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Impact statement

This study provides real-world registry-based 
evidence of the improvement in severe asthma 

outcomes after one year of follow-up in the 
Italian Registry on Severe Asthma. For optimal 

and fine-tuned severe asthma management, 
treatments must be implemented as part of a 

planned follow-up strategy.

Summary
Background. Asthma affects millions of people worldwide, with a subgroup 
suffering from severe asthma (SA). Biologics have revolutionized SA treatment, 
but challenges remain in managing different patient traits. This study analyzed 
data from the Italian Registry on Severe Asthma (IRSA) to investigate changes 
in SA characteristics and effectiveness of treatments after one year of follow-up, 
and to identify factors associated with response to treatments in a real-world set-
ting. Methods. Data on SA patients with one year of follow-up were extracted 
from IRSA. Asthma control, exacerbations, lung function, and treatments, were 
assessed at follow-up and analyzed against baseline characteristics. Results. After 
one year of follow-up, notable improvements were observed in all the outcomes of 
SA of the included patients (n = 570). The effectiveness of biologic therapies was 
particularly evident, as they contributed significantly to these positive outcomes. 
Additionally, certain factors were found to be associated with improvement, 
namely T2 phenotype, baseline eosinophil count (BEC), and area of residence. On 
the other hand, comorbidities (obesity, gastro-esophageal reflux disease) and poor 
lung function were risk factors. Notably, poor-responders to biologics exhibited 
lower level of education, BEC, and exacerbations, and higher frequency of atopy 
and ACT score ≥ 20. Conclusions. The findings demonstrate the effectiveness of 
biologics in asthma management, when implemented as part of a planned fol-
low-up strategy aimed at optimizing and fine-tuning the therapy. Moreover, the 
study highlights the importance of considering key traits such as the T2 phenotype, 
BEC, education, and comorbidities when tailoring SA treatment. Overall, this 
study contributes to enhancing our understanding of SA management and guid-
ing the development of personalized treatment approaches for patients with SA.
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including switching (12.1%), which allowed to achieve a signifi-
cant and stable improvement of the outcomes of therapy in 77.6% 
of patients. The follow-up of the Italian severe/uncontrolled asthma 
registry (RItA) (10) where the only biologic used was omalizumab 
showed that the implementation of a registry itself, in addition to 
the treatments, allow improvement in asthma control, after one 
year of follow-up. The third registry-based study evaluated the ef-
fectiveness of 36 months of treatment in 90 patients affected by 
severe eosinophilia asthma treated with biologics, confirming the 
high level (77.5%) of the effectiveness of biologic therapy, even 
though only 39 patients completed 3 years of follow-up (11). In 
2017 the Italian Association of Hospital Allergists and Immunolo-
gists (AAIITO) and the Italian Thoracic Society (ITS – AIPO) set 
up the Italian Registry on Severe Asthma (IRSA), aimed to collect 
data in SA patients in a real life setting (13), whose methodology 
and baseline results have been previously published (13, 14). 
The objective of this study is to extract longitudinal data from IRSA, 
investigating the changes from baseline after 1 year of follow-up in 
the characteristics of SA, as well as the effectiveness of therapy. Addi-
tionally, the study aims to identify factors associated with response.

Materials and methods

Data collection
Details on the set-up of the registry and methods of data collection 
have been previously reported (14). All the patients with a fol-
low-up visit were included in the analysis. Only centers authorized 
to prescribe biologics were included in IRSA. For the definition of 
T2 status, two cut-off values for eosinophils have been used (15), 
reflecting the criteria for prescription of biologics in Italy: 
• T2_300 phenotype (T2high): total IgE > 150 and/or eosinophils 

> 300 and/or Fractional Exhaled Nitric Oxide (FeNO) > 25; 
• T2_150 phenotype (T2high + T2low): total IgE > 150 and/or 

eosinophils > 150 and/or FeNO > 25.
Patients not included in the two above-mentioned categories 
were considered as “non-T2 phenotype” (i.e., total IgE ≤ 150 + 
eosinophils ≤ 150 + FeNO ≤ 25).

Introduction

Asthma is the most common chronic inflammatory airway disease, 
affecting more than 300 million people worldwide (1). Most asth-
matics have mild to moderate asthma, which is effectively treated 
by the combination of inhaled corticosteroids (ICS) and long-act-
ing bronchodilators. Even though severe asthma (SA) affects up to 
10% of asthmatic patients, it represents a major economic issue 
worldwide (2, 3), and is characterized by a high mortality (4). Ac-
cording to the Global Initiative for Asthma (GINA) recommenda-
tions (5), SA is defined if patients are on regular treatment with: 1) 
high doses of ICS and long-acting β2-agonists (LABAs); or 2) me-
dium/high doses of ICS/LABA + leukotriene receptor antagonist 
(LTRA); or 3) medium/high doses of ICS/LABA + theophylline; 
or 4) oral corticosteroids (OCS) for at least 150 days/year + inha-
lation therapy. In the last 20 years, the availability of biologics, as 
add-on treatments for patients with SA, deeply changed not only 
the burden of the disease, in terms of reduction of asthma exac-
erbations, hospitalizations and OCS consumption, but also our 
understanding of disease through the application of precision med-
icine and the ability to identify the treatable trait “inflammation 
T2 high” (6). Despite these advances, real-world management of 
SA can be challenging not only for patients with a treatable trait 
“inflammation T2 low”, due to the lack of a specific therapy, but 
also for patients with the treatable trait “inflammation T2 high”, 
because head-to-head efficacy studies among biologics are lacking, 
or due to the poor accuracy of available biomarkers, which overlap 
for the same treatable trait (6, 7). Registries of SA appear to be 
a useful tool to evaluate the effectiveness of biologics and evalu-
ate the presence and management of unmet needs of SA. Several 
European and International registries on SA have been designed 
with the purpose of achieving better understanding of its epide-
miology, inflammatory profile, different phenotypes and treatment 
characteristics, and several data has been published so far (8-12). 
However, few longitudinal analyses were performed, focused only 
on specific aspects. The United Kingdom Severe Asthma Registry 
(UKSAR) (9) documented the changes in prescription of biologics, 
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Statistical analysis
In the descriptive part of this “natural history” study, the differ-
ence from baseline (V0) to follow-up (V1) were calculated for the 
main outcomes of interest and reported as follow:
• Control of asthma, assessed as overall clinical judgement and with 

