
Treatable traits in asthma
Precision medicine

University Liege
CHU Liege

R. LOUIS
Pr Respiratory Medicine



Presentation outline
• The time of the blockbusters

• Anti-IgE as the first example of precision medicine in 
asthma treatment

• The paradigmatic history of anti-IL-5 as a case for 
precision medicine in asthma

• Reassessment of ICS efficacy and effectiveness according
to the eosinophilic trait 

• The treatable traits in asthma beyond airway
inflammation

• Will the future mark the return of the blockbusters? 



What is asthma? 

• Chronic inflammatory disorder of 
the airways in which many cells
play a role, including mast cells and 
eosinophils. In suscpetible
individuals this inflammation 
causes symptoms which are usually
associated with widespread but 
variable airflow obstruction that is
often reversible either
spontaneously or with treatment, 
and causes an associated increase
in airway responsiveness to a 
variety of stimuli

1992



Common way to diagnose and assess
asthma in clinical practice and in RCT

• History taking

• Spirometry- Reversibility

12% from baseline and 200 ml



Time of blockbusters



Haathela et al N Engl J Med 1991

Effect of inhaled budesonide vs terbutaline 
on Peak Expiratory Flow Rates in asthmatics



Pauwels et al N Engl J Med 1997

Effect of inhaled ICS and ICS/LABA on airway 
calibre

FACET Study
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© Global Initiative for Asthma

Stepwise approach to control asthma symptoms 
and reduce risk

GINA 2017, Box 3-5 (1/8)

Symptoms

Exacerbations

Side-effects

Patient satisfaction

Lung function

Other 

controller 

options

RELIEVER

REMEMBER 
TO...

• Provide guided self-management education (self-monitoring + written action plan + regular review)

• Treat modifiable risk factors and comorbidities, e.g. smoking, obesity, anxiety

• Advise about non-pharmacological therapies and strategies, e.g. physical activity, weight loss, avoidance of 
sensitizers where appropriate

• Consider stepping up if … uncontrolled symptoms, exacerbations or risks, but check diagnosis, inhaler 
technique and adherence first

• Consider adding SLIT in adult HDM-sensitive patients with allergic rhinitis who have exacerbations despite 
ICS treatment, provided FEV1 is >70% predicted

• Consider stepping down if … symptoms controlled for 3 months + low risk for exacerbations. 
Ceasing ICS is not advised.

STEP 1 STEP 2
STEP 3

STEP 4

STEP 5

Low dose ICS

Consider low 
dose ICS 

Leukotriene receptor antagonists (LTRA)
Low dose theophylline*

Med/high dose ICS
Low dose ICS+LTRA

(or + theoph*)

As-needed short-acting beta2-agonist (SABA) As-needed SABA or 
low dose ICS/formoterol#

Low dose 

ICS/LABA**

Med/high 

ICS/LABA

Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence

Patient preference

Asthma medications

Non-pharmacological strategies

Treat modifiable risk factors

PREFERRED 
CONTROLLER 

CHOICE

Add tiotropium*

High dose ICS 
+ LTRA 
(or + theoph*)

Add low dose 
OCS

Refer for add-
on treatment 

e.g. 
tiotropium,*

anti-IgE, 
anti-IL5*

UPDATED 

2017



Anti-IgE as first example of precision
medicine in asthma



Efficacy of Anti-IgE omalizumab in reducing 
exacerbation in severe asthma

Sensitized to perennial aeroallergen
Serum IgE 30-700 Ku/l
Effect particularly clear when selecting
patients with IgE > 76Ku/L

Humbert M et al N Allergy 2004

Bousquet J et al Resp Med 2007



Garcia et al Chest 2013



The paradigmatic history of anti-IL5 as a 
strong case for the utility of precision
medicine in asthma



Cytokine network governing eosinophilia

Gleich J et al JACI 2000

Bone marrow differentiation Tissue survival

IL-5



Failure of anti-IL-5 to prevent acute and late phase 
reaction after bronchial allergenic challenge

Leckie M et al Lancet 2000

No effect on acute and late phase reaction!



