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Abstract

Background and aims: Severe asthma may require the prescription of one of the biologic
drugs currently available, using surrogate markers of airway inflammation (serum IgE levels
and allergic sensitization for anti-IgE, or blood eosinophils for anti-IL5/IL5R). Our objective:

to assess upper and lower airway inflammation in severe asthmatics divided according to the
eligibility criteria for one of the target biologic treatments.

Methods: We selected 91 severe asthmatics, uncontrolled despite high-dose ICS-LABA, and
followed for >6 months with optimization of asthma treatment. Patients underwent clinical,
functional and biological assessment, including induced sputum and nasal cytology. They were
then clustered according to the eligibility criteria for omalizumab or mepolizumab/benralizumab.
Results: Four clusters were selected: A (eligible for omalizumab, n=23), AB (both omalizumab
and mepolizumab, n=26), B (mepolizumab, n=22) and C (non-eligible for both omalizumab
and mepolizumab, n=20). There was no difference among clusters for asthma control (Asthma
Control Test and Asthma Control Questionnaire 7], pre-bronchodilator forced expiratory
volume in 1s, serum IgE and fractional exhaled nitric oxide levels. Sputum eosinophils

were numerically higher in clusters AB and B, in agreement with the higher levels of

blood eosinophils. Allergic rhinitis was more frequent in clusters A and AB, while chronic
rhinosinusitis with nasal polyps prevalence increased progressively from A to C. Eosinophils in
nasal cytology were higher in clusters AB, B and C.

Conclusion: Eosinophilic upper and lower airway inflammation is present in the large majority
of severe asthmatics, independently from the prescription criteria for the currently available
biologics, and might suggest the use of anti-IL5/IL5R or anti IL4/13 also in patients without
blood eosinophilia.

The reviews of this paper are available via the supplemental material section.
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Introduction

For several years, physicians interested in respira-
tory disease have been strongly limited in treating
severe asthmatic patients because of the absence
of a shared definition of severe asthma, the poor
knowledge of the pathogenic mechanism drawing
symptoms and clinical manifestations, and the

absence of a really effective treatment other than
oral corticosteroid. Nowadays, the full under-
standing of the specific interleukin and chemokine
pattern involved in the inflammatory Type 2 cas-
cade responsible for eosinophilic severe asthma
allows to target these patients and treat them
according to disease endotype.!»2
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Many biomarkers have been considered to target
Type 2 eosinophilic asthma. Blood eosinophilia,
fractional exhaled nitric oxide (FeNO) and total
IgE are the easier biomarkers to measure, able to
provide biologically relevant information to aid
clinical decision-making in eosinophilic and aller-
gic asthma.? Moreover, sputum eosinophilia is a
constant feature over time in patients with severe
eosinophilic asthma* and eosinophilia in cytologi-
cal analysis of nasal smear is considered a bio-
marker well related to sputum eosinophilia in
patients with chronic eosinophilic airway inflam-
mation.>% Currently, we have available target
therapy against IgE (omalizumab), IL5 (mepoli-
zumab), IL5 receptor (benralizumab) and anti-
11.4/13 (dupilumab). Although these treatments
are directed against different points of Type 2
inflammatory cascade, they may be proposed in
the same patient phenotype with eosinophilic and/
or allergic asthma’ as well as in patients with nasal
polyps, with or without asthma.8

Therefore, the main challenge for the physician
will be to identify the right patient for the right
treatment, in order to avoid treatment failure and
optimize healthcare costs.

Our study is a single centre, cross sectional,
observational study in which we have enrolled
patients with severe asthma who attended our
clinic from 2012 to 2018 (AUOP in Pisa,
Tuscany, Italy). Each patient received a com-
plete clinical, functional and biological evalua-
tion to identify the phenotype and the endotype
of the upper and lower airway disease. At the end
of the enrolment, each patient was assigned to a
specific group according to the eligibility criteria
needed to prescribe one of the target biologic
treatments available at that time, and we com-
pared these clusters to identify potential differ-
ences in the main clinical, biological and
functional features.

We hypothesized that some clinical and func-
tional findings may help in selecting severe asth-
matics to treat with biologics, also without the
evidence of the eligibility criteria for the biologic
drugs, in according with the need of a multidisci-
plinary approach in the management and treat-
ment of the severe uncontrolled asthma.

