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Introduction

Asthma is a chronic inflammatory disease of the airways,
characterized by airflow obstruction and bronchial hyper-
responsiveness. In most patients, asthma is well controlled using
inhaled steroids with or without long-acting bronchodilators.
However, a small percentage of asthmatic patients (approximately 5%-
10%) remain symptomatic despite extensive reevaluation of diagnosis
and management for an observation period of at least 6 months.
This clinical condition has been defined as severe refractory asthma
(SRA)! The term SRA was used for the first time in 1956 to describe
asthma that was difficult to control despite treatment with systemic
corticosteroids.? It was not until 2000 that a workgroup from the
American Thoracic Society (ATS) suggested a comprehensive defini-
tion for SRA, based on 2 major criteria (continuous high-dose inhaled
corticosteroids or oral corticosteroids for >50% of the previous year)
and 7 minor criteria regarding aspects of lung function, exacerbations,
disease stability, and use of additional controller medications, after
poor adherence to treatment and untreated comorbidities have been
excluded.? Current Global Initiative for Asthma and NAEPP guidelines
have implemented an approach to asthma management based on
asthma control rather than asthma severity in patients treated
with controller therapy. However, many studies describe groups of
asthmatic patients undergoing treatment with severity classifications.
Although the diagnosis of SRA according to the established ATS criteria
is relatively straightforward, it remains a heterogeneous disease
that can be subdivided on the basis of different clinical, etiologic,
pathologic, or inflammatory characteristics.

The indirect assessment of airway inflammation through symp-
toms and spirometry is problematic and, even among specialists,
frequently inaccurate. Bronchial biopsies or bronchoalveolar lavage
are too invasive to be performed repetitively. In the last 20 years,
noninvasive methods for assessing airway inflammation have been
developed and include induced sputum, exhaled nitric oxide, and
exhaled breath condensate (EBC). Interest in these techniques is
rapidly growing, and accumulating evidence suggests that, even
though they are currently used as a research tool, they have the
potential to become validated methods that may provide valuable
information in the daily clinical setting.

The aim of the present review is to summarize the major clinical
studies that have used noninvasive techniques for the evaluation of
airway inflammation in SRA. A MEDLINE search was conducted
using, but not limited to, the following keywords: severe refractory
asthma, sputum induction, exhaled breath condensate, fraction of
exhaled nitric oxide, markers in exhaled air, exhaled biomarkers, and
assessment of airway inflammation. Manual searches were also
performed, and all articles retrieved from references of other arti-
cles were additionally examined. Finally, we selected those articles
that addressed the topic more adequately.

Sputum Induction

In the 1990s after the standardization of the method of sputum
induction by Pin et al,* sputum induction became a particularly
promising technique, providing information on both cellular and
molecular aspects of airway inflammation. Thereafter, an impres-
sively large number of articles, including a comprehensive review
on sputum methods by the European Respiratory Society (ERS) Task
Force, were published.>® Sputum induction is considered to be
a safe, well-validated method of sputum processing. It also has the
advantage of phenotyping patients with SRA through both sputum
cell counts and inflammatory mediators in the supernatants,
providing a rationale for specific therapies.

Differential Cell Counts

Generally, asthma has been categorized into 4 subgroups based
on the prevalence of sputum cell counts: eosinophilic asthma (>3%

eosinophils), neutrophilic asthma (>60% neutrophils), mixed
granulocytic asthma (>3% eosinophils and >60% neutrophils), and
paucigranulocytic asthma (<3% eosinophils and <60% neutro-
phils).” Persistent eosinophilia in asthmatic patients has been
suggested to be a predictor of poor control, increased severity, and
worse lung function regardless of treatment.® However, the value of
sputum eosinophil counts in monitoring asthma severity remains
a matter of debate. Some studies have reported that sputum
eosinophilia is correlated with the degree of airflow obstruction
and clinical symptoms,* whereas others report a poor association
among sputum eosinophilia, asthma severity, bronchial hyper-
responsiveness, and quality of life.

