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What is severe asthma?

J. D. Blakey' and A. J. Wardlaw?

"Department of Respiratory Medicine, University of Nottingham, Nottingham, UK and “Institute for Lung Health, Department of Infection Immunity and
Inflammation, University of Leicester, and University Hospitals of Leicester NHS Trust, Leicester, UK

Box 1
Terms commonly applied in reference to severe asthma
and their usual inference
At-risk asthmatics: patients with previous severe exacer-
bations who continue to be poorly controlled, often
because of poor concordance with therapy or persisting
risk behaviour.

Dicult-to-treat asthma: patients with intrusive symptoms
or persistently abnormal investigations despite the pre-
scription of regular asthma therapy, for any reason.

Near-fatal asthma: asthma exacerbation resulting in
hypercapnoea that requires intubation and ventilation.

0 Refractory asthma: persistent asthma symptoms despite

good concordance with multiple regular asthma therapies
and control of any co-morbid conditions.

Type 1 brittle asthma: unstable asthma characterized by
frequent symptoms and high peak flow variability despite
asthma treatment.

Type 2 brittle asthma: unstable asthma characterized by

infrequent abrupt ed deteriorations agadast a back-
ground of good co
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The definition of severe asthma
(according to ERS/ATS 2014) (7)

During treatment with:

® High-dose ICS + at least one additional controller (LABA, montelukast,
or theophylline) or

® Oral corticosteroids >b months/year

..at least one of the following occurs or would occur if treatment

would be reduced:

® ACT<200rACQ>15

® Atleast 2 exacerbations in the last 12 months

® Atleast 1 exacerbation treated in hospital or requiring mechanical ventilation in
the last 12 months

® FEV, <80% (if FEV [FVC below the lower limit of normal)

The lower limit of normal (LLN) for FE‘n.Ir {FVC can be calculated using appropnate spirometer soft-
ware (www lungfunction org). Current recommendations advocate a FE‘uf /FVC <LLN to detect airway
obstruction (40). However, if LLN is unknown, in our opinion the formerly Universal limit (FEV1/IFVC
<70% for adults, FEV1/FVC <75% for children) can sfill be used.

ICS: Inhaled corticosteroid; ACT, Asthma Control Test: ACQ: Asthma Control Questionnaire; FE‘u’1:
Forced expiratory volume in one second; FVC: Forced vital capacity; ERS: European Respiratory
Society; ATS: American Thoracic Society; LABA: Long-acting B2 agonist




SEVERE ASTHMA

= About 5-10 % of patients have a severe form of asthma (“refractory

asthma’, “difficult to treat asthma’) ...

B Severe asthma

O Mild-moderate
asthma
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Very severe 24%
/ 8% \

/ 20% \ Severe \ 30%
Moderate
30% 33%

Mild
\ 10% /
Very mild

Proportion of patients Proportion of total cost

40%

Boston Consulting Group 1995T
he subset of severe asthma patients has greater morbidity and a disproportionate need for health care
support compared with less severe subsets



HIGHER COST OF SEVERE ASTHMA
Higher heulrh:ure(clal.lﬁvﬂl asthma sgveﬁ'rf
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1. Barnalt SBL. et ol Casts of carhima Inthe United Stales: 2002<2007 . 1 Allergy GEn trmmunol 207 1:127:145
52,
2 Cistemos M. et ol A comprehensive study of the direct ond indinect codts of on adult with asthma. £ B
Allergy Clin Imrrunad 2003011 T8):1212-1278.



