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Biomarker 

Eur Respir J. 2017;50:1701655.



Treatable trait

Measurable biomarker 

Eur Respir J. 2019;53:1802058.



Treatable trait in cough guideline  

Eur Respir J. 2020;55:1901136.

Phenotypes  of  chronic  cough
• Asthmatic cough/eosinophilic bronchitis lies in the therapeutics as it may be considered as a treatable trait.

Cough assessment
• The guideline panel placed a higher value on control of any ongoing pathology such as reflux or airway 

eosinophilia before currently available neuromodulatory treatments are considered.



Asthmatic cough 

24% - 32% of chronic cough in adult nonsmoker

10% - 30% of cases for special investigation  



Asthmatic cough 

J Allergy Clin Immunol Pract. 2019;7:1740-1747.

Increased IL-13 expression



Eosinophilic bronchitis 

12.8%

2.9%

✓ ICS improves cough severity, sputum eosinophilia, and sensitivity, suggesting a causal link between 
eosinophils and cough. 

Eur Respir J. 2000;15:682-686.

• Open label study in 11 patients with eosinophilic bronchitis 
• Cough VAS: 27.2 mm → 12.6 mm (p<0.01) after budesonide 400μg for 4weeks 



Cough response to ICS in asthma

✓ Cough improved in those with eosinophilic inflammation after ICS treatment.

Thorax. 2002;57:875-9.



Cough hypersensitivity and eosinophils

• Effect of major basic protein (MBP) in rat vagal pulmonary chemosensitive neurons

✓ MBP significantly enhanced the excitability of rat vagal pulmonary chemosensitive neurons.

Am J Physiol Lung Cell Mol Physiol. 2009;296:L453-61.



Nerve density and eosinophils

Sci Transl Med. 2018;10:eaar8477.

Type2-high: blood eosinophils(>300)

✓ Airway and blood eosinophils are associated with increased airway innervation. 

• Human bronchial biopsy in asthma



Nerve density and eosinophils

Il5 overproduction (Il5tg)
eosinophil-deficient mice (PHIL)

<Trachea>

<Carina>

• Animal study (mouse) 

Sci Transl Med. 2018;10:eaar8477.

✓ Airway eosinophils increase sensory innervation and cause neuronally mediated airway hyperresponsiveness.



Nerve density in chronic cough 

Am J Respir Crit Care Med. 2021;203:348-355.

✓ Airway epithelial sensory nerve density is increased in chronic cough.
✓ Nerve length and branching were not associated with eosinophil peroxidase. 



Biomarkers of airway eosinophilia in asthma 

Mabs. 2018;10:34-45.

Biomarker Strength Weakness

Induced sputum

• Correlates with:
Airway inflammation
Decreased FEV1
Increased bronchial hyperresponsiveness
Exacerbation risk 

• Treatment responses

• Difficult to obtain
• Expensive
• Technically demanding
• Time consuming
• Not widely available technique 

Blood eosinophils

• Correlates with airway inflammation
• Inexpensive
• Easy to obtain (in contrast to induced sputum eosinophils)
• Predictor of response to type 2 targeting therapies

• Reduced blood eosinophil counts in patients treated 
with oral corticosteroids

• Variable 

Exhaled nitric oxide

• Correlates with airway inflammation 
• Easy to obtain
• Noninvasive measurement
• Indicator of airway IL-13 activity: strongly correlated with 

the expression of NOS2 in airway epithelial cells

• Expensive
• Not widely available
• Influenced by allergy, gender, smoking and inhaled 

corticosteroids



Correlation of biomarkers in chronic cough 

Lung. 2018;196:59-64.

• 30 patients with high FeNO (> 30 ppb) and 20 patients with low FeNO (< 20 ppb)

r = 0.79 (p < 0.001) r = 0.65 (p < 0.001)

✓ The correlation between B-Eos and sputum eosinophil count was more modest (r = 0.59, p < 0.001).



Correlation of biomarkers in chronic cough 

Ther Adv Respir Dis. 2019;13:1753466619891520.

