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Abstract: Asthma is a heterogeneous and complex condition characterized by chronic airway in-
flammation, which may be clinically stratified into three main phenotypes: type 2 (T2) low, T2-high
allergic, and T2-high non-allergic asthma. This real-world study investigated whether phenotyping
patients with asthma using non-invasive parameters could be feasible to characterize the T2-low and
T2-high asthma phenotypes in clinical practice. This cross-sectional observational study involved
asthmatic outpatients (n = 503) referring to the Severe Asthma Centre of the San Luigi Gonzaga
University Hospital. Participants were stratified according to the patterns of T2 inflammation and
atopic sensitization. Among outpatients, 98 (19.5%) patients had T2-low asthma, 127 (25.2%) T2-high
non-allergic, and 278 (55.3%) had T2-high allergic phenotype. In comparison to T2-low, allergic
patients were younger (OR 0.945, p < 0.001) and thinner (OR 0.913, p < 0.001), had lower smoke expo-
sure (OR 0.975, p < 0.001) and RV/TLC% (OR 0.950, p < 0.001), higher prevalence of asthma severity
grade 5 (OR 2.236, p < 0.05), more frequent rhinitis (OR 3.491, p < 0.001) and chronic rhinosinusitis
with (OR 2.650, p < 0.001) or without (OR 1.919, p < 0.05) nasal polyps, but less common arterial
hypertension (OR 0.331, p < 0.001). T2-high non-allergic patients had intermediate characteristics.
Non-invasive phenotyping of asthmatic patients is possible in clinical practice. Identifying character-
istics in the three main asthma phenotypes could pave the way for further investigations on useful
biomarkers for precision medicine.
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1. Introduction

Asthma is a heterogeneous and complex disorder characterized by different pheno-
types and endotypes. Airway inflammation is the pathophysiologic mainstay [1] caused
by different pathogenic mechanisms. Thereby, a recent approach tends to identify the un-
derlying immune-pathological characteristics. In this regard, three kinds of cell-mediated
immune responses (type 1, type 2, and type 3) can be highlighted based on the presence of
specific lineages of effector T-cell and innate lymphoid cells (ILC) [2]. Type 1 immunity
comprises interferon (IFN)-γ and tumor necrosis factor (TNF) producing TH1, TC1, and
ILC1 cells and mainly focuses against intracellular microbes; type 2 effectors (TH2, TC2,
and ILC2) secrete interleukin (IL)-4, IL-5, and IL-13 and have been linked with protec-
tion against parasites, allergens, and irritants; type 3 immune response is based on IL-17
producing cells (TH17, TC17, and ILC3) and historically targets extracellular microbes
like bacteria and fungi [2]. Beyond these activities, the three types of immunity concur
to the asthma heterogeneity and affect the composition of granulocytic airway infiltrate,
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leading to four inflammatory phenotypes: eosinophilic, neutrophilic, pauci-granulocytic,
and mixed-granulocytic asthma.

Type 2 (T2) inflammation is predominant in asthma and is characterized by eosinophilic
airway infiltrate and TH2-dependent cytokine overexpression (IL-4, IL-5, and IL-13) [3].
IL-5 mediates differentiation, activation, and survival of eosinophils, while IL-4/13 is essen-
tial to induce B cells to produce IgE. This so-called T2-high asthma includes the allergic and
the non-allergic phenotype [4,5]. In the allergic phenotype, IL-5 and IL-13 are produced by
TH2 upon contact with allergens and by ILC2 in response to allergen-driven production
of alarmins (IL-25, IL-33, and thymic stromal lymphopoietin - TSLP) in epithelial cells [6].
This phenotype is characterized by early onset and production of allergen-specific IgE
(sensitization). Otherwise, in the non-allergic T2-high phenotype, innate immunity is medi-
ated with non-specific mechanisms [5], as pollutants, parasites and pathogens can trigger
airway hyperresponsiveness and eosinophilia through alarmin-mediated ILC2 activation.
Clinically, non-allergic eosinophilic patients had late-onset asthma and often developed
chronic rhinosinusitis with nasal polyps (CRSwNP) [6].

Neutrophilic and pauci-granulocytic airway infiltrates are enclosed in the T2-low
asthma and are promoted by IL-6, IL-8, IL-17, IL-22, and epithelial cell-derived cytokines
belonging to type 1 and 3 immunity [6,7]. The T2-low asthma is uncommon in children
and adolescents but occurs more frequently in late-onset asthmatics, females, and obese
subjects [7]. Further, type 3 inflammation has been associated explicitly with frequent
asthma exacerbations [8,9].

Asthma phenotyping allowed us to tailor personalized treatment in asthma manage-
ment from a conceptual perspective. The most relevant information on this topic derived
from big trials, which adopted very selective inclusion and exclusion criteria or investiga-
tional international studies that used sophisticated biomarkers [10]. This evidence scarcely
mirrors what occurs in clinical practice, thus real-world studies are useful [11]. We tested
the hypothesis that managing asthmatics in a real-world setting through non-invasive
phenotyping could provide relevant information to characterize the T2-low and T2-high
asthma in clinical practice.

2. Materials and Methods
2.1. Study Design and Patients

The present cross-sectional observational study was approved by the local Ethics
Committee (San Luigi Gonzaga University Hospital: protocol 4478/2017, approved on
20 March 2017) and conducted according to the Declaration of Helsinki between June 2017
and December 2020. Study candidates were consecutively recruited among mild-to-severe
asthmatics referring to the Severe Asthma Centre of the San Luigi Gonzaga University
Hospital. According to the Global Initiative for Asthma (GINA) criteria [12], inclusion
criteria were adulthood and documented asthma diagnosis, based on a typical history
of respiratory symptoms associated with variable airflow limitation as demonstrated
by reversibility to bronchodilators and bronchial hyper-responsiveness to methacholine.
Patients with stable asthma [13] discontinued short-acting and long-acting bronchodilators
24 h before lung function measurement. Patients with asthma-COPD overlap (ACO) based
on the GINA-GOLD definition [14] were excluded. Smoking habit and history were not
assumed per se as an exclusion criterion; patients were considered with history of current
or past smoking habits if they were cumulatively exposed to ≥10 pack-year (PY) [15,16].

Patients with poor adherence (<50%) to the treatment or inadequate inhalation tech-
nique were excluded to evaluate optimally treated patients solely. Written informed consent
was obtained from all subjects.

T2-high inflammation was defined when at least one of the following conditions oc-
curred: blood eosinophils ≥ 300 cells/µL, fractional exhaled nitric oxide (FENO) ≥ 30 ppb,
or confirmed allergy [17–19]. Total IgE levels were arbitrarily not considered as a T2-high
allergic inflammatory biomarker, as it can be elevated also in non-atopic subjects. T2-
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high patients were further stratified as T2-high allergic or T2-high non-allergic asthma,
depending on the presence of confirmed allergy diagnosis [5].

2.2. Procedures and Endpoints

Outpatients’ clinical data and history were recorded at recruitment during a follow-up
visit. The detailed history included the most common comorbidities. The investigators
performed the clinical examination, measured body mass index (BMI), and administered
the asthma control test (ACT) questionnaire. The first question of the questionnaire was
used to evaluate the activity limitation score.

The use of asthma medications, including inhaled and nasal corticosteroids (CS), theo-
phylline, long-acting beta2-agonists (LABA), long-acting muscarinic antagonists (LAMA),
and biologics (omalizumab and mepolizumab) was recorded to assess the treatment step
level and define the asthma severity grade after at least six months of follow-up, accord-
ing to the GINA document [12]. Inhaled corticosteroids (ICS) doses were reported as
beclomethasone equivalent. Serum Vitamin D was also titrated, and its supplementation
was considered.

The pulmonary function test assessed spirometry and lung volumes using a body
plethysmograph (Vmax Encore 62, Carefusion, Würzburg, Germany), as stated by the
European Respiratory Society [20]. Bronchodilation testing was performed according to
validated criteria [9].

According to the manufacturer’s instructions, FENO was measured using the FENO+
instrument (Medisoft, Sorinnes, Belgium). Exhaled NO was recorded with the single-breath
method according to published guidelines [21].

White blood cell (WBC) and WBC differential counts were performed based on optical
and impedance characteristics using a Cell-Dyn Sapphire (Abbott, Rome, Italy) automated
hematology analyzer.

Allergy was considered if sensitization, such as the production of allergen-specific
IgE, was documented by skin prick test and/or serum assay. Moreover, it had to be
demonstrated a cause/effect relationship between exposure to the sensitizing allergen and
immediate symptom occurrence [17].

For patients already in treatment with biologics, the measurements of FENO and
blood eosinophils before the start of therapy were also recovered, as treatment can alter the
baseline T2 stratification.