Nonostante la diffusione delle Linee Guida,
il controllo dell’asma e ancora insoddisfacente

Studio AIRE (fine anni "90) Studio NHWS 2008
Non Controllati N Non Controllati IEGN_N
Controllati ] Controllati [ ]

Rabe KF et al., Eur Respir J 2000;16:802-807 Demoly P et al., Eur Respir Rev 2010; 19: 150-157



- Exclude an alternative diagnosis i1 BB
“Not asthma at all”
e.g.vocal cord dysfunction.
Foreign body aspiration, CF ’

‘ Severe Asthma Difficult asthma

Differential diagnosis and management
If asthma treatment is not working,
check DAT: Diagnosis, Adherence,

Technique

-Adherence
-Inhaler technique

Therapeutic approaches ,

Therapy- resistant
asthma
Unlicensed treatments

Licensed treatments (FDA- Methotrexate,

approved) nowex
-high-dose inhaled steroid (ICS) and azathioprine,
LABA cyclosporin, terbutaline

-Single-inhaler maintenance and infusion SC

reliever therapy (SMART)
(ICS/formoterol)
-Anti-lgE therapy, omalizumab (Xolair) BIOLOGICALS

- Bronchial thermoplasty ‘ . ..
B s == = B EF EE B R BB




ADHERENCE TO ASTHMA
THERAPY

Factors affecting adherence to asthma treatment
in an international cohort of young and
middle-aged adults

Angelo G. Corsico®*, Lucia Cazzoletti®, Roberto de MarcoP, Christer Janson®,
Deborah Jarvis®, Maria C. Zoia?, Massimiliano Bugiani®, Simone Accordini®,
Simona Villqnif, Alessandra Marinonif, David Gislason®, Amund Gulsvik",
Isabelle Pin', Paul Vermeire’, Isa Cerveri?®

Among the 428 non-adherent subjects in ECRHS-I,

the only predictors of increased adherence among the
variables considered were having:

- regular appointments for asthma
- not thinking that it is bad to take medicine all the time



ADHERENCE TO ASTHMA
THERAPY
Educazione del

__ paziente

" wmeVE

Corretto utilizzo dei
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ADHERENCE TO ASTHMA
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SEVERE ASTHMA

FENOTIPO: Asma grave ALLERGICO

Key findings and clinical implications from The
Epidemiology and Natural History of Asthma: Outcomes and

Treatment Regimens (TENOR) study

Bradley E. Chipps, MD,” Robert 5. Zeiger, MD, PhD," Larry Borish, MD," Sally E. Wenzal, MD.” Ashley Yegin, MD,*
Mary Lou Hayden, MS, FNP-C, AE-C,' Dave P. Miller, MS5.” Eugene R. Bleecker, MD," F. Estelle R. Simons, MD,'
Stanley .. Szefler, MD,| Scott T. Weiss, MD, M5.* and Tmirah Haselkorn, PhD,” for the TENOR Study Groupl  Sacraweno,
San Dicge. Sowrh San Franciwee, and San Francica, Calil, Charlmresville, Va, Piasbargh, Po. Winsnon-Salenn, NC, Winnipeg, Manfioho,

Cerrearada, Prenver, Colis, and Boston, Mass

(TENOR) study was a large, 3-year, multicenter, observational
cohort study of 4756 patients (n = 3489 adults 218 vears of age,
n = 497 adolescents 13-17 vears of age, and n = 770 children
6-12 years of age) with severe or difficult-to-treat asthma.
identify high-risk patients. IgE and allergen sensitization played
a role in the majority of severe or difficult-to-treat asthmatic
patients. (J Allergy Clin Immunol 2012:130:332-42,)



SEVERE ASTHMA

FENOTIPO: Asma grave ALLERGICO

Solitamente EARLY ONSET

POLISENSIBILIZZATI...