Several studies have found that sputum eosinophilia usually
predicts a clinical response to steroid treatment in asthmatic
patients.!® Persistent sputum eosinophilia in patients with “diffi-
cult-to-treat asthma” should raise the possibility of undertreat-
ment or nonadherence with corticosteroid medication.!! Moreover,
Romagnoli et al reported that eosinophils and eosinophilic medi-
ators, including eosinophilic cationic protein, leukotriene (LT) E4,
and RANTES (Regulated on Activation, Normal T-Expressed, and
Secreted), were increased in patients with poorly controlled asthma
independently from the degree of severity. Thus, it was suggested
that airways eosinophilia is associated with the level of control and
not with the severity of chronic asthma.!? Possible mechanisms for
the persistence of sputum eosinophilia despite treatment with
inhaled corticosteroids are as follows: undertreatment, an over-
active intense inflammation, the presence of inflammation in small
airways, and corticosteroid resistance due to reduced glucocorti-
coid receptor binding affinity.

Importantly, ten Brinke et al'® reported that airway eosinophilia
in patients with severe asthma is not a static phenomenon but an
indicator of disease activity, suggesting that persistent airway
eosinophilia is not associated with a specific phenotype in severe
asthma. In another study, no difference in sputum eosinophils was
observed in comparing severe, unstable asthma to severe, stable
asthma.'

Because exacerbations have the greatest effect on patients’
quality of life, morbidity, and health care use, their prevention
seems to be the most important clinical outcome in the manage-
ment of asthma. Green et al'®> demonstrated that a treatment
strategy aiming at normalization of sputum eosinophils resulted in
a greater reduction of acute exacerbations and hospitalizations for
asthma compared with the usual strategy of control of symptoms
and pulmonary function in patients with moderate-to-severe
asthma. Two studies reported an association between the risk of
exacerbations and eosinophilic airway inflammation in patients
with SRA. These studies also demonstrated that symptoms, fraction
of exhaled nitric oxide (FeNO), and lung function can be dis-
associated from eosinophilic inflammation and may be improved
with corticosteroid treatment through the modulation of the
interaction between airway smooth muscle and infiltrating mast
cells.'®!7 A post hoc analysis of exacerbation frequency in patients
with severe noneosinophilic and eosinophilic asthma revealed that,
with standard management, exacerbation frequency was substan-
tially lower in those with noneosinophilic asthma.'® There is
a recent study of SRA that supports that blocking IL-5 with an
anti—IL-5 monoclonal antibody could result in a reduction of
exacerbations and in better quality of life in asthmatic patients with
high eosinophil sputum cell counts despite oral corticosteroid
treatment."”

Some asthmatic patients have severe persistent asthma in the
absence of eosinophilic inflammation, and they may also experi-
ence exacerbations without an increase in eosinophilic inflamma-
tion.®1819 In asthmatic patients who have poor lung function
despite very high doses of oral and inhaled corticosteroids, the
most consistent cellular finding was the predominance of
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neutrophils in their bronchoalveolar lavage and bronchial biopsy
specimens.?® Corticosteroids increase neutrophil survival by
reducing apoptosis.?! Gibson et al*? used induced sputum to assess
56 patients with persistent asthma taking high doses of inhaled
corticosteroids and found that 59% of them had suppressed sputum
eosinophil counts with evidence of neutrophilic inflammation,
suggesting that sputum neutrophilia in persistent asthma could
represent a consequence of the disease or its treatment.