Furthermore, the upper and lower airway inflam-
mation, assessed by using induced sputum and
nasal cytology examination, may provide significant

information to suggest a biologic treatment in a
patient with severe uncontrolled asthma, suppos-
edly not eligible for biologic treatment.

Methods

Patients and study protocol

All patients with a diagnosis of asthma according
to GINA guidelines® were evaluated. All of them
have been followed in our clinic for 1year at
least, during which the adherence to anti-asth-
matic treatment was assessed and corrected,
comorbidities were checked and appropriately
managed and the pharmacologic treatment opti-
mized. At the end of this screening period,
patients were considered affected by severe
asthma according to the ERS/ATS definition of
severe asthmal® and were enrolled in the present
study. Patients already under treatment with bio-
logic drugs were excluded; therefore, a sample
size of 91 severe asthmatic patients was consid-
ered for this study.

All patients underwent a clinical, functional and
biological characterization of upper and lower air-
way disease; then, we assigned each patient to a
specific group according to the eligibility criteria
to be treated with anti-IgE (omalizumab) or with
anti-IL5/IL5R (mepolizumab and benralizumab,
the only biologic dugs currently licensed in Italy
for the treatment of severe asthma at that time).
We obtained four clusters of severe asthmatic
patients: cluster A (patients eligible for anti-IgE);
cluster B (patients eligible for anti-IL5/5R); clus-
ter AB (patients eligible for both anti-IgE and
anti-ILL5/5R); cluster C patients with no evidence
of the eligibility criteria for omalizumab and
mepolizumab or benralizumab.

The study had been approved by the local Ethic
Committee (Comitato Etico Area Vasta Nord
Ovest, CEAVNO) as a part of a large observa-
tional registry on Severe Asthma In Italy (SANI
project) (no. 1245/2016) and all patients signed
an informed consent for the use of personal data.

Methods

All patients enrolled in the study attended our
Unit on two different days, after withdrawal of
pharmacological therapy in the last 24h (apart
from inhaled salbutamol as rescue medication),
to undergo the followed exams:
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1. On the first day (Visit 1): blood analysis for
eosinophils count and serum total IgE; pre
and post bronchodilator spirometry, made
according to European Respiratory Society
reference value and using the same equip-
ment in each patient (Elite Series plethys-
mography Medical Graphics, St Paul,
Minnesota, USA), measurement of FeNO
at a flow rate of 50 ml/s, using a chemilumi-
nescent analyser (HypAir FeNO, Medisoft,
Belgium) and collection of induced spu-
tum for the cytological examination,
according to European Respiratory Society
Task Force recommendations!! and as pre-
viously described;!2

2. On the second day (Visit 2), visits no more
than 4weeks apart, patients performed
ENT visit with fibre-optic rhinoscopy to
characterize the upper airways involvement
and to define characteristic of nasal disease
and inflammation. Particularly, all patients
underwent nasal cytological analysis of
nasal smear. The possible nasal disease
diagnoses were: (a) normal (no sinonasal
endoscopic alterations); (b) allergic rhinitis
if at least one skin test result was positive; if
not, rhinitis was defined as “non-allergic”
and further specified with nasal cytology
according to the predominant cellular
population; (c) chronic rhinosinusitis with
(CRSwNP) and without (CRSsNP) nasal
polyps. CRSwNP and CRSsNP patients
were further subclassified according to
predominant nasal cellular population by
cytological analysis.

During the first visit, for each patient were also
collected: demographic and anthropometric
data (age, gender, weight, height, body mass
index), smoking habit, familial history of
asthma, age of asthma onset and nasal disease
onset, allergic sensitization and aspirin intoler-
ance. The number of asthma exacerbations in
the past 12 months and the level of oral corticos-
teroids treatment assumed in the past year were
also recorded.

Asthma control was evaluated by Asthma Control
Test (ACT) and Asthma Control Questionnaire
(ACQ7). The disease-specific quality of life
instruments were also adopted, such as the
SinoNasal Outcome Test (SNOT) and Asthma
Quality of Life Questionnaire.