2.3. Statistical Analysis

Descriptive statistics of endpoint characteristics were reported as means with standard
deviations (SD) for continuous variables and the number of subjects and percentage values
for categorical variables. Inflammatory phenotype classification was created, stratifying
the patients into two groups: T2-low asthma and T2-high asthma. The latter was further
stratified as T2-high non-allergic asthma and T2-high allergic asthma. The analyses were
performed between (i) T2-low vs. T2-high as a whole; (ii) T2-low vs. T2-high non-allergic;
(iii) T2-low vs. T2-high allergic; (iv) T2-high allergic vs. non-allergic.

The D’Agostino and Pearson test was used to evaluate normality distribution. Outliers
were identified with the ROUT method and excluded. Unpaired T-Test or non-parametric
Mann–Whitney U-test were used to compare continuous variables, whereas the Fisher
F-test was employed to compare categorical variables.

The univariate binomial Logistic Regression (LR) Model screened the T2 phenotype’s
clinical and demographic variables. The odds ratios were calculated with their 95% con-
fidence interval as exponentiation of the B-coefficient for each factor from the LR. All
detailed results were reported in the Supplementary Table S1. The role of age and smoke
exposure as confounding variables for differences in comorbidity prevalence was assessed
by a univariate general Linear Regression Model. p < 0.05 was set as the significant cut-
off. Descriptive statistics were performed with GraphPad Prism version 9.1.1 (GraphPad
Software, San Diego, CA, USA), whereas Regression Models were analyzed with IBM



Biomedicines 2021, 9, 1684 4 of 15

SPSS Statistics version 24 (IBM Corp., Armonk, NY, USA). Euler diagram was drawn with
“eulerr” package version 6.1.1 for R [22].

3. Results
3.1. Descriptive Analysis

The present study included 503 (199 males and 304 females) mild-to-severe asthma
outpatients whose demographic, biological, physiological, and clinical characteristics are
summarized in Table 1.

Table 1. Demographic and clinical characteristics of study participants (n = 503). The results are
expressed as mean with standard deviation or as the number of subjects with percentage.

Characteristic Overall Characteristic Overall

Demographic data Asthma severity grade
Gender (Male/Female) 199/304 GINA step 1 53/503 (10.5%)
Age (years) 58.0 ± 15.1 GINA step 2 58/503 (11.5%)
Age at asthma onset (years) 36.0 ± 18.9 GINA step 3 150/503 (29.8%)
Early onset ♦ 114/500 (22.8%) GINA step 4 112/503 (22.3%)
Asthma duration (years) 22.4 ± 16.3 GINA step 5 130/503 (25.8%)
BMI (Kg/m2) 27.0 ± 5.5 ACT 20.5 ± 3.9
Never Smoker 362/503 (72.0%) Activity limitation 4.2 ± 1.1

Past Smoker (≥10 PY) 110/503 (21.9%) Treatments
Current Smoker (≥10 PY) 31/503 (6.1%) BCM HFA dose (µg) 329.3 ± 245.1
Pack/Year ≥10 PY (history) 30.6 ± 20.0 OCS (maintenance therapy) 25/503 (5.0%)
Exacerbations/year 1.0 ± 1.8 OCS (dependence) 73/503 (14.5%)
FE Phenotype ♦ 101/465 (21.7%) LABA use 394/503 (78.3%)

Lung function LAMA use 92/503 (18.3%)
FVC (% pred.) 99.6 ± 18.6 Omalizumab 29/503 (5.8%)
FEV1 (% pred.) 83.8 ± 21.4 Mepolizumab 23/503 (4.6%)
FEV1/FVC 68.2 ± 12.3 Theophylline use 8/503 (1.6%)
∆-post-BD FEV1 (mL) 227.0 ± 209.7 Antileukotriene use 69/503 (13.7%)
∆-post-BD FEV1 (%) 11.9 ± 10.7 Nasal CS use 324/503 (64.4%)

RV (% pred.) 127.6 ± 38.3 Physiological data
RV/TLC (% pred.) 44.6 ± 12.1 SpO2 (%) 96.6 ± 1.5
TLC (% pred.) 106.8 ± 15.1 Heart Rate (bpm) 76.8 ± 11.4

FRC (% pred.) 113.4 ± 26.1 Phenotyping T2-high
biomarkers

Biological data Eosinophils (≥300 cells/µL) 210/503 (41.8%)
Leukocytes (cells/µL) 7282 ± 1972 FENO (≥30 ppb) 236/503 (46.9%)
Neutrophils (cells/µL) 4101 ± 1482 Allergic sensitization 278/503 (55.3%)
Eosinophils (cells/µL) 312.9 ± 249.7 Polysensitization 231/278 (83.1%)

FENO (ppb) † 33.6 ± 23.2 Asthma phenotypes
Total IgE IU/mL † ♦ 125.3 ± 125.0 Type 2 low 98/503 (19.5%)
Vitamin D (ng/mL) 26.1 ± 12.3 Type 2 high non-allergic 127/503 (25.2%)

Type 2 high allergic 278/503 (55.3%)
† without outliers; ♦ data not available in the entire population; BMI: body mass index; PY: pack/year; FE:
frequent exacerbator (≥2 exacerbation/year); FVC: forced vital capacity; FEV1: forced expiratory volume in the
1st second; post-BD: post-bronchodilation; RV: residual volume; TLC: total lung capacity; FRC: functional residual
capacity; FENO: fractional exhaled nitric oxide; GINA step: step of treatment according to the Global Initiative
for Asthma; ACT: asthma control test; BCM HFA: beclomethasone hydrofluoroalkane; OCS: oral corticosteroids;
OCS maintenance: requirement of at least 6 months/year of daily OCS; OCS dependence: requirement of at
least 3 months/year of daily OCS or ≥3 OCS bursts in the last year; CS: corticosteroids; LABA: long-acting
beta2-agonists; LAMA: long-acting muscarinic antagonists; SpO2: peripheral oxygen saturation.

The mean age was 58.0 years (SD = 15.1), the age at asthma onset was 36.0 years
(SD = 18.9), 22.8% of patients had early onset asthma, and the mean BMI was 27.0 (SD = 5.5).
Most patients (n = 362) had never been smokers, 110 were past smokers, and 31 were current
smokers. The mean values of the main lung function parameters were in the normal range.
The use of asthma medications is reported in detail. Considering the asthma severity grade,
10.5% patients were in GINA step 1, 11.5% step 2, 29.8% step 3, 22.3% step 4, and 25.8%
step 5. The mean ACT value was 20.5 (SD = 3.9); the mean activity limitation score was 4.2
(SD = 1.1).
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Figure 1 describes the stratification of patients at the recruitment, considering positiv-
ity to each T2 inflammatory biomarker (presence of allergic sensitization, or the exceeding
of the threshold value for FENO and blood eosinophils).
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Figure 1. Area-proportional Euler Diagrams of the type 2 biomarker positivity in the type 2 phenotypes, including patients
during biologic treatment. The “triple negative” T2-low phenotype is represented in red; in the T2-high phenotype, presence
of allergic sensitization is represented in azure; blood eosinophils ≥ 300 cells/µL is reported in grey; FENO ≥ 30 ppb is
colored in white; the presence of multiple T2 biomarkers is reported with the overlap of the respective biomarker ovals. The
blue line delimits the T2-high allergic phenotype, while the gray line delimits the T2-high non-allergic phenotype.

Beyond the “triple negative” T2-low phenotype, in which neither allergic sensitization
nor the presence of high levels of FENO and blood eosinophils can be detected, seven
subgroups could be identified in the T2-high population. Three subgroups were charac-
terized by only one T2 biomarker, while the remaining four showed the simultaneous
presence of two or even three T2 biomarkers. As 52 (10.3%) of recruited patients were
already in treatment with biologics at recruitment, stratification for asthma phenotypes in
our population was performed considering FENO and blood eosinophils measurements
either prior (Supplementary Figure S1) or during (Figure 1) the therapy. Changes in T2
phenotype were detected in 21 of 52 patients (40.4%) and reported in Table 2.

Changes accounted mainly for switching between adjacent subgroups inside the T2-
high phenotype. Only one patient switched from the “pure eosinophilic” T2-high to the
T2-low phenotype following the administration of mepolizumab.

The characterization of T2 phenotypes described below was based on actual biomark-
ers positivity (Figure 1). Thereby, stratification for asthma phenotypes in our population
revealed that 98 (19.5%) patients had T2-low asthma, whereas 405 (80.5%) patients had
T2-high asthma, of which 127 (25.2%) showed the T2-high non-allergic phenotype, and 278
(55.3%) the T2-high allergic.
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Table 2. Changes in T2 biomarkers positivity in 21 T2-high severe asthma patients treated with biologics.