Asthma Control Test (ACT): average score, frequency of patients 
with ACT score ≥ 20, frequency of patients obtaining a 3 point of 
minimum clinically important difference (MCID) in ACT score.

• Exacerbations, assessed as incidence rate ratio (IRR: ratio of 
exacerbations/person × year) and frequency of patients with 
one, two, or > 2 exacerbations from V0.

• Lung function, measured with FEV1, FEV1/FVC: absolute and rel-
ative values, frequency of patients reaching relevant cut-off values: 
FEV1+100 ml; lower limit of normal (LLN) FEV1/FVC (16, 17).

• Treatments – Frequency and dose of treatments, response to bio-
logic treatments assessed as ≥ 50% decrease of OCS maintenance 
dose and decrease in exacerbation rate in OCS-dependent pa-
tients or ≥ 50% decrease of exacerbation rate and improved asth-
ma control in non-OCS-dependent patients, respectively (18).

In the analytical cohort prospective analysis of this study, the base-
line characteristics of patients at V0 were investigated to identify 
factors associated with asthma improvement at V1, assessed with 
the abovementioned outcomes of interest. McNemar’s chi-squared 
test (change from baseline of categorical variables), and paired t-test 
were performed to study change from baseline of categorical and 
normal continuous variables, respectively. Cohen’s kappa test was 
used for agreement analyses between variables. A post-hoc power 
calculation was performed for each comparison. Logistic or linear 
regression models, as appropriate, were conducted and adjusted for 
the specific confounders of each outcome as assessed by directed 
acyclic graphs. Pearson’s or Spearman’s test for correlation were ad-
opted, as appropriate. Receiver operating curves (ROC) were gen-
erated to investigate the diagnostic accuracy of the baseline charac-
teristics in detecting the outcomes of interest at follow-up, reported 
as Area Under the Curve (AUC), sensitivity and specificity at the 
Youden index (i.e., cut-off at the highest sum of sensitivity and 
specificity). Sensitivity analyses were performed, for ACT-based 
control and exacerbations assessment at V1, comparing the total 
population versus subgroups of patients not controlled or with exac-
erbations at V0, respectively. A complete case strategy was adopted 
for missing data handling, and a sensitivity analysis was performed 
to compare the baseline characteristics of the study population with 
the patients whose V1 was not available because not yet added or 
lost at follow-up, to check external validity (19). All the analyses 
were performed with STATA v.15 (StataCorp LLC, Texas, USA).

Results

Study population
A follow-up (V1) visit was conducted after 1 year ± 6 months from 
V0 in 570 patients, between July 2017 and May 2022. During this 

timeframe, in addition to omalizumab and mepolizumab, benrali-
zumab and, for a few months, dupilumab became available in Italy.
The baseline characteristics are similar to those already published 
for IRSA patients (14). The mean age was 55.9 ± 13.3, with fe-
males accounting for 58.7% and a mean Body Mass Index (BMI) 
of 26.4 ± 5.0. Regarding education, 15.7% reported a bache-
lor’s degree or higher. Most of them had never smoked (72.1%), 
while the remaining were ex-smokers (22.8%) or active smok-
ers (5.1%). The majority of patients live in urban areas (84.5%), 
while only 15.5% reside in rural areas. The mean age at symp-
toms’ onset was 30.4 ± 16.7. Atopic status was recorded in 70.4% 
of patients, and the median total IgE was 223 kU/L (Interquartile 
range (IQR): 100, 445). Occupational exposure to potential toxic 
substances (such as dust or gas at work) was reported by 26.1% 
of patients, with professional asthma diagnosed in 7.7% of cas-
es. The following frequencies of comorbidities were recorded: 
sinusitis (53.7%), nasal polyps (47.7%), hypertension (30.6%), 
osteoporosis (20.3%), diagnosed gastroesophageal reflux disease 
(dGERD, 19.1%), obesity assessed as BMI > 30 (18.1%), ace-
tylsalicylic acid hypersensitivity (16.1%), bronchiectasis (15.0%), 
cataract (8.7%), diabetes (7.0%). The other comorbidities had 
a frequency lower than 5% (i.e., psychological disorders, food 
allergy, sleep apnea, allergic bronchopulmonary aspergillosis, eo-
sinophilic granulomatosis with polyangiitis, atopic dermatitis). In 
terms of facility characteristics, the largest medical centers (with ≥ 
30 patients followed for SA) recruited 59.2% of patients. Pulm-
onology centers accounted for 69.3% of patients, compared with 
allergy units (30.7%). The geographical distribution of the centers 
was balanced across north (45.7%), center (16.5%), and south/
islands (37.8%) of Italy. The other clinical, laboratory, and func-
tional characteristics, at baseline and follow-up, are reported in 
table I. At baseline, the majority of patients were not controlled 
(ACT < 20 in 60.8% of cases), with at least one exacerbation 
in the last 12 months (81.2%). The sensitivity analysis did not 
show significant differences with the characteristics of patients 
not included in the follow-up study. Most patients showed a T2 
phenotype (T2_300 in 77.3% and T2_150 in 86.6% of cases, 
respectively), and this is reflected by the high baseline eosinophil 
count (BEC) (> 300/mm3 in 58.1% of patients). A slightly lower 
frequency of T2 phenotype was observed in the subgroup of pa-
tients (n = 103) without biologic treatments (T2_300 in 68.9% 
and T2_150 in 84.5% of cases, respectively). 

