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ABSTRACT

Introduction: There is, so far, no universal definition of severe asthma.This definition usually relies
on: number of exacerbations, inhaled therapy, need for oral corticosteroids, and respiratory function.
The use of such parameters varies in the different definitions used.Thus, according to the parameters
chosen, each patient may result in having severe asthma or not.The aim of this study was to evaluate
how the choice of a specific definition of severe asthma can change the allocation of patients.

Methods: Data collected from the Severe Asthma Network Italy (SANI) registry were analyzed. All
the patients included were then reclassified according to the definitions of U-BIOPRED, NICE,
WHO, ATS/ERS, GINA, ENFUMOSA, and TENOR.

Results: 540 patients, were extracted from the SANI database. We observed that 462 (86%) met
the ATS/ERS criteria as well as the GINA criteria, 259 (48%) the U-Biopred, 222 (41%) the NICE,
125 (23%) the WHO, 313 (58%) the Enfumosa, and 251 (46%) the TENOR criteria. The mean
eosinophil value were similar in the ATS/ERS, U-Biopred, and Enfumosa (528, 532 and 516 cells/
mcl), higher in WHO and Tenor (567 and 570 cells/mcl) and much higher in the NICE classification
(624 cells/mcl). Lung function tests resulted similarly in all groups, with WHO (67%) and ATS/ERS-
GINA (73%), respectively, showing the lower and upper mean FEV1 values.

Conclusions: The present observations clearly evidence the heterogeneity in the distribution of
patients when different definitions of severe asthma are used. However, the recent definition of
severe asthma, provided by the GINA document, is similar to that indicated in 2014 by ATS/ERS,
allowing mirror reclassification of the patients examined. This lack of homogeneity could
complicate the access to biological therapies. The definition provided by the GINA document,
which reflects what suggested by ATS/ERS, could partially overcome the problem.

Keywords: Severe asthma, Classification, Definition, Biological treatment
BACKGROUND

Among chronic respiratory diseases, asthma is
one of the most common, affecting all age groups.
It reaches a prevalence of about 20% in children1

and 5–10% in adulthood.2 Out of these patients,
a percentage varying between 5 and 10% suffers
from a severe form of the disease, characterized
by poor symptom control despite a correctly
prescribed maximal inhaled therapy. The severe
form of asthma (SA) appears to be a serious
burden from the clinical point of view,
characterized by a poor quality of life due to
frequent exacerbations, extra visits, and
hospitalizations. Moreover, even though it affects
a small percentage of patients, severe asthma is
also an important socio-economic encumbrance,
due to the use of most of the economic resources
invested in asthmatic subjects.3,4 Traditionally, to
achieve control of the disease, these patients
must be treated with oral corticosteroids (OCS),
given as courses or regularly, with the well-known
side effects caused by these drugs (ie, cataract,
obesity, osteoporosis, diabetes).5 Furthermore, it
is well known that chronic OCS6,7 therapy is
burdened by direct and indirect annual costs
between 600V to about 5000V in severe
asthmatic patients.8,9 The recent and more
accurate knowledge of the mechanisms
underlying asthma10 has allowed the
development of new biological drugs able to
reduce or interrupt the OCS intake, reduce
exacerbations, and improve quality of life, with a
satisfactory safety profile.11–14 So far, these drugs
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can be prescribed and reimbursed only when a
patient is clearly defined as having SA. Therefore,
a careful analysis of the clinical-instrumental char-
acteristics is pivotal to define patients as severe or
not.