Pre-Biologic Phenotype Post-Biologic Phenotype Patients (n) Biologic Drug

F+ E- S- F+ E+ S- 1 Mepolizumab

F- E+ S- F+ E+ S- 1 Mepolizumab
T2 Low 1 Mepolizumab

F- E- S+ F+ E- S+ 2 Omalizumab (2)
F- E+ S+ 1 Omalizumab
F+ E+ S+ 1 Omalizumab

F+ E+ S- F+ E- S- 3 Mepolizumab (3)

F+ E- S+ F- E- S+ 1 Omalizumab

F- E+ S+ F- E- S+ 3 Mepolizumab (2)
Omalizumab (1)

F+ E- S+ 1 Omalizumab
F+ E+ S+ 2 Omalizumab (2)

F+ E+ S+ F- E- S+ 1 Mepolizumab

F+ E- S+ 3 Mepolizumab (2)
Omalizumab (1)

F+ = FENO ≥ 30 ppb; F- = FENO < 30 ppb; E+ = blood eosinophils ≥ 300 cells/µL;
E- = blood eosinophils < 300 cells/µL; S+ = presence of allergen sensitization; S- = absence of allergen sensi-
tization. The number in brackets near the biologic drug indicates how many patients with the specific phenotype
change after the treatment with that drug.

3.2. Demographic Characterization of Phenotypes

Demographic characteristics of patients stratified according to T2 asthma phenotypes
were reported in Table 3.

Table 3. Descriptive statistic of patients (n = 503) stratified according to asthma phenotypes. The results are expressed as
mean with standard deviation or as the number of subjects with percentage.

Characteristics

Descriptive Statistic of Asthma Phenotypes

Type 2 Low
98 Patients

Type 2 High
405 Patients

Type 2 High
Non-Allergic
127 Patients

Type 2 High
Allergic
278 Patients

Age (years) 64.4 ± 13.9 56.5 ± 15.0 *** 62.9 ± 12.3 53.5 ± 15.2 ***,§§§

Gender (Male) 32/98 (32.6%) 167/405 (41.2%) 57/127 (44.9%) 110/278 (39.6%)
BMI 29.0 ± 6.0 26.6 ± 5.3 *** 27.4 ± 5.5 26.2 ± 5.2 ***
Age at asthma onset 44.8 ± 18.3 33.9 ± 18.5 *** 41.1 ± 17.6 30.5 ± 18.0 ***,§§§

Early onset 13/97 (13.4%) 101/403 (25.1%) * 13/126 (10.3%) 88/277 (31.8%) ***,§§§

Asthma duration (years) 19.3 ± 15.3 23.1 ± 16.3 * 21.8 ± 17.3 23.7 ± 15.8 *
Smoking

Never Smoker 63/98 (64.3%) 299/405 (73.8%) 79/127 (62.2%) 220/278 (79.1%) **,§§§

Past Smoker (≥10 PY) 26/98 (26.5%) 84/405 (20.8%) 38/127 (29.9%) 46/278 (16.6%) *,§§

Current Smoker (≥10 PY) 9/98 (9.2%) 22/405 (5.4%) 10/127 (7.9%) 12/278 (4.3%)
Pack/Year >10 PY (history) 37.6 ± 23.3 28.3 ± 18.3 * 30.2 ± 15.8 26.8 ± 20.2 *
Vitamin D (ng/mL) 24.7 ± 12.4 26.5 ± 12.2 26.6 ± 10.5 26.4 ± 12.9
Exacerbations/years 0.7 ± 1.1 1.1 ± 1.9 1.2 ± 2.5 1.0 ± 1.6
FE phenotype 13/85 (15.3%) 88/380 (23.2%) 28/120 (23.3%) 60/260 (23.1%)
Leukocytes (cells/µL) 7150 ± 2327 7314 ± 1879 7831 ± 1868 ** 7078 ± 1840 §§§

Neutrophils (cells/µL) 4297 ± 1810 4054 ± 1391 4391 ± 1505 3911 ± 1318 §

Eosinophils (cells/µL) 147.1 ± 64.0 353.0 ± 261.2 *** 399.9 ± 264.4 *** 331.5 ± 257.3 ***,§

Lymphocytes (cells/µL) 2070 ± 621 2345 ± 796 * 2385 ± 804 2326 ± 794
Total IgE (IU/mL) †♦ 44.5 ± 40.0 154.4 ± 150.1 *** 67.5 ± 51.6 215.0 ± 199.4 ***,§§§

FENO (ppb) † 15.3 ± 7.8 41.2 ± 27.0 *** 46.0 ± 25.8 *** 39.0 ± 27.3 ***,§§

† without outliers; ♦ data not available in the entire population; * = p < 0.05; ** = p < 0.01; *** = p < 0.001 vs. T2 low; § = p < 0.05; §§ = p < 0.01;
§§§ = p < 0.001 vs. T2 high non-allergic; BMI: body mass index; PY: pack/year; FE: frequent exacerbator (≥2 exacerbation/year); FENO:
fractional exhaled nitric oxide.
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As emerged with LR (Figure 2), if compared to the T2-low, subjects with T2-high phe-
notype were younger (p < 0.001, OR = 0.960) and had a lower age at diagnosis (p < 0.001,
OR = 0.968), therefore were characterized more frequently by early onset (p < 0.05, OR = 2.161)
and longer asthma duration (p < 0.05, OR = 1.016). They were generally thinner (p < 0.001,
OR = 0.926) and had less exposure to cigarette smoke (PY, p < 0.01, OR = 0.984). Finally, T2-
high subjects had higher levels of blood eosinophils (p < 0.001, OR = 2.363) and lymphocytes
(p < 0.05, OR = 1.759), FENO (p < 0.001, OR = 2.577), and total IgE (p < 0.05, OR = 1.188).
All these differences were confirmed by comparing the T2-high allergic phenotype with
the T2-low population. Further, T2-high allergic subjects were more often classified as
never smokers (p < 0.01, OR = 2.107), but less as past smokers (p < 0.05, OR = 0.549), and
had fewer blood neutrophils (p < 0.05, OR = 0.843). In contrast, subjects with T2-high
non-allergic asthma exhibited fewer differences than the T2-low phenotype. These subjects
were thinner (p < 0.05, OR = 0.953), had higher blood eosinophils (p < 0.001, OR = 2.896),
lymphocytes (p < 0.05, OR = 1.974), and leukocyte counts (p < 0.05, OR = 1.177), and FENO
(p < 0.001, OR = 3.827).
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Comparing the results of the two T2-high subpopulations, allergic subjects were
younger (p < 0.001, OR = 0.952), developed asthma earlier (p < 0.001, OR = 0.968), and
were more frequently classified as early onset (p < 0.001 OR = 4.047). Allergic subjects
had lower BMI (p < 0.05, OR = 0.958) and smoke exposure (p < 0.01, OR = 0.979), namely
were more often never smokers (p < 0.001, OR = 2.305) and more rarely past smokers
(p < 0.01, OR = 0.464). In addition, they had reduced leukocyte (p < 0.001, OR = 0.807),
blood neutrophil (p < 0.01, OR = 0.786), and blood eosinophil (p < 0.05, OR = 0.908) counts,
while total IgE serum levels were increased (p < 0.001, OR = 1.259).

Differences in lung function parameters and treatment strategies among T2 pheno-
types were reported in Table 4.

Evaluating the LR model (Figure 3), lung function changed only for the RV/TLC%
ratio, which was lower in the T2-high phenotype (p < 0.01, OR = 0.962). Furthermore,
compared to the T2-low, the T2-high phenotype included more likely subjects with asthma
severity grade 5 (p < 0.05, OR = 2.168) but less with grade 4 (p < 0.05, OR = 0.540); however,
there was greater asthma control (p < 0.05, OR = 1.067). Nasal CS (p < 0.001, OR = 2.749)
and antileukotriene (p < 0.05, OR = 2.825) were frequently used, but there was less use of
theophylline (p < 0.05, OR = 0.234). Results were confirmed comparing the T2-low with
the T2-high allergic phenotype, which also had less LAMA use (p < 0.05, OR = 0.475). On
the contrary, with respect to T2-low, T2-high non-allergic asthma had more frequently
asthma severity grade 5 (p < 0.05, OR = 2.023) and used more antileukotriene drugs
(p < 0.05, OR = 3.038), only. Comparing the two T2-high phenotypes, allergic asthmatics
had lower RV/TLC% (p < 0.01, OR = 0.963) and higher SpO2 (p < 0.01, OR = 1.260). T2-high
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allergic phenotype rarely had severity grade 4 (p < 0.05, OR = 0.521), even though this
phenotype, despite rarely treated with LAMA (p < 0.05, OR = 0.477), was the only treated
with omalizumab (Table 3) and used more frequently nasal CS (p < 0.001, OR = 3.090).

Table 4. Lung Function and therapeutic strategies of patients (n = 503) stratified according to asthma phenotypes. The
results are expressed as mean with standard deviation or as the number of subjects with percentage.