Persistent airflow limitation is often present in SRA. ten Brinke
et al? found that the only independent factor associated with
persistent airflow limitation in SRA is a sputum eosinophil
percentage of 2% or higher. In contrast, a study by Shannon et al**
that included patients with severe asthma found that combined
increased sputum eosinophils and neutrophils defined patients
with the most severe asthma as those with the lowest lung func-
tion, worse asthma control, more intense symptoms, most use of
health care resources, and persistent inflammation despite usual
treatment. Furthermore, Shaw et al?® found that the sputum total
neutrophil count but not the differential eosinophil count was
associated with a lower postbronchodilator forced expiratory
volume in 1 second (FEV;), suggesting that neutrophilic airway
inflammation contributes to the development of fixed airflow
obstruction in asthma. The European Network for Understanding
Mechanisms of Severe Asthma (ENFUMOSA) reported that persis-
tent symptoms and abnormal lung function, despite high-dose
regular use of controller and reliever medications, are accompa-
nied by a component of irreversible airflow obstruction, neutro-
philic inflammation, ongoing mediator release, and reduced
association with atopy. The investigators of ENFUMOSA addition-
ally suggested that severe asthma shares features with chronic
obstructive pulmonary disease.”® These findings are consistent
with a substantial heterogeneity of severe asthma as assessed by
induced sputum cell counts.

Inflammatory Mediators

Sputum supernatant has been used to measure a variety of
inflammatory mediators. This can be useful in patients with severe
asthma apart from sputum cell counts because it may yield addi-
tional information regarding inflammation and remodeling in
asthmatic airways. Few data support the upregulation of specific
chemoattractants, including IL-5, eotaxin, and other mediators that
promote eosinophilic inflammation, in severe as opposed to milder
forms of asthma.?’ In addition to Ty2 cytokines or chemokines,
upregulation of Ty1 pathway elements has been observed in severe
asthma, with small clinical studies suggesting that specific inter-
ventions involving tumor necrosis factor & may improve outcomes
in severe asthma.?® In accordance with this, interferon y messenger
RNA levels in sputum supernatant from patients with severe
asthma were significantly higher compared with those in patients
with mild asthma and healthy controls.?® LTB4, IL-8, IL-17, and
macrophage inflammatory protein 1a are increased in severe
asthma and can induce neutrophil chemotaxis and upregulation of
endothelial adhesion molecules.3® The results of a study demon-
strated that patients with SRA had significantly higher induced
sputum levels of osteopontin than those with milder forms of the
disease and also a significant association between osteopontin and
transforming growth factor 1, IL-13, and cysteinyl leukotrienes
(Cys-LTs) was detected.?! Moreover, both angiopoietin 1 and
2—induced sputum levels were higher in SRA compared with
patients with moderate asthma and healthy individuals, and
angiopoietin 2 was associated with the airway vascular perme-
ability index, matrix metalloproteinase 2, and vascular endothelial
growth factor in SRA.3?

Epidermal growth factor receptor, a marker of epithelial stress
and damage, is also increased in proportion to disease severity.

Epidermal growth factor receptor expression in the bronchial
epithelium correlates with IL-8 because epidermal growth factor
stimulates IL-8 release and enhances tumor necrosis factor
a—induced IL-8 release from the epithelium, thereby linking it to
neutrophilic inflammation in severe asthma.>® High levels of
sputum IL-5 and granulocyte-macrophage colony-stimulating
factor were found in patients with severe asthma with frequent
exacerbations but not persistent bronchoconstriction, whereas
sputum IL-8 levels were particularly elevated in patients with
severe asthma and persistent bronchoconstriction. These findings
suggest that different phenotypes of severe asthma are associated
with different types of inflammatory mediators, however with
great heterogeneity.4

Exhaled Nitric Oxide

Nitric oxide is the most extensively studied noninvasive exhaled
marker of airway inflammation. It is produced in the airways by the
conversion of r-arginine to i-citrulline, which is catalyzed by
enzymes known as nitric oxide synthases.3®> The levels of nitric
oxide can be measured repeatedly in exhaled breath using a range
of commercially available analyzers, including smaller less costly
devices that have become available in the past few years. Recom-
mendations outlining standardized procedures for adequate FeNO
measurement have been published and recently updated by a task
force of the ATS and the ERS.3¢