So far, there are several definitions to identify
patients as severe, or difficult to control, that must
be taken into consideration in daily clinical prac-
tice. Analyzing the main definitions of severe/un-
controlled asthma, relevant differences emerge in
the inclusion criteria. Thus, using one definition
rather than another may or not allow the patient to
be considered severe and therefore eligible or not
for a biological drug. The objective of this study
was to observe how the difference in inclusion
criteria, of the main definition of severe/difficult to
treat asthma, may be able to exclude patients and
if so, in patients who resulted to have severe
asthma, were there differences in the main clinical,
laboratory or functional parameters.
METHODS

The data of patients included in the registry of
the Severe Asthma Network Italy (SANI),12 were
fully available until January 29, 2019. Those
patients were reclassified according to the
definition of severe uncontrolled asthma of ATS/
Exacerbations in
previous year FEV1 Sym

co

Enfumosa �1 (requiring
OCS)

Not required Not r

WHO >2 FEV1 <60% Poor

TENOR �2 (requiring
OCS)a

Not required Not r

ATS-ERS
and GINA

�2 (requiring
OCS) or �1
hospitalizationa

FEV1 < 80%
FEV1/
FVC < LLNa

ACQ
ACT<

U-Biopred �2 (requiring
OCS)

Not required ACQ
equiv
score

NICE 1 life threatening
or 2
hospitalizationa

FEV1 < 70%a Not r

Table 1. Principal criteria of severe asthma in guidelines and main clin
a. Refers to the presence of at least one of these
ERS (American Thoracic Society/European
Respiratory Society) guidelines,13 ENFUMOSA
(European Network For Understanding
Mechanisms Of Severe Asthma),14 TENOR (The
Epidemiology and Natural History, Outcome and
Treatment Regimens),15 severe asthma of WHO
(World Health Organization)16 and GINA (Global
INitiative on Astma),17 difficult asthma of NICE,18

and severe refractory asthma of U-Biopred19

(Table 1).

For all patients, the main demographic data,
exacerbations and hospitalizations in the previous
12 months, age onset of the disease, main asthma
comorbidities (rhinitis, nasal polyposis, reflux dis-
ease, bronchiectasis), lung function data (FEV1,
FVC), eosinophils blood sampling, asthma control
test (ACT)20 score, and daily therapy were
available. All these data were used to reclassify
them, according to the aforementioned criteria.
The main biological and functional characteristics
were then analyzed by comparing them between
the groups, with the ANOVA test, t-test, and chi-
squared when necessary.

All patients had to have a definite diagnosis of
bronchial asthma, with the characteristics that
make it definable as uncontrolled, according to
the criteria adopted by the various researchers of
ptoms
ntrol Therapy OCS

equired �1200 mg
beclometasone
or equivalent

Not required

Maximal dose Daily

equired �3 drugsa >5 mg prednisone or
equivalent

>1.5,
20a

�1000 mg
beclometasone
or equivalent

>50% of previous
yeara

>1.5 or
alent

�1000 mg
fluticasone or
equivalenta

Daily usea

equired �1000 mg
beclometasone
or equivalent

>50% of previous year
(>7.5 mg prednisone
or equivalent)a

ical trials. OCS: oral corticosteroid; FEV1: forced expiratory volume in 1 s.



Fig. 1 Distribution of the patients of the Severe Asthma Network
Italy using the different definitions.

4 Bagnasco et al. World Allergy Organization Journal (2021) 14:100606
http://doi.org/10.1016/j.waojou.2021.100606
the centres belonging to SANI. To be included in
the study, patients had to be recorded in the
registry, with informed consent. No exclusion
criteria, except missing data, were applied. Each
patient met all the criteria to be included into any
of the mentioned definitions of severe asthma.
About adherence and inhalation technique, we
assume that all patients were correctly instructed
on the use of their device, and the drug intake was
evaluated before entering the patient into the na-
tional registry, as required by the registry’s own
rules.
RESULTS

The data of 702 patients were available in the
SANI registry. Out of them, 162, were not com-
plete and were discharged. Thus the analysis was
performed on 540 severe asthmatic patients (mean
age 55 � 13.5; range 15–88), with a mean age
onset of the disease of 36 � 16.7 years. The mean
exacerbation rate was 3.1 � 5.7/year and the
hospitalization rate was 0.23 � 0.66. There were 16
(3%) current smokers and 104 (19%) ex-smokers.
Concerning the main comorbidities, 255 (47%)
had nasal polyposis (treated at least once surgi-
cally), 196 (36%) patients had gastro-oesophageal
reflux disease, and 96 (18%) had ascertained
bronchiectasis. The forced expiratory volume in 1 s
(FEV1) mean value before bronchodilation was
75 � 23% and the median fractional exhaled nitric
oxide level (FeNO) was 31 (IQR 17-61) ppb. The
control of asthma was evaluated by the asthma
control test (ACT) and its mean value was 18 � 5.