Characteristics

Clinical Data in the Asthma Phenotypes

Type 2 Low
98 Patients

Type 2 High
405 Patients

Type 2 High
Non-Allergic
127 patients

Type 2 High
Allergic
278 Patients

FVC (%pred.) 97.5 ± 19.6 100.2 ± 18.4 98.7 ± 19.2 100.8 ± 18.0
FEV1 (%pred.) 82.1 ± 21.7 84.2 ± 21.3 82.0 ± 21.7 85.2 ± 21.1
FEV1/FVC (%) 67.7 ± 10.9 68.4 ± 12.6 66.1 ± 10.2 69.4 ± 13.5 §

∆-post-BD FEV1 (mL) 192.0 ± 153.7 235.5 ± 220.5 218.4 ± 166.1 243.2 ± 241.0
∆-post-BD FEV1 (%) 11.6 ± 9.6 12.0 ± 10.9 12.4 ± 8.8 11.8 ± 11.8
RV (%pred.) 131.9 ± 35.4 126.5 ± 39.0 128.6 ± 40.2 125.5 ± 38.5
RV/TLC (%) 49.2 ± 11.5 43.6 ± 12.0 ** 47.2 ± 11.8 42.0 ± 11.7 ***,§§

TLC (%pred.) 106.9 ± 15.6 106.7 ± 15.0 106.4 ± 15.9 106.9 ± 14.6
FRC (%pred.) 120.6 ± 25.6 111.6 ± 26.0 * 112.0 ± 28.2 111.5 ± 24.9
SpO2 (%) 96.5 ± 1.5 96.7 ± 1.5 96.3 ± 1.7 96.9 ± 1.4 §§

Heart Rate (bpm) 75.4 ± 10.6 77.1 ± 11.6 75.5 ± 12.2 77.8 ± 11.2
ACT 19.6 ± 4.1 20.7 ± 3.8 * 20.5 ± 3.6 20.8 ± 3.9 *
Activity limitation 4.1 ± 1.0 4.2 ± 1.1 4.2 ± 1.0 4.2 ± 1.1
Asthma severity grade

GINA step 1 13/98 (13.3%) 40/405 (9.9%) 14/127 (11.0%) 26/278 (9.4%)
GINA step 2 8/98 (8.2%) 50/405 (12.4%) 14/127 (11.0%) 36/278 (13.0%)
GINA step 3 31/98 (31.6%) 119/405 (29.4%) 30/127 (23.6%) 89/278 (32.0%)
GINA step 4 31/98 (31.6%) 81/405 (20.0%) * 35/127 (27.6%) 46/287 (16.6%) **,§

GINA step 5 15/98 (15.3%) 115/405 (28.4%) * 34/127 (26.8%) 81/278 (29.1%) *
BCM HFA dose (µg) 310.2 ± 232.2 333.9 ± 248.2 366.9 ± 275.2 318.8 ± 233.8
OCS (maintenance) 6/98 (6.1%) 19/405 (4.7%) 9/127 (7.1%) 10/278 (3.6%)
OCS (dependence) 11/98 (11.2%) 62/405 (15.3%) 19/127 (15.0%) 43/278 (15.5%)
LABA use 77/98 (78.6%) 317/405 (78.3%) 99/127 (78.0%) 218/278 (78.4%)
LAMA use 24/98 (24.5%) 68/405 (16.8%) 31/127 (24.4%) 37/278 (13.3%) **,§§

Omalizumab use 0/98 (0.0%) 29/405 (7.2%) * 0/127 (0.0%) 29/278 (10.4%) **,§§§

Mepolizumab use 1/98 (1.0%) 22/405 (5.4%) 8/127 (6.3%) 14/278 (5.0%)
Nasal CS use 44/98 (44.9%) 280/405 (69.1%) *** 66/127 (52.0%) 214/278 (77.0%) ***,§§§

Theophylline use 4/98 (4.1%) 4/405 (1.0%) 2/127 (1.6%) 2/278 (0.7%)
Antileukotriene use 6/98 (6.1%) 63/405 (15.6%) * 21/127 (16.5%) * 42/278 (15.1%) *

* = p < 0.05; ** = p < 0.01; *** = p < 0.001 vs. T2 low; § = p < 0.05; §§ = p < 0.01; §§§ = p < 0.001 vs. T2 high non-allergic; FVC: forced vital
capacity; FEV1: forced expiratory volume in the 1st second; post-BD: post-bronchodilator; RV: residual volume; TLC: total lung capacity;
FRC: functional residual capacity; SpO2: peripheral oxygen saturation; ACT: asthma control test; GINA step: step of treatment according to
the Global Initiative for Asthma; BCM HFA: beclomethasone hydrofluoroalkane; OCS: oral corticosteroids; OCS maintenance: requirement
of at least 6 months/year of daily OCS; OCS dependence: requirement of at least 3 months/year of daily OCS or ≥3 OCS bursts in the last
year; LABA: long-acting beta2-agonists; LAMA: long-acting muscarinic antagonists; CS: corticosteroids.

The presence of comorbidities was reported in Table 5.
Evaluating comorbidities with LR (Figure 4), in comparison to the T2-low phenotype,

T2-high subjects had a higher risk of having rhinitis (p < 0.001, OR = 3.358) and chronic
rhinosinusitis with (p < 0.001, OR = 3.169) or without (p < 0.001, OR = 2.335) nasal polyps.
Subjects with T2-high phenotype had less frequently obstructive sleep apnea syndrome
(OSAS, p < 0.01, OR = 0.325), gastro-esophageal reflux disease (GERD, p < 0.01, OR = 0.485),
obesity (p < 0.01, OR = 4.38), arterial hypertension (p < 0.001, OR = 0.393), and acute
myocardial infarction (p < 0.05, OR = 0.380). Significant differences were found for chronic
pain and arthropathy (p < 0.05), but results were not confirmed after evaluating age as a
confounding factor. Results were confirmed by comparing the T2-low and the T2-high
allergic cohorts. Otherwise, T2-high non-allergic subjects had a higher risk of having
rhinitis (p < 0.001, OR = 3.092) and rhinosinusitis with (p < 0.001, OR = 4.451) or without
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(p < 0.001, OR = 3.528) nasal polyps, but rarely had obesity (p < 0.05, OR = 0.532) and arterial
hypertension (p < 0.05, OR = 0.552) if compared to T2-low subjects. Finally, evaluating the
two T2-high cohorts, allergic subjects had less rhinosinusitis with (p < 0.05 OR = 0.595) or
without (p < 0.01, OR = 0.544) nasal polyps and arterial hypertension (p < 0.05, OR = 0.599).
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Table 5. Prevalence of comorbidities in patients (n = 503) stratified according to asthma phenotypes. The results are
expressed as the number of subjects with percentage.

Characteristics

Comorbidities in Asthma Phenotypes

Type 2 Low
98 Patients

Type 2 High
405 Patients

Type 2 High
Non-Allergic
127 Patients

Type 2 High
Allergic
278 Patients

Aspirin intolerance 13/98 (13.3%) 54/405 (13.3%) 18/127 (14.2%) 36/278 (13.0%)
Rhinitis 46/98 (46.9%) 303/405 (74.8%) *** 93/127 (73.2%) *** 210/278 (75.5%) ***
CRSsNP 23/98 (23.5%) 169/405 (41.7%) *** 66/127 (52.0%) *** 103/278 (37.0%) *,§§

CRSwNP 8/98 (8.2%) 89/405 (22.0%) ** 36/127 (28.4%) *** 53/278 (19.1%) *
Bronchiectasis 8/98 (8.2%) 38/405 (9.4%) 9/127 (7.1%) 29/278 (10.4%)
Emphysema 13/98 (13.3%) 35/405 (8.6%) 16/127 (12.6%) 19/278 (6.8%)
Pneumonia history 14/98 (14.3%) 47/405 (11.6%) 17/127 (13.4%) 30/278 (10.8%)
Recurrent bronchitis 2/98 (2.0%) 14/405 (3.5%) 5/127 (3.9%) 9/278 (3.2%)
OSAS 11/98 (11.2%) 16/405 (4.0%) ** 7/127 (5.5%) 9/278 (3.2%) **
GERD 35/98 (35.7%) 86/405 (21.2%) ** 34/127 (26.8%) 52/278 (18.7%) ***
Obesity 37/98 (37.8%) 85/405 (21.0%) *** 31/127 (24.4%) * 54/278 (19.4%) ***
Diabetes 8/98 (8.2%) 19/405 (4.7%) 7/127 (5.5%) 12/278 (4.3%)
Arterial Hypertension 41/98 (49.0%) 111/405 (27.4%) *** 44/127 (34.6%) * 67/278 (24.1%) ***,§

Acute myocardial
infarction 9/98 (9.2%) 15/405 (3.7%) * 8/127 (6.3%) 7/278 (2.5%) *