Association With Inflammatory Cells

FeNO has been primarily related to eosinophilic inflammation
in asthma and has been prospectively used to guide asthma
treatment, with conflicting results.3” A few studies have investi-
gated FeNO levels in SRA. Most of them did not reveal any sig-
nificant difference in the levels of FeNO between patients with
severe asthma, patients with moderate asthma3® and healthy
controls. 3% Using different selection criteria for severe asthma in
their study design, Lemiere et al*® reported a median value for
FeNO of 13.2 ppb, whereas Silkoff et al*>° reported a median value of
28.25 ppb. In a previous study of our group, we found increased
FeNO levels in SRA (43 ppb) compared with patients with moderate
asthma (25 ppb), although with a wide range of values.*! Among
SRA patients, different cutoff values of FeNO identified those with
a predominance of eosinophils in the bronchial airways (>19 ppb)
and those with mixed cellular profile (<19 ppb). SRA patients with
sputum eosinophilia had elevated FeNO levels despite high-dose
corticosteroid treatment, whereas SRA patients with sputum neu-
trophilia had low FeNO levels regardless of the concomitant pres-
ence of sputum eosinophils.*? These differences might be
attributed to different selection criteria for SRA patients used
within studies or different phenotypes of SRA due to cigarette
smoking or exacerbation frequency. However, when Silkoff et al>°
classified SRA according to eosinophil counts in airway tissue
biopsy or bronchoalveolar lavage fluid specimens, the eosinophilia-
positive SRA group had significantly higher median FeNO levels
compared with the eosinophilia-negative SRA group, the patients
with mild-moderate asthma, and the healthy controls. These
results are in agreement with previous findings that reported
a close relationship between increased FeNO levels and eosino-
philic inflammation,*> and it is important that this linkage is
retained in SRA despite treatment with high-dose inhaled and/or
oral corticosteroids.3%4!

Clinical Predictive Value

A few studies have challenged the predictive value of FeNO for
specific clinical, inflammatory, and lung function characteristics.
Patients with an FeNO of 20 ppb or higher and FEV; percentages
within normal limits had a 3.1-fold risk of accelerated decline in
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lung function in the following 5 years, suggesting that FeNO could
be used as a predictor of accelerated decline in lung function in
patients with difficult-to-treat asthma but with normal FEV;
values.*> Another study concluded that in patients with severe
asthma, high FeNO levels (>35 ppb) could identify an at-risk
phenotype that appeared to be more severe than patients with
severe asthma and low FeNO because the elevated FeNO group
demonstrated greater airway reactivity, greater degree of airflow
limitation, higher eosinophilic sputum cell count, and more
frequent emergency department use and intensive care unit
admissions.** Another study described 5 different groups of
patients with asthma who differed in clinical, physiologic, and
inflammatory parameters. The variables that determined the
assignment to each of the 5 SRA subgroups were prebronchodilator
and postbronchodilator FEV; percentage, age of asthma onset and
the duration of the disease, medication used (inhaled corticosteroids
or $-agonists), and sex. FeNO levels were similar in all SRA groups.*?
Gelb et al*® suggested recently that increased FeNO during outpatient
exacerbation in patients with moderate-to-severe asthma taking
inhaled corticosteroids and long-acting (»-agonists who are not
receiving maintenance oral corticosteroids does not provide
clinically useful therapeutic information regarding the clinical and
spirometric response to oral corticosteroids.

