asthma control

!

Exacerbation

Ficure 1. Causes and consequences of airway eosinophilia in asthma. Several potential mechanisms leading to airway eosinophilia.
Immunoglobulin-E-mediated mechanism is likely to be of great importance in atopic asthma, while the epithelium-driven mechanism may
be key in non-atopic asthma and perhaps also in some chronic obstructive pulmonary disease. The blood compartment, supplied by bone
marrow activity, is also essential in providing a pool of cells to be recruited in the airways. High airway eosinophilia is a risk factor for

poor asthma control and exacerbation.

CystLT: cysteinyl leukotriene; IgE: immunoglobulin E; IL: interleukin; ILC2: type 2 innate lymphoid cell. TSLP: thymic stromal lymphopoietin.

lymphopoietin (TSLP) and IL-33, which stim-
ulate innate lymphoid cells to release cy-
tokines like IL-5%. Whichever the type of
lymphocyte involved in this immunologi-
cal process, eosinophilic asthmatics display
greater sputum lymphocyte and epithelial
cell counts, supporting the concept of a close
interaction between lymphocytes and eosin-
ophils leading to epithelial injury and shed-
ding?®. What seems clear is that eosinophilic
asthma appears to be determined by differ-
ent molecular mechanisms and gene expres-
sion as compared to other asthma phenotypes.

Eosinophilic asthmatics display raised IL-5
and IL-13 levels in their sputum superna-

tant®> and a peculiar gene signature in sputum | =

cells*® compared to healthy subjects. Interest-

ingly, sputum cells from eosinophilic asth- <

matics cultured for 24 hours were shown to
produce greater levels of IL-4 but less tumour
necrosis factor (TNF)-o. compared to those of
healthy subjects®. This finding might partly
explain why treatment with anti-TNF-o has
been rather disappointing in most of the
studies conducted in asthma®, whereas it
has become an established treatment in other
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inflammatory diseases like rheumatoid ar-
thritis or Crohn’s disease. Neutrophilic asth-
ma is driven by other molecular mechanisms.
It seems to be more related to innate im-
mune reaction towards infectious and irritant
agents, leading to inflammasome activation®!
and some microRNA have also recently been
shown to contribute to this phenotype®.

How inflammatory phenotype
relates to severe asthma

We have shown that uncontrolled asthma is
associated with raised airway eosinophilia®
and this is particularly true when raised blood
eosinophil count > 400 cells/ul combines with
elevated sputum eosinophils > 3%, a situa-
tion associated with poor asthma control and
greater exacerbation rate®. In a recent retro-
spective study from the UK including more
than 100,000 patients, it clearly appeared that
having blood eosinophil counts > 400 cells/ul,
which occurs in 16% of patients, is a major risk
factor for uncontrolled asthma and exacerba-
tions®. Since the early publications pointing
out massive granulocytic airway infiltration
in severely uncontrolled asthma (symptoms
and lung function)!>'¢, the definition of severe
asthma has been firmly established: consen-
sus American Thoracic Society (ATS) and the
European Respiratory Society (ERS). Simply
said, a severe asthmatic is a patient who re-
mains uncontrolled despite a combination of
high dose of ICS associated with long acting
b2 agonist, or one who needs to receive such
a treatment to keep control®. Based on this
concept, there have been now several large
series of severe asthmatics investigated using
induced sputum to characterise the inflamma-
tory phenotypes. The majority of asthmatic