Lung function
Change from baseline (V0) in lung function is shown in table I. 
Overall, the increase of FEV1 was ≥ 100 ml in 48% of patients and ≥ 
15%pred in 30% of patients, at V1. Out of 35 patients with FEV1/
FVC < 50% at V0, 51.4% and 11.4% improved to 50-69% and ≥ 
70%, respectively (p < 0.001). FEV1 exceeded the LLN in +15.3% 
patients at V1, compared to V0 (p < 0.001). Baseline characteristics 
significantly associated with a ≥ 100 ml improvement at V1, accord-
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ing to the unadjusted analysis (confirmed by the adjusted analysis), 
are reported in table II. There was a negative correlation with age, 
with a drop in the mean FEV1 improvement from 50 years old on-
wards (+326 ml versus +136 ml, respectively; odd ratio (OR) of ≥ 100 
ml improvement 0.6 in > 50-year-old patients, p < 0.001). The rela-
tionship with T2 phenotype was mainly driven by BEC and FeNO 
levels, as no significant associations were observed with total IgE. In 
terms of absolute values of mean FEV1 improvement, additional 
variables had an impact. Namely, some differences were observed in 
smoking status categories (non-smokers +224 ml, ex-smokers +119 

ml, active smokers +50 ml, p = 0.06), packs/year > 0 (+101 ml versus 
+226 ml, p = 0.013), professional asthma (+320 ml versus +138 ml in 
non-professional asthma, p = 0.04), BMI > 30 (+64 ml versus +219 
ml, p = 0.009), osteoporosis (+64 ml versus +219 ml, p = 0.006), 
and cataract (-40 ml versus +222 ml, p = 0.001). Osteoporosis and 
cataract were not confirmed at the adjusted analysis.

Control of asthma
There was a 37.7% increase (95%CI 32.8-42.6; power 100%) 
of patients reaching ACT ≥ 20 at V1, compared to V0, and 45% 

Table I – Characteristics of the study population at baseline and at follow-up (n = 570).

Baseline Follow-up P-value

Biological and clinical characteristics

Median Eosinophils/mm3 (IQR) [17] 363 (140, 722) 102 (49, 234) < 0.001

< 150 26.8% 61.9% < 0.001

150-300 15.1% 18.3% < 0.001

> 300 58.1% 19.8% < 0.001

FeNO ppb [297] 42.8 ± 43.0 34.1 ± 31.3 0.004

Phenotype° [15]

T2_300 (T2high) 77.3% Not applicable

T2_150 (T2high + low) 86.6% Not applicable

non-T2 13.4% Not applicable

Median ACT score (IQR) [12] 18 (15,21) 22 (20,24) < 0.001

< 20 60.8% 24.9% < 0.001

20-24 30.2% 54.2% < 0.001

25 9.0% 20.9% < 0.001

Lung function [39]

FEV1 L 2.0 ± 0.8 2.2 ± 0.8 < 0.001

FEV1 %pred 72.5 ± 19.6 80.0 ± 20.4 < 0.001

FEV1 post-bronchodilator L 2.2 ± 0.8 2.4 ± 0.9 < 0.001

FEV1 post-bronchodilator %pred 80.4 ± 20.2 84.2 ± 20.8 < 0.001

FEV1/FVC 69.5 ± 14.3 72.4 ± 14.2 < 0.001

< 50% 8.4% 5.1%
< 0.001≥ 50 < 70 44.5% 34.6%

> 70% 47.1% 60.3%

FEV1/FVC post-bronchodilator 73.2 ± 15.4 74.9 ± 13.7 < 0.001

< 50% 6.6% 4.0%
0.0183≥ 50 < 70 35.3% 28.9%

>70% 58.1% 67.1%
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of patients reached the MCID in the ACT score. The mean in-
crease in ACT score at V1 was +3.4 points (95%CI 3-3.9; pow-
er 100%). Overall, the agreement between control of asthma 
assessed as per clinical judgement and ACT outcomes was good 
(89.4%, k = 0.7, p < 0.005). No significant differences were ob-
served between patients with and without biologic treatments.
The unadjusted analysis showed a significant correlation between 
conversion from uncontrolled (ACT < 20 at V0) to controlled 
asthma (ACT ≥ 20 at V1) and the following variables: T2 phe-
notype, nasal polyposis, dGERD, osteoporosis, and rural area of 
residence (table II). Within T2 phenotype, BEC and total IgE 
were significantly associated with ACT, but not FeNO. In pa-
tients with ACT conversion the mean values of BEC and total 
IgE were +158/mm3 (p < 0.001) and +70.1 KU/L (p = 0.012), 
respectively, compared to patients without controlled asthma at 
V1. Conversely, no correlations between ACT conversion and the 
other baseline characteristics were observed. After adjusting for 
confounders, in patients not controlled at baseline, the correlation 