Statistical analysis

Data are reported as mean*+SD or median and
range for continuous normally or non-normally dis-
tributed variables, and as absolute frequencies and
percentages for nominal variables. Categorical varia-
bles (gender, atopy, early onset asthma, control of
asthma, exacerbations, sputum eosinophilia) were
compared by Chi-Square analysis. Continuous data
were compared using unpaired z-test or ANOVA test
for age and pulmonary function, and Mann—Whitney
or Kruskal-Wallis test for non-parametric data.

Statistical analysis was carried out using SPSS 20
(SPSS Inc., Chicago, IL, USA).

Results

We enrolled 91 patients with diagnosis of severe
asthma. The asthma control, as evaluated by ACT
and ACQ tests, showed a partial/poor asthma control
in the majority of patients (mean values on the whole
population: ACT 18 4.5, ACQ 1.61 £ 1), despite a
high level of pharmacologic treatment (high-dose
inhaled corticosteroids/long-acting beta2 agonist
(ICS/LABA) combinations in all patients, with the
addition of tiotropium (in 41 out 0of 91) and montelu-
kast (in 52 out of 91). In the previous year, the num-
ber of asthma exacerbations was 1.5 per patient and
the average days of oral corticosteroids (OCS) use
was 115days per person. A definite nasal disease was
confirmed in almost all patients, with prevalence on
CRSwNP (43%) and allergic rhinitis (23%).

Fifty-three per cent of patients had a Type 2
inflammation according to blood eosinophils cut
off of 300 cell/ul, and blood eosinophilia was sig-
nificantly related to sputum eosinophilia, although
sputum analysis was more sensitive than blood
analysis in detecting the presence of eosinophilic
inflammation (Figure 1); in effect, 74% of patients
with blood eosinophils <300 cell/ul had sputum
eosinophilia (sputum eosinophils =3%) in com-
parison with 19% of patients with blood eosino-
phils =300 cell/ul and no sputum eosinophilia.

Considering these patients according to the eligi-
bility criteria for anti-IgE and anti-IL5/IL5R
treatment, we obtained four clusters of patients:
A (eligible for omalizumab), AB (eligible for both
omalizumab and mepolizumab or benralizumab),
B (eligible for mepolizumab or benralizumab)
and C (non-eligible for both omalizumab and
mepolizumab or benralizumab), composed of
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Figure 1. Scattergram plot of sputum eosinophil percentages versus blood eosinophil levels in the whole
sample of severe asthmatics.

Table 1. Demographic and clinical data of the patients divided into four clusters according to the eligibility for biologic treatment.

Cluster A Cluster A/B Cluster B Cluster C p value
Number 23 26 22 20
Age, M*=SD 58 =11 6111 57+15 59+8 NS
Gender, M/F 3/20 13/13 7/15 10/10 NS
Age at the severe asthma diagnosis, M £ 5D 32+20 40x20 3819 45+9 NS
SPTs positive, n (%) 23 (100) 26 (100) 8 (36) 2 (10) <0.001
SPTs positive to perennial allergens, n (%) 23 (100) 26 (100) 0 0 <0.001
ASA intolerance, n (%) 6 (26) 6(23) 10 (46) 2(10) NS
ACT, M=SD 184 195 204 19*4 NS
ACQ, M=SD 1.6 %1 1.4=1 1.8+£1.2 1.6x0.7 NS
Total serum IgE, U/pl, median (range) 207 (70-3830) 278 (70-2187) 267 (58-822) 121 (8-404) NS
Blood eosinophils, cell/ul, median (range) 180 (0-280) 645 (300-2100) 575 (300-2490) 210 (60-290)  <0.001
Pre-BD FEV1, % pred., M=SD 7819 75+13 80+18 75+13 NS
AQLQ, M£SD 46+ 48+13 4713 48x15 NS
SNOT-22, M £SD 40£20 39+23 3619 4022 NS
Presence of nasal comorbidity, rhinitis/CRS 21/23 18/22 26/26 18/20 NS

91.3% 81.8% 100% 90%

ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Questionnaire; ASA, acetylsalicylic acid; CRS, chronic rhinosinusitis; M/F, male/female;

Pre-BD FEV1, pre-bronchodilator forced expiratory volume in 1s; SNOT, SinoNasal Outcome Test; SPT, skin prick test.
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Table 2. Sputum inflammatory cell percentages and diagnosis of upper airway diseases of the patients divided
into four clusters according to the eligibility for biologic treatment.

