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Focus sul FeNO
nel paziente con asma grave
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Ricciardolo et al. Capitolo di libro p. 61.

SINTESI DELL’OSSIDO NITRICO



Regulation of iNOS in bronchial epithelium

Fe

Fe

Alving and Malinovschi. Eur Respir Mon 2010



IL-13 induced iNOS expression in 
bronchial epithelial cells

Chibana, Wenzel et al. CEA 2008

Protein level

Basal expression of iNOS at day 10

IL-13-induced iNOS expression at day 10



iNOS and Asthma

Redington et al. Thorax 2001

Epithelial iNOS

Saleh et al. FASEB J 1998

iNOS in inflammatory cells
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Kharitonov et al. Lancet 1994;343:133‐5.



iNOS expression and FeNO

R=0.67 in all subjects
R=0.83 in asthmatics

mRNA expression by RT-PCR

Lane et al. Thorax 2004

24 Healthy;10 atopic healthy; 9 atopic asthmatics: children
Brushing in distal trachea



Exhaled NO and selective iNOS inhibitor (SC‐51)

Hansel et al., FASEB 2003

Oral dose of
SC-51: 20 mg

Oral dose of
SC-51: 200 mg

Triangle: Asthmatics
Circles: Controls
Closed: SC‐51
Open: Placebo

N=12 Asthma
vs
N=12 Controls

Inhibitor effect in 
15 minutes

No effects on blood pressure and pulmonary function.

FeNO 250 ml/s



Exhaled NO after allergen in asthma

Ricciardolo et al. Thorax 2003;58:840‐845.



iNOS expression after allergen
exposure in allergic asthma

48 h after allergen exposure 48 h after diluent exposure
iNOS EPITHELIAL EXPRESSION

Ricciardolo et al. JACI 2001;108:198‐204.



iNOS and Inhaled CS

Inhalation of Placebo or Budesonide
(800 g twice/day per 4 weeks)

Saleh et al. FASEB J 1998

Bronchial biopsies of an asthmatic patient



Exhaled NO and Inhaled CS in Asthma

Saleh et al. FASEB J 1998



AJRCCM 2004; 169:473‐8.

N = 47 patients with symptoms suggestive asthma



AJRCCM 2004; 169:473‐8.



AJRCCM 2004; 169:473‐8.



FeNO and sputum/bronchial EOS 
in atopic asthma

35 stable atopic asthmatics 
not on ICS

Jatakanon et al. Thorax 1998; 53:91‐95.

10 atopic mild asthmatics 48 hrs 
after allergen challenge

Ricciardolo et al. Int J Imm Pharm 2012;25:175‐182.



FeNO and asthma diagnosis:
cut-off 26 ppb vs sputum eosinophils >3%

Shaw et al. AJRCCM 2007;176:231‐7.

Negative Predictive 
Value = 85%



Stratification in T2-high and 
T2-low Asthma

Zervas et al. ERJ OR 2018;4:00125‐2017



FeNO

↑ FeNO:
Children developing asthma
Allergic asthma
Eosinophilic refractory asthma
Non atopic severe asthma
Poorly controlled/exacerbated asthma
ASA‐Intolerant asthma

↓ FeNO:
Non atopic asthma
Smoking asthma
Obese asthma
Neutrophilic severe asthma
Neonatal respiratory disorders with asthma

Ricciardolo et al. Allergy Asthma Proc 2015;36:e1‐8



FeNO e diagnosi di asma

Ricciardolo et al. Capitolo di libro p. 65.



FeNO and ICS response

Bates and Silkoff. JACI 2003; 111:256‐262.



FeNO as predictor of steroid response
52 subjects with undiagnosed respiratory symptoms

Placebo vs Fluticasone 500 mcg/day

Smith et al. AJRCCM 2005;172:453‐9.



FENO: cut points

Dweik et al: AJRCCM 2011;184:602‐615.



FeNO suppression test in 
non-adherent difficult asthma

Nonadherent

Adherent

Directly observed inhaled steroid treatment for 7 days with daily FeNO measurement.
McNicholl et al. AJRCCM  2012;186:1102ICS: Budesonide 1.600 mcg/day



FeNO and asthma control: 
a real life study

Ricciardolo et al. Allergol Immunopathol 2016; 44:197‐205. 

N = 363 patients



FeNO and future risk in asthma

Zeiger et al. JACI 2011; 128:412‐414.



Figure from Matsunaga K, et al. Allergol Int. 2016;65(3):266-271. https://www.allergologyinternational.com/article/S1323-8930(15)00236-
1/fulltext. Copyright © 2016 Japanese Society of Allergology. CC BY-NC-ND license: http://creativecommons.org/licenses/by-nc-nd/4.0/.
FeNO=fractional exhaled nitric oxide; FEV1=forced expiratory volume in 1 second.
Matsunaga K, et al. Allergol Int. 2016;65(3):266-271.

FeNO Assists in Identifying the Risk 
of Lung Function Decline

Data from a 3‐year prospective cohort study in 128 patients

Persistently high FeNO (≥40 ppb) 
was associated with greater 
decline in lung function…

…along with greater decline in 
bronchodilator response over time

-250

-200

-150

-100

-50

0

0 1 2 3

C
ha

ng
e 

in
 F

EV
1

(m
L)

Time (years)

Low FeNO group (<40 ppb)
High FeNO group (≥40 ppb)

P<0.0005



FeNO e gestione clinica di asma

Ricciardolo et al. Capitolo di libro p. 66.



