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1. What is a biomarker?

2. Sputum eosinophils as relevant biomarker in asthma

3. Are « proxy » of sputum eosinophils a solution?

4. Can blood be more relevant than sputum to guide 
treatment in severe asthma?

5. The future of biomarkers

Presentation outline



“A characteristic that is objectively measured and 
evaluated as an indicator of normal biological 
processes, pathogenic processes, or 
pharmacologic responses to a therapeutic 
intervention” 

What is a biomarker?

National Institute of Health



Sputum eosinophils as a model of 
useful biomarker in asthma



Airway inflammatory phenotypes in asthma

Eosinophilic and paucigranulocytic: most frequent phenotypes

41%

40%

3% 16%

Induced sputum

Eosinophilic

Paucigranulocytic

Mixed granulocytic

Neutrophilic

N=508

Schleich F  et al BMC Pulm Med 2013



Pizzichini E et al Am J Respir Crit Care Med 1996 Int’veen J et al Eur Respir J1996

Reproducibility of sputum eosinophil counts in asthmatics

Plug Whole sample



Sputum eosinophil counts and BHR

Louis R et al  Allergy 2002



Correlation between ACQ and eosinophil trait 
(sputum vs blood)

N=758

Schleich F et al  ERJ 2014 
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Schleich F et al ERJ 2014

Eosinophilic inflammation and Asthma control
Retrospective cohort of asthmatics (N=508)

***

Sputum Eos ≥ 3%
Blood Eos ≥ 400/µl



Demarche S et al JACI Pract 2017

Eosinophilic inflammation and Asthma control

Retrospective longitudinal study

Both fluctuation in Sputum eosinophils and in FEV1 
independently contribute to change in asthma control
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***

* p< 0.05 Compared to Low Low

Eosinophilic inflammation and exacerbation rate

Retrospective cohort of severe asthmatics (N=144)

Whole cohort Severe
asthmatics



Kupczyk et al Thorax  2013



Sputum eosinophils as a risk factor for exacerbation

A prospective study in severe asthma (N=73)

Walsh J et al  Clin Exp Allergy 2016
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Pavord I et al Lancet 1999

Sputum eosinophilia as a predictive factor for 
response to inhaled corticoids in asthma

(inhaled budesonide 800 µg/d for 6 weeks)



Lazarus et al N Engl J Med 2019

Non eosinophilic asthma better responds to LAMA 



BTS guidelines

sputum  guidelines

120

Monitoring sputum eosinophils help to reduce severe 

exacerbation in severe asthma

Time(months)
Green R et al Lancet 2002

100

80

60

40

20

0

0 1 2 3 4 5 6 987 10 11 12

‡p=0.01

1 asthma admission

6 asthma admissions

Sputum strategy: adjust ICS (oral 
C) to maintain sputum eos < 3%)



Retrospective
study in real life

N=224

Patients with an 
initiation/increasedd
ose of ICS between 2 

visits
N= 101

Patients with a 
cessation/decreased
dose of ICS between

2 visits
N=60

Patients with
non ICS or stable 

dose of ICS 
between 2 visits

N=63

Time between 2 
visits (years)

1 (0.5-2.6) 1.5 (0.9-2.6) 2 (0.7-3.8)

Women, N (%) 56 (55) 33 (55) 41 (65)

Age (years) 53 (40-63) 51 (37-62) 53 (44-66)

BMI (Kg/m2) 26±5.1 26.4±4.7 26.8±49

Atopy, N (%) 52 (51) 35 (58) 32 (51)

Age of asthma
onset (years)

41 (16-57) 31 (8-53) 46 (27-55)

Smoking status
NS
CS

Ex S

53 (52)
11 (11)
37 (37)

31 (52)
11 (18
18 (30)

32 (51)
15 (24)
16 (25)

Variation in ICS 
dose

800 (400-1200) 900 (500-1200) 0
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Demarche S et al BMJ open 2017

Sputum eosinophilia as a predictive factor for 
response to inhaled corticoids in asthma in real life

EA: ≥3% 
n=79

Median increase in 
beclomethasone 800µg/d

from 400 to 1000µg/d

NEA: < 3% 
n=22



Can « proxy »reflect sputum eosinophils ?

• Blood Eosinophils
• FeNO
• IgE



Schleich F  et al BMC Pulm Med 2013

Cut off: ≥ 220/mm³

Sensitivity: 77%

Specificity: 70%

AUC: 0.79,

p<0.0001

Blood eosinophils to identify sputum eosinophils ≥ 3%



Discordance between blood and sputum eosinophils

7%

25 %



Relationship between exhaled NO and sputum 

eosinophil count in asthma

F Schleich et al Thorax 2010



FENO: surrogate marker for sputum
eosinophilia?