Flood Page P et al Am J Resp Crit Care Med 2007

Failure of anti-IL-5 mepolizumab to improve symptoms 
and lung function in severe non selected asthmatics



Anti-IL-5-Mepolizumab reduces exacerbation in 
eosinophilic  refractory asthma

Pavord I et al Lancet 2012

• Severe/refractory asthma

• Two exacerbations in the previous year
requiring systemic corticoids

• Eosinophilic inflammation
FENO > 50 ppb
Sputum eos > 3%
Blood eos > 300/µl



Anti-IL-5 Reslizumab improves asthma control and 
lung function in severe eosinophilic asthma

Castro M et al Am J Respir Crit Care Med 2011

• Severe/refractory asthma

• ACQ >1.5

• Eosinophilic inflammation
Sputum eos > 3%

Change in asthma control was
particularly clear in those with nasal 
polyposis and ACQ > 2



Anti-IL-5-Mepolizumab improves asthma control in 
steroid dependent eosinophilic  refractory asthma

Bel E et al N Engl J Med  2014



Pavord I et al Lancet 2012

Impact of blood eosinophil counts on mepolizumab
effect on exacerbation



Reassessment of ICS effect based on 
airway inflammatory phenotype



Processing

?

Bakakos P et al Cur Med Chemestry 2011

Induced sputum: from bench to bedside



Classification of asthma according to 
inflammatory phenotypes

3 %                                                          
Sputum eosinophil count (%)

Sp
u

tu
m

n
e

u
tr

o
p

h
il

co
u

n
t 

(%
)

76%

61

Simpson: 41%

Simpson: 8%

Simpson:
31%

Simpson:
20%

1

16% 3%

41%

40%

Schleich BMC Pulm Med 2013Simpson J et al Respirol 2006

MIXED

PAUCI

NEUTRO

EOS



Improvement in lung function and quality of life in 
asthmatics after ICS is related to sputum eosinophilia

Berry et al Thorax 2007

http://thorax.bmj.com/content/vol62/issue12/images/large/THX-62-12-1043-f03.jpeg
http://thorax.bmj.com/content/vol62/issue12/images/large/THX-62-12-1043-f03.jpeg


BTS guidelines

sputum  guidelines120
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Green R et al Lancet 2002

Adjusting ICS to curb sputum eosinophils results in a reduction of 
exacerbation in moderate to severe asthma



26

• Asthma Clinic of Liege

• Available sputum and blood cell counts

• Exclusion criteria:

• OCS at the time of the visit or during the previous 6 weeks

• Treatment with omalizumab

• Treatment with mepolizumab



• 79 eosinophilic asthmatics 

• 22 non-eosinophilic asthmatics



• 22 eosinophilic asthmatics

• 38 non-eosinophilic asthmatics

• Clinical outcomes

• Sputum analysis

• Blood analysis

Demarche S BMJ Open 2017

Effectiveness of ICS in asthmatics in real life



Operational definition of asthma

Symptoms
(Breathlessness, cough, 

wheezing)

Reversibility > 12% and 200 ml
and/or

PC20 M < 16mg/ml

Asthma



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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Effectiveness of increasing the dose of ICS on 
eosinophilic inflammation in asthmatics in real life

Median fall by 80% Median fall by 20%

Demarche S et al BMJ open 2017
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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

Demarche S et al BMJ open 2017
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Stepping down inhaled corticoids in asthmatics in 
real life

EA: ≥3% 
n=22

NEA: < 3% 
n=38

Median decrease in 
beclomethasone 900 µg/d

from 1600 µg/d to 450 µg/d

Demarche S et al BMJ open 2017



• To assess the proportion of non-eosinophilic asthmatics in whom ICS may be withdrawn 
without any clinical degradation.

• To determine the predictive markers of a failure to stop treatment with ICS.

• Inclusion criteria
• Asthma Clinic of Liege

• ≥18 years old

• Sputum eosinophils <3%

• Blood eosinophils <400/µL

• Treated with ICS at the same dose since the previous 3 months

• Exclusion criteria
• history of near-fatal asthma requiring a stay in intensive care unit

• treated with oral corticosteroids (OCS) at screening visit or in the previous 4 weeks

• treated with omalizumab 

• pregnant women

Demarche S, submitted to Clin Exp Allergy 2017

Stepping down of ICS in non eosinophilic asthma



Study Flow Chart



36 patients 
completed 

protocol

14 patients 
successfully
stopped ICS

22 patients failed
to stop ICS

10 patients with
at least one 

successful step-
down of ICS

12 patients failed
to step-down ICS

39
%

28
%

33
%

Median time of 
follow-up:

9 months

Reducing ICS is feasible in non eosinophilic asthma



N AUC 95% CI Best threshold Sensitivity Specificity PPV NPV

Predictors at baseline

Age, years 36 0.77 0.62-0.93 >59 59% 93% 93% 59%

Blood eosinophils, /µL 36 0.77 0.61-0.93 >110 68% 86% 88% 63%

Predictors after the first step-down

ACQ 35 0.79 0.61-0.96 >1.5 86% 71% 82% 77%

ACT 35 0.73 0.54-0.92 <20.5 86% 64% 78% 75%

Mini-AQLQ 35 0.70 0.51-0.89 <4.8 71% 64% 75% 60%

Sputum eosinophils, % 34 0.73 0.56-0.90 >0.9% 65% 86% 87% 63%

Blood eosinophils, /µL 35 0.85 0.72-0.99 >141 81% 86% 89% 75%

Predicting factor of failure to step down ICS in non 
eosinophilic asthma



© Global Initiative for Asthma

Stepwise approach to control asthma symptoms 
and reduce risk

GINA 2017, Box 3-5 (1/8)

Symptoms

Exacerbations

Side-effects

Patient satisfaction

Lung function

Other 

controller 

options

RELIEVER

REMEMBER 
TO...

• Provide guided self-management education (self-monitoring + written action plan + regular review)

• Treat modifiable risk factors and comorbidities, e.g. smoking, obesity, anxiety

• Advise about non-pharmacological therapies and strategies, e.g. physical activity, weight loss, avoidance of 
sensitizers where appropriate

• Consider stepping up if … uncontrolled symptoms, exacerbations or risks, but check diagnosis, inhaler 
technique and adherence first

• Consider adding SLIT in adult HDM-sensitive patients with allergic rhinitis who have exacerbations despite 
ICS treatment, provided FEV1 is >70% predicted

• Consider stepping down if … symptoms controlled for 3 months + low risk for exacerbations. 
Ceasing ICS is not advised.

STEP 1 STEP 2
STEP 3

STEP 4

STEP 5

Low dose ICS

Consider low 
dose ICS 

Leukotriene receptor antagonists (LTRA)
Low dose theophylline*

Med/high dose ICS
Low dose ICS+LTRA

(or + theoph*)

As-needed short-acting beta2-agonist (SABA) As-needed SABA or 
low dose ICS/formoterol#

Low dose 

ICS/LABA**

Med/high 

ICS/LABA

Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence

Patient preference

Asthma medications

Non-pharmacological strategies

Treat modifiable risk factors

PREFERRED 
CONTROLLER 

CHOICE

Add tiotropium*

High dose ICS 
+ LTRA 
(or + theoph*)

Add low dose 
OCS

Refer for add-
on treatment 

e.g. 
tiotropium,*

anti-IgE, 
anti-IL5*

UPDATED 

2017

?



Other treatable traits beyond
immuno/inflammatory features



Obesity is highly prevalent in severe asthma



Effect of bariatric surgery on asthma control 

Van Huisstede A et al Thorax 2015



OSA in asthma is related to poor asthma
control

•Population drawn from asthma clinic (n=472) 
–High risk OSA by validated questionnaire (SA-SDQ) 
– Lack of Asthma control by ACQ > 1.5 

•After correcting for obesity, presence of GERD, 
nasal disease OSA was still significant 
–Uncontrolled asthma OR = 3.01 for having OSA

•Patients difficult to control asthma should be 
screened for OSA 

Teodorescu M et al  Chest 2010



Lafond C et al Eur Respir J 2007

Impact of CPAP on asthmatic patients with OSA
demonstrated by PSG AHI > 15



Take home messages

• Targeting moderately high IgE and high blood eosinophils
with anti-IgE and anti-IL5 respectively proves to be efficient 
in reducing asthma exacerbation and improving asthma
control

• The magnitude of the clinical response to anti-IL-5 is
proportional to blood eosinophil counts

• Assessing airway eosinophilia may allow to better target
the asthmatics responsive to and in need of ICS. Precision
medicine is not only for stepping up treatment but also for 
stepping down when appropriate.