Heart failure 2/98 (2.0%) 4/405 (1%) 3/127 (2.4%) 1/278 (0.4%)
Arrhythmia 8/98 (8.2%) 27/405 (6.7%) 9/127 (7.1%) 18/278 (6.5%)
Anxiety-depression 13/98 (13.3%) 56/405 (13.8%) 20/127 (15.8%) 36/278 (13.0%)
Osteoporosis 5/98 (5.1%) 32/405 (7.9%) 15/127 (11.8%) 17/278 (6.1%)
Chronic Pain 10/98 (10.2%) 17/405 (4.2%) * 7/127 (5.5%) 10/278 (3.6%) *
Arthropathy 13/98 (13.3%) 25/405 (6.2%) * 8/127 (6.3%) 17/278 (6.1%) *

* = p < 0.05; ** = p < 0.01; *** = p < 0.001 vs. T2 low; § = p < 0.05; §§ = p < 0.01 vs. T2 high non-allergic; CRSsNP: chronic rhinosinusitis
without polyps; CRSwNP: chronic rhinosinusitis with polyps; OSAS: Obstructive Sleep Apnea Syndrome; GERD: Gastro-Esophageal
Reflux Disease.
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4. Discussion

Heterogeneity of asthma has been known since the end of the 1940s when atopic and
non-atopic asthma were first described. Then, the primary involvement of TH2-mediated
inflammation in asthma pathophysiology was discovered, leading to the definition of
eosinophilic and non-eosinophilic asthma. It paved the way for the consolidated evidence
that it is possible to stratify asthmatics in different phenotypes. From that moment onward,
a plethora of different phenotypes that consider clinical, functional, and inflammatory
characteristics have been described [18,19,23–25]. To complicate the context further, the
belonging to an asthma phenotype is not maintained over time, as described phenotypes
are often characterized by overlapping traits [26]. Nevertheless, the proper identification
of the specific asthma phenotype, typical of precision medicine [27], is crucial for allowing
the targeted treatment tailoring (personalized medicine) [28].

However, evidence is usually derived from regulatory, experimental, or investigational
studies using sophisticated parameters or strictly selected patients; that is, the obtained
outcomes may be poorly representative of everyday clinical practice. The current study
analyzed a large group of asthmatic outpatients in a real-world setting, using non-invasive
parameters assessed in daily practice.

Despite the IgE ≥ 75 IU/mL threshold was recently used in the clustering of severe
asthma [29] and IgE ≥ 100 IU/mL has been covered in the definition of T2-high allergic
inflammation [19], we deliberately ruled out the serum total IgE content from our patients’
stratification. Total IgE levels have been independently associated, in non-atopic individu-
als, with cigarette smoking and alcohol consumption, while variable concentrations have
also been detected in aging, autoimmunity, immunodeficiency (e.g., Job’s Syndrome), can-
cer, obesity, parasitic infection, and metabolic syndrome [30]; otherwise, allergic patients
may have low total IgE levels. The IgE clinical utility has been judged modest in clinical
practice [31]; hence, total IgE cannot be considered a reliable biomarker for T2-high allergic
phenotyping [5,32].

The primary outcome was to demonstrate the feasibility of phenotyping asthmatics
in daily clinical activity. The patients were firstly stratified in T2-low and T2-high asthma
phenotypes, and then T2-high was split in T2-high allergic and T2-high non-allergic asthma.
This classification reflects the main clusters of outpatients who are currently examined in
an asthma clinic. Our stratification strategy identified a percentage of T2-low asthmatics
(19.5%) coherent with what was recently described by Heaney and co-workers (23%) [33].

T2-low asthmatics significantly differed from T2-high, mainly concerning the compari-
son with the allergic phenotype, while the T2 non-allergic one has an intermediate condition.

Compared to T2-high allergic asthma, patients with T2-low asthma were older, had
a later asthma onset, had more often smoking history, higher BMI, less frequently grade
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5 of asthma severity, but higher RV/TLC and peripheral neutrophilia. Patients with T2-
low asthma had less rhinitis, chronic rhinosinusitis [34], and more arterial hypertension,
myocardial infarction, obesity, GERD and OSAS. Thereby, the T2-low asthmatic could
be described as an old overweight subject with peripheral neutrophilia, heavy smoker,
which led to air trapping. Obesity and asthma are closely related, and increased BMI
may significantly affect asthma outcomes [35], likely due to chronic inflammation and
mechanical mechanisms. T2-low asthmatics tend to have less severe asthma. Although we
have no data on bronchial infiltration, it is presumable that T2-low asthmatics had neu-
trophilic or pauci-granulocytic inflammatory phenotypes. Consistently, pauci-granulocytic
asthma is usually less severe than eosinophilic asthma [36]. T2-high allergic patients had a
higher probability of being affected by more severe asthma (mainly grade 5, OR = 2.236,
95% CI 1.217–4.107, p < 0.05), with higher use of nasal corticosteroids (OR = 4.104, 95% CI
2.524–6.673, p < 0.001), and eosinophilia (OR = 2.400, 95% CI 1.826–3.153, p < 0.001) than
patients with T2-low asthma.

These findings were consistent with previous studies that evidenced particular clinical,
functional, and biological characteristics among the different phenotypes [37]. Allergic
asthma is usually characterized by early onset [38], whereas non-allergic and T2-low asthma
is more frequently associated with obesity and old age [39,40]. This study confirmed the
association between T2-high asthma and its severity [41], that could be explained by upper
airways comorbidity [42].

Here, T2-high allergic asthmatics were younger than other asthmatics consistently
with the onset age and evidence that allergic patients tend to be younger than non-allergic
asthmatics [43]. As reported in the literature, LAMA use was more frequent in both
non-allergic phenotypes (T2-low and high) [44].

In our cohort, allergic patients had less peripheral neutrophilia than other asthmat-
ics. Neutrophilia is characteristic of T2-low asthma [45], but it is also retrievable in the
severe adult-asthma, which often enclose non-atopic patients with persistent eosinophilic
inflammation [46]. Further, neutrophilia may be associated with corticosteroid resis-
tance [45], which together with airway hyperresponsiveness correlate with an elevated
level of interleukin-17 [47], whose higher levels have been demonstrated to be a marker
of the frequent exacerbation asthma phenotype and severe allergic asthma [8,48]. In the
present study, no difference in asthma exacerbations has been detected among the different
asthma phenotypes. As the T2-high phenotypes characterized by higher asthma severity,
this outcome could suggest that the T2-low phenotype may entail different endotypes. In
this context, a transcriptomic and proteomic study has very recently demonstrated that
T2-low asthma includes different molecular clusters associated with clinical features [49].
Hypertension and overweight were frequent comorbidities in T2-low patients. The higher
frequency of patients with hypertension and elevated blood neutrophilia in our group of
T2-low asthma was in line with a recent study in which patients with higher expression of
T1 genes, such as interferon (IFN) family members, had a history of hypertension and high
neutrophil-to-lymphocyte ratios in peripheral blood [50]. Both diseases share chronic low-
grade inflammation sustained by pro-inflammatory cytokines, including IL-6 and IL-17 [51].
Hypertension skews T-cell response toward a type 1 pro-inflammatory phenotype, charac-
terized by increased IFN-γ production and reduced T2 polarization [52]. Hyper-production
of INF-γ is associated with both severe neutrophilic asthma and hypertension [53,54].

Consequently, T2-low asthma could recognize an intricate puzzle of pathogenic mech-
anisms characterizing the clinical features. We observed that the blood neutrophil number
of T2-high non-allergic patients was significantly higher than allergic, but not than T2-low.
Moreover, T2-high non-allergic patients were more likely affected by hypertension than
allergic. This finding strengthens the hypothesis that the T2-high non-allergic could be
considered as an intermediate phenotype. From a functional perspective, T2-low and
T2-high non-allergic patients tend to have a distal airways impairment, characterized by
air trapping (higher RV/TLC values), in comparison with allergic patients. This could
be attributable to higher cigarette smoking. It is well-known that cigarette smoke deeply
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penetrates the lung up to the lobuli where promotes inflammation. Thus, T2-low patients
are very different from T2-high allergic patients, more than non-allergic ones, consider-
ing both immunological and functional aspects. Table 6 shows a summary of the main
characteristics of the different phenotypes.

Table 6. Summary of main phenotype characteristics.

T2 Low T2 High Non-Allergic T2 High Allergic

Longer asthma duration Younger
Early asthma onset

Mainly never smokers

Higher asthma severity (GINA step 5) Higher asthma severity (GINA step 5)
Higher RV/TLC (air trapping) Lower RV/TLC

Lower lymphocytes counts Higher leukocyte counts Lower blood neutrophils counts
Higher total IgE

Less CRSsNP High CRSsNP
Less CRSwNP High CRSwNP

Less rhinitis
More OSAS
More GERD
More obesity

More arterial hypertension Less arterial hypertension
More acute myocardial infarction

RV: residual volume; TLC: total lung capacity; GINA step: step of treatment according to the Global Initiative for Asthma; CRSsNP:
chronic rhinosinusitis without polyps; CRSwNP: chronic rhinosinusitis with polyps; OSAS: Obstructive Sleep Apnea Syndrome; GERD:
Gastro-Esophageal Reflux Disease.