patients seen in secondary care in a UK cen-
tre had significant sputum eosinophilia®.
Similarly, the majority of refractory asthmat-
ics included in a UK registry had sputum
eosinophils > 3%%. The same was found in
the Belgian severe asthma registry including
more than 300 severe asthmatics, with 55%
of patients being qualified as eosinophilic
based on sputum eosinophil counts > 3%,
while only 20% had significantly raised spu-
tum neutrophil count > 76%. The impor-
tance of sputum eosinophilia was slightly less
in the US Severe Asthma Research Program
(SARP) cohort, with median value of sputum
eosinophil count ranging between 1 and 2%
in the most severe clusters®. The recent Eu-
ropean U-BIOPRED adult severe asthma co-
hort, including more than 400 severe asth-
matic patients, has shown that the majority of
severe asthmatics had sputum eosinophils
> 3%. Interestingly, those with a current or a
past history of smoking did not have less spu-
tum eosinophils, clearly indicating that smok-
ing history in asthmatics does not preclude
the presence of eosinophilic inflammation®.
In the same study, there is clearly no link
between asthma severity and sputum neutro-
phil counts. Therefore, it appears that the ma-
jority of severe asthmatics display significant
eosinophilic rather than neutrophilic inflam-
mation. All these data point to a residual air-
way eosinophilic inflammation that is rela-
tively resistant to ICS and in some cases to
oral corticoids. It does not mean, however,
that the patients are completely insensitive to
corticoids because Brinke et al.®® demonstrat-
ed some clinical improvement and reduction
in eosinophilic inflammation in refractory
eosinophilic asthmatics when they were intra-
muscular injected with triamcinolone. Never-
theless, controlling eosinophilic inflammation
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in these patients can only be achieved at the
expense of serious side effects that outweigh
clinical benefits. It is important, however, to
bear in mind that some severe asthmatics
failed to exhibit any sign of eosinophilic in-
flammation and that other factors may drive
disease severity; these can be obesity®® or psy-
chosocial disorders®.

Taking into account eosinophilic
inflammation in the management
strategy of asthma

Early bronchial biopsy studies had already
shown consistent decrease in bronchial biop-
sy eosinophils after a few weeks treatment
with ICS. The change in mucosal eosino-
philia correlated with a change in bronchial
hyperresponsiveness®. This initial observa-
tion has been largely confirmed by studies
using induced sputum to assess airway eo-
sinophilic inflammation®. In mild-to-moder-
ate corticosteroid-naive patients, intervention
studies with ICS using induced sputum have
usually revealed that a sputum eosinophil
count < 1-3% at the initiation of treatment was
predictive of a poor response to ICS over a
period of 4-8 weeks in terms of lung function
and patient perspective outcomes (Table 2)%4-68.
Due to technical difficulty, it is not reasonable
to assume that sputum cell count could be
obtained in every single asthmatic before ini-
tiating or adjusting maintenance treatment.
Therefore, studies have been conducted with
FeNO as a surrogate marker of sputum eosin-
ophils. Thresholds ranging from 33 to 47 ppb
were shown to be predictive of response to
ICS"%%, which fits the finding that a threshold
of 41 ppb is the best compromise to identify
a corticosteroid-naive asthmatic with a sputum

eosinophil count > 3% (Fig. 2). Application of
FeNO in primary care has recently proved
to be useful to manage mild-to-moderate
asthma in a cost effective way as it allows to
step up ICS in those who are really in need
(FeNO > 50 ppb) while down titrating them
when FeNO is < 25 ppb, suggesting an ab-
sence of residual corticosensitive airway in-
flammation.

If using induced sputum is not realistic on a
large scale, this investigation seems to be per-
fectly justified at expert centres dealing with
severe asthma. One of the pivotal studies
showing the interest in using induced spu-
tum in managing severe asthma was pub-
lished more than 10 years ago by Green et
al”l. They conducted a study to compare two
strategies for adjusting the dose of ICS in se-
vere asthmatics who required on average two
courses of oral corticoids in the year prior to
randomisation. The authors showed that ad-
justing the dose of ICS and oral corticoids
according to sputum eosinophil count in or-
der to maintain it below 3% resulted in less
exacerbation and hospitalisation. Therefore,
the authors claimed that ICS and oral corti-
coids titration in severe asthmatics should be
decided based on sputum eosinophil counts
rather than on symptoms and lung function.
A few years later a similar sputum strategy
was shown to be essentially useful in severe
asthmatics but not so pertinent in mild-to-mod-
erate asthmatics. In addition, the sputum-guid-
ed strategy only reduced eosinophilic exacer-
bation, which did not account for more than
50% of all exacerbations seen in asthmatics’.

The emergence of anti-IL-5 has strength-
ened the view that eosinophils play a major
role in some severe asthmatics. Indeed both
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Blood
esosinophils

Severe asthma with an esosinophilic

Mild to moderate asthma

Sputum
esosinophils

Severe asthma FeNO > 33-47 ppb

phenotype sputum esosinophils
Boold esosinophils <1-3% >1-3%
< 400-500/pl > 400-500/ ICS & 0CS
to maintain
sputum
eosinophils @9
<3%
| exacerbations 1 exacerbations Poor Improvement | exacerbations Improvement
(?), improvement improvement response on in lung in lung function
in lung function in lung function lung function function and/or patient
(?) and patient and patient and patient perspective
perspective perspective perspective outcomes
outcomes outcomes outcomes

Ficure 2. Predictive values of the eosinophilic trait (including surrogate fractional exhaled nitric oxide) in response to corticosteroids and

anti-interleukin-5 in asthmatics.