• Comorbid condition such as obesity or SAS are also
treatable traits worth being considered in severe asthma





500 mg 3X/week





• ↑ asthma control
• ↓ number of severe exacerbations

• ↓ asthma control
• ↓ FEV1
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Reducing ICS is feasible in non eosinophilic asthma
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• ↑ sputum eosinophils
• ↑ blood eosinophils

B a s e lin e L a s t  v is it

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5

N
u

m
b

e
r
 o

f 
s

e
v

e
r
e

e
x

a
c

e
r
b

a
ti

o
n

s
 (

p
r
e

v
io

u
s

 y
e

a
r
)

*

1 .4

1 .1

0 .9

0 .4

S u c c e s s fu l w ith d ra w a l o f IC S

U n s u c c e s s fu l w ith d ra w a l o f IC S

Data presented as median and IQR; * p <0.05; (*) p =0.05

Change in eosinophilic inflammation after reducing 
ICS in non eosinophilic asthma
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Stable dose of ICS and eosinophilic inflammation in 
asthmatics in real life



Demarche S, submitted to Clin Exp Allergy 2017

Non-eosinophilic asthmatics with an ACQ ≥1.5 and treated with a low or 
medium dose of ICS at study entry (N=13)

Age, years 54 (50-65)
Women, N (%) 7 (54)
Atopy, N (%) 4 (31)

Smoking status, N (%)
Non-smokers

Current smokers
Ex-smokers

4 (31)
3 (23)
6 (46)

Visit before step-up Visit after step-up p value
FEV1, % predicted 81.5 ± 15.7 82.7 ± 15.3 0.70
FVC, % predicted 86.4 ± 16.0 90.9 ± 20.6 0.28

ACT 15 ± 3 17 ± 4 0.31
ACQ 2.4 ± 0.7 2.2 ± 0.8 0.17

Mini-AQLQ 4.0 ± 0.8 4.3 ± 0.9 0.40
FENO, ppb 17 (12-33) 13 (6-20) 0.02

Sputum eosinophils, % 0.6 (0.2-1.0) 0.6 (0.2-2.0) 0.68
Sputum neutrophils, % 77 (65-90) 73 (47-79) 0.13
Blood eosinophils, /µL 109 (77-178) 124 (78-172) 0.31
Blood neutrophils, /µL 3911 (2611-4838) 4403 (3038-5159) 0.13

ICS dose (BDP CFC equ.) 800 (500-800) 2000 (2000-2000) -
LABA, N (%) 11 (85) 13 (100) 0.50
LTRA, N (%) 3 (23) 3 (23) 1.0

Theophylline, N (%) 1 (8) 1 (8) 1.0
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Asthma Clinic at CHU Liege
A two visit investigation plan

Visit 1 – 45-60 min

• Patients under usual treatment

• Detailed history taking with including questions on age at onset, 
environemental exposures, triggers of attack, exacerbation rate

• Measurement of exhaled nitric oxide (FeN0)

• Spirometry + reversibility test using 400 µg Ventolin

• Auto-administred questionnaire ACQ and ACT

• Sputum induction by inhalation of saline using an ultrasonic nebulizer (4.5% 
NaCl when post bronchodilation FEV1 is > 65% predicted, isotonic saline 0.9% 
when FEV1 is < 65% predicted

Visit 2 – 45 min

• Withdrawal of bronchodilating agents

• Bronchial provocative challenge (PC20 methacholine)

• Consultation with the physician to initiate or adjust treatment



Definition of Asthma (GINA 2017)

• Asthma is a heterogeneous disease, usually 
characterized by chronic airway inflammation.

• It is defined by the history of respiratory symptoms 
such as wheeze, shortness of breath, chest 
tightness and cough that vary over time and in 
intensity, together with variable expiratory airflow 
limitation.



N=833



Pauci granulocytic asthma may be low grade eosinophilic inflammation



Definition of Asthma (GINA 2006)

 A chronic inflammatory disorder of the airways

Many cells and cellular elements play a role

 Chronic inflammation is associated with airway 
hyperresponsiveness that leads to recurrent 
episodes of wheezing, breathlessness, chest 
tightness, and coughing

Widespread, variable, and often reversible airflow 
limitation



What is the goal of asthma treatment?

• To achieve symptom control

• To maintain normal lung function

• To prevent exacerbation



Cluster analysis of clinical asthma

phenotypes

Haldar P Am J Respir Crit Care Med 2008



-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0
Eos > 3%

Eos < 3%

p<0.05

NS

C
h

a
n

g
e
 i

n
 P

C
2
0
 (

D
D

)

Pavord I et al Lancet 1999

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

(coourse of inhaled budesonide 800 µg/d for 6 weeks)



K Wong Mc Grath et al AJRCCM 2012

Non eosinophilic asthma (< 2% sputum eosinophils) 
fails to improve lung function after inhaled corticoids