...oppure sensibilizzati ad allergeni PERENNI

Minore prevalenza di poliposi nasale

Frequenti ESACERBAZIONI di asma e RICOVERI OSPEDALIERI

Particolarmente SINTOMATICI anche al di fuori delle esacerbazioni



SEVERE ASTHMA

FENOTIPO: Asma grave ALLERGICO

Espressione del recettore FceRI nella lamina propria (cellule+/mm’)

1,200
1,000 1,085 *
800
600
400

328 302
200

0

Morte non Asma moderato/ Asma
polmonare intermittente’ fatale

n=9) n=16) (n=10)
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SEVERE ASTHMA

Direct interaction between EOSINOPHILS, MAST CELLS and SMOOTH

Begueret H et al - Thorax 2007
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ERS/ATS guidelines on severe asthma

TABLE 7 Potential phenotype-targeted therapies in severe asthma"

Characteristic Associations Specifically targeted treatments

Severe allergic asthma Bleod and sputum eosinaphils Anti-lgE ladults and children)

High serum igE Anti-IL-4/IL-13
High Feno Anti-IL-4 receptor
Eosinophilic asthma Blood and sputum easinophils Anti-IL-5
Recurrent exacerbations Anti-IL-4/IL-13
High FeMo Anti-lL-& receptor

Meutraphilic asthma’ Corticosteroid msensitivty

Bacteral infections

Chronic alrflow obstruction
thickness

Recurrent exacerbations Sputum eosinophils.in sputum

Alrviay wall remadelling as increased airway wall

Anti-IL-8
CECR2 antagonists
Anti-LTBE [adults and childres|
Macrolides (adults and children

Anti-1L-14
Bronchial thermoplasty
Anli-IL5

HAeduced response to 105 and/or OCS Anti-lgE ladults and children)

pl8 MAPK inhibitors
Theophylline [adults and children|
Maerolides [adults and children|

Corticosterold insensitivity Increased neutrophils in sputum’

Feno: exhaled niteic oxide fraction; IL: interieuking LTEE: leukotriene B&; IC5: inhaled corticosteroid; DCS: oral corticosteroid: MAPK: mitogen-
activated protein kinsse. ": Unless otherwise stated, these polential treatments aoply to adults; *: neutrophilic asthma is rare in children.
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SEVERE ASTHMA

FENOTIPO: Asma grave NEUTROFILICO

MNoneosinophilic asthma Eosinophilic asthma
Marmal eosinophil count (<1,9%%) Ralsed ensinophil count
Pavcigranulocytic Eosinophilic
: a | - Well ¢ 1 i = Typrcal ; a1, requently
Normisl neutrophil ell controdled or intermattent .J.}.FIL- il ~|<I:hl1.|| 1 [TL(.].L!L-I'!ll_'r
count (< 61%) asthma associated with atopic disease
- Consider alternative diagnosis = May indicate inadeguate
corticostercid therapy

Neutrophilic Mixed granulocytic
- Acute infection (viral or bacterial) (Severe) asthma exacerbations
= Chronie infection {chlamydia, Refractory asthima
Raised neutrophil | sdenovinus)

count - Bmioking

- Envirenmental pollutants {oeone, MO}
- Decupational antigens

- Endotoxin exposure

= Chbesity




T Bl Bl EBIN
NON EOSINOPHILIC SEVERE
ASTHMA

Acceleration of lung function —
decline

A Airway oxidative stress

A gk production

= el

ewyise =4 éhB‘S 2J0|Al

A Neutrophilic airway
inflammation

¥ Histone deacetylase activity at
macrophage level

Joue)sSISal Pl0431S01340)

AMGR-p / GR-a at PBMC level

Del Giacco SR et al. Is there a role for Allergy in severe Asthma? — Allergy 2017



SEVERE ASTHMA

FENOTIPO: Asma grave NEUTROFILICO

Strategie anti-TNFa

L4

TNF-a mRNA
degradation

. "#J“ SO AW AW A D A WA DWW A0 .
.. l H_efflerEet aI-BloErug_32007 - - Q - - .. .