with ACT conversion was still significant only for T2 phenotype 
(T2_300: OR 2.8, 95%CI 1.4-5.6, p = 0.003; T2_150: OR 3.6, 
95%CI 1.3-8.6, p = 0.012). BEC was a good predictor of ACT 
improvement. Overall, the linear correlation between absolute 
eosinophils values (at V0) and ACT score (at V1), in patients not 
controlled at baseline, was significant but moderate (Spearman’s 
R: 0.19, 95%CI 0.08-0.28, p < 0.001). Namely, the correlation 
becomes significant at values > 150/mm3, and even stronger at 
values > 372/mm3 (Youden’s index). However, the diagnostic ac-
curacy of peripheral eosinophils per se to predict asthma control 
was poor (AUC 62%, 95%CI 56%-68%). 

Exacerbations
The total number of exacerbations decreased from 2,036 to 432 
at V1, with a 49% decrease (95%CI 44%-54%; p < 0.001) of 
the number of patients with at least one exacerbation in the last 
12 months, and the exacerbation rate dropped from 3.3 ± 3.9 
exacerbations/person-year to 0.7 ± 1.4 (difference: -2.6, 95%CI 

Baseline Follow-up P-value

Exacerbations (last 12 months) [7]

Median nr of exacerbations (IQR) 2 (1, 4) 0 (0, 1) < 0.001

Crude exacerbation rate/year 3.3 ± 3.9 0.7 ± 1.4 < 0.001

Patients with ≥1 exacerbations 81.2% 33.2% < 0.001

Access to Emergency Dept. 21.2% 4.3% 0.0018

Treatments

Inhaled Corticosteroids§

High dose 66.0% 59.4% 0.0017

Medium dose 34.0% 40.6%

Long-acting Muscarinic Antagonists 41.4% 40.7% 0.2413

Antileukotrienes 48.9% 45.1% 0.0028

Oral corticosteroids 31.3% 20.7% < 0.001

Median months of duration (IQR) 5 (1, 12) 3 (1, 12)^ Not applicable

Medium equivalent daily mg (IQR) 40 (20, 75) 22.5 (20, 40) 0.0209

Biologics (median months; IQR)

No 36.6% 17.6%

< 0.001
anti-IgE 29.8% (18.5; 8-37) 29.2%

anti-IL5(R) 32.9% (6; 1-12) 51.9%

anti-IL14/IL13 0.7% (3.5; 0.5-15) 1.3%

Thermoplasty 1.3% 0.2% 0.910
Mean ± standard deviation values are reported, if not otherwise specified [Missing data at follow-up are reported in squared brackets, if any]. ACT: Asthma Control 
Test; FeNO: Fractional Exhaled Nitric Oxide; FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity; IQR: Interquartile Range. °T2 phenotype 
defined as T2_300 (IgE > 150 and/or eosinophils > 300 and/or FeNO > 25), T2_150 (IgE > 150 and/or eosinophils > 150 and/or FeNO > 25), and non-T2 (total 
IgE ≤ 150 and eosinophils ≤ 150 and FeNO ≤ 25). §High and medium dose according to GINA 2019. All the patients were taking Inhaled corticosteroids and 
long-acting beta2 agonists. ^Duration reported only for the seven patients who started oral corticosteroids after the baseline visit.
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-2.9 to -2.3; p < 0.001). Similar improvements were observed in 
patients with or without biologic treatment (patients with at least 
one exacerbation in the last 12 months, in patients without bio-
logic treatments: from 90.1% of V0 to 42.7% of V1, IR from 3.9 
to 0.97/person-year, respectively). Obesity, dGERD, and FEV1/
FVC<LLN were significantly associated with exacerbations at V1, 
according to the unadjusted analysis (table II), and they were con-

firmed by the adjusted analysis. T2 phenotype did not show a sig-
nificant correlation with exacerbations. However, even if a linear 
relationship with BEC was not found, patients with BEC > 1000/
mm3 tended to experience exacerbations less frequently at V1, 
compared to patients with lower BEC (-11%, OR 0.6, 95%CI 
0.3-1.0, p = 0.06) (figure 1). This trend is supported by the lower 
IRR in patients with BEC > 1,000/mm3 (IRR 0.6, 95%CI 0.4-
1.0, p = 0.05). There was a clear correlation between BMI and 
annual rate of exacerbations with an IRR of 1.8 (95%CI 1.2-2.6, 
p = 0.004) in patients with BMI > 30, compared to lower BMI 
values. In the BMI > 30 group, 43% of patients had at least one 
exacerbation at V1, compared with 29% and 35% of the < 25 
and 25-30 BMI groups, respectively. Concerning lung function, 
no linear relationships were observed between FEV1 or FEV1/FVC 
and exacerbations. However, in case of FEV1/FVC < LLN at V0, 
an increase at V1 was recorded of both the number of patients 
with at least one exacerbation (+9.2%, OR 1.5, 95%CI 1.1-2.1, p 
= 0.02) and exacerbation rate (IRR 1.4, 95%CI 1.1-2.0, p = 0.02). 