FeNO: fractional exhaled nitric oxide; ICS: inhaled corticosteroid; OCS: oral corticosteroid.

mepolizumab” and reslizumab™ have been
shown to dramatically reduce the number of
exacerbations in asthmatics who keep an eo-
sinophilic phenotype despite high-dose ICS
and, sometimes, oral corticoids (Fig. 2). The
size effect is proportional to baseline blood
eosinophil count and particularly marked
when blood eosinophil counts exceed 400-
500 cells/ul, a clinical condition in which an-
ti-IL-5 may also improve day-to-day asthma
control™”°. Interestingly, sputum eosinophil
count is less predictive of the effect of an-
ti-IL-5, whereas it helps to adjust ICS dose as
demonstrated by Green et al”! and Jayaram
et al”? in their studies. Mepolizumab was
shown to rapidly and deeply deplete the blood
compartment from eosinophils. Effects on bone
marrow and bronchial content in eosinophils,

though significant, were less marked”. This
tinding suggests that depleting the circulat-
ing pool of eosinophils is of great impor-
tance to prevent exacerbation in the severe
patients who maintain high blood eosinophil
counts.

Eosinophilic chronic bronchitis

The fact that asthma is more than just airway
eosinophilic inflammation was demonstrated
by the description of an entity called “eosin-
ophilic chronic bronchitis”. These patients
have symptoms of productive cough, and
sometimes wheeze, often exacerbated during
the night, but they do not have bronchial hy-
perresponsiveness and consequently do not
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really complain of breathlessness”. Brightling
et al.”® showed that the histopathologic differ-
ence between asthma and eosinophilic chron-
ic bronchitis was actually the presence of
mast cells infiltrating the airway smooth
muscle in asthmatics not found in those dis-
playing airway eosinophilia without bron-
chial hyperresponsiveness. This finding em-
phasizes the importance of the interaction
between mast cells and smooth muscle to
have the full-blown asthma phenotype in
which bronchospasm is critical. Not surpris-
ingly, the symptoms of patients with chronic
eosinophilic bronchitis are well controlled
by ICS.

CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Chronic obstructive pulmonary disease is a
chronic airway disease due to repeated expo-
sure to smoke and toxic particles that results
in progressive and irreversible airway flow
rate limitation. Though COPD has mainly
been seen as neutrophilic airway disease”*",
it has become clear that a proportion of COPD
patients actually display raised eosinophil
counts (2 3%) in sputum sampled in stable
state. It seems that this proportion ranges be-
tween 30 and 40% according to the studies.
Therefore, eosinophilic inflammation cannot
be neglected in this disease entity.

In contrast to asthma, eosinophil counts in
sputum have never been considered as an aid
to the diagnosis of COPD, which is essential-
ly based on a spirometric criterion. The eosin-
ophilic component, however, raises some im-
portant issues in the management of the
disease.

Eosinophilic chronic obstructive
pulmonary disease

In a series of 83 patients, Brightling et al.®!
found that one third of stable COPD patients
had sputum eosinophil count > 4.5%. Further-
more, Leigh et al.®? found that 37% of stable
COPD patients had sputum eosinophils > 3%.
We have recently found a similar figure in a
series of 58 out of 155 patients (37%) display-
ing sputum eosinophil counts > 3%%. In our
experience, airway eosinophilia in COPD does
not seem to be linked with any specific trait
of the disease. In particular, there is no rela-
tion with atopy, smoking history, or lung func-
tion impairment. A report from the ECLIPSE
study has even indicated that the disease
might be less severe as assessed by the BODE
index when blood eosinophil count is > 2%54.
In the same report, only 4% of patients had
repeated sputum eosinophil counts > 3%.
Thus, the proportion of regular eosinophilic
COPD seems to be much less than that of
occasional ones. Some authors suggested that
eosinophilic COPD might actually be the long-
term evolution of the aforementioned chronic
eosinophilic bronchitis®.