ANTI-TNF-ALFA

S‘{E@J@ﬂu S@] @m Aol m@]meg[r‘@ cli

inaspettato incremento di
neoplasie nei pazienti trattati

Studi interrotti e farmaci non piu
attualmente studiati nell’asma
grave
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ERS/ATS guidelines on severe asthma

TABLE 7 Potential phenotype-targeted therapies in severe asthma"

Characteristic Associations Specifically targeted treatments
Severe allergic asthma Bleod and sputum eosinaphils Anti-lgE ladults and children)
High serum igE Anti-IL-4/IL-13
High Feno Anti-IL-4 receptor
Eosinophilic asthma Blood and sputum easinophils Anti-IL-5
Recurrent exacerbations Anti-IL-4/IL-13
High Feso Anti-ll -4 rprpator
Meutraphilic asthma’ Corticosteroid msensitivty Anti-IL-8

Bacteral infections

CECR2 antagonists

Anti-LTBL [adults and childres)
Macralides [adults and children|

Chronic alrflow obstruction Alrviay wall remadelling as increased airway wall Anbi-lL-13
thickness Bronchial thermoplasty

Recurrent exacerbations Sputum eosinophils.in sputum Anbi-IL5

HAeduced response to 105 and/or OCS Anti-lgE ladults and children)
Increased neutrophils in sputum’ pl8 MAPK inhibitors

Theophylline [adults and children|
Maerolides [adults and children|

Corticosterold insensitivity

Feno: exhaled niteic oxide fraction; IL: interieuking LTEE: leukotriene B&; IC5: inhaled corticosteroid; DCS: oral corticosteroid: MAPK: mitogen-
activated protein kinsse. ": Unless otherwise stated, these polential treatments aoply to adults; *: neutrophilic asthma is rare in children.
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SEVERE ASTHMA
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SEVERE ASTHMA

@ Macropage

—[  Memory Ty2 Effector Tu2

Epithelium

Mast cell

Basophil

IL-4, IL-5, IL-13, IL-9, IL-25

\

Eosinophil, Basophil, Mast cell, Macrophnge
Epithelial cell, Endthelial cell, fibroblast

:

Inflammation

Dendritic
cell

Memory B cells
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EOSINOPHILIC REFRACTORY
ASTHMA

Chronic rhinosinusitis as risk factor for asthma

35
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EXHALED NITRIC OXIDE IN
CHRONIC RHINOSINUSITIS

T

100 [ | Rninitis only * + t

|:| Respiratory symptoms without asthma

- Asthma

- Healthy subjects

5=
s 68.4
-g- 64,7| 63,6
2 , :
— L
S
: t
2
E 50— L
| =
H
= 36,3 38,2
=
>
w 294
i 2 5T -
25— 23.1 )
163 I
14,2 I - |—k—‘
1]
HS NAR AR CRS

Rolla G et al. Chest 2007




EXHALED NITRIC OXIDE IN
CHRONIC RHINOSINUSITIS

Parametro

1.C.95%

Significativita (p)

Costante

1.181

0.886-1.476

<0.001

Asma

-0.001 - 0.008

-0.197 - 0.061

0.219-10.526

Asthma-like

0.056 - 0.407

Poliposi nasali

0.043 -0.315

Asthma-like + Poliposi

0.208 - 0.885

Guida G et al. Chest 2010



EXHALED NITRIC OXIDE IN
CHRONIC RHINOSINUSITIS

=3 Only rhinitis
Lower resp sympt
E= Asthma -+

-

o

o
[]

~
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N
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FEno (Ppb) (mean (95%Cl))
g
|
|

o

W/o polyps (n=36) w polyp's (n=57)
All subjects (n=93)

Guida G et al. Chest 2010



DETERMINANTS OF
POOR ASTHMA CONTROL

Table 3. Determinants of asthma control according to ACQ
(dependent variable).