Treatments
Overall, the frequency of patients taking maintenance OCS 
decreased from 31% to 21% at V1 (table I), and 91% of the 
patients managed to reach at least a 50% dose reduction. This 
was mostly due to the OCS sparing effect observed after the 
initiation of biologic therapy. In addition, low baseline FEV1 
reversibility was identified as an independent factor associated 
with OCS withdrawal/reduction, i.e., in case of ≥ 100 ml re-
versibility, -25.1% of patients were able to withdraw OCS (OR 
0.3, p = 0.001; table II). On the contrary, the use of biologics 
increased from 63% to 82%, and 11% of patients switched to 
a different biologic at V1 (figure 2). No significant differences 
were observed in inhaled treatments from V0 to V1. Patients 
taking high ICS dose (as per GINA 2019 (20) classification) 
slightly decreased from 66.0% to 59.4%. No difference in the 
frequency of Long-Acting Muscarinic Antagonists and LTRA 
was observed, with a similar distribution between patients in 
and out of biologic treatment. However, in the subgroup of pa-
tients not treated with biologics, the maintenance OCS therapy 
did not change significantly from V0 (47.6%) to V1 (42.7%).
Good response to biologics was recorded in 69.9% of patients, 
namely in 81.1% and 64.7% of OCS and non-OCS-dependent 
patients, respectively. Their characteristics are shown in table III. 
The adjusted analysis confirmed the negative association between 
good response and atopic status (OR 0.5, 95%CI 0.2-0.9, p = 
0.038), and the positive association with high BEC (OR 2.3, 
95%CI 1.2-4.3, p = 0.011 for BEC > 600/mm3) and education 
(OR 3.5, 95%CI 1.4-9.1, p = 0.010 for bachelor or higher degree), 
but not the relationship with ASA hypersensitivity. Good respond-
ers were more frequently treated with OCS (OR 2.3, 95%CI 1.3-
4.2, p = 0.005), compared to poor responders. The ROC analysis 
showed an AUC = 59% (95%CI 53%-66%) in predicting good 

Table II – Significant correlations between baseline characteristics 
and outcomes at follow-up (overall population).

Frequency 
of patients

Odds ratio 
(95%CI)

P-value°

Asthma Control Test conversion from < 20 to ≥ 20 at follow-up

T2 phenotype* +26.2% 3.1  
(1.8 to 5.6)

< 0.001

T2 phenotype_150§ +30.0% 3.6  
(1.7 to 7.6)

< 0.001

Nasal polyposis +14.3% 2.0  
(1.2 to 3.2)

0.005

dGERD -20.6% 0.4  
(0.2 to 0.8)

0.003

Osteoporosis -17.4% 0.5  
(0.3 to 0.9)

0.010

Rural area (vs urban/
industrial area)

+16.8% 2.3  
(1.1 to 5.0)

0.019

Exacerbations at follow-up (at least one in 12 months)

BMI > 30 +11.7% 1.7 (1.1 to 
2.5)

0.017

dGERD +11.5% 1.6 (1.1 to 
2.5)

0.024

FEV1/FVC < LLN +9.2% 1.5 (1.1 to 
2.1)

0.022

Oral corticosteroid withdrawal at follow-up

FEV1 reversibility ≥ 100 
ml

-25.1% 0.3 (0.1 to 
0.6)

0.001

FEV1 improvement at follow-up

Age > 50 years -12.0% 0.6 (0.4 to 
0.9)

0.022

T2 phenotype* +17.3% 2.0 (1.3 to 
3.3)

0.003

T2 phenotype_150§ +15.5% 1.9 (1.0 to 
3.4)

0.034

BMI: Body Mass Index; CI: confidence interval; FEV1: Forced Expiratory 
Volume in 1 second; dGERD: diagnosed gastroesophageal reflux disease; 
LLN: Lower Limit of Normal FEV1/FVC; °Simple logistic regression; *IgE 
>150 and/or Eos > 300 and/or FeNO > 25; §IgE > 150 and/or Eos > 150 
and/or FeNO > 25.
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Figure 1 - Frequency of patients with at least one exacerbation at follow-up, per categories of baseline peripheral eosinophils (n = 553).
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response to biologics, with 84% specificity and 35% sensitivity at 
the BEC cut-off of 635/mm3 (Youden index).

Discussion

The results of this study provide insights into various aspects of the 
real-world management of SA after 1 year of follow-up, in Italy, con-
cerning the feature of patients, the effectiveness of the therapy, the 
predictors of efficacy, the features of non-responders, and finally the 
homogeneity of therapeutic outcomes across the country, despite 
different regional health services and different healthcare providers.