Although FeNO levels are thought to be reduced by corticoste-
roid therapy, high FeNO levels in SRA justify a need for further
investigation. One study demonstrated that there was no signifi-
cant difference in inhaled corticosteroid dose between the high and
low FeNO SRA groups. However, the SRA group with high FeNO had
the highest proportion of oral corticosteroid use and patients were
much more likely to be taking theophylline daily. Accordingly, it
was suggested that the high FeNO SRA group may have a relative
resistance to corticosteroid therapy, whereas low FeNO levels in
SRA patients may be related to either less nitric oxide synthesis or
greater oxidative consumption in the airways.#*

Exhaled Breath Condensate

Collection of EBC is another method of sampling the respiratory
tract that can be repeated with short intervals between sampling,
enabling the method to be used in longitudinal studies. Despite
some methodologic problems mainly related to dilution of droplets
in EBC, its noninvasive nature gives the opportunity for repeated
measurements in the same person and provides valuable infor-
mation for the assessment of airway inflammation. The recent ERS/
ATS recommendations have made suggestions toward the stan-
dardization of the procedure,*® and there is emerging evidence that
parangeters obtained from EBC reflect changes in the airway lining
fluid.

EBC pH

Measurement of pH with electrodes after deaeration for the
removal of carbon dioxide with an inert gas (eg, argon or helium) is
a technically validated EBC measurement in the published litera-
ture.*® Measurement of EBC pH is a simple, robust, and reproduc-
ible marker of asthma. In healthy individuals, EBC pH has a mean
value of 7.7, with a reference range of 7.4 to 8.8.9 There is also
evidence that EBC pH is significantly correlated with the number of
eosinophils in induced sputum in patients with moderate asthma,
as well as with parameters expressing oxidative stress and nitric
oxide metabolism in EBC.*3°0 Regarding the EBC pH levels in SRA,
there are only a few published articles reporting that they are
significantly lower compared with the levels in patients with
moderate asthma and healthy controls (mean [SD], 7.22 [0.08] vs
7.36 [0.06] vs 7.72 [0.1]). Yet, in the same study no significant
association was detected between EBC pH and sputum eosinophils
or other inflammatory cell types in SRA patients; therefore, it was

concluded that EBC pH has no predictive value for the identification
of the predominant sputum inflammatory cell type.*!

Another study, including a large cohort of 250 patients with
SRA and 291 patients with nonsevere asthma, concluded that EBC
pH did not differ between asthmatic patients and controls and,
furthermore, that patients with severe asthma tended to have
a slightly higher pH compared with patients with nonsevere
asthma. The study also revealed that in the overall study pop-
ulation, low pH values were significantly correlated with gastro-
intestinal reflux disease symptoms, race other than white, history
of pneumonia, allergic symptoms without cold or flu, acute or
recurrent sinusitis, nasal polyps, absence of corticosteroid treat-
ment, anti-IgE therapy, more severe allergic symptoms, high body
mass index, low baseline prebronchodilator FEV;, and low Asthma
Quality of Life Questionnaire.”!

Nitric Oxide—Related Products

Nitric oxide is a free radical and may react with oxygen to yield
nitrogen oxide or with superoxide anion to yield peroxynitrite,
a highly reactive substance.>® Thus, nitric oxide synthesis and
release in the respiratory system have been assessed indirectly by
quantifying nitrite and nitrate, nitrotyrosine, and S-nitrosothiol in
EBC. High S-nitrosothiol and nitrite levels have been found in
patients with severe asthma compared with patients with mild
asthma and controls.” Other studies revealed that EBC nitrite and
nitrate levels were significantly higher in patients with asthma
compared with healthy controls, and they presented significant
associations with the underlying severity, EBC levels of hydrogen
peroxide, and lung function impairment.>* EBC nitrotyrosine levels
were lower in patients with moderate and severe asthma treated
with inhaled or oral corticosteroids compared with patients with
untreated mild asthma and controls, indicating that corticosteroid
treatment may inhibit oxidative stress induced by inflammation in
the airways.>>

Arachidonic Acid Metabolites (Leukotrienes and Isoprostanes)

Leukotrienes are classified into 2 classes: LTB4 and Cys-LTs
(eg, LTC4, LTD4, and LTE4). Cys-LT levels have been found to be
significantly elevated in asthma, and 2 previous studies have re-
ported increased EBC levels of Cys-LTs and LTB4 in patients with
SRA and moderate asthma compared with patients with mild
asthma and healthy controls.>>>® However, Cys-LTs have not been
found to be correlated with FEV; in patients with severe asthma.>

8-Isoprostane, a prostaglandin F(2«) isomer, is a marker of
oxidative stress that is known to be implicated in the airway
inflammatory process in asthmatic patients. 8-Isoprostane levels
were found to be significantly elevated in patients with SRA
compared with patients with mild or moderate asthma and healthy
controls. They were also strongly correlated with exhaled Cys-LTs
levels in SRA.>?