Normal Mild Moderate Severe
ASTHMA

Jatakanon et al. AJRCCM 1999;160:1532‐9.

NITRIC OXIDE AND ASTHMA SEVERITY
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Silkoff et al. 2005;116:1249‐55.

FeNO identifies the eosinophilic phenotype in
severe refractory asthma

BMK: eosinophil major basic protein
EBBX: endobronchial biopsy

p=0.0084
p=0.01

p=0.001

SRA: oral prednisone 10 mg/day or high ICS dose
+ FEV1<70%pred + 2 urgent care visit in previous year



iNOS and FeNO in Severe Asthma

Bronchoscopy: bronchial epithelial brushings

Reverse trascription RT-PCR

Yamamoto, Wenzel et al. CEA 2012

p<0.02



iNOS and FeNO in Severe Asthma

Yamamoto, Wenzel et al. CEA 2012

Bronchoscopy: bronchial epithelial brushings





FeNO and Asthma Management:
Meta-analysis

(16 studies on FeNO-based management)



SA+NP (n=28):
50 ppb

SA (n=65):
32 ppb

N=8

N=5



Biomarkers as predictors for omalizumab

Hanania et al. AJRCCM 2013;187:804‐811.



Anti-IL4 receptor (IL4R) monoclonal antibody dupilumab 

Brusselle G. et al. Nat Med 2013.

FeNO

iNOS

Anti-IL4R

Anti-IL4R

↓
IL-4
↓

Polyclonal IgE

Allergen-specific IgE



Anti-IL4Rα monoclonal antibody dupilumab: 
mechanism of action

• Dupilumab is a fully human IL-4Rα
monoclonal antibody inhibiting IL-4 and
IL-13 signaling pathways, key drivers of 
Type 2 inflammation.

• Dupilumab is approved for the treatment 
of adults with moderate-to-severe atopic 
dermatitis; and has also shown efficacy in 
patients with other Type 2 inflammatory 
diseases including nasal polyposis with 
chronic rhinosinusitis.

IL-4Rα IL-4Rαγc IL-13Rα1

Type I receptor
B cells, T cells, monocytes, 

eosinophils, fibroblasts

Type II receptor
Epithelial cells, 

smooth muscle cells, fibroblasts, 
monocytes, activated B cells

IL-4 IL-13IL-13IL-4 IL-4



40

Dupilumab Led to Significant Improvement in Lung Function 
in Patients With FeNO Levels ≥25 ppb1

Patients aged ≥12 years

FEV1=forced expiratory volume in 1 second; LABA=long-acting β-agonist; LAMA=long-acting muscarinic antagonist; LD=loading dose; LS=least squares; 
LTRA=leukotriene receptor antagonist; SABA=short-acting β-agonist; SOC=standard of care.
Study participants were randomised 2:2:1:1 to receive dupilumab 200 mg (LD=400 mg) or 300 mg (LD=600 mg) as add-on therapy every 2 weeks or a matched-volume 
placebo (1.14 mL or 2.00 mL, respectively) for each active dose. SOC therapy permitted throughout study included LABA, LAMA, LTRA, methylxanthines, and SABA (as 
needed).2
1. Dupixent (dupilumab) [summary of product characteristics]. Paris, France: sanofi-aventis groupe; 2019. 2. Castro M, et al. N Engl J Med. 2018;378(26):2486-2496. 
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Week

240 mL 
(P<0.0001)

230 mL 
(P<0.0001)

LS mean difference
(vs placebo) at Week 12

230 mL 
(P<0.0001)

300 mL 
(P<0.0001)

LS mean 
difference

(vs placebo) 
at Week 52~76% 

of total improvement 
seen after first dose

n=162

n=299

n=310

n=172

Matched Placebo + SOC Dupilumab 200 mg + SOC Dupilumab 300 mg + SOCMatched Placebo + SOC 



Dupilumab prevents exacerbations
in uncontrolled moderate-to-severe asthma

NO minimum requirement for blood eosinophil count or FENO.

LIBERTY ASTHMA QUEST study. Castro M. et al, NEJM 2018.



↑FeNO = T2 high: 1) Asma allergica
2) Asma eosinofilica refrattaria
3) Asma eosinofilica non atopica
4) Asma in riacutizzazione

↓FeNO = T2 low: 1) Asma neutrofilico
2) Asma paucigranulocitico
3) Asma associato ad obesità
4) Asma da fumo                                    

FeNO

Effetto dei farmaci biologici

dupilumab FeNO

omalizumab FeNO

mepolizumab e benralizumab Ø FeNO

Ricciardolo et al. Capitolo di libro p. 63.

Livelli di FeNO associati a diversi fenotipi di asma



Conclusions

• FeNO is an easy-to-obtain and non-invasive biomarker for 
allergic/eosinophilic airway inflammation in T2-high asthma;

• FeNO is useful for diagnosis, severe asthma phenotyping, 
prediction of the loss of control and exacerbation, monitoring ICS 
and biologic therapy efficacy in selected severe asthmatics.