Patients’ characteristics
In general, the baseline characteristics of the patients were simi-
lar to the ones previously reported by IRSA (14). Most of the pa-
tients showed a T2 phenotype (77.3% and 86.6% for T2_300 and 
T2_150, respectively). Our prevalence of patients with non-T2 phe-
notype (13.4%) is consistent with the one resulted from Ricciardolo 
et al. (21) (19.5%), where similar cut-off values for T2 were used, 
specifically focused on phenotyping of SA in Italy, using non-in-
vasive parameters. The slight mismatch between the two figures is 
probably due to patients with BEC between 150 and 300, that are 
included in the T2 phenotype in our study (within the T2_150 
group) because they are eligible for mepolizumab and dupilumab, 
but who are excluded from T2 phenotype by Ricciardolo et al.

Asthma control and lung function 
In terms of ACT-based control, notwithstanding the intrinsic lim-
itation of this self-reported tool due to the short 4-week timeframe 
considered, asthma was uncontrolled in 60.8% of patients. A sig-
nificant improvement was observed, as evidenced by a 37.7% in-
crease in the number of patients reaching an ACT score ≥ 20 at V1. 
Moreover, 45% of patients achieved the MCID in the ACT score. 

These results demonstrate the effectiveness of the management of 
patients adhering to a registry in terms of interventions and treat-
ments employed during the follow-up period in enhancing asthma 
control, as already reported by the literature (10). T2 phenotype – in 
particular high BEC and, to a lesser extent, total IgE – was a good 
predictor of control (OR 3.1 and 3.6 for T2_300 and T2_150, re-
spectively), as well as nasal polyposis (OR 2.0). Numerous findings 
show close links between chronic rhinosinusitis with nasal polyps 
and asthma: both conditions are linked through the underlying T2 
inflammation. Indeed, a clear relationship has been reported be-
tween control of upper airway disease and control of lower airway 
disease in patients with nasal polyps and asthma (22). Diagnosed 
dGERD was confirmed to be a troublesome comorbidity in asthma 
(OR for control 0.4) (23, 24). In addition, osteoporosis was related 
to poor asthma control (OR 0.5), possibly due to the consequent 
low quality of life in all aspects of the daily life of these patients or 
to the association with OCS consumption, and therefore to severity 
of asthma. Interestingly, patients living in rural areas obtained better 
control than the ones in industrial/urban areas (OR 2.3), supporting 
the detrimental effect of pollution on asthma (25).
The study outcomes from IRSA demonstrated a substantial 
decrease in the number of patients experiencing at least one 
exacerbation in the last 12 months. The exacerbation rate 
dropped significantly too, indicating a notable improvement 
in exacerbation control. Obesity and dGERD were confirmed 
as strong predictor of poor control in terms of exacerbations 
(26, 27) at follow-up (OR 1.7 and 1.6, respectively), followed 
by airflow obstruction assessed as FEV1/FVC < LLN (OR 1.5). 
Interestingly, other parameters of lung function, including ab-
solute and predicted percent values of FEV1 or FEV1/FVC, did 
not show significant correlations with risk of exacerbations. 
T2 phenotype did not show a significant role as a predictor 
of exacerbations at follow-up. Conversely, BEC was the main 
driver for exacerbation, within the considered biomarkers (fig-
ure 1), highlighting the role of eosinophilic inflammation in 
exacerbation and as a marker of response to treatments.
Overall, lung function improved both in terms of FEV1 and FEV1/
FVC over the follow-up period. Improvement in FEV1 (frequency 
of FEV1 ≥ 100 ml and/or increase of absolute FEV1 at V1) was 
hampered by older age, exposure to smoke, and obesity. Converse-
ly, T2 phenotype and professional asthma were predictors of FEV1 
improvement. These data confirm that there is a complex relation-
ship between inflammation and lung function in SA, and lung 
function may be associated with other factors (28, 29).

Effectiveness of therapy at follow-up 
The change in treatments recorded at V1 reflected the better control 
of asthma, compared to V0. In fact, a significant decrease in use of 
OCS was observed at follow-up, and only few patients switched 
to different biologics. The switch to different biologics in 11% of 
patients was consequent to the progressive marketing authorization 

Figure 2 - Change in biologic treatment from baseline (large 
chart) to follow-up (small charts).
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Table III – Baseline characteristics of good and poor responders to biologics at follow-up in patients on biologic treatment (n = 322).

Poor responders
n = 99 (30.8%)

Good responders
n = 223 (69.2%)