The current study highlighted the typical features of both T2-low and T2-high asthma
and extended to the whole mild-to-severe asthma population the recent results described
by Denton et al. [29] considering five severe asthma clusters. The flip side of this study was
the demonstration that many T2-high phenotypes may occur. The three biomarkers (FENO,
peripheral blood eosinophils, and allergen-specific IgE) identify seven combinations: four
overlapping and three homogeneous. This outcome underlines the importance of using to-
gether in clinical practice, considering that biomarker positivity and measurements change
over time [55], leading to sub-phenotype or even T2 phenotype switches. Nevertheless, the
precise detection of biomarkers allows a personalized therapy [56].

The limitations of the present study include the cross-sectional design and the rel-
atively high age of enrolled patients. However, a longitudinal study exploring these
variables and considering repeated measurements of biomarkers over time is ongoing.
Furthermore, in our T2-high population, an appreciable number of patients (n = 85, 16.9%)
showed allergen sensitization only, without the presence of other T2 inflammation biomark-
ers. These latent allergic subjects could be different from the “active” T2-high population
but similar to the T2-low one. Thereby, future studies are warranted to unbundle the
allergic sensitization, focalizing the classification on the other T2 inflammatory biomarkers.

This real-world study demonstrates that it is possible to divide asthma patients
using non-invasive parameters or parameters available in clinical practice. Although
differences between groups may seem small, this type of classification still allows us to
obtain populations with peculiar characteristics (Table 6) comparable to those of the more
complex cluster analyses [29]. However, it should be emphasized that there are still many
obscure aspects. Involvements of FENO with IL-4/13 cascade and eosinophils with IL-5
cascade are established in the definition of the T2-high inflammatory process. However, the
integration of alarmins (TSLP, IL-25, and IL-33) quantification to differentiate the T2-high
allergic phenotype from the non-allergic it could be interesting in the future.

Similarly, the lack of knowledge and standardization for specific markers for T2-low,
such as serum/sputum IL-6 and chitinase-like protein [57,58], makes this phenotype a
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possible set of subjects characterized solely by not being T2-high. The findings of our study
suggest that sophisticated analyses would be needed to determine asthma phenotype
reliably. Therefore, it would be desirable to extend the non-invasive characterization
studies of T2 phenotypes by quantifying cytokine patterns at the sputum and serum
level to separate better the different subgroups present in the T2-high phenotype and,
hypothetically, in the T2-low phenotype.

From our basic, straightforward, but quick real-life stratification, it is possible to
assert the T2-low asthma phenotype presents peculiar clinical and functional features
significantly different from the T2-high allergic phenotype. In contrast, the T2-high non-
allergic phenotype seems to have intermediate characteristics.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biomedicines9111684/s1, Figure S1: Area-proportional Euler Diagrams of the type 2 biomarker
positivity in the type 2 phenotypes, including patients before biologic treatment, Table S1: Output of
the univariate analysis (n = 503).

Author Contributions: F.L.M.R.: Conceptualization, Methodology, Resources, Writing—Review and
Editing, and Supervision; A.E.S.: Formal analysis, Investigation, and Writing—Original Draft; A.B.:
Data Curation and Writing—Review and Editing; F.G.: Formal analysis and Validation; E.R.: Data
Curation and Writing—Review and Editing; F.B.: Investigation and Writing—Original Draft; V.C.:
Investigation and Writing—Original Draft; E.A.: Validation and Writing—Review and Editing; G.C.:
Methodology and Writing—Review and Editing. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
San Luigi Gonzaga University Hospital (protocol code 4478/2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data available on request from the authors.

Acknowledgments: Not applicable.

Conflicts of Interest: Fabio L.M. Ricciardolo reports grants, personal fees, and other compen-
sation from AstraZeneca, Boehringer Ingelheim, Chiesi, GSK, Guidotti, Lusofarmaco, Menarini,
Mundipharma, and Novartis, and personal fees and grants to support scientific research from Sanofi,
all outside of the submitted work. All the other authors declare no conflict of interest.

References
1. Papi, A.F.; Brightling, C.; Pedersen, S.E.; Reddel, H.K. Asthma. Lancet 2018, 391, 783–800. [CrossRef]
2. Annunziato, F.; Romagnani, C.; Romagnani, S. The 3 major types of innate and adaptive cell-mediated effector immunity. J.

Allergy Clin. Immunol. 2015, 135, 626–635. [CrossRef] [PubMed]
3. Robinson, D.; Humbert, M.; Buhl, R.; Cruz, A.A.; Inoue, H.; Korom, S.; Hanania, N.A.; Nair, P. Revisiting Type 2-high and Type

2-low airway inflammation in asthma: Current knowledge and therapeutic implications. Clin. Exp. Allergy 2017, 47, 161–175.
[CrossRef] [PubMed]

4. Akar-Ghibril, N.; Casale, T.; Custovic, A.; Phipatanakul, W. Allergic Endotypes and Phenotypes of Asthma. J. Allergy Clin.
Immunol. Pract. 2020, 8, 429–440. [CrossRef]

5. Ciprandi, G.; Tosca, M.A.; Silvestri, M.; Ricciardolo, F.L.M. Inflammatory biomarkers for asthma endotyping and consequent
personalized therapy. Expert Rev. Clin. Immunol. 2017, 13, 715–721. [CrossRef]

6. Jonckheere, A.C.; Bullens, D.M.A.; Seys, S.F. Innate lymphoid cells in asthma: Pathophysiological insights from murine models to
human asthma phenotypes. Curr. Opin. Allergy Clin. Immunol. 2019, 19, 53–60. [CrossRef]

7. Samitas, K.; Zervas, E.; Gaga, M. T2-low asthma: Current approach to diagnosis and therapy. Curr. Opin. Pulm. Med. 2017, 23,
48–55. [CrossRef]

8. Ricciardolo, F.L.M.; Sorbello, V.; Folino, A.; Gallo, F.; Massaglia, G.M.; Favata, G.; Conticello, S.; Vallese, D.; Gani, F.;
Malerba, M.; et al. Identification of IL-17F/frequent exacerbator endotype in asthma. J. Allergy Clin. Immunol. 2017, 140,
395–406. [CrossRef]

9. Sprio, A.E.; Carriero, V.; Levra, S.; Botto, C.; Bertolini, F.; Di Stefano, A.; Maniscalco, M.; Ciprandi, G.; Ricciardolo, F.L.M. Clinical
Characterization of the Frequent Exacerbator Phenotype in Asthma. J. Clin. Med. 2020, 9, 2226. [CrossRef]

https://www.mdpi.com/article/10.3390/biomedicines9111684/s1
https://www.mdpi.com/article/10.3390/biomedicines9111684/s1
http://doi.org/10.1016/S0140-6736(17)33311-1
http://doi.org/10.1016/j.jaci.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25528359
http://doi.org/10.1111/cea.12880
http://www.ncbi.nlm.nih.gov/pubmed/28036144
http://doi.org/10.1016/j.jaip.2019.11.008
http://doi.org/10.1080/1744666X.2017.1313117
http://doi.org/10.1097/ACI.0000000000000497
http://doi.org/10.1097/MCP.0000000000000342
http://doi.org/10.1016/j.jaci.2016.10.034
http://doi.org/10.3390/jcm9072226


Biomedicines 2021, 9, 1684 14 of 15

10. Kuo, C.S.; Pavlidis, S.; Loza, M.; Baribaud, F.; Rowe, A.; Pandis, I.; Sousa, A.; Corfield, J.; Djukanovic, R.; Lutter, R.; et al. T-helper
cell type 2 (Th2) and non-Th2 molecular phenotypes of asthma using sputum transcriptomics in U-BIOPRED. Eur. Respir. J.
2017, 49. [CrossRef]

11. Sherman, R.E.; Anderson, S.A.; Dal Pan, G.J.; Gray, G.W.; Gross, T.; Hunter, N.L.; LaVange, L.; Marinac-Dabic, D.; Marks, P.W.;
Robb, M.A.; et al. Real-World Evidence—What Is It and What Can It Tell Us? N. Eng. J. Med. 2016, 375, 2293–2297. [CrossRef]

12. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2020. Available online: www.ginasthma.
org (accessed on 21 January 2021).

13. Li, A.M.; Lex, C.; Zacharasiewicz, A.; Wong, E.; Erin, E.; Hansel, T.; Wilson, N.M.; Bush, A. Cough frequency in children with
stable asthma: Correlation with lung function, exhaled nitric oxide, and sputum eosinophil count. Thorax 2003, 58, 974–978.
[CrossRef] [PubMed]

14. Global Initiative for Asthma; Global Initiative for Chronic Obstructive Lung Disease. Diagnosis and Initial Treatment of Asthma,
COPD and Asthma-COPD Overlap. 2017. Available online: www.ginasthma.org (accessed on 21 January 2021).