Using the re-classification of patients, according
to the various criteria taken into consideration,
important numerical differences between the
various sets could be observed. Out of the cohort
of patients of the SANI registry 462 (85%) fit the
ATS/ERS and GINA criteria,13,17 222 (41%) the
NICE, 125 (23%) the WHO, 259 (48%) the U-
Biopred, 313 (58%) the ENFUMOSA, and 251
(46%) the TENOR criteria (Fig. 1, Table 2).

ATS/ERS and GINA criteria enclosed the larger
number of patients, followed by the NICE and
WHO criteria (Fig. 2a), whose patients remain
included in the first definition. Concerning clinical
trials, the situation was different, with a
percentage of patients around 50% overlapping
between all 3 groups, another percentage
between 2 distinct groups, and finally a variable
part that would be enrolled only in 1 of the trials
and not in the other 2 (Fig. 2b).

There was no significant difference among the
groups of SA patients selected according to the
different definitions, apart from the mean number
of exacerbations in the last month (higher in pa-
tients according to ENFUMOSA or TENOR criteria),
the level of asthma control according to ACT
(worse in patients selected according to WHO
criteria) and the prevalence of nasal polyps (lower
in patients selected according to U-BIOPRED
criteria) (Table 2).

When patients selected according to ATS/ERS
and GINA criteria were compared with the
remaining patients (not fulfilling such criteria), this
last group included patients with a lower rate of
severe exacerbations and hospitalizations, better
asthma control according to ACT, lower blood
eosinophilia, and greater percentage of current
smokers (Table 3), suggesting a different pheno-
endotype of SA.
DISCUSSION

The use of a pre-defined specific definition of
SA may lead to including or not including each
patient into the SA group. We observed in a na-
tional Italian database of SA patients that there was
a large variability in the allocation of patients,
when we re-classified according to different defi-
nitions. Currently, we have available several bio-
logical drugs limited to SA, which are expensive,
and therefore require to be carefully and properly
prescribed. Looking at what emerges from the
analysis of the observed data, we can see how the
GINA definition almost mirrors the ATS/ERS defi-
nition; the patients included in the former are in
fact numerically and clinically specular. The recent

https://doi.org/10.1016/j.waojou.2021.100606


Group code Whole
sample

ATS/ERS NICE WHO GINA U-BIOPRED ENFUMOSA TENOR

A B C D E F G

no. patients 540 462 (85%) 222 (41%) 125 (23%) 462 (85%) 259 (48%) 313 (58%) 251 (46%)

Significance
for
comparison
with groups **

Age 56 (14) 56 (13) 56 (12) 56 (12) 56 (13) 56 (14) 56 (13) 57 (13)

Significance
for
comparison
with groups **

– – – – – – –

Male 233 (43%) 202 (44%) 103 (46%) 53 (42%) 202 (44%) 103 (40%) 137 (44%) 101 (40%)

Significance
for
comparison
with groups **

– – – – – – –

Age onset 36 (17) 36 (16) 37 (16) 37 (16) 36 (16) 37 (17) 36 (16) 38 (16)

Significance
for
comparison
with groups **

– – – – – – –

Exacerbations 3.1 (5.7) 3.7 (6.1) 3.6 (3.5) 4.1 (3.9) 3.7 (6.1) 3.5 (3.7) 4.4 (6.6) 4.6 (3.4)

Significance
for
comparison
with groups **

FG FG – – AB AB

Hospitalizations 0.23 (0.66) 0.28 (0.72) 0.41 (0.94) 0.31 (0.79) 0.28 (0.72) 0.29 (0.83) 0.32 (0.79) 0.39 (0.87)

Significance
for
comparison
with groups **

– – – – – – –
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Group code Whole
sample