Cluster A Cluster A/B  ClusterB  ClusterC  pvalue
Number 23 26 22 20
Sputum eosinophils, %, median (range) 4(0-75)  34(0-94) 26 (0-90] 17 (0-96) NS
Sputum neutrophils, %, median (range) 43 (1-95) 31 (0-97) 28 (0-94) 50 (1-94) NS
FeNO, ppb, median (range) 19 (4-68) 20 (5-75) 30 (8-86) 22 (8-85) NS
Rhinologic diagnosis
Allergic rhinitis, n (%) 12 (52) 8(31) 1 (4.5) 0 <0.001
Non-allergic rhinitis, n (%) 0 0 2(9) 4 (20)
CRSsNP, n (%) 2 (8.7) 9 (34.5) 4(18) 2 (10)
CRSWNP, n (%) 7(31) 9 (34.5) 11 (50) 12 (60)
Pts with nasal eosinophils, n (%) 3(13) 11 (42) 15 (68) 8 (40) NS

CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwWNP, chronic rhinosinusitis with nasal polyps; FeNO, fractional

exhaled nitric oxide; Pts, patients.

23, 26, 22 and 20 patients respectively. Table 1
shows the main demographic and clinical data of
these different clusters. The prevalent gender
was female. There was no difference among
groups in terms of mean age, asthma control
(ACT and ACQ), pre-bronchodilator forced
expiratory volume in 1s and median value of
serum IgE. Aspirin intolerance was more fre-
quent in group B patients. As expected from the
inclusion criteria, blood eosinophils were signifi-
cantly higher in groups AB and B in comparison
with groups A and C.

In Table 2 are reported the characteristics of
upper and lower airway inflammation as well as
the diagnosis of upper airway disease. Sputum
eosinophils were numerically higher in groups AB
and B (Figure 2), in agreement with the higher
levels of blood eosinophils in these two groups in
comparison with groups A and C, while FeNO
levels were similar among the different groups
with a tendency to have higher values in group B
patients (Figure 3). The diagnosis of upper air-
way disease differed significantly among the
groups: allergic rhinitis was more frequent in
patients of groups A and AB, while CRSwNP
increased progressively from group A to group C,
with the highest prevalence in group C. Presence
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Figure 2. Sputum eosinophil percentages in the different groups according
to the eligibility for the currently available biologics.
N.S.: non significant
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Figure 3. Exhaled nitric oxide levels (FeNO]) in the different groups according
to the eligibility for the currently available biologics.

N.S.: non significant

of eosinophils in nasal cytology was higher in
groups AB, B and C, in comparison with A group
(although this difference was not statistically
significant).

Considering the prescription criteria of the anti/IL
4—13 (not yet available in Italy), we found a sub-
stantial possibility to use dupilumab in B and AB
groups (blood eosinophils more than 150/mm?3
and/or FeNO more than 25 ppb), expecting a sim-
ilar improvement in asthma control to other bio-
logics targeting Type 2 inflammation. More
exciting, in the C group we have found that 50%
of patients had a level of FeNO higher than 25 ppb;
these patients, without evidence of blood eosino-
philia and atopy, had sputum eosinophilia (median
value 17%) and nasal polyps in 57% of the cases,
with recurrence after surgery in 75% of patients.
In addition, in this subgroup, eosinophils in nasal
smear were detected in 43% of patients. In the
remaining 50% of the C group patients, FeNO
was lower than 25ppb, but sputum eosinophils
were high (median value 16%), nasal polyps were
demonstrated in the 37% of patients, with 66% of
disease recurrence after surgery.

Discussion

Eosinophilic asthma is the most frequent asthma
phenotype, involving both atopic and not-atopic
patients. Peripheral blood biomarkers such as
blood eosinophils and total IgE are simple to
detect, but not sufficient to characterize the spe-
cific endotypes of asthma. In the present study,
we confirmed that upper and lower airways eosin-
ophilic inflammation is more represented in
severe asthmatics eligible for anti-IL5/ILL5R, but
that it is also present in patients not eligible for
the currently available biologics.