P-value

General characteristics

     Females 56.6% 58.3% 0.772

     Age 56.2 ± 1.3 56.7 ± 0.8 0.692

     BMI 26.6 ± 0.5 26.8 ± 0.4 0.758

     Smoking status

    Active 4.0% 5.4%
0.729    Former 27.3% 23.8%

    Never 68.7% 70.9%

     Age at symptom’s onset 30.5 ± 1.7 30.5 ± 1.1 0.977

     Atopy 85.7% 71.3% 0.006

     Occupational exposure at risk 28.4% 33.3% 0.420

     Professional asthma 8.1% 11.8% 0.365

     Rural area of residence 11.4% 16.4% 0.272

     Bachelor or higher education 7.1% 18.4% 0.001

Biological and functional characteristics

Median total IgE kU/L (IQR) 263 (155, 527) 225 (125, 450) 0.409

Median Eosinophils/mm3 (IQR) 266.1 (80.3, 508) 335 (132.3, 814.3) 0.008

< 150 39.2% 27.4% 0.038

150-300 13.4% 16.7% 0.457

> 300 47.4% 55.8% 0.169

Median FeNO ppb 26 (15, 65) 25.5 (20.7, 42) 0.892

Phenotype T2_300°

T2_300 78.4% 76.4% 0.754

non-T2 21.6% 23.6% 0.754

Phenotype T2_150°

T2_150 84.5% 87.4% 0.486

non-T2_150 15.5% 12.6% 0.486

Median ACT score (IQR) 20 (16, 23) 18 (15, 21) 0.018

ACT score ≥ 20 51.5% 38.1% 0.025

Lung function

FEV1 %pred 70.4 ± 1.9 72.2 ± 1.4 0.444

FEV1 post-bronchodilator %pred 79.5 ± 1.8 81.1 ± 1.4 0.503

FVC %pred 88.3 ± 1.9 87.9 ± 1.2 0.870

FVC post-bronchodilator %pred 95.7 ± 1.7 93.5 ± 1.2 0.295

FEV1/FVC 69 ± 1.8 69.6 ± 1.1 0.434

FEV1/FVC post-bronchodilator 70.7 ± 1.6 73.2 ± 1.1 0.187
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of new biologics, and is similar to the switching frequency reported 
by the UKSAR (12.1%) (9), as well as the trend of the decision 
making about the first biologic to use among dual eligible patients. 
The slight differences in the choice of second-line treatment after 
switching, between IRSA and UKSAR, can be justified by the dif-
ferent characteristics of SA in UKSAR, compared with SA in IRSA, 
e.g., higher frequency of OCS maintenance therapy (55.2%) and 
exacerbations (median number in the last 12 months: 5), lower 
frequency of atopy (52.9%) (9). Conversely, no withdrawals of bi-
ologic therapy were observed in IRSA over one year of follow-up, 
suggesting the possibility to catch a late therapeutic efficacy (30). A 

significant improvement of asthma outcomes was also observed in 
patients not treated with biologics. However, this was likely due to 
the high frequency of maintenance OCS, administered before and 
during the follow-up period in almost half of these patients, suggest-
ing room for optimization of asthma management.  In addition, the 
frequency of thermoplasty was also higher in patients not treated 
with biologics (3.9%). The more frequent use of maintenance OCS 
in patients not treated with biologics is confirmed by RItA (10).
The significant improvement over the follow-up period was probably 
due to the increasing availability of biologics over the last years, also 
considering the high frequency of T2 phenotype in the registry, that is 

Exacerbations (last 12 months) 

Rate/person-year 1.9 0.2 3.8 0.2 < 0.001

Patients with ≥ 1 exacerbations 78.6% 100% < 0.001

Access to Emergency Department 18.4% 18.8% 0.957

Hospitalizations 13.3% 15.3% 0.644

Comorbidities*

Sinusitis 57% 55.1% 0.764

Nasal polyps 52.2% 49.3% 0.645

Hypertension 24.7% 31.7% 0.212

Osteoporosis 23% 19.7% 0.527

Diagnosed GERD 27.2% 20.3% 0.190

BMI > 30 22.2% 20.2% 0.677

ASA hypers 21.1% 11.9% 0.037

Bronchiectasis 22.2% 14.8% 0.315

Cataract 7.5% 8.9% 0.696

Diabetes 8.3% 7.8% 0.883

Treatments

Inhaled Corticosteroids§

High dose 63.3% 62.2% 0.225

Medium dose 36.7% 37.9%

Long-acting Muscarinic Antagonists 46.9% 36.8% 0.093

Antileukotrienes 43.9% 51.6% 0.204

Oral corticosteroids 17.2% 32.7% 0.004

Biologics

anti-IgE 59.80% 39.70%
0.005anti-IL5(R) 39.4% 58.3%

anti-IL4/IL13 0% 1.80%

Thermoplasty 1.0% 1.4% 0.802

ACT: Asthma Control Test; BMI: Body Mass Index; FeNO: Fractional Exhaled Nitric Oxide; FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capac-
ity; IQR: Interquartile Range; LCA: Latent Class Analysis. Mean ± standard deviation values are reported, if not otherwise specified. °T2_300 phenotype: IgE > 150 
and/or Eos > 300 and/or FeNO > 25; T2_150 phenotype: IgE > 150 and/or Eos > 150 and/or FeNO > 25. §High and medium dose according to GINA 2019. *Not re-
ported and not included in the analyses when < 5% of the study population (i.e. psychological disorders, food allergy, sleep apnea, ABPA, vasculitis, atopic dermatitis).



209Severe asthma: follow-up after one year from the Italian Registry on Severe Asthma