ATS/ERS NICE WHO GINA U-BIOPRED ENFUMOSA TENOR

A B C D E F G

Eosinophils
(cell/mcl)§

370 (140–
720)

350 (140–
700)

380 (120–
730)

400 (140–
737)

350 (140–
700)

370 (140–
730)

390 (160–
750)

400 (127–
752)

Significance
for
comparison
with groups **

– – – – – – –

FeNO§ 31 (17–61) 31 (17–61) 32 (20–61) 32 (20–61) 31 (17–61) 29 (16–62) 31 (16–61) 34 (20–61)

Significance
for
comparison
with groups **

– – – – – – –

FEV1% 75 (23) 73 (21) 70 (23) 67 (23) 73 (21) 72 (23) 71 (21) 71 (22)

Significance
for
comparison
with groups **

– – – – – – –

FEV1 L 2.06 (0.89) 2.04 (0.78) 1.98 (0.82) 1.87 (0.78) 2.04 (0.78) 1.99 (0.78) 1.99 (0.77) 1.96 (0.80)

Significance
for
comparison
with groups **

– – – – – – –

ACT 18 (5) 17 (5) 17 (6) 14 (4) 17 (5) 16 (5) 17 (5) 16 (5)

Significance
for
comparison
with groups **

C C ABDEFG C C C C

SmokersU 16 (3%) 15 (3%) 7 (3%) 4 (3%) 15 (3%) 10 (4%) 11 (4%) 9 (4%)

Significance
for
comparison
with groups **

– – – – – – –
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edition of the GINA document takes the ATS/ERS
definition of SA as a guidance and makes it its
own, thus describing the patient affected by this
form of asthma as one who needs a maximum
dose of inhalation therapy, but despite this re-
mains symptomatic (referring to what is suggested
by ATS/ERS as criteria of poor symptom control). A
crucial point in the definition of severe asthma is
the adherence to therapy. In fact, the GINA docu-
ment places great importance on this point,
emphasizing the pivotal role of adherence to
treatment, without which the patient cannot be
considered as having severe asthma.

Despite the large difference in the proportion of
patients selected according to the different defi-
nitions of severe asthma, the main values of the
relevant evaluated parameters are similar. For
instance, age and age of onset, FEV1, eosinophils,
and FeNO, were similar among the groups. Several
differences were detected in exacerbation rate,
that was higher in patients defined with ENFU-
MOSA and TENOR criteria (4.4 � 6.6 and
4.6 � 3.4), compared with the Italian sample
(3.1 � 5.7). By dividing the definitions into those of
guidelines (AST/ERS, GINA, WHO and NICE) and
those derived by criteria used in trials (ENFU-
MOSA, TENOR, U-BIOPRED) it was observed that
guidelines, with their different inclusion criteria,
lead to a numerical difference in patients defined
as severe asthmatics (Table 2). In particular, the
difference in the number of exacerbations,
varying from a number � to 1 up to > of 2 (at
least 3), but also the inhaled steroid dose
necessary to define the patient as severe
asthmatic, ranging from “medium-high” of step 4
GINA (as indicated in ATS/ERS), to � 1200 mcg
required in the ENFUMOSA study, seems to be a
relevant factor. Another discriminating factor
concerns the respiratory function, whose limit
values vary from an FEV1 � 80% to a cut-off of
60%. A less relevant difference was observed using
the definition from clinical trials. Nevertheless,
observing the characteristics of the groups it ap-
pears that, even in this case, although there is a
different distribution, mainly between the defini-
tions of severe asthma guidelines, the clinical/
functional characteristics are similar. The major
difference is observed in the group with the U-
BIOPRED characteristics, where nasal polyposis is
much lower than in all the other groups (Table 2).