Patients with
controlled asthma

Patients with
uncontrolled asthma

PARAMETER Mean square F p-value (ACQ< 1.5)(n=54) (ACQ>15)(n=28) p-value
Age (median age, range) 475,21-80 50.1, 32-59 0.707
Corrected model 1.207 1.656 0.144 Gender (M/F) 32/ 8/20 0.138
Intercept 1.735 2380 0.133 Atopy (n,%) 43 (79.6%) 19 (67.8%) 0.342
Gender 1283 1760 0.105 BMI (mean + DS) 24.1 + 2.7 240 + 3.7 0.758
" " . = s I".ﬂ?' iiiiiif.l"?‘l. 1O 4 3y e uwrl
Age 0.407 0.550 0.461 ' Patients with CRSwNP (n,%) 18 (33.3%) 16 fS?E. 1%) 0.038
At 0368 0.506 0.483 o pr. lmean IENY] 73 P T B 19,1 Y2 LAY i p—
, . . . FEFos 75% pr. (mean% £ DS) 50.8 + 26.5 449 + 304 0.198
BUD Equl\.'alents D|m3 Dlm:'-q- D.gq.g rL T OsSiF Y AN £ /0 O &7 4% 7 Ny 1 _O7 O N 107
FEno 0.000 0.000 0.080 l nNO (mean ppb + DS) 705.1 + 405.2 481.6 + 390'.]65 0.018
AW LCaN NS, ) AL B ) EJEr 3 LU TR (N TAY] .00
Jawno 2.513 3448 0.073 Calvgy (mean ppb, IC95%) 5.24(2.82-7.65) 472 (1.43-8.01) 0.836
Cleg}ND 2%:2 gg; ; ggﬁg Inhaled Budesonide equivalent (meg, IC95%)  658.7 (461.5-856.0)  950.0 (550.0-1350.0)  0.163
n P s . R

BUD = Budesonide.
Significant p-values have been marked in bold font.

Heffler E et al. J Breath Res 2013



ANTI-ILS STRATEGIES
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EOS vs NON EOS SEVERE ASTHMA
WHICH BIOMARKERS?

Asthma biomarkers

+ Remodeling

Exhaled air

Sputum

* Inflammatory phenotypes
= Eosinophils/neutrophils

BAL and biopsy

Saliva

- Eosinophilia | /: E—

.. . . [

* Susceptibility genes
* Pharmacogenetics

Peripheral blood Urine

*  Periostin = Leukofriene Metabolites:

* Genetics (also see: saliva) + UuLTE4

I ciinical value established
I clinical value disputed
Research level

e i e e

Vijverberg S et al.
Biologics 2013
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B¥ External validation of blood eosinophils, FEyo and ¥ ®
serum periostin as surrogates for sputum
eosinophils in asthma

A H Wagener," S B de Nijs,' R Lutter,"* AR Sousa,” E J M Weersink, '

EHBel'P)JSterk'
Thorax 2015;70:115-120.

External validation cohort
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Discriminating sputum-eosinophilic asthma:
Accuracy of cutoffs in blood eosinophil mea-
surements versus a composite index, ELEN

Score 1 (score for sputum eosinophils <2:0%):
—9-5243 +[70-0975 * blood eosinophils/blood lymphocytes] — [3-7790 » natural log(blood eosinophils/blood
neutrophils)] (equation 1)

Score 2 (score for sputum eosinophils >2:0%):
—14-5853 +[101-2198 * blood eosinophils/blood lymphocytes] — [3-9567 x natural log(blood eosinophils/blood

neutrophils)] (equation 2)

Decision rule
The decision rule for case assignment to groups 1s as follows: if score 1 > score 2. assign the subject to the non-

sputum eosinophilic group: otherwise. assign the subject to the sputum eosinophilic group.

Khartry DB et al — JACI 2015



ARE THE CURRENT AVAILABLE
BIOMARKERS ENOUGH?

a DPP4 mRNA expression b Correlation between eNO
. and DPP4 mRNA
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CONCLUSIONS

« Severe asthma is an heterogeneous disease

* |t comprises different phenotypes (and
endotypes)

« Allergic severe asthma is a frequent phenotype

« Eosinophilic refractory asthma is the most
frequent phenotype of severe asthma - nasal
polyposis as hallmark

* Non eosinophilic severe asthma - still a
“orphan” disease

* Novel emerging biological treatments will be
soon available - problem of choosing the right
therapy for each sub-phenotype
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