• Duration of treatment with ICS in eosinophilic bronchitis



ERJ Open Res. 2021;7:00432-2021.

• Chronic cough (n = 142)

Blood eosinophils as a predictor of cough response

Correlation

• Blood eosinophils and FeNO: r = 0.29 (p = 0.02)

• Blood eosinophils and Induced sputum eosinophil 

percentage: r = 0.36 (p = 0.003)

✓ Blood eosinophil count is a poor predictor of treatment response in adults with chronic cough.



Production and function of FeNO

Physiology Pathophysiology

Neurotransmission Bronchial hyperreactivity

Bronchodilation Vasodilation

Surfactant production Free radical production

Mucous secretion Mucous hypersecretion

Ciliary motility stimulation Ciliary motility inhibition

Antiinflammatory effect Proinflammatory effect

NOS, nitric oxide synthase

Eur Respir J. 2020;55:1901633. 



Regulatory mechanism of FeNO

J Allergy Clin Immunol Pract. 2019;7:1740-1747.



Regulatory mechanism of FeNO

N Engl J Med. 2009;360:973-84.



Clinical evidence of FeNO in chronic cough

• Diagnosis of asthmatic cough

• Treatment of chronic cough 

Direct evidence RCT in chronic cough 

Indirect evidence
RCT in chronic respiratory symptoms including cough

Observational study in chronic cough (prospective or retrospective)



Diagnosis of asthmatic cough

J Allergy Clin Immunol. 2017;140:701-709.

• Diagnostic test accuracy of FENO measurement in predicting CVA, EB, or both in adults with chronic cough

• 15 studies involving 2187 adults with chronic cough (10/15 in Asia, 7 in Chinese) 

✓ FeNO measurement had a moderate diagnostic accuracy in predicting CVA or EB. 



Diagnosis of asthmatic cough

J Allergy Clin Immunol. 2017;140:701-709.

(CVA)

(CVA or EB)

(EB)



Diagnosis of asthmatic cough

J Asthma. 2020;57:335-342.

✓ FeNO test for CVA diagnosis: Sensitivity 0.74, specificity 0.82, and AUC 0.874 

• Diagnostic value of FeNO in cough-variant asthma

• 12 studies involving 1968 participants were selected for the meta-analysis



RCT in chronic cough

J Allergy Clin Immunol. 2004;113:1063-70.

✓ Predominant airway neutrophilia rather than eosinophilia

• Double-blind, randomized, placebo-controlled crossover study in Scotland

• Adults with a cough for more than 1 year (n = 88, mean duration of 16.2 years) 

• First RCT study to demonstrate an improvement of cough after high dose ICS for 2 weeks



RCT in chronic cough

J Allergy Clin Immunol. 2004;113:1063-70.

✓ Significant improvement in the cough VAS after ICS compared with placebo, 
accompanied by a decrease in FeNO

Change in cough VAS and noninvasive tests of inflammation



RCT in chronic respiratory symptom

Lancet Respir Med. 2018;6:29-39.

✓ Higher FeNO had a strong association with improvement in cough severity. 
✓ FeNO was a better predictor of improvement in cough compared with blood eosinophils

• RCT (ICS or placebo for 4weeks) 

• Nonspecific respiratory symptoms
: cough (85%), only cough (20%), wheeze, or dyspnea and bronchodilator reversibility (<20%)

*Decrease of at least 20 mm for VAS cough

*



RCT in chronic respiratory symptom

Respirology. 2021;26:666-672.

✓ Patients with FeNO ≤ 27 ppb are unlikely to benefit from treatment with an ICS.

• Suspected asthma and FeNO (≤27) (ICS or placebo for 3months) 

LCQ increased by 1.85 in ICS 
and 1.97 in placebo. 

: Mean difference in LCQ was 
−0.12 (−1.06 to 1.31)



Observational study

Mayo Clin Proc. 2007;82:1350-5.