Hydrogen Peroxide

Oxidants can cause airway inflammation and airway hyper-
responsiveness, which are major characteristics of asthma. Patients
with asthma have increased reactive oxygen species production by
macrophages, eosinophils, and neutrophils that leads to increased
production of hydrogen peroxide. Elevated levels of hydrogen
peroxide have been reported in corticosteroid-naive asthmatic
patients, sometimes being 26-fold higher than in healthy controls.
Hydrogen peroxide levels are influenced by the underlying disease
severity, the smoking habit, and the presence of symptoms in
patients with unstable asthma, whereas atopy did not affect
hydrogen peroxide.>® The EBC hydrogen peroxide levels in patients
with mild persistent asthma were significantly higher than those in
patients with mild intermittent, moderate persistent, or severe
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Table 1
Major findings from studies evaluating noninvasive measurements of airway inflammation in severe refractory asthma
Parameter Sputum cells Sputum mediators FeNO pH EBC EBC mediators
Compared with mild-moderate asthma 1 Eosinophils*&12 1 1L-526:33 Y 14 1 Cys-LTs>*
1 Neutrophils'9—2! 1 Eotaxin?® 37 < or 1°° 1 LTB4>*
1 TNF-o%’ 1 8-isoprostane®
1 IEN-y mRNAZ® < or | hydrogen peroxide®?
1 1L-82933 1 RS-NOS and NO,>?
1 LTB4, IL-17, MIP-1a%°
1 EGFR®?
1 OPN*°
1 Ang-1, Ang-231
Exacerbation 1 Eosinophils'>~17
Relation to reduced lung function 1 Eosinophils?? e
1 Neutrophils?>26
1 Eosinophils and neutrophils®*
Relation between inflammatory indices 1 and

10,11

Effect of treatment ICS | eosinophils

1 Eosinophils3$—4!

Abbreviations: Ang, angiopoietin; Cys-LT, cysteinyl leukotriene; EGFR, epidermal growth factor receptor; IFN-y, interferon v; IL, interleukin; LT, leukotriene; MIP-1a,
macrophage inflammatory protein 1a; mRNA, messenger RNA; NO,~, nitrite; OPN, osteopontin; RS-NOS, S-nitrosothiol; TNF-«, tumor necrosis factor «. Symbols;

1, increased; |, decreased; <, no change; +, positive relation; —, negative relation.

persistent asthma, whereas no significant differences were found
among the latter 3 disease severity groups.”*

Discussion

Bronchial asthma is a common health problem with enormous
medical and economic effects. However, it has been estimated that
most asthma expenditure is consumed by only a few asthmatic
patients who experience more severe disease.?” The critical compo-
nent of asthma care is a rapid, specific assessment of the patient’s
illness. The severe asthmatic is easily recognized, based on symptom
frequency, impairment of lung function, and treatment requirement
for control of asthma symptoms, but a comprehensive evaluation,
including the confirmation of an accurate diagnosis of asthma, the
assessment of adherence to treatment, the control of environmental
exposure, and the management of comorbidities, preferably after
proper follow-up in the setting of an asthma specialist, is required.!
Objective measures of airflow limitation are definitely necessary to
confirm the presence of bronchial obstruction and evaluate its
magnitude. Physicians’ subjective estimates of obstruction, including
those of chest specialists, are often grossly inaccurate and cannot be
solely relied on. More recently, quality-of-life measures together with
noninvasive inflammatory markers have emerged as additional
potential parameters for better evaluation (Table 1).