15. Bakakos, P.; Kostikas, K.; Loukides, S. Smoking asthma phenotype: Diagnostic and management challenges. Curr. Opin. Pulm.
Med. 2016, 22, 53–58. [CrossRef] [PubMed]

16. Sprio, A.E.; Ciprandi, G.; Riccardi, E.; Giannoccaro, F.; Carriero, V.; Bertolini, F.; Ricciardolo, F.L.M. The influence of smoking on
asthma in the real-life. Respir. Med. 2020, 170, 106066. [CrossRef]

17. Fasce, L.; Tosca, M.A.; Olcese, R.; Milanese, M.; Erba, D.; Ciprandi, G. The natural history of allergy: The development of new
sensitizations in asthmatic children. Immunol. Lett. 2004, 93, 45–50. [CrossRef] [PubMed]

18. Froidure, A.; Mouthuy, J.; Durham, S.R.; Chanez, P.; Sibille, Y.; Pilette, C. Asthma phenotypes and IgE responses. Eur. Respir. J.
2016, 47, 304–319. [CrossRef]

19. Zervas, E.; Samitas, K.; Papaioannou, A.I.; Bakakos, P.; Loukides, S.; Gaga, M. An algorithmic approach for the treatment of
severe uncontrolled asthma. ERJ Open Res. 2018, 4, 00125–02017. [CrossRef]

20. Miller, M.R.; Hankinson, J.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.; Crapo, R.; Enright, P.; van der Grinten, C.P.;
Gustafsson, P.; et al. Standardisation of spirometry. Eur. Respir. J. 2005, 26, 319–338. [CrossRef]

21. Dweik, R.A.; Boggs, P.B.; Erzurum, S.C.; Irvin, C.G.; Leigh, M.W.; Lundberg, J.O.; Olin, A.C.; Plummer, A.L.; Taylor, D.R.
American Thoracic Society Committee on Interpretation of Exhaled Nitric Oxide Levels for Clinical, A. An official ATS clinical
practice guideline: Interpretation of exhaled nitric oxide levels (FENO) for clinical applications. Am. J. Respir. Crit. Care Med.
2011, 184, 602–615. [CrossRef]

22. Larsson, J. eulerr: Area-Proportional Euler and Venn Diagrams with Ellipses, R Package Version 6.1.1; 2021.
23. Wenzel, S.E. Asthma phenotypes: The evolution from clinical to molecular approaches. Nat. Med. 2012, 18, 716–725. [CrossRef]
24. Busse, W.W.; Holgate, S.T.; Wenzel, S.W.; Klekotka, P.; Chon, Y.; Feng, J.; Ingenito, E.P.; Nirula, A. Biomarker Profiles in Asthma

With High vs Low Airway Reversibility and Poor Disease Control. Chest 2015, 148, 1489–1496. [CrossRef]
25. Kuruvilla, M.E.; Lee, F.E.; Lee, G.B. Understanding Asthma Phenotypes, Endotypes, and Mechanisms of Disease. Clin. Rev.

Allergy Immunol. 2019, 56, 219–233. [CrossRef] [PubMed]
26. Ricciardolo, F.L.; Bertolini, F.; Carriero, V.; Sprio, A.E. Asthma phenotypes and endotypes: A systematic review. Minerva Med. 2021.

[CrossRef]
27. Kaur, R.; Chupp, G. Phenotypes and endotypes of adult asthma: Moving toward precision medicine. J. Allergy Clin. Immunol.

2019, 144, 1–12. [CrossRef] [PubMed]
28. Chung, K.F. Precision medicine in asthma: Linking phenotypes to targeted treatments. Curr. Opin Pulm. Med. 2018, 24, 4–10.

[CrossRef] [PubMed]
29. Denton, E.; Price, D.B.; Tran, T.N.; Canonica, G.W.; Menzies-Gow, A.; FitzGerald, J.M.; Sadatsafavi, M.; Perez de Llano, L.;

Christoff, G.; Quinton, A.; et al. Cluster Analysis of Inflammatory Biomarker Expression in the International Severe Asthma
Registry. J. Allergy Clin. Immunol. Pract. 2021, 9, 2680–2688.e7. [CrossRef] [PubMed]

30. Carballo, I.; Alonso-Sampedro, M.; Gonzalez-Conde, E.; Sanchez-Castro, J.; Vidal, C.; Gude, F.; Gonzalez-Quintela, A. Factors
Influencing Total Serum IgE in Adults: The Role of Obesity and Related Metabolic Disorders. Int. Arch. Allergy Immunol. 2021,
182, 220–228. [CrossRef] [PubMed]

31. Wise, S.K.; Lin, S.Y.; Toskala, E.; Orlandi, R.R.; Akdis, C.A.; Alt, J.A.; Azar, A.; Baroody, F.M.; Bachert, C.; Canonica, G.W.; et al.
International Consensus Statement on Allergy and Rhinology: Allergic Rhinitis. Int. Forum Allergy Rhinol. 2018, 8, 108–352.
[CrossRef]

32. De Amici, M.; Ciprandi, G. The Age Impact on Serum Total and Allergen-Specific IgE. Allergy Asthma Immunol. Res. 2013, 5,
170–174. [CrossRef]

33. Heaney, L.G.; Busby, J.; Hanratty, C.E.; Djukanovic, R.; Woodcock, A.; Walker, S.M.; Hardman, T.C.; Arron, J.R.; Choy, D.F.;
Bradding, P.; et al. Composite type-2 biomarker strategy versus a symptom-risk-based algorithm to adjust corticosteroid dose in
patients with severe asthma: A multicentre, single-blind, parallel group, randomised controlled trial. Lancet Respir. Med. 2021, 9,
57–68. [CrossRef]

34. Ricciardolo, F.L.M.; Levra, S.; Sprio, A.E.; Bertolini, F.; Carriero, V.; Gallo, F.; Ciprandi, G. A real-world assessment of asthma with
chronic rhinosinusitis. Ann. Allergy Asthma Immunol. 2020, 125, 65–71. [CrossRef] [PubMed]

http://doi.org/10.1183/13993003.02135-2016
http://doi.org/10.1056/NEJMsb1609216
www.ginasthma.org
www.ginasthma.org
http://doi.org/10.1136/thorax.58.11.974
http://www.ncbi.nlm.nih.gov/pubmed/14586052
www.ginasthma.org
http://doi.org/10.1097/MCP.0000000000000221
http://www.ncbi.nlm.nih.gov/pubmed/26606078
http://doi.org/10.1016/j.rmed.2020.106066
http://doi.org/10.1016/j.imlet.2004.01.016
http://www.ncbi.nlm.nih.gov/pubmed/15134898
http://doi.org/10.1183/13993003.01824-2014
http://doi.org/10.1183/23120541.00125-2017
http://doi.org/10.1183/09031936.05.00034805
http://doi.org/10.1164/rccm.9120-11ST
http://doi.org/10.1038/nm.2678
http://doi.org/10.1378/chest.14-2457
http://doi.org/10.1007/s12016-018-8712-1
http://www.ncbi.nlm.nih.gov/pubmed/30206782
http://doi.org/10.23736/S0026-4806.21.07498-X
http://doi.org/10.1016/j.jaci.2019.05.031
http://www.ncbi.nlm.nih.gov/pubmed/31277742
http://doi.org/10.1097/MCP.0000000000000434
http://www.ncbi.nlm.nih.gov/pubmed/29036018
http://doi.org/10.1016/j.jaip.2021.02.059
http://www.ncbi.nlm.nih.gov/pubmed/33744476
http://doi.org/10.1159/000510789
http://www.ncbi.nlm.nih.gov/pubmed/33176332
http://doi.org/10.1002/alr.22073
http://doi.org/10.4168/aair.2013.5.3.170
http://doi.org/10.1016/S2213-2600(20)30397-0
http://doi.org/10.1016/j.anai.2020.03.004
http://www.ncbi.nlm.nih.gov/pubmed/32171930


Biomedicines 2021, 9, 1684 15 of 15

35. Moore, W.C.; Meyers, D.A.; Wenzel, S.E.; Teague, W.G.; Li, H.; Li, X.; D’Agostino, R., Jr.; Castro, M.; Curran-Everett, D.;
Fitzpatrick, A.M.; et al. Identification of asthma phenotypes using cluster analysis in the Severe Asthma Research Program. Am.
J. Respir. Crit. Care Med. 2010, 181, 315–323. [CrossRef] [PubMed]

36. Ntontsi, P.; Loukides, S.; Bakakos, P.; Kostikas, K.; Papatheodorou, G.; Papathanassiou, E.; Hillas, G.; Koulouris, N.; Papiris, S.;
Papaioannou, A.I. Clinical, functional and inflammatory characteristics in patients with paucigranulocytic stable asthma:
Comparison with different sputum phenotypes. Allergy 2017, 72, 1761–1767. [CrossRef]