Schleich et al., Thorax 2010

Smoking Atopy High dose 

of ICS

FENO

cut-off 

(ppb)

Specificity 

(%)

Sensitivity 

(%)

PPV 

(%)

NPV 

(%)

No No No 38 74 66 65 75

No No Yes 24 59 78 58 79

No Yes No 58 88 48 74 70

No Yes Yes 35 71 70 64 76

Yes No No 23 58 78 58 78

Yes No Yes 15 37 94 52 89

Yes Yes No 33 68 70 62 76

Yes Yes Yes 20 54 85 58 83



Biomarkers Number of 
studies

AUC 
included

Number of 
patients

AUC

FeNO 17 19 3216 0.75

Blood Eos 14 14 2405 0.78

Serum IgE 7 7 942 0.65

Serum Periostin 2 3 204 0.65

Serum ECP 2 2 174 0.72

EBC Ph 2 2 96 0.74

Exhaled VOCS 1 1 18 0.98

EBC 1 1 53 0.69

Nasal lavage 
Eosinophils

1 1 130 0.88

Korevaar D et al Lancet Respir Med 2015



FeNO: adults
AUC 0.75

FeNO:children

Blood Eos: adults
AUC: 0.78

Serum IgE: adults
AUC: 0.65

Korevaar D et al Lancet Respir Med 2015

What is the best tool to predict sputum Eos > 3% ?



Combination of 
biomarkers to 
indentify sputum
eosinophils ≥3%

A table to help in practice

Demarche S et al Respir Research 2017

N=869



Combination of 
biomarkers to 
indentify sputum
eosinophils ≥3%

A table to help in practice

Demarche S et al Respir Research 2017

Combination of biomarkers rules in 
or rules out sputum eosinphils > 3% 
in 58% of cases leaving 42% of our
population with uncertain
eosinophilic status



Can blood be more relevant than
sputum/FeNO to guide treatment in severe
asthma?



Pavord I et al Lancet 2012

Impact of blood eosinophil counts on mepolizumab effect 

on exacerbation



Mukherjee M et al Am J Respir Crit Care Med 2018

Reslizumab 3mg/Kg is more potent than mepolizumab 100 

mg SC for lowering sputum eosinophils



Mukherjee M et al Am J Respir Crit Care Med 2018

Sputum eosinophils may be more important than blood to 

improve lung function and asthma control



High sputum eosinophils predicts improvement in FEV1 after
mepolizumab in a real life setting

CHU Liege Asthma Clinic 2019
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Bousquet J et al Respir Med 2007

Impact of serum IgE on omalizumab effect on exacerbation



Humbert M et al ERJ 2018

Impact of blood eosinophils and serum IgE on response to 

omalizumab in real life

The Stellair Study (N=723) 



Louis R et al Rev Med Liege 2018 

There is wide variation in the clinical parameters 

which trigger the prescription of OCS in asthmatics 

among chest physicians and among GP alike
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High FeNO predicts improvement in asthma control at 1 year
after omalizumab in a real life setting

CHU Liege Asthma Clinic 2019



The future of biomarkers ?



VOCS analysis in vivo

Data analysis

Teflon bag

GC-MS analysis of samples

Desorption
tubes

Sampling Transport 
sample to 

desorption tubes



Schleich F et al AJRCCM 2019



Schleich F et al AJRCCM 2019



VOCS measured by GCMS to identify 

eosinophilic asthma (n=250)

Schleich F et al AJRCCM 2019

Hexane
2-Hexanone

Percentage Eosinophils > 3%



VOCS measured by GCMS to identify 

neutrophilic asthma (n=250)

Schleich F et al AJRCCM 2019

Nonanal
Hexane
1-Propanol



Take home messages

• Sputum eosinophils is a reliable biomarker predicting the 
response to ICS that can only be approached in 60% by 
combining “proxy” 

• The technique of induced sputum should be implemented in 
any severe asthma clinic

• FeNO is a user friendly biomarker which may help in 
diagnosing and  predicting ICS responsiveness in mild to 
moderate asthma but less suitable to manage severe asthma

• Blood is not necessarily the best compartment to choose 
biomarkers to predict response to biologics in asthma

• There is potential in measuring VOCs in exhaled air to 
phenotypes and monitor asthma
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Is FeNO by itself a reliable biomarker?



Silkoff et al Respir Research 2016

Stabilility of FeNO over time (ADEPT study)



Threshold ranging from 11 ppb to 55 ppb 

with an average of 30 ppb

Karrasch et al Thorax  2017



Bjerregaard A et al  Clin Exp Allergy2017

High exhaled NO levels predicts increased 

risk of exacerbation



Bjerregaard A et al  Clin Exp Allergy2017

High exhaled NO levels predicts increased risk of viral 

induced exacerbation



High exhaled NO levels predict good response to inhaled 

corticoids in patients with respiratory symptoms without 

established respiratory diagnosis

Smith A et al Am J Respir Crit Care Med 2005

Baseline FeNO provided greater sensitivities and negative predictive values than:

12% FEV1 reversibility to salbutamol

FEV1 < 80% predicted

PD20 methacholine < 8µmol

PEFR variation > 20%



Powell H et al Lancet  2011
Essat et al ERJ 2016

FeNO guided management may reduce 

asthma exacerbation in mild asthma



Haccuria A et al JACI  2014

Change in FeNO after a 

bronchial allergenic 

challenge