There has been recent renewed interest in eo-
sinophilic inflammation during a COPD ex-
acerbation. Yet, one of the first reports that
drew attention to the eosinophilic component
in COPD exacerbation was published more
than 20 years ago by Saetta et al3¢. Using
bronchial biopsies, the authors showed that
COPD had significant increases in mucosal
eosinophilia during an exacerbation. More re-
cently, Bafadhel et al.” has shown that 28% of
COPD exacerbation featured blood eosino-
phil counts > 2%. Furthermore, in COPD pa-
tients admitted to hospital for an exacerbation,
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eosinopenia < 50/ul was to shown be an in-
dependent risk factor of mortality together
with acidosis, intense dyspnea, and atrial
fibrillation®.

How to approach eosinophilic
chronic obstructive pulmonary
disease

Unlike what has been shown in asthma,
FeNO is rarely elevated in COPD and is over-
all a poor predictor of sputum eosinophils in
COPD. This is mainly due to cigarette smok-
ing that dramatically reduces FeNO levels. By
contrast, blood eosinophil counts do reason-
ably well in predicting sputum eosinophil
count, with the best threshold identified at
160 cells/ul or 2%%. Interestingly, these thresh-
olds are slightly lower than those in asthma,
which could suggest that the driving force
attracting the eosinophils from the circulat-
ing pool into the airways is actually stronger
in COPD than in asthma.

Mechanisms of eosinophilic
inflammation in chronic obstructive
pulmonary disease

Though mast cell activation through an
IgE-mediated process has clearly been shown
to be a major contributor to eosinophilic in-
flammation in asthma?, the molecular mech-
anisms behind eosinophilia in COPD remain
unclear. Atopy does not seem to play a major
role, even if some eosinophilic COPD patients
may show signs of mast cell activation in
their airways as reflected by raised sputum
tryptase levels”. As aforementioned, it is like-
ly that potent eosinophilic chemotactic factors

are released from epithelial cells as a conse-
quence of chronic smoke exposure. Interleu-
kin-8, a potent neutrophil chemotactic agent
that is highly increased in airways of COPD?},
may become chemotactic for eosinophils when
combined to IgA, the key immunoglobulin
within the airways®?. Papi et al”® found that
viral infection with rhinovirus may actually
lead to a recruitment of eosinophils in the
airways of COPD patients, which may explain
why some COPD exacerbations display eosin-
ophilic inflammation. It also is conceivable
that type 2 innate lymphoid cell (ILC2) acti-
vated by epithelial-derived IL-33 play a key
role in these circumstances as it is anticipated
in non-atopic asthma, but this has to be con-
firmed.

Taking into account eosinophilic
inflammation in the management
strategy of chronic obstructive
pulmonary disease

Brightling et al®! first demonstrated that eo-
sinophilic COPD (sputum eosinophil count
> 4.5%) displayed a greater functional and
symptomatic response to a 15 day course of
oral prednisolone compared to those without
airway eosinophilia (< 1%). The same was
shown with inhaled corticoids given for eight
weeks™. The changes in outcomes were, how-
ever, much less pronounced than those seen
in asthmatics. A retrospective analysis of
ICS/LABA drug trials has recently shown
that adding an ICS to a long-acting 3,-agonist
(LABA) brings advantage in terms of reducing
exacerbations only when the blood eosinophil
count was > 2% at baseline®®. Some studies
investigated the sputum strategy in manag-
ing COPD. In a small monocentric study, Siva
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et al.?® showed that adjusting the dose ICS and
oral corticoids to sputum eosinophil counts
in COPD to maintain it below 3% resulted in
less exacerbation and hospitalisation. This is
of great importance given the potential poor
outcome of a hospitalisation in COPD. The
impact of anti-IL-5 on COPD exacerbations
warrants further studies, even though a small
monocentric study has suggested some ben-
efit in the patients whose blood eosinophil
count exceeds 200 cells/ul””.

CONCLUSION

Blood and airway eosinophilia is a common
and important trait to look at in chronic air-
way inflammatory diseases. Although not
enough to paint the complete disease picture
in asthma, the eosinophilic trait is associated
with a more severe disease in terms of lung
function impairment, asthma control, and
propensity of exacerbation (Fig. 1). Both in
asthma and COPD, the eosinophilic trait pre-
dicts a good response to treatment with in-
haled ICS and, sometimes, oral corticoids. In
those patients who remain eosinophilic de-
spite appropriate treatment with glucocorti-
coids, anti-IL-5 has been shown to be very
effective in reducing exacerbation and im-
proving asthma control (Fig. 2).
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