The categorization of asthma into 4 subgroups based on the
prevalence of sputum cell count (eosinophilic, neutrophilic, mixed
granulocytic, and paucigranulocytic asthma) is intriguing because
knowledge of sputum inflammatory phenotype seems to relate to
treatment response, mechanistic pathways involved in disease
pathogenesis, and future disease risk. Persistent eosinophilia has
been suggested to be a predictor of poor asthma control regardless
of treatment; however, the value of sputum eosinophil counts in
monitoring asthma severity still remains a matter of debate?
Moreover, airway eosinophilia in severe asthma is not a static
phenomenon but an indicator of disease activity, and accordingly it
is not associated with a specific phenotype in severe asthma.® IL-5
is important for eosinophil maturation, activation, and recruitment
in the bronchial mucosa of asthmatic patients. Two recent studies
reported a reduction in exacerbations in asthmatic patients with
persistent sputum eosinophilia and symptoms despite treatment
with oral corticosteroids using an anti—IL-5 monoclonal anti-
body.!”>® Sputum neutrophilia occurs in persistent asthma and may
represent either an effect of the disease or of the treatment regi-
mens.>? Sputum total neutrophil count has been associated with
a lower postbronchodilator FEV;, suggesting that neutrophilic

airway inflammation contributes to the development of fixed
airflow obstruction in asthma.?

Sputum induction is the only noninvasive measure of airway
inflammation that has a proven role in the management of
moderate-to-severe asthma to date.®® Regular monitoring of airway
inflammation in this disease group may be required for optimal
treatment and in particular in those patients with discordance
between airway inflammation and symptom expression. The
inclusion of sputum induction in the management of such asth-
matic patients may be cost-effective. Economic analysis reveals that
the health care—related savings as a consequence of the reduction
in asthma exacerbations outweighs the cost of sputum induction
and processing.!® Sputum induction requires laboratory support,
but all of the equipment is available in a routine pathology labo-
ratory and minimal training is required. Therefore, sputum induc-
tion should be available as a routine test in specialist centers to
evaluate and treat patients with severe or difficult-to-treat asthma.

FeNO has primarily been related to eosinophilic inflammation in
asthma, and its levels can be measured using commercially avail-
able analyzers and small devices. Most studies assessing FeNO in
severe asthma did not reveal any significant difference between
patients with severe and mild or moderate asthma. However, the
identification of increased FeNO levels in optimally treated patients
with severe asthma provides evidence for the presence of persis-
tent eosinophilic airway inflammation, with possible implications
for intensification of anti-inflammatory treatment.>’ Moreover,
recent evidence suggests that different cutoff values of FeNO could
identify those SRA patients with predominant eosinophilia and
those with mixed cellular profile3%4!

As far as EBC pH levels in SRA are concerned, only a few
published articles have shown that they are significantly lower
compared with those in patients with moderate asthma and healthy
controls, yet no significant association was detected between EBC
pH and sputum eosinophils.! Moreover, elevated 8-isoprostane
levels were found in patients with SRA compared with patients
with mild or moderate asthma and healthy controls.>’

Asthma is a heterogeneous syndrome with differences in terms
of the mechanisms and the response to therapy. Accordingly, it
seems crucial to identify the different disease phenotypes within
the range of this syndrome. The ideal approach is to try to identify
specific biomarkers that are related to a particular phenotype and
its underlying mechanisms. Possibly, the evaluation of multiple
biologic markers, such as FeNO and sputum eosinophils, may
provide a cumulative index for definition of asthma severity in the
future as suggested by a recent study.**
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The widespread application of noninvasive evaluation of
airway inflammation in severe asthma has provided insight into
the relationship between airway function and airway inflamma-
tion. It has also provided a new tool for better assessment of the
underlying mechanisms in severe asthma and possible new
treatments or better treatment effects in particular phenotypes of
severe asthma.
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