the current main target of these therapies. In addition, the closer fol-
low-up of patients enrolled in any study or registry with the possibility 
of modifying and optimizing the treatment might help the manage-
ment of asthma. These results are in line with the data from RItA 
(10), where the quite high frequency of persistence/worsening asthma 
after a 1-year follow-up (53.9%) was justified with the availability of 
just one anti-IgE biologic, compared to other studies/registries where 
anti-IL5(R) treatments were already authorized. In fact, RItA showed 
that, at baseline, patients with controlled asthma on omalizumab 
were about twice as numerous as those treated with ICS-LABA only, 
but in the absence of other biological agents (which were not available 
at the time of the study), this result remained stable over one year of 
follow-up. This apparent stability is a result of a complex migration 
of patients through the different levels of asthma severity (controlled, 
severe, very severe) throughout the year, due to the interplay between 
spontaneous fluctuation of severity and the effect of the periodic ther-
apy reviews conducted by doctors participating in the registry. On the 
other hand, if there are many therapeutic options available, there may 
be potential for further improvement. In our registry, the case-by-case 
selection process, conducted by physicians, to differentiate between 
responders and non-responders to ongoing treatments, applied to 
both patients receiving biologic and non-biologic drugs (approxi-
mately half of these patients switched to biologics between V0 and 
V1), and the consequent switching within biologics, when necessary 
(i.e., 11% of cases), contributed to enhancing the overall outcomes 
of our patients. Moreover, our results confirm the trend observed in 
RItA (10) concerning obesity, dGERD, and, to a lesser extent, smok-
ing as risk factors for persistence/worsening of asthma, but we did not 
find association with older age of asthma diagnosis.
After one year from enrolment in IRSA, the improvement of 
the key outcomes of SA treatment (improvement in asthma 
control and lung function, decrease of exacerbations, decrease/
discontinuation of add-on OCS) was documented in 69% 
of subjects on biologic treatment (table III), which is great-
er than the average effect obtained in the registrational trials 
(50%) (31). This is consistent with the known positive effects 
of entering a disease registry, which include standardized fol-
low-up and fine-tuning of therapy by doctors involved in the 
registry (32). Additionally, the availability of a broader range 
of therapeutic options is essential for improvement of SA.

Poor responders to biologics
Poor responders to biologic therapy (30.8%) present less severe symp-
toms at baseline, compared to responders, in terms of symptom 
control, number of exacerbations per year, and OCS consumption, 
although the prevalence of emergency department visits and hospi-
talizations is similar. In terms of objective disease indicators, there is 
a substantial homogeneity in the prevalence of the T2 and non-T2 
phenotypes, comorbidities, and level of respiratory function, although 
in poor responders there is an increased prevalence of atopy and low-
er BEC.  In fact, BEC seems to play a major role in predicting good 

response (i.e., the higher the better, OR 2.3 in BEC > 600/mm3), but 
the accuracy when used as a single biomarker was too low to be used 
in clinical practice (AUC < 60%). The multivariate analysis aiming to 
assess the balance between factors favoring and hindering the effective-
ness of therapy shows that the presence of T2 inflammation is the best 
positive prognostic factor for improving symptom control and respira-
tory function. Conversely, the presence of comorbidities, particularly 
dGERD, BMI > 30, and a LLN of FEV1/FVC, counteract clinical im-
provement. Furthermore, our results confirm that people treated with 
biologics with higher levels of education are more likely to have their 
asthma controlled than people with lower levels of education. This is in 
line with the higher mortality in case of low education, in asthma and 
other diseases (33, 34), and it is likely due to a better understanding of 
asthma and therapeutic options, with consequent higher adherence to 
treatments and to necessary lifestyle changes (35-37).

Homogeneity of outcomes
No significant difference in exacerbations was observed among 
centers, suggesting that the size of the facility (i.e., large versus 
medium-small centers), within the IRSA centers, was not a pre-
dictive factor. The organizational models for managing SA vary 
from country to country. For instance, the UKSAR (9) presents 
the results of biologic therapy from 10 SA specialized centers, 
while in Italy, the national health service is structured into 21 
regional health services, some of which may have specialized 
centers for SA and others may not. The only element of ho-
mogeneity lies in the eligibility criteria for individual biologics, 
which regulate the prescription of biologics throughout the 
country. The effectiveness of biologic therapy is similar between 
the two registries and is not influenced by geographic variations 
or the number of patients/centers involved. However, in line 
with the higher burden of asthma in the UK, some data suggest 
that the average severity of asthma symptoms in patients with 
SA in Italy is lower than what is observed in UK cases (9). 

Weaknesses and strengths
The limitations of studies based on routine data, such as potential 
selection bias (e.g., drop out at follow-up) or hidden confound-
ers related to real-world populations, are well-known. However, 
the large sample size, consecutive enrolment of all the eligible pa-
tients, the homogeneous distribution of the IRSA sites, and the 
sensitivity analysis help to mitigate these potential biases in our 
study, providing a representative sample of Italian patients with 
SA. Another limitation of the study is that the change in biologics 
during the observation time is not the result of a head-to-head 
comparison of biologics, but rather the outcome of physician de-
cision-making in accordance with patients’ unmet needs and the 
different dates of availability of biologics in the market. Further 
accrual of data in the registry, over a follow-up period longer than 
1 year, will probably help in better understanding the natural his-
tory of SA and the long-term effect of biologic treatments.
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In conclusion the enrolment in the IRSA registry documented, 
just after one year, the improvement of the key outcomes of SA 
treatment in the majority of patients, highlighting the role of 
this tool in improving the management of the disease, possibly 
by strengthening the specialist-patient relationship. 
Moreover, results from the IRSA Registry confirm the high ef-
fectiveness of biologic therapy targeting T2 inflammation, when 
implemented as part of a planned follow-up strategy aimed at 
optimizing and fine-tuning the therapy. However, despite this 
excellent result, effective treatment of SA remains an unmet 
need for approximately one-third of these patients. Further-
more, the study identifies potential biomarkers and factors asso-
ciated with treatment response, highlighting the importance of 
personalized approaches in managing SA.
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