The clinical impact of nasal disease was very rel-
evant in all patients: the presence of nasal comor-
bidity expressed as the presence of rhinitis
(allergic/non-allergic) or chronic rhinosinusitis
(with/without nasal polyps), was elevated in all
groups, and the mean SNOT-22 was abnormal
(>9) in all groups, indicating a moderate (21-49)
or severe nasal disease (=50). In contrast with
data from the literature from real life in a very
large sample of severe asthmatics,!? in our single
centre experience the nasal polyposis did not
affect the control and severity of asthma more
than the other forms of nasal comorbidities.

Considering the overall population of our series of
severe asthmatic patients, 23 patients (A group)
were clearly candidates for treatment with anti-IgE
and 22 (B group) for treatment with anti-IL5 or
anti-IL5 receptor. Indeed, group A patients pre-
sented allergic sensitization to perennial allergens,
with high levels of IgE, no evidence of blood eosino-
philia and lower local eosinophilic inflammation
(median value of sputum eosinophils was 4%, FeNO
was low and eosinophils were present in the nasal
smear in only 13% of these patients). In this group,
allergic rhinitis was the prevalent diagnosis of upper
airway disease. Eighty-seven per cent of the patients
of this group were poly-sensitized allergic patients.

On the other hand, hypereosinophilia was the main
feature of patients of the B group. Indeed, they had
both airway (high level of eosinophils in sputum,
nasal mucosa and high level of FeNO) and periph-
eral eosinophilic inflammation. The 36% of patients
of this group presented atopy but only for seasonal
allergens and the median value of IgE was similar to
the other groups. CRSwNP was the prevalent nasal
disease diagnosis (in 50% of patients) and the
Sampter’s triad affected 23% of patients. Therefore,
a target treatment against IL5 or its receptor is
strongly indicated in this group of patients.
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Patients of AB group could be proposed for both
anti IgE and anti IL5 or IL5 receptor treatment. In
the literature it is well described that the prevalence
of atopy increases with level of eosinophilial* and
we observe that this group of patients presented the
same median value of IgE as the other groups.
According to the literature, also in our patients the
level of IgE, similar in all groups, cannot be consid-
ered predictive of response to target treatment and
cannot help us to choose the best treatment.!> On
the other hand, the majority of these patients pre-
sented a very high level of blood eosinophilia, but
recent data of the literature, from real life observa-
tion, shows that blood eosinophilia is not always
predictive of the clinical response to anti IL5 treat-
ment.'® On the other hand, our results underline
that the combination of blood eosinophilia with
local eosinophilic inflammation (eosinophils in
sputum and nasal smear, high FeNO levels) might
support the choice of a treatment with anti IL5 or
IL5R. Additional clinical features, such as the pres-
ence of nasal polyps, should be also considered to
orient the choice of treatment because of the poor
response to the anti-IgE therapy described in the
literature in patients with comorbidities such as
nasal polyps!”-1® and the initial data of the efficacy
of anti-IL5 on nasal polyps treatment.1®

Finally, group C patients resulted not eligible for the
target treatments currently available in our country,
due to the absence of atopy for perennial allergen
and to the low level of blood eosinophils. Our study
provides for this group of patients some evidence of
a dissociation between the level of peripheral inflam-
mation, which was low, and local eosinophilic
inflammation, which was often increased, with evi-
dence of eosinophilic inflammation similar to the B
group. We can also observe that a significant num-
ber of these patients had nasal polyposis. Considered
together, these features strongly suggest the pre-
scription of anti-IL4-13 in these patients, regardless
of blood eosinophilia or FeNO level. In these
patients, the optimal therapeutic choice should be
based on patients’ characteristics and positive
patients’ feedback towards the possible therapeutic
schemes of biologics proposed. However, more
studies are needed to identify specific mediators
involved in the activation of upper airway-Type 2
inflammation before proposing biologic treatment
in patients with such biologic features.