• Retrospective observational study of 114 patients evaluated for chronic cough 

• 64 patients were prescribed ICS.

p<0.001

26.0±16.5

51.25±20.1



Observational study

Mayo Clin Proc. 2007;82:1350-5.

✓ FeNO accurately predicted response to ICS therapy for chronic cough.
✓ The accuracy of FeNO in predicting response to ICS appears to be better than MCT

AUC = 0.87 (FeNO >35) 

Limitation
✓ Selection bias: patient selection to institute ICS therapy (64/111)
✓ No cough specific quality-of-life measurement

: Response to ICS was determined with clinical documentation



Observational study

Clin Respir J. 2016;10:380-8. 

• Retrospective observational study (n = 77)

• Requirement of ICS: Significant improvement of cough with ICS & ICS therapy more than 3 months

• No requirement of ICS: Improvement of cough without ICS or not improved with ICS 

Cut-off AUC Sensitivity Specificity

≥ 44.5 0.735 47.6 97.1

Predicting the requirement of ICS

All

Steroid-naïve & without current 
smokingCut-off AUC Sensitivity Specificity

≥ 26.5 0.852 78.6 80.0



Observational study

Respir Med Res. 2019;76:4-9.

• Retrospective observational study (n = 100)

• High FeNO levels (≥ 25 ppb) were found in 25 patients (25%). 

• The proportion of ICS responder was 86.4% in high FeNO and 46.3% in normal FeNO (p < 0.05). 

✓ Sensitivity and specificity of FeNO > 25 ppb to predict the ICS response was 86.4% and 53.7%. 



Observational study

Chest. 2009;136:816-822.

• Prospective observational study (n = 43)

✓ Sensitivity and specificity of FeNO > 20 ppb to predict the ICS response was 53% and 63%. 
✓ FeNO level at baseline could not predict the response to ICS therapy in patients with chronic cough.

(44%)



Observational study

Cough. 2013;9:15.

• Prospective observational study (n = 43)

• The response was defined as a ≥ 1.3 points from baseline in Leicester Cough Questionnaire

• FeNO in ICS responder: 19.7  FeNO in non-ICS responder: 9.8

✓ FeNO showed weak predictive value of ICS response.
✓ There was a significant association between the drop in NO and a rise in LCQ.

Cut-off Sensitivity Specificity

≥ 16.3 47 89



Observational study

Egypt J Bronchol. 2020;14:15.

• Prospective observational study (n = 70)

• The response was defined as a ≥ 1 points from baseline in Cough Symptom Score (0 – 10) 

✓ FeNO can be used as a diagnostic tool of airway eosinophilia and as a predictor for steroid 
responsiveness in chronic cough

Cut-off AUC Sensitivity Specificity

≥ 33 0.757 65 80

Sputum eosinophilia (≥ 3%)

Cut-off AUC Sensitivity Specificity

≥ 34.5 0.835 85 90

ICS response



Performance of FeNO in predicting response to ICS 

Ann Med. 2021;53:1659-1672.

• Meta-analysis 



Performance of FeNO in predicting response to ICS 

Ann Med. 2021;53:1659-1672.

• 9 studies (n = 740) showed that the response rate to ICS was 

87.4% (83.8–91.0) in 317 patients with a high FeNO and 46.3% (41.6–51.0) in 423 controls.

✓ High FeNO may help identify chronic cough patients responding to ICS treatment. 
✓ Suggested cut-off value of FeNO is ≥ 25 ppb

AUC Sensitivity Specificity

0.82 68.5 81.9



Summary

• Asthmatic cough is suggested as a treatable trait of chronic cough.

• Biomarkers of airway eosinophilia were used to identify asthmatic cough. 

• Blood eosinophils have limited evidence in chronic cough.  

• FeNO has been identified as moderate degree of diagnostic utility.

• High FeNO may have the potential to be used as a predictor of the response to ICS.

• More clinical studies and experience on the diagnosis and treatment of chronic cough with 

FeNO in Korean patients are urgently needed.
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