Fig. 2 Different distribution in Venn diagram of the Italian SANI
patients among guidelines groups (A) and clinical trials
definitions (B).
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This may be relevant because, although nasal
polyposis is an extra-pulmonary disease, it is
often present in patients with severe asthma both
in clinical trials21 and real life.22 Furthermore,
nasal polyposis is not only a frequent
Whole sample SANI

no. patients 540

Age 56 (14)

Age onset 36 (17)

Exacerbations 3.1 (5.7)

Hospitalizations 0.23 (0.66)

Eosinophils (cell/mcl) 587 (733)

FeNO 45 (44)

FEV1% 75 (23)

FEV1 L 2.06 (0.89)

ACT 18 (5)

SmokersU 16 (3%)

Nasal PolypsU 255 (47%)

GERDU 196 (36%)

Table 3. Comparison between patients classifiable or not by ATS/ERS
comorbidity in severe asthmatic patients, but it
seems to be associated with a phenotype in
which patients are more severe than those who
are not affected by this comorbidity.23

A large proportion of the severe asthma patients
enrolled in the SANI registry fulfilled the ATS/ERS
and GINA definitions. This could be expected for 2
reasons. First, there where strictly recommended
definitions used for enrolling patients in the SANI
register. Second, ATS/ERS and GINA definitions
are the more comprehensive definition of SA,
because they include both the level of current
treatment (step 4-5 GINA) and at least 1 among
different clinical and functional features (symptom
control, exacerbations, hospitalization or reduced
pulmonary function).

At this point, there are 2 aspects to be
addressed: the of adherence to therapy and the
correct disease diagnosis. As discussed above,
according to guidelines, the patient cannot be
considered as severe if adherence to the pre-
scribed therapy is not confirmed. This point is still
controversial, since there are currently few prac-
tical tools to be used on a large scale to objectively
assess the amount of drugs taken. The most used
methodology, the anamnestic report, is simple to
ATS/ERS, GINA NON ATS/ERS p-value

462 (85%) 78 (15%) n.s.

56 (13) 58 (15) n.s.

36 (16) 35 (18) n.s.

3.7 (6.1) 0.4 (0.7) <0.05

0.28 (0.72) 0.03 (0.16) <0.05

528 (670) 390 (400) <0.05

48 (47) 31 (23) n.s.

73 (21) 80 (18) n.s.

2.04 (0.78) 2.26 (0.85) n.s.

17 (5) 23 (2) <0.05

15 (3%) 17 (22%) <0.05

227 (49%) 28 (36%) n.s.

179 (39%) 18 (23%) n.s.

definition. Value expressed in mean (SD), U expressed in total number (%)

https://doi.org/10.1016/j.waojou.2021.100606
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do, but heavily burdened by poor objectivity. In
recent years, different methods have been pro-
posed, such as electronic devices to be coupled to
inhalers to monitor and quantify the drug
intake.24,25 The problem of adherence has also
been successfully addressed by enhancing the
awareness of patients, through functional health
education.26 The aspect of the correct diagnosis
is propaedeutic to the definition of SA. Indeed, a
detailed differential diagnosis in patients who do
not respond to maximal inhalation therapy is
mandatory. The diagnosis of asthma must be
confirmed before labelling a patient as severe
asthmatic, as underlined by all international
documents. However, there is no universally
accepted algorithm for the differential diagnosis,
and this remains an open question.

As an additional note, the present data showed
that about 15% of patients of the SANI registry did
not fit the ERS/ATS criteria. These patients had
better symptom control, a lower rate of exacerba-
tions and hospitalizations, and a lower blood
eosinophilia in comparison with patients fulfilling
the ATS/ERS classification. These seem to belong
to a different pheno-endotype of asthma, whose
severity is lower responding to less stringent
criteria. Thus, a more accurate inclusion/selection
of patients is needed, expecially in large registries.

In conclusion, this analysis confirms a certain
heterogeneity in the definition of patients with
severe asthma, depending on the chosen guide-
line and classifications. Although there is no rele-
vant difference in the characteristics of asthmatic
patients who are defined as severe, there are
relevant differences in numbers, which could
preclude patients to the access to biological
drugs. The latest indications of the GINA docu-
ment, following what has already been suggested
in ATS/ERS, mark a path for a more univocal
definition of disease. Finally appropriate protocols
on what to do as basic standard investigation for
differential diagnosis is desirable.
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