This observation confirms that there is a sub-
group of severe asthmatic patients with activation
of Type 2 inflammatory cascade who may have

low level of peripheral eosinophilic inflammation
in front of a significant eosinophilic recruitment
into upper and lower airway tissues. In this group
of patients, allergens do not seem to be the main
triggers for this sustained eosinophilic inflamma-
tion. Therefore, we can assume an overexpression
of cytokines involved in eosinophils recruitment
in the airway, such as eotaxin 3 (CCL26).

Nowadays, target treatment, such as anti I1.-4/13,
capable of blocking eosinophils cascade activation
and the cytokines involved in the tissue recruit-
ment of eosinophils with minimal peripheral
eosinophilia, are close to being available on the
market.2 This new type of treatment might be
proposed in patients with a dissociation between
airway and blood eosinophilic inflammation, as
demonstrated by the subgroup analysis of a recent
randomized clinical trial with dupilumab.?!

The discrepancy between local and peripheral
eosinophilic inflammation is well known: in some
studies, a consistent proportion (ranging from
30% to 70%) of severe asthmatics had sputum
eosinophilia with normal values of blood eosino-
phils.2224 e can suppose that this partial correla-
tion between local and peripheral eosinophilic
inflammation may be due to “single spot” assess-
ment of these patients, and that repeated measure-
ments of blood eosinophils may catch in these
patients an occasional blood eosinophilia which
may make these patients candidates for an anti IL5
or IL5R treatment. On the other hand, we have
demonstrated in a group of severe asthmatics who
performed repeated sputum measurements over
years, that sputum eosinophilia was a constant fea-
ture in more than 80% of these patients.* The
degree of concordance between blood and sputum
eosinophilia should be confirmed with repeated
measurements of both blood and sputum eosino-
phils in the same severe asthmatics; at the present
time, this information is still lacking. Longitudinal
observations on large groups of severe asthmatics
(as obtained with the use of national registries)
might clarify this point.25

Some papers have been recently published with
the aim to characterize the proportion of severe
asthmatics who are candidates for the current
biologic treatments, according to the prescriptive
criteria in the different countries.?6-28 These stud-
ies, some of them with a sample size comparable
to that of our study, showed that a majority of
severe asthmatics were eligible for at least
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one biologic drug, with a large overlap between
anti-IgE and anti-IL5/5R. Differently from these
papers, our study investigated the presence of
eosinophilic inflammation in upper and lower air-
ways, showing that, in patients without prescrip-
tive criteria for anti-IgE or anti-IL5/5R,
eosinophilic inflammation in induced sputum
and/or nasal cytology might indicate the use of
anti-eosinophilic biologic drugs, including also
anti-11.4/13, therefore increasing consistently the
possibility to manage appropriately this subgroup
of severe asthmatics.

In conclusion, phenotyping severe asthmatic patients
is essential to recognize specific endotypes of disease
and to guide target treatment in a single severe asth-
matic patient. Perennial atopy, in a patient with low
airway and blood eosinophilic inflammation and
allergic rhinitis, supports the choice for the anti-IgE
treatment. The concordance between airway and
blood eosinophilic inflammation, particularly in a
patient with nasal polyps, should orient for anti-
IL5/5 R target treatment. In atopic patients with evi-
dence of blood eosinophilic inflammation, the level
of blood eosinophilia and not the IgE level should
guide the treatment choice; the level of airway eosin-
ophilic inflammation and some clinical features such
as nasal polyps or allergic rhinitis should be also con-
sidered. A severe asthmatic patient, non-atopic and
non-eligible for anti IL5/5R treatment, should be
evaluated for local eosinophilic inflammation (cyto-
logical examination of sputum and nasal smear, as
suggested by Global Initiative for Asthma docu-
ments).” Indeed, this patient might have local airway
inflammation caused by a different way of activation
of eosinophilic inflammatory cascade, with more
production of cytokines involved in the local recruit-
ment of the eosinophils. This type of patient might
benefit from a different type of target treatment such
as anti-11.4/13.

A multidisciplinary approach, including at least
pulmonology, allergist and ENT specialist, is
needed to evaluate and treat a patient with severe
uncontrolled asthma, particularly if he does not
seem eligible for a biologic treatment. In these
types of patients, frequently affected by multi-
morbidities driven by Type 2 inflammation, the
cytological examination of upper and lower air-
way disease should always be considered.
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