37. Fahy, J.V. Type 2 inflammation in asthma–present in most, absent in many. Nat. Rev. Immunol. 2015, 15, 57–65. [CrossRef]
38. Schatz, M.; Rosenwasser, L. The allergic asthma phenotype. J. Allergy Clin. Immunol. Pract. 2014, 2, 645–648, quiz 649. [CrossRef]

[PubMed]
39. Ciprandi, G.; Schiavetti, I.; Bellezza Fontana, R.; Sorbello, V.; Ricciardolo, F.L. Overweight and obesity as risk factors for impaired

lung function in patients with asthma: A real-life experience. Allergy Asthma Proc. 2014, 35, e62–e71. [CrossRef]
40. Fitzpatrick, A.M.; Chipps, B.E.; Holguin, F.; Woodruff, P.G. T2-“Low” Asthma: Overview and Management Strategies. J. Allergy

Clin. Immunol. Pract. 2020, 8, 452–463. [CrossRef] [PubMed]
41. Agache, I. Severe asthma phenotypes and endotypes. Semin. Immunol. 2019, 46, 101301. [CrossRef]
42. Varricchio, A.; La Mantia, I.; Brunese, F.P.; Ciprandi, G. Inflammation, infection, and allergy of upper airways: New insights from

national and real-world studies. Ital. J. Pediatr. 2020, 46, 18. [CrossRef]
43. Ciprandi, G.; Schiavetti, I.; Ricciardolo, F.L.M. The impact of aging on outpatients with asthma in a real-world setting. Respir.

Med. 2018, 136, 58–64. [CrossRef]
44. Sobieraj, D.M.; Baker, W.L.; Nguyen, E.; Weeda, E.R.; Coleman, C.I.; White, C.M.; Lazarus, S.C.; Blake, K.V.; Lang, J.E. Association

of Inhaled Corticosteroids and Long-Acting Muscarinic Antagonists With Asthma Control in Patients With Uncontrolled,
Persistent Asthma: A Systematic Review and Meta-analysis. JAMA 2018, 319, 1473–1484. [CrossRef]

45. Bullone, M.; Carriero, V.; Bertolini, F.; Folino, A.; Mannelli, A.; Di Stefano, A.; Gnemmi, I.; Torchio, R.; Ricciardolo, F.L.M. Elevated
serum IgE, oral corticosteroid dependence and IL-17/22 expression in highly neutrophilic asthma. Eur. Respir. J. 2019, 54, 1900068.
[CrossRef]

46. Amelink, M.; de Groot, J.C.; de Nijs, S.B.; Lutter, R.; Zwinderman, A.H.; Sterk, P.J.; ten Brinke, A.; Bel, E.H. Severe adult-onset
asthma: A distinct phenotype. J. Allergy Clin. Immunol. 2013, 132, 336–341. [CrossRef] [PubMed]

47. Chesne, J.; Braza, F.; Mahay, G.; Brouard, S.; Aronica, M.; Magnan, A. IL-17 in severe asthma. Where do we stand? Am. J. Respir.
Crit. Care Med. 2014, 190, 1094–1101. [CrossRef] [PubMed]

48. Sorbello, V.; Ciprandi, G.; Di Stefano, A.; Massaglia, G.M.; Favata, G.; Conticello, S.; Malerba, M.; Folkerts, G.; Profita, M.;
Rolla, G.; et al. Nasal IL-17F is related to bronchial IL-17F/neutrophilia and exacerbations in stable atopic severe asthma. Allergy
2015, 70, 236–240. [CrossRef]

49. Zounemat Kermani, N.; Saqi, M.; Agapow, P.; Pavlidis, S.; Kuo, C.; Tan, K.S.; Mumby, S.; Sun, K.; Loza, M.; Baribaud, F.; et al. Type
2-low asthma phenotypes by integration of sputum transcriptomics and serum proteomics. Allergy 2020, 76, 380–383. [CrossRef]
[PubMed]

50. Camiolo, M.; Gauthier, M.; Kaminski, N.; Ray, A.; Wenzel, S.E. Expression of SARS-CoV-2 receptor ACE2 and coincident host
response signature varies by asthma inflammatory phenotype. J. Allergy Clin. Immunol. 2020, 146, 315–324.e7. [CrossRef]
[PubMed]

51. Christiansen, S.C.; Zuraw, B.L. Treatment of Hypertension in Patients with Asthma. N Eng. J. Med. 2019, 381, 1046–1057.
[CrossRef] [PubMed]

52. Shao, J.; Nangaku, M.; Miyata, T.; Inagi, R.; Yamada, K.; Kurokawa, K.; Fujita, T. Imbalance of T-cell subsets in angiotensin
II-infused hypertensive rats with kidney injury. Hypertension 2003, 42, 31–38. [CrossRef]

53. Raundhal, M.; Morse, C.; Khare, A.; Oriss, T.B.; Milosevic, J.; Trudeau, J.; Huff, R.; Pilewski, J.; Holguin, F.; Kolls, J.; et al. High
IFN-gamma and low SLPI mark severe asthma in mice and humans. J. Clin. Investig. 2015, 125, 3037–3050. [CrossRef] [PubMed]

54. Wenzel, U.; Turner, J.E.; Krebs, C.; Kurts, C.; Harrison, D.G.; Ehmke, H. Immune Mechanisms in Arterial Hypertension. J. Am.
Soc. Nephrol. 2016, 27, 677–686. [CrossRef] [PubMed]

55. Kupczyk, M.; Dahlen, B.; Sterk, P.J.; Nizankowska-Mogilnicka, E.; Papi, A.; Bel, E.H.; Chanez, P.; Howarth, P.H.; Holgate, S.T.;
Brusselle, G.; et al. Stability of phenotypes defined by physiological variables and biomarkers in adults with asthma. Allergy 2014,
69, 1198–1204. [CrossRef]

56. Russell, R.J.; Brightling, C. Pathogenesis of asthma: Implications for precision medicine. Clin. Sci. (Lond.) 2017, 131, 1723–1735.
[CrossRef]

57. Liu, L.; Zhang, X.; Liu, Y.; Zhang, L.; Zheng, J.; Wang, J.; Hansbro, P.M.; Wang, L.; Wang, G.; Hsu, A.C. Chitinase-like protein
YKL-40 correlates with inflammatory phenotypes, anti-asthma responsiveness and future exacerbations. Respir. Res. 2019, 20, 95.
[CrossRef] [PubMed]

58. Turan, N.; Edwards, M.J.; Bates, S.; Shaw, D.; Chung, K.F.; Loza, M.J.; James, A.; Van Oosterhout, A.; Group, U.B.S. IL-6 pathway
upregulation in subgroup of severe asthma is associated with neutrophilia and poor lung function. Clin. Exp. Allergy 2018, 48,
475–478. [CrossRef] [PubMed]

http://doi.org/10.1164/rccm.200906-0896OC
http://www.ncbi.nlm.nih.gov/pubmed/19892860
http://doi.org/10.1111/all.13184
http://doi.org/10.1038/nri3786
http://doi.org/10.1016/j.jaip.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/25439351
http://doi.org/10.2500/aap.2014.35.3773
http://doi.org/10.1016/j.jaip.2019.11.006
http://www.ncbi.nlm.nih.gov/pubmed/32037109
http://doi.org/10.1016/j.smim.2019.101301
http://doi.org/10.1186/s13052-020-0782-z
http://doi.org/10.1016/j.rmed.2018.01.018
http://doi.org/10.1001/jama.2018.2757
http://doi.org/10.1183/13993003.00068-2019
http://doi.org/10.1016/j.jaci.2013.04.052
http://www.ncbi.nlm.nih.gov/pubmed/23806634
http://doi.org/10.1164/rccm.201405-0859PP
http://www.ncbi.nlm.nih.gov/pubmed/25162311
http://doi.org/10.1111/all.12547
http://doi.org/10.1111/all.14573
http://www.ncbi.nlm.nih.gov/pubmed/32865817
http://doi.org/10.1016/j.jaci.2020.05.051
http://www.ncbi.nlm.nih.gov/pubmed/32531372
http://doi.org/10.1056/NEJMra1800345
http://www.ncbi.nlm.nih.gov/pubmed/31509675
http://doi.org/10.1161/01.HYP.0000075082.06183.4E
http://doi.org/10.1172/JCI80911
http://www.ncbi.nlm.nih.gov/pubmed/26121748
http://doi.org/10.1681/ASN.2015050562
http://www.ncbi.nlm.nih.gov/pubmed/26319245
http://doi.org/10.1111/all.12445
http://doi.org/10.1042/CS20160253
http://doi.org/10.1186/s12931-019-1051-9
http://www.ncbi.nlm.nih.gov/pubmed/31113430
http://doi.org/10.1111/cea.13085
http://www.ncbi.nlm.nih.gov/pubmed/29315928

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Procedures and Endpoints 
	Statistical Analysis 

	Results 
	Descriptive Analysis 
	Demographic Characterization of Phenotypes 

	Discussion 
	References

